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The aims of this study were to improve the performance of meteorological
balloons by improvements in the basic formulations, by revised or new
methods of pretreatment or preconditioning, and by modification of the
aerodynamic shape of such balloons.

This work will be performed according to the following schedule:

TASK A: STUDY OF BALLOON FILMS AND THEIR EFFECT ON BALLOON FLIGHT

PERFORMANCE

Phase 1: Study of the Literature

Phase 2: Study of Raw Materials

Phase 3: Development of Formulations with Desirable Film
Properties

Phase 4: Correlation of Film Properties with Flight Data

TASK B: EFFECT OF FLIGHT CONDITIONS ON BALLOON FILM PERFORMANCE

Phase 1: Effect of Pre-elongation

Phase 2: Effect of Ozone

Phase 3: Effect of Infra-Red Radiation

Phase 4: Effect of Ul tra-Violet and Other Short-Wave Radiation

Phase 5: Correlation cf Physical Properties with Flight
Performance

Phase 6: Prediction of Balloon Performance

TASK C: STUDY OF BALLOON CONFIGURATION

Phase 1: Design and Construction of Equipment

Phase 2: Construction of One-Piece Balloons for Flight Testing

Phase 3: Construction of Balloons having Mechanical Attactments
to Improve Rate of Ascent

Phase 4: Construction of Balloons having Selective Compound
Modulation



ABSTRACT

The following is a resume of the work performed during the period from
25 April, 1960, through 21 December, 1962:

TASK A S TUDY OF BALLOON FILMS AND THEIR EFFECT ON BALLOON FLIGHT

PERFORMANCE

Phase 1: Study of the Literature

As a result of a continuous study of the literature throughout
this contract, attention was drawn to three possibly valuable'
compounding ingredients, Tinuvin 'P' was described as being
effective in preventing degradation of natur.' rubber by ultra-
violet radiation by the Geigy Chemical Corporation. Mobilsol 'L'
was suggested as a low-temperature plasticizer by the Mobil Oil
Company. B.T.N. was offered by W. T. Henley as a replacementfor NB.C.

A bulletin from E. I. duPont de Nemours described the use of
Thiocarbanilide and Diphenyl Guanidine for low-temperature cures
in neoprene compounds.

Phase 2: Study of Raw Materials

Part A: Neoprene Polymers

Following conferences with Du Pont, at which the desirability
of developing neoprene latices specifically designed for use
in meteorological balloons was discussed, six experimental
polymers were submitted for evaluation. Of these polymers,
only ECD-307 showed interesting elongation characteristics
at room temperature and at -400C, but its room-temperature
modulus was undesirably low. Blending these polymers with
other commercial polymers was ineffective as a means of
improving physical properties.

Four commercially-available polymers were also evaluated.
Neoprene 673 and Neoprene 450 appeared to have value, the
former because of its high modulus and tensile strength, the
latter because of its high room-temperature elongation.

Additional work was conducted using bler.1s of Neoprene 750
with Neoprene 571 and with Neoprene 400. The importance of
the type of plasticizer used in these compounds on the
modulus was clearly demonstrated.

A comprehensive study of the effect of aging neoprene latices
before compounding and the effect of aging the compounded
latex was conducted.
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ABSTRACT (continued)

TASK A. Phase 2 (continued)

Part B: Plasticizers

Blends of plasticizers were evaluated to determine their
effect on the low-temperature characteristics of compounds.
Indications were obtained that in certain cases a blend of
two plasticizers was more e:ffective than either one by itself.

Mobilsol 'L', a plasticizer supplied by The Mobil Oil Company,
was evaluated and shown to have poor low-temperature
characteristics.

Butoxy Ethyl Oleate from Kessler Chemical Company was evalu-
ated and shown to give almost identical properties to those
obtained with Paraflux C-325.

In addition, two other plasticizers were evaluated. They
were Ohopex R-9, supplied by Stoney-Mueller, and Plastici-
zer SC from Harvick Standard Chemical Company. Both mate-
rials were unsuitable.

Part C Antioxidant. and Antiozonants

Agerite DPPD from R. T. Vanderbilt was evaluated an an anti-
ozonant and shown to be superior to N.B.C. Akroflex CD from
Du Pont was shown to be equal to N.B.C. These antiozonants
were evaluated because of the difficulties encountered when
trying to prepare dispersions of Thermoflex 'A' which had
previously been shown to provide excellent ozone protection.

Agerite DPPD was also evaluated in compounds containing
Lytron 615, a polystyrene latex which imparts high modulus
when blended with neoprene latex but has very poor ozone
resistance.

Further work with Wingstay 'T' was carried out, not in order
to measure its effectiveness as an antioxidant but to con-
firm its side effect of increasing the elongation of neoprene
compounds.

B.T.N. from Henley Chemical Company was evaluated and shown
to be equivalent to N.B.C. when used in meteorological
balloon formulations.

Part D Accelerators

The accelerator, Merac, from Pennsalt Chemical Corporation,
was evaluated in high- and low-modulus dayflight and dual-
purpose compounds and shown to possess certain advantages.
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ABSTRAT (continued)

TASK A. Phase 2. Part D (continued)

The effect of varying the amount of accelerator in a compound
over a range from 0.5 parts to 3.0 parts was determaned, and
the possibilities of increasing low-temperature elongation by
such means was illustrated. Such improvement was, however,
confined to day-flight compounds.

The value of Thiocarbanilide was determined as a low-
temperature curing accelerator for neoprene. Preliminary
tests indicated that desirable properties could be obtained.

Part E: Polymers other than Neovrene

Poly-isoprene latex as supplied by Shell Chemical Corporation
was evaluated, and the difficulties encountered in its use
are described. In addition, compounds were prepared based on
a natural latex. It was shown that although generally satis-
factory physicals can be obtained, the ozone resistance was
still very poor even when the newly available, improved
antiozonants were employed.

Part F: Reinforcinx Fillers

Mistron Vapor, supplied by The Sierra Talc Company, was
evaluated as a reinforcing filler for balloon compounds.
It was shown that improvement in room-temperature modulus
and tensile strength can be obtained without loss of any
other properties.

Zinc Resinate was also evaluated as a possible means of
introducing zinc ions in an emulsion form. The resolts
were unsatisfactory.

Ps Development of Formulations with Desirable Film
Properties

Part A: High-Altitude Balloon Compounds

An evaluation of all the raw materials investigated in
Phase 2 was made, giving careful consideration to the
advantages and disadvantages possessed by each one. In all,
fifteen compounds were designed Which were considered suit-
able for making day-flight balloons, some of them being
derived from several series of compounds which were first
evaluated in order to determine optimum ratios of certain
of the ingredients involved.
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ABSTCT (continued)

TASK A. Phase 3. Part A (continued)

Balloons were manufactured from six of these compounds and
flown with the major purposes of evaluating in flight the
effect of improving ozone resistance by the use of Agernte
DPPD (particularly in the case of compounds containing
Lytron 615), the effect of increasing the modulus with
Neoprene 400, the effect of the accelerator Merac, and the
effect of increasing the compound elongation at room tempera-
ture and at -400C.

Part B: Dual-Furpose Balloon Compounds

'Thirty dual-purpose compounds were designed and evaluated.
These compounds were, in general, based on the information
obtained in Phase 2 and were principally developed with the
objective of producing balloons capable of consistent..
performance by day and night to 120,000 feet..

Compounds were designed to determine the value of blends of
Dibutyl Sebacate and Butyl Oleate, and also the value of
Dibutyl Sebacate as the sole'plasticizer with. Neoprene 400
blends. Compounds containing Merac, similar to those
developed in Phase 3, Part A, were prhduced, and the value
of Mistron Vapor as a means of increasing the .modx]:us of

* high-plasticizer compounds was demonstrated. Compounds
having unusually high elongation at -70°C were also
developed.

Of the thirty compounds developed, ten were used to manu-

facture balloons which were submitted for flight testing..

Part C: Fast-Rise Balloon Compounds

One compound was developed for fast-rise balloons. This
contained Mistron Vapor as a reinforcing agent to produce
high tuodulus, and balloons were manufactured for use in
Task C, Phase 3, the study of balloons having mechanical
attachments to improve rate of ascent. . e

Phase 4: Correlation of Film Properties with.Flight Data

PartA: High-Altitude Balloons

Flights were conducted with balloons made from A3-105, and
it was shown that consistent performance to 130,000 feet can
be obtained with balloons weighing 2500 grams made from this
compound. However, the performance of balloons weighing
6000 grams were very erratic. Attempts to improve this
performance by protecting the larger balloon at launch by
enclosing it in a smaller (800 gram) balloon still produced
erratic performance.
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ABSTRACT (continued)

TASK A. Phase 4, Part A (continued)

Balloons made from compounds containing Lytron 615 and
Agerite DPPD were consistent in performance but the altitude
was low, probably because of the darkening produced by the
Agerite DPPD.

Flights conducted with 2500-gram balloons made from compound
A3-101 were extremely consistent and also averaged 130,000
feet as did those made from A3-105.

Finally, 1000-gram balloons made from a high-elongation com-
pound, A3-157, performed extremely well, consistently reach,,
ing altitudes of 120,000 feet, which is in the order of
.15,000 feet higher than this size balloon normally achieves.

OPart B: Dual-Purpose Balloons

Good results with 600-gram bafloons were obtained using
compound A3-103. CotapoundA3-104, as laboratory-determined
physical properties indicated, was an improvement of A3-103
and gave very satisfactory and consistent performance to
100,000 feet by both day and night.. Larger balloons,
designed to reach altitudes of 120,000 feet were very
erratic, particularly at night.

Compound A3-106 was shown. to give excellent results byboth
day and night up to 100,000 feet. Balloons weighing 2500
grams from the same compound were consistent at night but
somewhat less so in the daytime. Balloons weighing 1750
grams performed consistently well to 120,000 feet by both
day and night in the first series of tests but were less
reliable in the second series. Further flights failed to
duplicate the first series, and increasing the plasticizer
Lantent and/or the antiozonant failed to produce any improve-
ment. The consistency was much improved,, however, * by increas-
ing the wall thickness slightly,-and reliable 120,000-foot
balloons were produced by this means from compound A3-106.

Satisfactory 120,000-foot balloons were also produced from
compound A3-127, althoughthis-compound produces 100,000-
foot balloons that are inferior to those made from compound
A3-106.

Flights were conducted with 1000-gram balloons made from
compound A3-106 but which were cured for times and at tem-
peratures below the optimum indicated by laboratory-
determined physical properties. Some improvement in alti-
tude appeared to be attainable by reducing the state of
cure, but then performance in general seemed to be less
consistent.
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ABSTRACT (continued)

TASK A. Phase 4. Part B (conLtinued)

Balloons weighing 3000 grams made from compound A3-107 showed
excellent performance in a limited series of flights, while
balloons made from compound A3-130 which contains Neoprene 400
did not achieve the expected results. When balloons contain-
ing B.T.N. in place of N.B.C. were flown, equal performance
was obtained.

Compounds A3-132 and A3-136, both of which contained Merac,
produced 1000-gram balloons equal in performance to those
made from A3-106.

Flights with balloons made from compound A3-129 which con-
tained Butoxy Ethyl Oleate in place of ParAflux C-325 were
slightly superior to those made with balloons from A3-106,

Compound A3-133 using Dibutyl Sebacate as the only plasti-
cizer were soft, difficult to handle, and performed poorly.

.

Compound A3-138, a development of compound A3-104 produced
reliable 100,000-foot dual-purpose balloons; however, 1500-
gram balloons made from this compound failed to. perform,
being inferior to the 1000-gram balloons.-

Balloons made from both compounds A3-106 and A3-138 modified
by increasing the plasticizer content were shown to b•
satisfactory for use in the Tropical Zone at night.

Balloons weighing 1000 grams made from compound A3-165,
which is based on Neoprene 673, performed very poorly. A
series of laboratory tests with 100-gram balloons made,
from the same compound showed that such balloons inflate
very badly insofar as both shape and bursting volume is
concerned. 0

Part C Fast-Rise Balloons

Thick-walled balloons were flown. These were made from
compounds A3-102 and A3-134, both of which have high modulus.
The results obtained were only fair, and the rates of ascent
failed to reach the anticipated figures.

Similar, but lighter and shorter, balloons manufactured from
compounds A3-138 and A3-106 showed fairly good performance
to relatively low altitudes.

- 7 -



ABSTRACT (continued)

TASKB: EFFECT OF FLIGHT CONDITIONS ON BALLOON FILM PERFORMANCE

Pase Effect of Pre-elongation

A study of the effect of pre-elongation on the properties of
day-flight and dual-purpose compounds furnished an explanation
for some of the apparently anomalous behavior of balloon
performance.

Phase 2: Effect of Ozone

An ozonator was purchased from G. F. Bush Associates, and the
methods of calibration and operation are described. A comprehen-
sive investigation of the ozone resistance of balloon films was
carried out. Day-flight and dual-purpose compounds were examined
at different elongations and under unilateral and multilateral
stress. It was shown that resistance to ozone depends on the
nature of the compound, the degree of elongation, and the type
of stress.

Phase 3: Effect of Infra-Red Radiation

The spectral characteristics of neoprene balloon films were
determined in the infra-red region. Also, an exhaustive study
of the radiation load on a balloon in the free atmosphere was
conducted.

Compounds were designed with high absorption in the infra-red and
with less than normal absorption. Flights were performed with
balloons made from such compounds, and their performance was
successfully correlated with the theoretical findings of the
infra-red radiation study.

Phase 4: Effect of Ultra-Violet and Other Short-Wave Radiation

The effect of ultra-violet radiation on balloon films was examined,
and it was shown that, in general, the deterioration was insigni-
ficant if the tests were conducted in an atmosphere of nitrogen.
When the tests were conducted in air, the deterioration due to
the creation of ozone was much greater than any direct effect of
the ultra-violet radiation itself.

Phase 5: Correlation of Physical Propertieujith _igh•
Performance

Balloons were flown to determine the effect of increasing the
absorption of solar radiation, and it was demonstrated that sub-
stantial loss in altitude is obtained in the daytime if the
compound used shows high infra-red absorption.
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A (continued)

TASK Be Phase 5 (continued)

Flights were conducted with balloons containing Agerite DPPD to
evaluate the improvement in ozone resistance. The darker color
of these balloons, however, increased the absorption of infra-
red radiation with a consequent loss in altitude.

Flights with balloons having very low infra-red absorption were
consistent but no better in altitude attained than standard
balloons.

Phase 6: Prediction of Balloon Performance

Par% A1  Determination of Burst Altitude from Residual
Elongation

A system of nomograms was developed for predicting balloon
flight performance using the residual elongation at a
given temperature as the basis.

Part B: Determination of Dimensions of Past-Rising Balloons

A theoretical study of the dimensions of fast-rise balloons
was carried out. Using the performance of a standard bal-
loon as a basis, it was shown that accurate prediction of
the performance of fast-rise balloons could be made.

Part C Determination of Physical Properties of Constant-
Level Balloon Films

A theoretical determination was made of the physical charac-
teristics necessary to produce a balloon capable of reaching
and maintaining a constant altitude.

Part D Analysis of Stress in Sounding Balloons

An analysis of the stress in sounding balloons showed that,
assuming the balloon to be perfectly spherical, the area of
maximum stress was adjacent to the neck. Because a balloon
is not truly spherical, the area of greatest stress moves
toward the center of the balloon.

A series of photographic experiments was conducted to
observe exactly where a balloon breaks on inflation, and
these experiments and the photographic equipment are described.

Part E: Effect of the Modulus-Elongation Characteristics on
the ShaDe of Inflating Balloons

The relationship between the slope of the modulus-elongation
curve and the shape of an inflating balloon was demonstrated.
Flights made with uncured balloons confirmed the effect of
the shape of the balloon on ascensional rate.
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ABSTRACT (continued)

TASK C STUDY OF BALLOON CONFIGURATION

Phase 1: Design and Construction of Eauipment

Four prototype dipping forms were designed and fabricated with a
view to producing a gel which would inflate to form a tear-drop
shaped balloon. Considerable difficulties were encountered in
producing such a gel.

Phase 2 Construction of One-Piece Balloons for Flight Testing

Flights were conducted with balloons having a 2/1 length/diameter
ratio, and it was demonstrated that this type of balloon had a
greater ascensional rate than a similar spherical balloon,.
particularly at relatively low free lift.

Phase 3: Construction of Balloons having Mechanical Attachments
to Improve Rate of Ascent

Fligh'.s were also conducted with 2/1 length/diameter ratio balloons
to which a tubular tail was attached. No improvement in ascen-
sional rate was obtained, and further flights with spherical bal-
loon assemblies with tails having about the same weight as the
tubular balloons showed higher rates of ascent.

A series of flights was conducted with spherical balloons made
in varying wall thicknesses and from various compounds which had
substantially different modulus characteristics. Tails were
attached to these balloons in the normal manner.

The flights were carefully analyzed, the ascensional rate being
determined over 10,000-foot intervals. As a result of this
analysis, it was possible to determine with considerable con-
fidence the physical characteristics required for '.•semblies
of this type.

Phase 4: Construction of Balloons having Selective Compound
Modulat ion

Efforts were made to induce a streamlined shape in a spherical
balloon by partial post plasticizing to reduce the modulus.
It was shown that the desired shape could be obtained but only
at a considerable sacrifice of bursting volume.
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PUBLICATIONS. LECTURES , REPORTS , AND CONFERENCES

No publications, lectures, or reports resulted from this study during
the period covered by this report.
CONFERENCES

May 10, 1960, at Evans Signal Laboratories, Belmar, New Jersey.

Present were: Mr. R. Levitun, Air Force Research
Mr. L. P. Panak USAERDL

•.Mr. M.. Sharenow USAERDL
"Mr..OG. C, Guard Kaysam Corporation
Mr. J. Kantork Kaysam Corporation
Mr. • E. Nel'son Kaysam Corporation

Among other subjects not connected with this contract, the film
study Was discussed briefly, The general approach as given in
the technical proposal was" approved, by USAERDL.. It was agreed to
call a preliminary conference with Dr. London and Dr. Newatein,
consultants from New York University, tO be followed by a broader
conference at which USAERDIL representatives 'would be present.

May 18, 1960, at Kaysam Corporation of America,
27 Kentucky Avenue, Paterson, New Jersey.,

Present were: Dr. Julius London New York University
Dr. H. Newstein New York University
Mr. L. P. Panak USAERDL
Mr. M. Sharenow USAERDL
Mr. G. C. Guard Kaysam Corporation
Mr. J. Kantor Kaysam Corporation
Mr. E. Nelson Kaysam Corporation

The purpose bf. this meeting was to brief Dr. London and Dr.
Newstein on some of the problems of high-altitude meteorological
balloon flights.

The general bahavior of meteorological balloons during flight was
described, and the fundamental problem of extending the film at
low temperatures was discussed. Mr. Sharenow reported on the use
of balloons filled with carbon dioxide and on the general work
which had been done on the temperatures inside and outside the
balloon.

Mr. Panak inquired as to the significance of the temperature in-
side the balloon, and it was pointed out that this affects the
temperature of the balloon film itself. Because of the extreme
thinness of the film, it is impossible to measure its actual
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PUBLICATIONS. LECTURES. REPORTS. AND CONFERENCES (continued)

CONFERENCES (continued)

temperature; by measuring temperatures on either aide of the film,
the approximate temperature of the film may be determined. Dr.
London pointed out the importance of heat conduction through the
film.

Mr' Kantor asked what the effect of. electromagnetic and electro-
static forces would be. Dr. London stated that creation of
electromagnetic .or electrostatic .stress might be troublesome but
that any heating-effect of such.forces would be minimal.

.. was sugge.sted by Mr. Sharenow 'and generally agreed that the
study of the effect of infra-red radiation should come first.
This would be followed by a study of the effect 'of other types of
radiation including ultra-violet and shortwave radiation.

Dr. London said that determination of the entire heat load outside
and inside'the balloon is essential; and in order to determine
.this, the absorption-spectrum charaeteristics of the film are re-

. quired. Mr. Nelson agreed to find'.out from Du Pont what informa-
tion regarding the absorption spectra of neoprene films is avail-
able. If necessary, balloon films will be sent to a testing
laboratory in order to obtain this information.

Black balloons and radiation to and from such balloons were
" discussed.

The effect of ozone on neoprene films was also discussed. Dr.
Newatein advised that at altitudes approaching 150,000 feet the
balloon will be encountering atomic oxygen. No information regard-
ing the effect of atomic oxygen of neoprene is available.

It'was agreed that the main points to be investigated are:

1. Effect of ozone and atomic oxygen.

2. Effect of all types of radiation, in particular
their effect on the balloon film temperature.

3. Effect of pre-.elongation.

Dr. London and Dr. Newstein agreed to make a preliminary study of
the general problem and to present an outline of their proposed
method of attack early in June. Kaysam Corporation will perform
or have performed the laboratory testing which this program will
require, and Dr. London and Dr. Newstein will resume their phase
of the study in September.
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PUBLICATIONS9 LECTURES, REPORTS, AND CONFERENCES (continued)

CONFERENCES (continued)

January 26, 1961, at Kaysam Corporation of America
27 Kentucky Avenue, Paterson, New Jersey.

Present were: Mr. R. Leviton Air Force Research
Mr. M.' Sharenow USAERDL
Dr. J:. London New York University
Dr. H. Newatein New York University
Mr. G. C. Guard Kaysam Corporation
Mr. J. Kantor Kaysam Corporation
Mr. E. Nelson Kaysam Corporation

Dr. London reported on' the results of the infra-red studies con-
ducted by Dr. Newstein and himself. 'At night, the radiation
upwards is greater from the earth than it is from the clouds. It
was also stated that the balloon is always losing more radiation
than it receives.

It was assumed that the balloon is in thermal equilibrium
throughout and that the film and gas are at the same temperature.
The validity of this ansumption was-questioned in day-time flights,
although the assumption may be correct at night.

Dr. London said it would be helpful to know.the thermal conduc-
tivity of a neoprene balloon film.' Mr. Nelson agreed to obtain
this information. Mr. Sharenow also agreed to endeavor to deter-
mine the surface thermal conductivity by attaching bead thermistors
to the balloon film. Initially, this will be done with a piece of
film; and if this is successful, attempts will be made to obtain
the same information on a balloon inflated with hydrogen.

Mr. Sharenow asked if the effect of using some carbon dioxide in
the balloon had been studied. Dr. London said that although this
might be of value in the daytime, it would be a disadvantage at
night.*

Dr. Newstein showed the infra-red absorption spectra for standard
neoprene balloon film. It was agreed that Kaysam would supply Dr.
Newstein with samples of black balloon film, and also of white
film which is presently being evaluated by Kaysam, for infra-red
absorption spectrum analysis.

The effect of ultra-violet radiation was discussed. Little, if
any, information is available on the action of ultra-violet radia-
tion on neoprene. It was suggested that experiments be set up
using a secondary chamber inside the cold box. This chamber would
be filled with Argon since ultra-violet radiation creates ozone if
oxygen is present. This would interfere with the evaluation of the
effect of ultra-violet radiation and must be excluded by the use of
an inert atmosphere.
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PUBLICATIONS, LECTURES , REPORTS, AND CONFERENCES (continued)

CONFERENCES (continued)

Dr. Newstein presented and explained the use of the altitude pre-
diction curves which he had prepared. These use residual elonga-
tion as a means of determining where any given balloon will break
assuming the ambient temperature is known or can be assumed.

Dr. Newstein also suggected an improved means of determining
physical characteristics at low temperatures, using automatic
recorders. This will be investigated.

Mr. Nelson reviewed the progress made during the last quarter and
outlined the program for the next quarter in order to bring Mr.
Leviton up to date on the status of the contract.

January 24, 1962, at the Henry Hudson Hotel, New York, New York.

Present were: Mr. R. Leviton Air Force Research
Mr. M. Sharenow USAERDL
Dr. H. Newstein New York University
Mr. G. C. Guard Kaysam Corporation
Mr. J. Kantor Kaysam Corporation
Mr. E. Nelson Kaysam Corporation

The main purpose of this meeting was to discuss the most recent
developments arising from Contract No. DA-36-039-SC-84925.

Mr. Nelson gave a brief resume' of the achievements of the past
three months. The Seventh Quarterly Report contains all the
information given at this meeting in full detail.

A discussion of the results of fast-rise balloon flights followed.
It was pointed out that the rate of ascent of streamlined, fast-
rise balloons generally increases until altitudes of approximately
40,000 feet have been reached. The balloon then ascends at a
fairly constant speed for about 30,000 feet and finally decel-
erates more or less sharply during the latter stages of the
flight. This deceleration frequently results in the average rate
falling below 1700 feet per minute.

Various reasons for this deceleration were put forward by Messrs.
Sharenow, Kanto; and Nelson. These included distortion of the
balloon during the daytime resulting from variations in modulus
throughout the balloon due to uneven heating by solar radiation;
distortion due to the increase in effective thickness of the
lower part of the balloon as the tail section is drawn up around
the expanding upper balloon; loss of effective streamlined shape
as the tail section is drawn up around the expanding upper bal-
loon; and loss of effective lifting force due to increases in the
internal pressure as the balloon expands and the modulus increases.
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PUBLICATIONS, LECTURES, REPORTS, AND CONFERENCES (continued)

CONFERENCES (continued)

It was agreed that all the above avenues should be explored in
order to determine the true reason for the loss in ascensional
rate at higher altitudes.

Dr. Newstein showed some photographs of balloons at the point
of bursting. The limited number of photographs taken to date
indicate that the burst generally occurs at the equator of the
balloon. So far, 30-gram balloons inflated with helium have
been photographed, and it is proposed to extend this program to
larger balloons which will be inflated with helium to the appro-
priate free lift and then with air until the bursting point is
reached.

Flights of ML-537 balloons were also discussed. These were un-
satisfactory in the Tropical Zone but extremely satisfactory in
the Temperate Zone. Standardization on this balloon by the Air
Force may be anticipated.

The deficiencies of the low-temperature cabinet in the posses-
sion of Kaysam Corporation were discussed. Mr. Leviton mentioned
two low-temperature cabinets, one or both of which might shortly
become available. He agreed to investigate the situation and
advise us.

May 8, 1962, at the Du Pont Laboratories, Wilmington, Delaware.

Present were: Mr. D. Thompson Du Pont Laboratories
Mr. J. Fitch Du Pont Laboratories
Mr. D. Gorman Du Pont Laboratories
Mr. E. Nelson Kaysam Corporation

The major purposa of this visit to the Customer Service Labor-
atories of E. I. du Pont de Nemour was to resolve the impasse
concerning Neoprene 673 and to determine whether any additional
types of neoprene were available for evaluation.

Messrs. Thompson and Fitch advised that two or three new experi-
mental polymers had either just been or were about to be passed
on for final evaluation. Pending the results of these tests, the
samples would be made available to us shortly.

The problem of forwarding an intermediate quantity of Neoprene
673 is due to the fact that this polymer is made for only one
customer in Europe. This customer has agreed to take a produz-
tion run which amounts to approximately 4000 gallons, and inves-
tigation of the situatioi. revealed that no further order could
be anticipated until next fall.
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PUBLICATIONS, LECTURES, REPORTS, AND CONFERENCES (continued)

CONFERENCES (continued)

In the meantime, Du Pont could make up to about 10 gallons using
laboratory equipment. This is unsatisfactory for two reasons.
Firstly, laboratory-produced samples are not necessarily repre-
sentative of production material; and secondly, .thsis inot
sufficient to make sounding balloons for flight testing.

The problem was finally taken to.Mr. R. Griffin1 and he advised
that a drum of Neoprene 673 had been located. in Louisville. This
is old material, probably over otte "year *old. Du Pont was willing
to give us this drum at no charge on-the basis that, if the
results obtained were bad,. it would not necessarily condemn this
type of polymer.

Agreement was reached on this basis. :However, .a few days after
this visit, we were advised. that Du. Pont had reupurchased five"
drums of the latex from their tustomer. This is from their last
production run and is fully repre.entative. Purchase .of these
five drums has now been authorized.

May 21, 1962, at Kaysam Corporation of America
27 KentUcky Avenue,. •Paterson,. New Jersey

Present were: Mr. R. Leviton Air Force Research
Mr. J. LeBedda USAERDL
Mr.. M. Sharenow %.- USAERDL
Mr. G. C. Guard - :Kayam. Corporation
Mr. J.Kantor Kaysam Corporation
Mr. E. Nelson Kaysam Corporation

Mr. Nelson gave a detailed resume' of the work conducted during
the past four months. The results of a visit to Du Pont in
Wilmington, Delaware, were reported. As a result of this visit,
five drums of Neoprene 673, which-has good: elongation coupled
with high tensile strength and modulus, are being made available
to Kaysam. This latex is in very limited, production., and obtain-
ing a sufficient quantity.to make sounding balloons had been
presenting a problem.

Means of formulating neoprene compounds to give room-temperature
cures were described, and this was indicated as a profitable line
of investigation.

Reference was made to the Hycar sample which was received and
which gave films of extremely high (10,000 psi) tensile strength.
It was agreed that this material should be investigatee. further.
The fact that its most probable use would be in constant-level
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PUBLICATIONS, LECTURES, REPORTS, AND CONFERENCES (continued)

CONFERENCES (continued)

balloons, renders it of limited interest since there is no
immediate requirement for this type of balloon,'

It was agreed that natural latex should be re-evaluated at this
time.. No work has been conducted on this elaStomer for' at least
-ten years, insofar as meteorological balloons are concerned.
During this time there have been considerable advances in. rubber

"* compounding, particularly in proteption' against ozone attack., one
of the major causes for the poorer performance of" natural latex
balloons.o

There was'.some'discussion of the effect of pre-elongation and of
-how the behavior of pre-elongated balloon films can explain cear-
tan -'flight anamolies. It is acknowledged* that if this phenomenon.
were used to advantage, the bursting altitude of large balloons
should :be substantially increased. It was agreed that the Signal

.. Corps will perform tests in connection with pre-elongati*on with
a view toward obtaining higher altitudes, faster rates of ascent,
and overcoming freezing in the troposphere°.

Mr. Sharenow suggested investigation of the use of a chemical
heat generator placed in the neck of the balloon to heat the gas
as the balloon passes through the minimum-temperature 'zone.

No work is being planned on the effect of ozone and radiation on
balloon films other than in the use of natural latex balloQns.

..It was agreed that additional photographic analysis of bursting
balloons' should be conducted in conjunction with Dr. Newstein.•
It'was also acknowledged that further investigation was desirable
on 'the relationship between' the modulus-elongation curve, the.
shape of an expanding balloon, and the altitude and ascensional
rate.

Mr. Leviton 'stressed the nrecessity of developing compounds suit-'
able, for use in the Ardtic' and Tropical Zones. A limited numbtr i
of flights in both areas indicate that compouuds suitable for.
the manufacture of 100,000-foot balloons which will perform'under
these strihgent conditions will shortly be available.
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TASK A: STUDY OF BALLOON FILMS AND THEIR EFFECT ON BALLOON FLIGHTPERFORMANCE

Phase 1: Study of the Literature

The current literature, particularly that concerning newly developed
raw materials,was continuously studied throughout these contracts.

Among the 'letters to the editor in Volume II, Issue No. 6, of the
Journal of Applied Polymer Science is one from J. R. Dunn and S. G.'

* "Fogg of .the British RUbber 7Yoducers Research Association which
detscribes-Tinuvin 'P'. This )roduc.t of the Geigy Chemical. Corpora-
tion. is. said to be most effective in prevetiting degradation of
natural rubber compounds-by ultra-violet light. A sample of the

"" . material was obtained.

A sample of Mobilsol 'L', a product of the Mobil Oil C.'mpany,
which is claimed to-be an excellent low-temperature plasticizer,
was also received as a result of such study.. This is a hydro-

.,".-carbon type and is representative of a class of plasticizers not
!hitherto evaluated.

:it was also learned that a material which is apparently identical
"to N.B.C. and is sold by W. T. Henley under the tradename of B.T.N.
. is now available. It was considered worthwhile to obtaina sample
of this material atid to compare it with N.B.C.. from Du Pont.

* . A bulletin issued by E. I. du Pont de Nemours suggested the use of
"Thiocarbanilide'and Diphenyl.Guanidine in neoprene latex compounds

* :to provide low-temperature and even room-temperature cures. The
results of the investigation resulting from this work are reported

--in. Task A,.Phase 2, Part D.

Phase 2 Study of Ram Materials
S. Part A: Neovrene P6lvmers

" The possibilities of obtaining new neoprene polymers were
discussed with members of the Du Pont organization at-a
meeting in Wilmington, Delaware.

It was pointed out that there are no neoprene polymers
specifically designed to have the unique qualities required
for meteorological balloons. The necessary properties were
described to the Du Pont personnel, and it was suggested that
polymers could have been developed for general use and dis-
carded which might have very desirable properties for
meteorological balloon films.
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FACTUAL DATA (continued)

TASK A. Phase 2. Part A (continued)

Du Pont agreed to re-evaluate existing polymers on this basis,
as well as develop new ones. During the course of this study
they submitted samples of six new experimental polymers and
four polymers which are or have been commercially available.

The six experimental polymers were identified as ECD-300,
ECD-307, ECD-314, ECD-416, ECD-417, and ECD-418. According
to information supplied by the manufacturer, ECD-300 has good

. resistance to crystallization and excellent ozone resistance,
and ECD-307 has poor resistance to crystallization and good
ozone resistance. ECD-314 was reported to have unusually

• high elongation. ECD-416 was described as a rapidly crystal-
lizing polymer, ECD-417 as having extremely high elongation

. and good tensile strength, and ECD-418 as also having high
elongation when cured with zinc oxide at 70 0 C.

Accordingly, six compounds were prepared, the formulations for
which are given in Table 1. Plates were dipped from them
according to standard procedure and cured for 60, 90, and
.120 minutes at 2400 F, 260 0 F, and 280 0 F, with the exception of
compound A2a-21 which was cured for 45 and 90 minutes at

".1600 F. Physical properties were determined at room tempera-
"ture and at -40 0 C. The results of these tests are given in
Tables 2 and 3.

A study of these results shows that polymers ECD-300 and
.ECD-307 show unusually high room-temperature elongation.

"This is, however, in both cases coupled with a low room-
temperature modulus which would render balloons made from
these compounds very fragile and'difficult to handle at
launching.

Polymer ECD-300 shows good elongation at -40 0C until cured
at 280GF when it is virtually frozen if cured for more than

*.60 minutes. It is only these cures which show acceptable
room-temperature modulus, and it would appear therefore that
polymer ECD-300 is of no interest.

Polymer ECD-307 shows unusually high elongation at -40 0 C.
This, coupled with its high room-temperature elongation,
renders it promising for high-altitude balloon compounds;
but, unfortunately, its room-temperature modulus is even
lower than that of ECD-300.

Compound A2a-12 substantiates the manufacturer's claim of
high room-temperature elongation for ECD-314, but the modulus
is even lower than that of ECD-300 and ECD-307. In addition,
the elongation at -400C is no higher than that of standard
production neoprene polymers and does not follow the room-
temperature elongation pattern.
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FACTUALDATA (continued)

TASY A. Phase 2. Part A (continued)

TABLE 1

FORMULATIONS OP C•MPOUNDS CONTAINING EXPERIKENTAL POLYMERS

Formulation No. A2a-10 A2a-11 A2a-12 A2a-19 A2a-20 A2a-21

Neoprene BCD-300 100.0 -

Neoprene ECD-307 - 100.0 -

Neoprene ECD-314 - - 100.0

Neoprene ECD-416 - - - 100.0 -

Neoprene ECD-417 - - - 100.0

Neoprene ECD-418 - - 100.0

Zinc Oxide 5.0 5.0 5.0 5.0 5.0 5.0

Neozone IDt 2.0 2.0 2.0 2.0 2.0 2.0

N.B.C. 3.0 3.0 3.0 3.0 3.0 3.0

Accelerator 833 1.0 1.0 1.0 - - -

Merac - - - 1.0 1.0 1.0

Sunaptic Acid 1.0 1.0 1.0 1.0 1.0 1.0

Aquarex NO 0.5 0.5 0.5 0.5 0.5 0.5

Dibutyl Sebacate 10.0 10.0 10.0 6.25 6.25 6.25
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PHYSICAL PROPERTIS OP C0POU4NDS A2-10. A2a-l1. A2a-12. A2a-19. A2U-20 AND A2a-21
TESTED AT ROOM TEMPERATURE

Cure Cure Modulus Modulus Modulus Tensile Blongation Tear
Compound Time Temp. at 200% at 400% at 600% Strength at Break Strength

No. (mins) (OF) (psi) (psi) (psi) (psi) (%) (lbs/in)

A2a-l0 60 240 70 85 150 1385 1385 50
90 240 85 95 150 1550 1340 55

120 240 80 90 140 1605 1390 53
60 260 80 90 135 1685 1400 56
90 260 80 90 120 1715 1405 47

120 260 100 115 160 1900 1235 87
60 280 90 115 145 1980 1300 67
90 280 120 155 235 2445 1105 82

120 280 140 155 300 2465 1010 96

A2a-l1 60 240 75 85 115 1245 1355 45
90 240 80 95 125 1340 1305 47

120 240 80 90 120 1390 1425 50
60 260 80 90 125 1340 1390 52
90 260 85 95 115 1475 1390 46

120 260 85 95 110 1595 1420 51
60 280 85 90 110 1350 1335 50

90 280 90 125 150 1860 1195 55
120 280 100 135 170 1880 1095 58

A2U-12 60 240 55 60 75 720 1665 29
90 240 50 55 70 840 1765 28

120 240 55 60 80 800 1680 31
60 260 55 65 80 1020 1695 34
90 260 65 75 90 1150 1680 36

120 260 70 75 95 1160 1585 37
60 280 75 85 105 1495 1410 26
90 280 65 80 95 1350 1425 42

120 280 85 105 145 1810 1270 53

A2a-19 60 240 510 1350 2060 2140 620 -
90 240 530 1270 - 2000 570 -

120 240 520 1220 - 2070 590 -
60 260 470 1340 2200 2270 600 -
90 260 480 1270 2300 2350 630 -

120 260 630 1450 - 2240 520 -
60 280 530 1320 - 2060 570 -
90 280 590 1310 2370 2580 680 -

120 280 610 1340 - 2200 590 -

A2U-20 60 240 90 140 280 1870 1050 -
90 240 95 145 280 1950 1080 -

120 240 95 160 320 2070 1110 -
60 260 105 150 290 1660 1040 -
90 260 95 150 290 1400 1000 -

120 260 105 165 380 2110 1100 -
60 280 110 160 310 2270 1160 -
90 280 90 130 270 1.400 980 -

120 280 110 165 320 1890 1010

A2a-21 45 160 80 105 175 1760 1330
1 90 160 70 100 200 2240 1360



PHYSICAL PROPERTIES OF CCP0UNDS A2&-10. AUa-ll. AUa-12. A2&_19. AUa-20 AND AUa-2l

TESTED AT -40*C

Cure Cure Modulus Modulus Modulu-.4 Tensile Elongation
Compound Time Temp. at 200% at 400% at 600% Strength at Break

No. '(sins) OF) (psi) (psi) (psi) (psi) M%

A2a-lO 60 240. 1.275 191.5 4165 4840 620
90 .240 1690 2145 4445 5420 640

*. .120. .240 .161.5 2160 . - 4205 580
6 260 f445 . 2260 . 4595 4760 610

*90. 'Z6 1295. .20.70 -3750 580
1*20 .'260 2410 . * 2685' - 4375 550
J60. .. -280 .285 25*75 .5390 .5675 610*
90 7'20 - . 2755, 140*

..120 ~2O--3135 40*

A~al 6 . ~2Q~*17. 180' .1035 .420 .800

9--,0 240 '~~0 ... :290- '.1630 4275 750
';""120 40 P ,.190'. 30$.' - 1505 3295 700

......60 260ý' 220 '315 1655. 5030 *.770

90 260 .220 30.ý5 1305, 3140 710
S120- -~26) 180 240- 1265 3705 -730:
ý'60 ~280 115 335 1403565 710
~90 280W ' 245 460- .2015 396570

10' 280,~ 280 565 . 404275 700-

'Aýa2 .0 240' '805 .. 1275 -341558

240240 720 .' 1330 3140- 3215'. 610,

ýý`60 260 895 1520 .39-15- .. 4730, 660
.~90.'--, 11260~ 6 1590 3465 95 7

'1..5i20' 2 260 90 195., 37 3965 - 60
60.,6 280 1380 2475'' - 413*5 580.

..:90 280 835 2070. 4,190. 4620 620'
1.20 280. 1355 1940. - .3420- 570

A2a-19 -60. 240 2170. 3475 -3750 440*

90 20 2455. 31885 .4955 460*
120` 24 2640 4665 -. 5575 500*
60 '260 1860 3245 -3245 .. 400*

-O% 260 .2200 - . - .2855ý 380*
120 260 2440 - -3010* 380*

iv- 280 1220 2210 - 221.0 4*
90 280 1710 * 90 **-2950 400*

120 280 2220 - * .- 3110 380*

A2a-20 60 240 2170 2760 -3620 520*
90 240 - - -Frozen -

120 240 --- Frozen-

60 260 - - F rozen -

go 260 1510 2040 - 2040 400*
120 260 1730 1925 3525 4105 640*
60 280 1785 2145 -4345 540*
90 280 2565 2565 -5000 580*

120 280 2320 2320 - 3515 520*

A2&-21 45 160 1980 1980 3905 4010 620**
_______ 0 160 1890 1890- 3870 580**

*cold flow **severe cold flow



FACTUAL DATA (continued)

TASK A. Phase 2. Part A (continued)

Neoprene ECD-416 has very low room-temperature elongations
at all cures coupled with very high modulus. It is evidently
a very crystalline type, and the results obtained are similar
to those obtained. with Neoprene 400. As might be expected,
the elongation at -400C is also very low, and there is
considerable cold flow at all cures.

Compounds made: from ECD-416 appear to be very unstable, the
pH dropping rapidly on standing so that coagulation occurs
in less than .one week.

Neoprene ECD-417 shows good elongation at'room-temperature:-.
but is in no way superior to existing commercially available
laticeS. ;The low-temperature elongations are somewhat lower
than might be expected, and there.is substantially more cold
flow than the."room-temperature physicals indicate. . •

Neoprene ECD-418 shows extremely high. room-temperature elon-.'" '4
gatidna and has the added advantage of curing- at very low
temperatures. The tensile strength is '-siisfactry, although
the modulus "is a I ittle lower than:. is des irale'.

When ECD-418 ,was tested at -4OC, both cures .showed severe"'
cold flow although.the ultimate elongation* was -fairly good.d
It would seem that by increasing the plasticizer content and
using Mistron Vapor to raise .the modulus that .it might.be."
possible to obtain films with .interest.ing properties,.from -

this polymer.

It would appear from the above results that the room-
temperature 'elongation of ECD-314 is high enough to permit.
compounding for" higher modulus while still retaining .un-:

. usually. high elongation.' Accordingly, a compound was pre--
pared which included 20.parts of Neoprene-40O.in an effort
to increase the-.room-temperature modulus. The formulation
of this.compound, identified A2a-13, is .given below:

Cu.mound .A2a13

Neoprene"ECD-314 80.0
--Neoprene 400 . 20.0.
Zinc Oxide . 5.0
Neozone ' D.' 2.0
N..B..C. 3.0
Accelerator 833 1.0
Sunaptic Acid 1.0
Aquarex SN0 0.5
Dibutyl Sebacate 10o0
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FACTUALDATA (continued)

TASK A. Phase 2. Part A (continued)

Plates were dipped according to standard procedure and cured
for 60, 90, and 120 minutes at 2400 F, 2600F, and 2800F.
Physical properties were determined at room temperature and
at -40 0 C and the results of these tests are given in Table 4.

A study of these resuLts shows that the objective of increas-
ing the modulus to practical levels has been achieved. How-.
ever, the room-temperature elongation has now been reduced,
to a level only slightly above that of standard" production
compounds. In addition, the low-temperature elongation has
also been slightly impaired.

An additional compound was, therefore prepared in which the
plasticizer content was raised to 15 parts in order., to improve
the low-temperature elongation.. This compound.was designated
A2a- 14, and its formulation is as follows:

Compound A2a.;-14'

Neoprene ECD-3l4 80.0
Neoprene 400 :20..0
Zinc Oxide- 5.0.
Neozone ID? 2.0
N.B.C.
Accelerator 3.0
Sunaptic Acid 1.0
Aquarex SMO 0.5
Dibutyl Sebacate 15.0"

Plates were dipped according to standard procedure and cured".
for 60, 90, and 120 minutes at 240 0 F, 260 0F, and 280 0 F.

.Physical properties were determined at room temperature and..,
at -40 0 C, and the results of these tests are given in
Table 5.

A study of these results shows that the elongation at -400C..
has been 'increased as desired, but this increase has been
achieved at the cost of a further reduction in room-
temperature elongation and a slight reduction in modulus.. .

Further 'increase in plasticizer content will, unquestionably,
result in further reduction in room-temperature elongation
and modulus accompanied by a small increase in elongation at
-40 0 C. However, the physical characteristics of this com-
pound are now very similar to those of standard production
compounds; and there would, apparently, be no advantage
associated with Neoprene ECD-314.
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FACTUAL DATA (coNT NUR D)

TASL A PHASE 2 PART A (CONTINUED)

TABLE k

PHYSICAL PROPERTIES OF COMPOUND A2a-13

TESTED AT ROOM TEMPERATRE AND AT -40C

Test. Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Temp. Time Temp. at 200% at 400% at 600% Strength at Break Strength
(1C) (mins) (OF) (psi) (psi) (psi) (psi) (%) (lbs/in)

+20 60 240 75 100 170 1210 1280 44

+20 90 240 70 100 170 1210 1295 48

+20 120 240 70 95 160 1215 1325 50

+20 60 260 110 160 295 1655 1145 6.

+20 90 260 110 160 320 1795 1140 64

+20 120 260 110 170 320 1995 1160 70

+20 60 280 130 205 445 2135 1100 90

+20 90 280 110 185 405 2045 1080 94

+20 120 280 95 185 375 2080 1115 88

-40 60 240 780 2220 4465 4465 600 -

-40 90 240 750 2050 - 3350 570 -

-40 120 240 815 2055 - 3445 570 -

-40 60 260 1060 2675 - 4795 580 -

-40 90 260 995 2680 - 4720 590 -

-40 120 260 1175 2870 - 5060 580 -

-40 60 280 1395 3025 5670 5610 600 -

-40 90 280 1250 2925 5520 5730 610 -

-40 120 280 1365 2815 5655 6025 630 -
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FACTUAL DATA (coNrTINUD)

TASK A PHASE 2 PART A (coTrTNUED)

TABLE 5

PHYSICAL PROPERTIES OF COMPOUND A2a-14

TESTED AT ROOM TEMPERATURE AND AT -40 0 C

Test Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Temp. Time Temp. at 200% at 400% at 600% Strength at Break Strength
(CC) (mins) (*F) (psi) (psi) (psi) (psi) M%) (lbs/in)

+20 60 240 85 145 285 1315 1085 53

+20 90 240 90 145 280 930 965 51

+20 120 240 90 150 280 1330 1105 63

+20 60 260 90 145 275 1245 1065 58

÷20 90 260 95 155 285 1345 1090 51

÷20 120 260 90 150 290 15c0 1090 62

÷20 60 280 110 165 330 1615 1085 74

+20 90 280 115 170 365 1740 1065 71

+20 120 280 115 185 375 2030 1070 75

-40 60 240 470 1325 3265 3700 630 -

-40 90 240 435 1200 3005 4450 680 -

-40 120 240 565 1275 3125 4600 650 -

-40 60 260 650 1405 3750 4585 650 -

-40 90 260 665 1445 3900 4950 670 -

-40 120 260 585 1480 3725 5095 700 -

-40 60 280 845 2065 4495 4875 620 -

-40 90 280 800 1820 4490 5245 650 -

-40 120 280 1015 2355 4730 4730 600
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FAQTUALDATA (continued)

TASK A. Phase 2. Part A (continued)

The manufacturer also claimed that ECD-314 posessed superior
ozone resistance. The ozone resistance of compound A2a-13
was, therefore, compared with that of the same compound
based on Neoprene 750 and Neoprene 571 (compound A3-105).

Samples cured for 60, 90, and 120 minutes at 240OF and 280°F
were evaluated at 200% and 600% elongation in an ozone con-
centration of 80 parts per million. The results of these
tests are given in Table 6.

A study of these results shows that at all cures and elonga-"
tions tested, Neoprene ECD-314 is much superior in ozone
resistance to Neoprene 750. This is the case whether the
time to rupture or time to initial cracking is taken as the
standard of evaluation.

Therefore, there is some justification for continuing the
evaluation of Neoprene ECD-314 in balloons although the
physical attributed of elongation, modulus, and tensile
strength show no noteworthy superiority to standard neoprene
polymers.

It has previously been established that Neoprene 735, which
has good low-temperature properties and excellent gel exten-
sion characteristics, has much too low a room-temperature
meoulus for making meteorological balloons. However, it was
thought that by blending this latex with Neoprene 400 this
condition could be corrected; and two compounds were
designed, the formulations for which are given in Table 7.

Plates were dipped from these compounds according to standard
procedure and cured for 60, 90, and 120 minutes at 2400F,
2600 F, and 280 0F. Physical properties were determined at
room-temperature, and the results of these tests are given
in Table 8.

A study of these results shows that combinations of Neoprene
400 and Neoprene 735 result in compounds with physical
properties generally unsuitable for meteorological balloons.
Elongations are low for compound A2a-30, and the tensile
strength of A2a-31 is very low at all except the 90-minute
and 120-minute at 280°F cures. The elongations of A2a-31
are also low.

There appeared to be little to be gained by determining low-
temperature characteristics of either of these compounds,
and no further work was done.
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FACTUAL DA (CONTINUED)

TASK A PHAsr 2 PARr A (coTiN UED)

TABLE'

OZONE RESISTANCE OF NEOPRENE BCD-314

"" "TiMe. to. Tinie to Time to*
'cure Cure Elonga- Slight Medium Heavy Time to

'Compa;oitd.. Tin.e Temp. tion Attack Attack .Attack Rupture Condition at
.% "No.* " (mins) (-F) (%) (mins) (mins) (mins) .(mins) 240 minutes

A;-3 .6 .. 200 no attack
9Q,- 6 '40 200 - " - - no attack

'..120 240 0.0 . 195 " 5 . - test ended

A34105, 60, 24C, 200 ..:35 65 95.
90 240 - 200 25 .- 40 65 120

120> i240. 200 ".......40 60 85

' .A2a-13. .60 240. %.600!*` 195 " - test. end
90 :240., 600; 175. 185 195 "•200

120 '2,240, 600• 195. - - .test ended

.A3-105.. 60 240 .602 25 . 30
90 .240 600' 25' 30"

" 20 240 --'600'0` 25, 40 ,60 70

A2a13" 60 '280 200 : 45 . :125 145 170

.90 .280 200 50 :130... 155.' 210
120• 280 200 " 50 -... ",.75"- '95 - 140

"A3-105 60 280 200 50 70 80 110
90 280 200 25" 30 . 35 " 40

120 280 200 25 35. 45.. 55

A2a-13. 60 280 600 165 210 225 .240
90. 280 600 165 .235 - .- teat ended

120 280 600 130 160" 165 170

'A3-105 '60. 280 600 60 . 75 85 90
90 280 600 30 35

120 280 600 35



FACTUAL DAA(continued)

TASK A. Phase 2. Part A (continued)

TA.BLE 7

FORMALTIONS OF. COiWOTJNDS CONTAINING NEOPRENE 735 AmD

Foriiulatio~n No. u~i-30 Aa3

Neo~prene.,UOO 75.0 50.

~.Neoprene 735 2:..2.0

N.B.C.. 3.0 3..0

Accelerator. 033 .101.0

&uiapti~c Acid 1.0 1.0

AAquarex SM ~ 0.5 0.5

Thityl Oleate 10.0 10.0
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'Mr. 4, Pzuss 2 PAtr A (courzxusD)

. • TABU -8•

PIM RU TIn S OF COWOUNDS AU-30 A UI A-31
TESTED -AT ROOM TCK P T

Cure Cure Modulus Modulus.. Modulus Tensile Blon tion Tear
.. .-.'Comud Tie Temp. at 200% at 400V at 600%. Strenth at Break Strength

No.. (ins) (OF), (psi) (psi) (psi) (psi) (M) (lbs/in)

A2U-30 60 240 200 440 930 1175 68$ 96
90 240 210 450 970 1135 675 85

120 240 205 435 860.. 1050 " 670 95

60 . 260 220 490 1085 1530 740 102
90 260 220 490 1080D 1600. 745 100

"120 260 235 510 1085 1745. 755 98

60 280 235 505 1105 . 1510 710 108
90 280 280 590 1315 2095 785 108

"120 280 245 555 1220 1960 775 119

A2U-31 60 240 90 183 350 430 695 40
90 240 105 205 400 535 770 37

120 240. 115 185 365 530 755 41

60. 260 .110 235 475 810 810 50
90 260 110 .205 440. 780 820 52

'120 260 125 200 430 765 7,5 50

60 280. 125 200 460 850 810 55
90 280 135 270 620 1385 865- 75

120 280 130 250 585 1375 8609 67

- - -3 -



FACTUAL (continued)

TASK A. Phase 2. Part A (continued)

Samples of three other polymers which have not been evaluated
previously were received from Du Pont. These were identified
as Neoprene 572, Neoprene 673, and Neoprene 450. Neoprene 572
and Neoprene 673 are types which were, at one time, offered
for same but were withdrawn because of lack of interest.
Neoprene 450 is the latest addition to the regular line of
neoprene latices.

Three compounds, identical in every respect except for the
polymer, were prepared; and these formulations are given in
Table 9.

Plates were dipped from these compounds according to standard
procedure and cured for 60, 90, and 120 minutes at 2400 F,
260 0 F, and 280 0 F. Physical properties were determined at
room temperature and at -40 0 C, and the results of these tests
are given in Tables 10 and 11.

A study of these tables shows that Neoprene 450 is of pos-
sible interest for use in meteorological balloons. At all
temperatures below 280 0 F, it has the characteristics of
chewing gum with extremely high elongation but very little
development of modulus or tensile strength. At 2800 F, the
modulus is still low; and as the time is increased, there
is a very sharp drop in elongation. Elongations at -400C
are poor at all cure temperatures, and the 280°F cures all
freeze or show a strong tendency to freeze.

Neoprene 572 has characteristics similar to Neoprene 571 at
both room temperature and at -40 0 C. Since the commercially
available polymers have superior properties insofar as
meteorological balloon compounds are concerned, there is
no reason for conducting any further investigation of this
polymer.

Neoprene 673, however, has properties which render its
further evaluation desirable. It shows unusually high
tensile strength and modulus at room temperature, and these
are coupled with relatively high elongation until a curing
temperature of 280OF is reached.

Although the low-temperature elongation of Neoprene 673 is
somewhat low, the high room-temperature modulus and elonga-
tion would permit the use of greater quantities of plast i-
cizer with consequent improvement in low-temperature
elongation.
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FACTUAL T (continued)

TASK A. Phase 2. Part A (continued

TABLE

FORMULATIONS OF COMPOUNDS BASED ON VARIOUS NBOPRBNB POLYMMS

Formulation No. A2a-15 A2a-16 A2a-17

Neoprene 572 100.0 -

Neoprene 673 - 100.0 -

Neoprene 450 - - 100.0

Zinc Oxide 5.0 5.0 5.0

Neozone 'D' 2.0 2.0 2.0

N.B.C. 3.0 3.0 3.0

Accelerator 833 1.0 1.0 1.0

Sunaptic Acid 1.0 1.0 1.0

Aquarex SMO 0.5 0.5 0.5

Dibutyl Sebacate 10.0 10.0 10.0
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A A A (continued)

TqK A. ThA.s 2. Part A (continued)

TABLE 0

PHYSICAL PROPERTIES OF COMPOUNDS A2a-15. A2U-16, ANDA2a-17T
TESTED AT ROOM TENPERATRB ..

Cure Cure Modulus Modulus .f Modulus Tensile Elongation
Compound Time Temp. at 200% at 400% ' at'600% Strength at Break

No. (mins) (SF) (psi) (psi)- (psi) . (psi) (%)

A2a-15 30 240 125 185 495. 1505 825
60 240 120 265. 830 2050 745
90 240 125 ... 250 8Z5 1985 735.

30 260 130 250 730 1605 . .720
60 260 125 .245. 790 1770 "715
90 260 135 235 830 :1940 .720

30 280 .140 255 810 2730 .790' .
60 280 150. -270 725. 2440 .' .790
90 280 180 240 790 .2700 790

120 280 " 130 - 265 .1160 -3175-.' .750

A2a-16 60 240 315 580 1445. 4020 960
90 240 305 640 .1435 "3780 " 935

120 240 .310 640 1540 3805 930

60 260 275 605 1305 3425 945
90 260 275, 606..- -. 1315 3490 925

120 260 .- 225 375 .865 '2790 " 900.

f0 280 -315 .:745 1625 :..035 .800
90 280 310 .670. 150 3390, 845

120 280 165 400 . 895 `2100 835

A2a-17 60 240 Modulus and tensile -strength' too smaal'l to: read..
90 240 . . " •. t U, N .

120 240 of " " " o of " 9 "

60 260 Modulus too small to read. 765 >1300*.
90 260 " " to to 625 >1500*

120 260 to " " " ". 800 >1600*

60 280 155 185 215 1945 1010
90 280 130 155 185 1605 1045

120 280 160 185 220 1625 870

E Extended beyond scale.
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FACI=.DATA (continued)

TASK A. Phase 2. Part A (continued)

TABLE 11

PHYSICAL PROPERTIES OF COMPOUNDS A2U-15. A2a-16. AND A2a-17
TESTED AT -40*C

Cure Cure Modulus Modulus Modulus Tensile. Elongation
Compound Time Temp. at 200% at. 400% at 600% Strength at Break

No. (mine) (OF) (psi) (psi)' (psi) (psi) (%)

A2a-15 30 240 205 765 2725 2725 600
60 240 190 890 - 2910 580
90 240 210 •925 - 3060. 565
30 260 185 910 .2880 . 3045 615
60 260 220 99.5 - . 2985 590
90 260 235 980 .. 3140 545
30. 280 220 1065 .3225 560
60 280 215 985 3115 555
90 280 240 1105 3305 565

120 280 225 1160 3395 .540.

A2a-16 60 .240 675 2595 ' 4815 580
"90 240 810 2880 - 4980. 565

120. 240 825' 2895 -. 4325. 530
60 260 790 2765 . . 4105 540
90 260 .915 2100 4360 570

120 260 885 2215. .3590 555
60 280 1000 2000 . - 3200 500
90 280. 670 1970 3845 560

120 280 905 2590 -3815' 540

A2a-17 60 240 795 2180 - 3060 480
90" 240 815 2260 - 3350 500

120 240 910 2120 - 3215 480

60 260 825 2390 - 3265 500
90 260 885. 2215 - 3960 460

120 260 3690 - - 3690 200

60 280 3815 - - 3815 200
90 280 - - 4695 20

120 280 - - - 4510 0



FACTUAL (continued)

TASK A. Phase 2. Part A (continued)

It appeared possible that a combination of Neoprene 673 and
Neoprene 450 might also give desirable characteristics.
Accordingly, a compound based on 75 parts of Neoprene 673
and 25 parts of Neoprene 450, having the following formula-
tion and being designated A2a-18, was prepared:

Compound A2a-18

Neoprene 673 75.0
Neoprene 450 25.0
Zinc Oxide 5.0
Neozone *D' 2.0
N.B.C. 3.0
Accelerator 833 1.0
Sunaptic Acid 1.0
Aquarex SMO 0.5
Dibutyl Sebacate 10.0

Plates were dipped from this compound according to standard
procedure and cured for 60 90, and 120 minutes at 260OF
and 280 0 F. The cures at 24oOF' were omitted since it is
evident that Neoprene 450 does not cure at this temperature.

Physical properties of this compound were determined at
room temperature and at -40 0 C, and the results of these
tests are given in Table 12.

A study oA this table shows that the properties of these two
types of neoprene are not additive, indicating that the two
types are not completely compatible.

As a result of combining the two types, the high tensile
strength of Neoprene 673 has been lost, and the high elon-
gation of Neoprene 450 has not been gained. In fact, the
elongation of the combination is less than that of Neoprene
673 alone and, of course, much less than that of Neoprene 450.
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FACTUAL (continued)

TASK A. Phase 2. Part A (continued)

TABLE 12

PHYSICAL PROPERTIES C CCMPOUND A2a-18
TESTE AT ROCV- PR ATUUE AND -4o0C.

Test Care -Cure Modulus Modulus Modulus Tensile Elongation
Temp. Tim TVp. at 200% at 400% at 600% 'Strength at Break
(OC.) (mins) (O0.) (psi) (psi) (psi) (psi) (W)

+20 60 260 405 735 1430 2540 790
+20 90 260 420 725 1340 2675 895
+20 120 260 370 640 1270 2240 785

+20 60 280 405 695 1120 2770 775
+20 90 280 385 500 1030 2235 795
+20 120 280 350 530 1090 2285 755

-40 60 260 1520 2890 -- 4100 480
-40 90 260 1700 3170 -- 4270 440
-40 120 260 1890 3075 -- 4320 460

-40 60 280 2245 3080 -- 4215 450
-40 90 280 2190 3210 -- 4170 450
-40 120 280 2285 3365 -- 3890 480
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FACTUAL DATA (continued)

TASK A. Phase 2. Part A (continued)

It was considered of value to determine whether an increase
in modulus and tensile strength of Neoprene 450 could be
obtained by the use of Mistron Vapor without sacrificing
the elongation. The following compound, containing Mistron
Vapor and identified as A2a-22, was therefore prepared.

Compound A2a-22

Neoprene 450 100.0
Zinc Oxide 5.0
Neozone 'D' 2.0
N.B.C. 3.0
Accelerator 833 1.0
Sunaptic Acid 1.0
Aquarex SMO 0.5
Dibutyl Sebacate 6.25
Mistron Vapor 20.0

Plates were dipped according to standard procedure and cured
for 60, 90, and 120 minutes at 2400F, 2600F, and 2800F.
Physical properties were determined at room temperature and
at -400C, and the results of these tests are recorded in
Table 13.

A study of these results shows that reinforcement of the
film has been achieved by the use of Mistron Vapor. The
cures at 2600F show fairly good modulus and tensile strength
at room temperature with extremely high elongations. There
is a very sharp drop in elongation accompanied by an equally
sharp rise in modulus and tensile strength at the 90-minute,
2800F cure. At -400C, all cures were completely frozen.

The very high room-temperature elongations obtainable with
this polymer suggest that further investigations of the
effect of increased plasticizer content are indicated.

The unusually high modulus and good elongation obtainable
with Neoprene 673 suggested that balloons should be made
from a compound based on this polymer. However, consider-
able difficulties were experienced in obtaining larger
quantities of this material since it is made only for
special orders. After considerably delay, drum quantities
were finally received; and since the original evaluation
had been performed on a laboratory sample, and further
sample of compound A2a-16 was prepared.

Plates were dipped according to standard procedure, and films
were cured for 60, 90, and 120 minutes at 2400F, 2600F, and
2800F. Physical properties were determined at room tempera-
ture and at -400C, and the results of these tests are given
in Table 14.

- 37 -



FACTUAL DATA (continued)

TASK A. Phase 2. Part A (continued)

TABIE 13

PHYSICAL PROPERTIES OF COMPOUND A2a-22
TESTED AT RO04-T•VPETURE AND -40OC.

Test Cure Cure Modulus. Modulus Modulus Tensile Elongation
Temp. Time Temp. at 200% at 400% at 600% Strength at Break
(Oc.) (mins) (OF.) (psi) (psi) (psi) (psi) (%)

+20 60 240 100 105 125 250 2000 +
+20 90 240 95 110 130 320 2000 +
+20 120 240 95 105 120 300 2000 +

+20 60 260 145 190 220 830 1800 +
+20 90 260 180 225 275 1030 1410
+20 120 260 170 205 265 1150 1480

+20 60 280 185 215 260 810 1380
+20 90 280 335 485 720 1380 910
+20 120 280 325 470 680 1370 930

-40 All cure tims at all cure temperatures as listed above were frozen.
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FACTUA DATA (continued)

TASK A. Phase 2. Part A (continued)

TABLE 114

PHYSICAL PROPERTIES OF COM0POUND A2a-16
TESrED AT RO04 T3IPmeATURE AND -40*C

Test Cure Cure Modulus Modulus Modulus Tensile Elongation
Temp. Time Temp. at 200% at 400% at 600% Strength at Break

0C) (mins) (OF) (psi) (psi) (psi) (psi) (%)

+20 60 240 120 175 370 2100 1100
+20 90 240 110 150 400 1910 1130
+20 120 240 115 160 340 2500 1080

.20 60 260 90 160 400 2020 1110
÷20 90 260 90 165 320 2000 1100
.20 120 260 85 140 250 2110 1220

e20 60 280 80 130 250 2590 1070
÷20 90 280 85 155 370 2480 990
.20 120 280 90 155 385 3290 1030

-40 60 240 530 1295 2930 4010 700
-40 90 240 465 1205 2965 2965 600
-40 120 240 415 1480 4305 4630. 620

-40 60 260 1020 3365 - 3880 460
-40 90 260 755 2125 - 2360 420
-40 120 260 850 2320 - 2815 460

-40 60 280 675 1635 - 2500 480
-40 90 280 725 1775 - 2545 440
-40 120 280 535 1340 - 2275 500
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FACA D (continued)

TASK A. Phase 2. Part A (continued)

A study of these results shows that this material does not
conform to the original sample. The room-temperature elon-
gations are somewhat higher than previously obtained, and
the modulus and tensile strength are markedly less than
previously obtained.

At -400C, the elongation is less than previously obtained
at all cures except at 2400F.. At this temperature, higher
elongations are recorded.

It was initially considered that this difference in physical
properties was due to the difference between a laboratory
batch'and a production batch of the polymer. However, it
was subsequently determined that upon aging of the film and
allowing crystallization to develop, which requires approxi-
mately one week, the original physical properties recorded
in Table 10 were duplicated.

The evaluation of Neoprene 571 in conjunction with Neoprene
750 was also continued. Replacement of part of the Neoprene
750 in compound A2-9-1 (see Final Report of Contract No. DA-
36-039-SC-78239) resulted in a compound identified as
A3-31-1 which produced balloons with a much more consistent
performance.

Accordingly, three compounds were prepared containing 10,
20, and 30 parts of Neoprene 571, respectively. The formu-
lations of these compounds are given in Table 15.

Plates were'dipped from these three compounds according to
standard procedure and cured for 60, 90, and 120 minutes at
240OF and 280 0 F. Physical properties were determined at
room temperature, -400C, and -50 0 C. The results of these
tests are given in Tables 16, 17, and 18.

A study of these tables shows that at room temperature, in-
creasing the amount of Neoprene 571 in the compound has
relatively little effect on the physical properties. There
is a slight increase in tear strength as the Neoprene 571
ratio is increased and a small but significant loss in
elongation. The modulus at 200%, 400%, and600% elongation
is practically unaffected. There is a very small loss in
tensile strength with increasing Neoprene 571 content.

All of these compounds are extremely flat during, showing
virtually no change in physical characteristics from 90
minutes at 240OF to 120 minutes at 280°F apart from a small
loss in modulus at 600% elongation as the proportion of
Neoprene 571 is increased.
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FACTUAL DATA (continued)

TASK A. Phase 2. Part A (continued)

TAKE 1

FORMULATIONS OF COMPOUNDS CONTAINING INCREASING QUANTITIES OF NEOPRENE 571

Formulation No. A2a-l A2a-2 A2a-3

Neoprene 750 90.0 80.0 70.0

Neoprene 571 10.0 20.0 30.0

Zinc Oxide 1.0 1.0 1.0

Neozone 'D' 2.0 2.0 2.0

N.B.C. 3.0 3.0 3.0

Accelerator 833 1.0 1.0 1.0

Sunaptic Acid 1.0 1.0 1.0

Aquarex S1) 0.5 0.5 0.5

Butyl Oleate 10.0 10.0 10.0
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FACTUAL DATA (continued)

TASK A. Phase 2. Part A (continued)

TABLE 16

PHYSICAL PROPERTIES OF COPOUNDS A2a-l, A2a-2, AMD A2a-3

Cure Oure Modulus Modulus Modulus Tensile Elongation Tear
Compound Time TeWp. at 200% at 400% at 600% Strength at Break Strength

No. (mine) (OF) (psi) (psi) (psi) (psi) (%) (lbs/in)

A2a-l 60 240 90 135 245 1390 1040 56
90 240 115 165 275 1695 920 59

120 240 120 170 300 1725 905 60

60 260 120 170 230 1355 905 59
90 260 120 170 230 1545 910 56

120 260 125 170 230 1330 900 60

60 280 115 150 210 1395 915 59
90 280 115 160 225 1735 940 57

120 280 120 160 225 1770 940 57

A2a-2 60 240 110 160 280 1450 940 54
90 240 120 165 290 1580 890 60

120 240 115 160 260 1595 935 57

60 260 120 165 225 1300 905 58
90 260 125 170 235 1135 865 58

120 260 120 165 225 1335 885 57

60 280 115 160 215 1500 925 54
90 280 120 160 215 1600 925 55

120 280 110 155 210 1530 915 57

A2a-3 60 240 105 150 265 1570 1005 55
90 240 115 165 280 1345 875 58

120 240 125 175 305 1395 860 60

60 260 125 170 250 1155 865 60
90 260 130 165 245 1235 875 56

120 260 130 175 255 1330 875 67

60 280 120 165 225 1435 890 58
90 280 125 165 225 1395 875 67

120 280 125 165 230 1500 875 62
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FACTUAL DATA (CONTINUED)

TASK A PHAss 2 PART A (coNTzINUED)

TABLE. 17

PHYSICAL PROPERTIES OF COMPOUNDS A2a-I. A2a-2, and A2a-3
TESTED AT -4~00C

Cure Cure Modulus Modulus Modulus Tensile Elongation
Compound Time Teop"* at 200% at 400% at 600% Strength at Break

No. (minx) (psi) (psi) (psi) (psi) (W)

A2a-l 60 240 120 215 910 1930 690
90 240 170 290 1530 4405 720

120 240 170 260 1395 3900 730

60 260 170 280 1940 4270 720
90 260 165 285 2095 4275 720

120 260 185 305 2075 h450 720

60 280 190 335 2305 3610 680
90 280 195 355 2875 4115 680

120 280 205 425 2735 4235 660

A2a-2 60 240 145 285 1385 2470 690
90 240 150 295 1775 3885 720

120 240 165 280 1720 3490 690

60 260 165 280 2280 3665 680
90 260 115 270 2470 4180 680

120 260 190 365 2660 3985 690

60 280 190 335 2610 4110 680
90 280 205 400 2900 412o 670

120 280 215 400 2685 3695 660

A2a-3 60 240 160 270 1235 2350 700
90 240 180 305 1680 3520 710

120 240 190 265 1960 3695 700

60 260 14 5 260 2120 4010 700
90 260 175 345 2590 4145 690

120 260 175 320 2440 3900 680

60 280 170 335 2500 4625 700
90 280 215 470 3095 4525 660

120 280 220 485 3850 4885 660



FACTUAL DATA (coNTINUzD)

TASK 4A PHAss 2 PART A (coNTiNUgD)

TABLE

PHYSICAL MOPROTIES OF COMPOUNDS A2a-1 A2a-2. and A2a-3TETE AT -50'C

Cure Cure Modulus Modulus Modulus Tensile Elongation
Com ound Time T at 200% at 400% at 600% Strength at Break
l7TO. (mins) (O,) (psi) (psi) (psi) (psi) (%)

A2a-1 60 240 565 1280 4130 4130 600
90 240 735 1820 5055 5055 600

120 240 785 1575 - 5055 590

60 260 725 1780 - 4535 57C
90 260 945 2255 - 4835 580

120 260 925 1950 - 4575 570

60 280 910 2205 - 4765 570
90 280 1060 2205 - 5230 580

120 280 1070 2050 - 5145 590

A2a-2 60 240 730 1610 4500 4500 600
90 240 805 1990 5160 5565 620

120 240 850 1755 4950 495o 6oo

60 26o 815 1920 - 4505 570
90 260 1035 2250 - 4125 550

120 260 925 2220 - 5255 570

60 280 875 2220 - 4550 560
90 280 1070 2170 - 558o 7 590

120 280 1045 2170 - 5415 580

A2a-3 60 240 575 1375 - 3870 580
90 240 815 1800 48o5 4805 600

120 240 825 1860 - 4775 590

60 260 815 1955 - 4460 550
90 260 1010 2135 - 4465 560

120 260 750 2195 - 4890 580

60 280 895 2160 - 5035 570
90 280 1030 2220 - 5640 590

120 280 1295 2470 5055 560
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FACTUAL DATA (continued)

TASK A. Phase 2. Part A (continued)

At -40*C there is a slight increase in modulus as the amount
of Neoprene 571 in the compound is increased. This is ac-
companied by a slight fall in elongation. The tensile
strength is relatively unaffected. The same pattern is
repeated at -50 0 C.

At both -400C and -50 0 C the modulus increases with the state
of cure, and the elongation shows a slight drop. Neverthe-
less, the flat-curing characteristics of these compounds are
confirmed by their low-temperature characteristics.

Replacement of part of the Neoprene 750 with Neoprene 571
in a compound in which Dibutyl Sebacate was used as the
plasticizer resulted in a very significant increase in
modulus (see Contract No. DA-36-039-SC-78239, Task A, Phase
3, Part A).

It may be concluded, therefore, that Butyl Oleate is a much
more effective plasticizer for Neoprene 571 than is Dibutyl
Sebacate. The type of plasticizer used in high-modulus
compounds is thus shown to be of considerable importance,
and this must be borne in mind when designing compounds of
this type.

Since Neoprene 571 has little value as a polymer for increas-
ing the modulus of compounds in which Butyl Oleate is the
plasticizer, it was decided to investigate the possibilities
of using Neoprene 400 for this purpose.

Six compounds containing varying blends of Neoprene 750,
Neoprene 400, and Butyl Oleate were prepared. The formula-
tions of these compounds are given in Table 19.

Plates were dipped from these compounds according to standard
procedure and cured for 60, 90, and 120 minutes at 240 0F,
2600 F, and 280 0 F. Physical characteristics were determined
at room temperature and at -40 0 C. The physical characteris-
tics of A2a-23 and A2a-26 were also determined at -50 0C.
The results of these tests are given in Tables 20, 21, and 22.

A study of these results shows that at room temperature,
Neoprene 400 has little effect on modulus when 20 parts are
used. Forty parts of Neoprene 400 results in a sharp
increase in modulus which is accompanied by a significant
reduction in elongation. The elongation, however, is still
satisfactory. This is true whether 5 parts of 10 parts of
Butyl Oleate are used.
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FACTUAL DATA (continued)

TASK A. Phase 2. Part A (continued)

TABLE 19

FORMUIATICNS OF CGPOUNDS CONTAINING VARYING QUANTITIES OF NEOPRENE 400

Foz•mlation No. A2a-21 A2a-22 A2a-23 A2a-24 A2a-25 A2a-26

Neoprene 750 100.0 80.0 60.0 100.0 80.0 60.0

Neoprene 400 - 20.0 40.0 - 20.0 40.0

Zinc Oide 5.O 5.0 5.0 5.0 5.0 5.0

Neozone 'D' 2.0 2.0 2.0 2.0 2.0 2.0

N.B.C. 3.0 3.0 3.0 3.0 3.0 3.0

Accelerator 833 1.0 1.0 1.0 1.0 1.0 1.0

Snaptio Acid 1.0 1.0 1.0 1.0 1.0 1.0

Aquarez SN0 0.5 0.5 0.5 0.5 0.5 0.5

Butyl Oleate 5.0 5.0 5.0 10.0 10.0 10.0
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IMYSICAL PROPBRTIBS OF CO(PM1NDS A2a-21. A2a-22. A2a-23. A2a-24. A2a-25. AND A2&-26
TZTD AT ROOM TZMPRAThRB

"""Cure Cure Modulus Modulus Modulus Tensile Blongation Tear
Compound Tins Temp. at 200% at 400% at 600% Strength at Break Strength

No. (min$) (P) (psi) (psi) (psi) (psi) (M) (lbs/in)
A2-21 60 240 90 135 220 2010 1250 72

90 240 94 140 235 1970 1330 74
120 240 105 155 230 1950 1265 73
60 260 125 160 225 2420 1215 75
90 260 135 165 220 2245 1190 77

120 260 140 170 255 1970 1020 69
60 280 140 175 225 2205 1030 80
90 280 145 170 230 2295 1025 84

120 280 140 165 255 2150 950 85
A2a-22 60 240 115 155 260 1560 1160 70

90 240 125 175 260 1470 1120 70
120 240 130 165 280 1740 1100 75
60 260 120 160 255 1750 1060 68
90 260 125 160 260 1780 965 78
120 260 120 160 260 1825 955 82
60 280 145 180 270 1875 970 79
90 280 140 160 270 1835 960 83

120 280 150 165 305 2100 925 80
A2a-23 60 240 190 290 575 1910 1005 54

90 240 185 300 610 1800 960 55
120 240 190 300 630 1910 955 54
60 260 170 270 595 1990 960 100
90 260 170 310 655 2240 960 113

120 260 170 230 520 1990 960 100
60 280 165 230 515 2050 1000 68
90 280 165 255 505 1985 1010 78

120 280 150 190 435 2125 965 91
"A2a-24 60 240 95 140 200 1275 1150 47

90 240 110 145 185 1535 1110 58
120 240 105 145 200 1490 1100 63
60 260 110 135 190 1478 1020 60
90 260 105 145 215 1540 965 60

120 260 110 145 215 1655 956 57
60 280 120 150 215 1950 1040 68
90 280 130 170 220 1800 970 69

120 280 135 155 225 2035 970 70
A2a-25 60 240 100 135 235 1270 1055 50

90 240 105 135 170 1270 1070 49
120 240 110 135 210 1285 1070 56
60 260 115 145 205 1645 1040 55
90 260 110 130 225 1345 960 55

120 260 110 145 240 1445 940 56
60 280 120 155 250 1640 950 58
90 280 110 150 200 1445 950 58

120 280 115 140 220 1795 950 58
A2a-26 60 240 85 120 235 1260 1080 54

90 240 170 290 590 1655 910 81
120 240 180 275 610 1660 885 100
60 260 160 260 610 1725 890 90
90 260 160 245 600 1585 845 93

120 260 160 260 645 1740 840 85
60 280 190 2F5 645 2000 890 88
90 280 175 280 650 2075 890 102

L120 280 155 250 620 2080 75 I0N



!

PHYSICAL PROPERTIES OF CPJNDS A2a-21. A2a-22. A2a-23. A2a-24. A2a-25. AND A2a-26
TESTED AT -40 0 C

Cure Cure Modulus Modulus Modulus Tensile Blongation
Compound Time Temp. at 200% at 400% at 600% Strength at Break

No. (King) (OF) (psi) (psi) (psi) (psi) W)

A2a-21 60 240 200 470 2215 2900 650
90 240 190 390 1775 2960 700

120 240 130 305 1590 2590 670
60 260 180 335 2110 3870 700
90 260 200 415 2555 4085 660

120 260 200 390 2780 4085 670
60 280 195 360 2525 3205 650
90 280 185 340 2265 4345 700

120 280 210 430 3310 4345 650
A2a-22 60 240 420 1375 3800 4210 620

90 240 430 1350 4070 4215 610
120 240 450 1325 4000 4480 530

60 260 475 1420 4590 5025 630
90 260 450 1420 4265 5275 650

120 260 490 1445 4690 5235 640
60 280 520 1645 4860 5880 660
90 280 495 1540 4670 5355 630

120 280 655 1685 - 5330 590

A2a-23 60 240 1480 2935 - 4975 560
90 240 1450 3015 - 4880 540

120 240 1395 2885 - 5105 560
60 260 1250 2975 - 5300 560
90 260 1260 2850 - 5065 560

120 260 1360 2990 - 5025 550
60 280 1555 3250 - 5585 550
90 280 1430 3155 - 5750 560

120 280 1545 3390 - 4980 510

A2a-24 60 240 115 165 750 2480 770
90 240 115 170 810 3405 800

120 240 125 180 825 3125 790
60 260 125 175 875 3020 770
90 260 120 175 790 2460 740

120 260 130 195 1105 3085 750
60 280 135 210 1070 3075 730
90 280 125 185 1015 3735 760

120 280 145 230 1340 3950 740
A2a-25 60 240 240 715 2715 3500 660

90 240 245 770 2710 3595 660
120 240 300 850 3085 3910 670
60 260 315 905 3285 4305 660
90 260 340 800 3140 4390 680

120 260 320 940 3465 4360 660
60 280 435 1145 3905 4475 640
90 280 410 1095 4005 4745 650

120 280 420 1120 4065 4625 630
A2a-26 60 240 525 1580 - 3425 570

90 240 625 1990 - 4215 590
120 240 610 1900 4295 4680 620
60 260 680 1955 4570 4705 610
90 260 740 1875 4930 4930 600

120 260 770 1870 4955 5120 610
60 280 1000 2430 - 5190 580
90 280 675 1875 4590 5315 640

120 280 900 2455 5830 5830 600



FACTUAL DATA (continued)

TASK A. Phase 2, Part A (continued)

TABLE 22

PHYSICAL PROPERTIES OF CaMPOUNDS A2a-23 AND A2a-26
TESTED AT -5ooC.

Cure Cure Modulus Modulus Modulus Tensile Elongation
Co• ound Time Temp. at 200% at 400% at 600% Strength at Break

No. (iuins) (OF.) (psi) (psi) (psi) (pil).. (N)

.2a-23 60 240 2675 4410 - 5790 500
90 240 2675 4330 - 4905 430

120 240 2605 4320 - 5340 500

60 260 2805 4255 - 4845 450
90 260 2475 4280 - 5470 470

120 260 2770 4510 - 5515 460

60 280 2935 4590 - 6080 490
90 280 2800 4530 - 6070 490

120 280 2835 4790 - 5815 460

A2a-26 60 240 1665 3380 - 4830 500
90 240 1760 3380 - 4805 490

120 240 1635 3435 - 5200 520

60 260 1775 3415 - 5755 530
90 260 1525 3505 - 5215 530

120 260 1595 3545 - 5330 520

60 280 1870 3875 , 5850 530
90 280 1905 3865 - 6215 550

120 280 2085 4070 - 5930 510
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' FACTUAL DATA (continued)

TASK A. Phase 2. Part A (continued)

At -40 0 C a marked increase in modulus is shown when 20 parts
of Neoprene 400 are used, and there is a further comparable
increase in modulus when the Neoprene 400 content is raised
to 40 parts.

When 5 parts of Butyl Oleate are used, there is relatively
little change in elongation with the use of 20 parts of
Neoprene 400, and a noticeable drop in elongation when 40
parts are added. In the compounds containing 10 parts of
Butyl Oleate, there is a significant loss in elongation on
the addition of 20 parts of Neoprene 400, and a relatively
slight additional loss in elongation when 40 parts of
Neoprene 400 are used.

Since 40 parts of Neoprene 400 are required to affect the
room-temperature modulus, only compounds A2a-23 and A2a-26
were evaluated at -50 0 C. Both of these compounds showed
satisfactory elongations at this temperature, A2a-26 being
somewhat superior and having substantially lower modulus
as would be expected.

A study of the effect of aging neoprene latex and neoprene
latex compounds was conducted. Two series of tests were
run, the procedure in each case being the same. A drum of
Neoprene 750 and one of Neoprene 571 were set aside as soon
as received, and a sample of compound A3-105 was prepared
from the fresh latex. In one series, additional batches
of the same compound were prepared at 15-day intervals,
and in the second series batches were prepared at 30-day
intervals. The first series was continued for 75 days, and
the second series for 180 days.

Plates were dipped from the fresh compound and also from
all previously made compounds each time a fresh compound
was prepared. They were cured for 60, 90, and 120 minutes
at 280 0 F, and the physical properties of the films were
determined at room temperature. The results of these tests
are given in Tables 23 and 24.

In the first series of tests, fresh latex compounded im-
mediately did not develop its potential tensile strength
until a period of 60 to 75 days had elapsed. If the latex
had been aged for 30 days prior to compounding, then the
maximum tensile strength was developed immediately. Aging
the latex had virtually no effect on the modulus and elon-
gnation, but aging of the compound resulted in an increase
n modulus and a relatively small drop in elongation.
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EEFECT OF AGING NIOPRENE LATEX AND NEOPRENE LATEX COMPOUNDS
ON PHYSICAL PROPERTIES OF CURED FILMS

Latex Age Comp. Age Cure Modulus Modulus Modulus Tensile Elongation Tear
before before (min. 0 at 200% at 400% at 600% Strength at Break Strength

Compound. Dipping 280C) (psi) (psi) (psi) (psi) (%) (lbs/in)

Fresh Fresh 60 140 170 300 1950 940 74
90 145 185 300 2025 910 71

120 150 190 305 2085 905 71

Fresh 30 days 60 135 180 250 1535 895 75
90 130 170 265 1845 935 67

120 140 175 260 1820 925 64

Fresh 45 days 60 155 215 420 2150 835 70
90 160 215 440 2395 845 63

120 165 235 490 2305 830 78

Fresh 60 days 60 145 190 300 2245 915 80
90 140 185 300 2430 925 69

120 140 195 320 2380 905 67

Fresh 75 days 60 165 200 375 2850 950 89
90 180 210 405 2835 915 89

120 190 225 495 2680 865 87

30 days Fresh 60 145 185 310 2885 975 89
90 150 190 320 2945 985 75

120 155 210 365 2490 935 93

30 days 15 days 60 145 200 365 1995 865 65
90 150 220 360 2080 865 71

120 160 215 485 2210 825 78

30 days '30 days 60 .140 185 310 2135 900 63
90 150 200 340 2300 895 72

120 155 205 355 2605 890 73

30 days 45 days 60 185 215 415 2785 915 86
90 185 215 450 2705 895 88

120 195 225 470 2855 880 86

45 days Fresh 60 140 190 325 2230 920 69
90 140 195 345 2460 915 73

120 155 205 445 2520 880 74

45 days 15 days 60 145 195 310 2480 915 67
90 140 190 305 2420 895 72

120 145 195 335 2470 905 75

45 days 30 days 60 195 .230 465 3195 920 84
90 180 210 420 3050 920 81

120 180 225 505 3120 895 80

60 days Fresh 60 150 195 315 2435 935 71
90 150 200 325 2240 900 74

120 150 195 355 2365 885 73

60 days 15 days 60 180 210 405 3015 935 86
90 185 215 435 3035 915 83

120 190 225 495 2740 875 80

75 days Fresh 60 175 205 390 2970 945 80
90 185 220 470 2785 895 78

120 180 220 465 3110 915 88



' FACTUAL DATA (continued)

TASK A. Phase 2. Part A (continued)

TABLE.

PFECT OF AGIWG NBOPRENE LATEX AND NEOPRENE LATEX COMPOUNDS
ON PHYSICAL PROPERTIES OF CURED FILMS

Latex Age Coxp. Age Cure Modulus Modulus Modulus Tensile Elongation Tear
before before (min. 0 at 200% at 400% at 600% Strength at Break Strength

Compound. Dipping 280"C (psi) (psi) (psi) (psi) (M) (lbs/in)

Fresh Fresh 60 165 200 320 2700 930 85
90 165 200 350 2715 905 70

120 170 200 385 2665 890 85

Fresh 30 days 60 180 220 490 2795 865 75
90 165 210 450 2550 860 70

120 195 235 655 2570 805 75

Fresh 60 days 60 145 200 340 2400 895 80
90 160 185 370 2280 880 85

120 155 210 480 2630 875 75

Fresh 120 days 60 125 185 350 2260 885 -
90 115 160 390 2635 875 -

120 100 170 395 2595 855 -

Fresh 150 days 60 105 160 315 2275 890 -
90 85 170 385 2130 845 -

120 110 195 535 2695 825 -

Fresh 180 days 60 .165 200 395 2370 865 70
90 145 190 385 2350 845 75

120 100 175 420 2385 860 75

30 days Fresh 60 175 210 415 2680 875 90
90 170 200 400 2910 910 95

120 180 220 520 2540 845 80

30 days 30 days .60 115 195, 350 2390 875 85
90 130 170 385 2425 875 80

120 130 195 415 2375 850 80

30 days 90 days 60 100 165 330 2090 870 -
90 130 170 410 2410 855 -

120 120 165 410 2480 865 -

30 days 120 days 60 115 155 310 2435 900 -
90 90 180 405 2345 865 -

120 100 170 515 2560 845 -

30 days 150 days 60 145 200 370 2230 855 71
90 150 200 390 2395 860 80

120 145 200 400 2230 830 80



FACTUAL DATA (continued)

TASK A. Phase 2. Part A (continued)

TABLE 2h(continued)

Latex Age Coup. Age Cure Modulus Modulus Modulus Tensile Elongation Tear
before before (min. 0' at 200% at 400% at 600% Strength at Break Strength
Compound. Dipping 280C) (psi) (psi) (psi) (psi) (%) (lbs/in)

60 days Fresh 60 155 190 385 2820 925 85
90 130 175 390 2795 975 90

120 135 200 400 2615 875 85

60 days 60 days 60 115 150 355 2545 905 -
90 125 165 415 2400 855 -

120 115 170 400 2555 885 -

60 days 90 days 60 95 180 360 2665 900 -
90 90 185 370 2385 850 -

120 95 190 445 2395 820 -

60 days 120 days 60 125 200 350 2460 895 65
90 150 210 405 2370 865 65

120 150 200 425 2360 855 80

120 days Fresh 60 125 165 375 2475 910 -
90 150 190 400 2930 920 -

120 145 195 360 2930 915 -

120 days 30 days 60 90 150 300 2355 915 -
90 90 180 330 2310 895 -

120 85 170 370 2090 860 -

120 days 60 days 60 145 205 380 2440 870 80
90 135 185 380 2265 860 85

120 150 200 420 2440 855 80

150 days Fresh 60 85 165 375 2160 870 -
90 90 180 360 2580 880

120 90 200 430 2500 865 -

150 days 30 days 60 155 205 505 2585 835 75
90 135 190 405 2110 835 65

120 145 195 405 2510 875 70

180 days Fresh 60 155 205 385 2525 895 75
90 150 195 355 2310 885 75

120 150 200 415 2620 895 80
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~FACTUL ZAU (continued)

TASK A. Phase 2. Part A (continued)

In the second series, there is little change in tensile
strength as compound or latex ages. There does, however,
appear to be less consistency in the tensile strength from
test to test as the compound or the raw latex becomes older.

There is a steady decline in elongation as the compound
ages, but this is much less marked when the raw latex is
aged. The decline in elongation is, however, noticeably
more rapid when the compound is made from aged latex with
the result that the elongations at the conclusion of the
test are generally comparable regardless of whether or not
the latex or the compound is aged.

The 400% and 600% modulus results show relatively little
change, the 600% modulus tending to increase slightly as
either latex or compound becomes older. The 200% modulus,
however, decreases steadily and markedly as either the
latex or the compound ages.

It would appear from this study that there are no advantages
to aging either neoprene latex or neoprene latex compounds.
At the same time, there is no serious loss in physical
characteristics if the latex or the compound is not more
than 60 days old before being used.

The difference between the two series, however, do indicate
that there are intrinsic variations in the neoprene polymers
themselves.

Part B: Plasticizers

As a result of the plasticizer study carried out in a pre-
vious contract, it was shown that Butyl Oleate gave the
best low-temperature physical characteristics. However,
previous work was restricted to the use of a single plasti-
cizer in the compound, and it has been felt for some time
that better results might be obtained from a combination
of two or more plasticizers in the same compound. Inquiries
throughout the industry indicated that little, if any work
had been conducted along these lines.

The number of such combinations is almost infinite, and it
was decided to conduct a preliminary study using two plas-
ticizers in varying proportions. Butyl Oleate and Dibutyl
Sebacate were selected, the former, as already stated,
being generally regarded as the best low-temperature plas-
ticizer widely used in conjunction with neoprene and also
giving excellent low-temperature properties.
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FACTUAL DATA (continued)

TASK A. Phase 2. Part B (continued)

Five compounds containing varying proportions of Butyl Oleate
and Dibutyl Sebacate were prepared. The formulations of
these compounds are given in Table 25.

Plates were (lipped from the above compounds according to
standard procedure and cured for 40, 60, and 80 minutes at
240OF, 2600 F, and 280 0 F. Physical properties were determined
at room temperature, -700C, and -75 0 C. The results of these
tests are given in Tables 26, 27, and 28.

A study of the results at room temperature shows that the
replacement of Dibutyl Sebacate with Butyl Oleate results in
a gradually falling modulus at high curing temperatures.
However, at low and intermediate curing temperatures, there
is little change in modulus.

It is interesting to note that the highest modulus figures
are obtained with compounds A2b-l and A2b-6, neither of
which contain a blend of plasticizer. Increasing the
Butyl Oleate ratio shows some improvement in room-temperature
elongation and has virtually no effect on tensile strength.

At -700C, there is a steady improvement in low-temperature
characteristics as the Butyl Oleate content increases up to
60%. Compound A2b-4, containing 60% Butyl Oleate, and com-
pound A2b-5, containing 80% Butyl Oleate, have almost
identical properties and are both superior to A2b-6 which
contains 100% Butyl Oleate.

Compound A2b-5 shows a distinct superiority to any other
compound tested at -75 0 C. The sample cured for 40 minutes
at 260°F has an elongation of 510% and shows no signs of
cold flow. A2b-4 is almost as good but is, nevertheless,
inferior.

It would appear that an improvement in low-temperature char-
acteristics can be secured by blending plasticizers. There-
fore, it was decided to evaluate blends of other types of
plasticizers which by themselves showed good low-temperature
characteristics.

The original plasticizer study conducted during Contract No.
DA-36-039-SC-72386 had shown that KP-90 (an epoxy stearate)
and DOZ-9057 (an azelate) were both capable of producing
films with good low-temperature characteristics, being
superior to Dibutyl Sebacate but inferior to Butyl Oleate.
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FACTUAL DAT (coNrzN~rrz)

TASK A PHASE 2 PART B (CONTINUED)

TABLz 25

FORMULATIONS CONTAINING VARYING PROPORTIONS OF
BUTML OLEATE AND DIBUTYL SEBACATE

Formulation No. A2b-1 A2b-2 A2b-3 A2b-4 A2b-5 A2b-6

Veopr6ne 750 80.0 80.0 8C.0 80.0 80.0 80.0

Neoprene 735 10o0 10.0 10.0 10.0 10.0 10.0

Neoprene 571 10.0 10.0 i0.0 10.0 10.0 10.0

Zinc Oxide 2.5 2.5 2.5 2.5 2.5 2.5

Neozone 'D" 2.0 2.0 2.0 2.0 2.0 2.C

N.B.C. 3.0 3.0 3.0 3.0 3.0 3.0

Accelerator 833 1.0 1.0 1.0 1.0 1.0 1.0

Sunaptic Acid 1.0 i.0 1.0 1.0 1.0 1.0

Aquarex SE 0.5 0.5 0.5 0.5 0.5 0.5

Sulphur 3.0 3.0 3.C 3.0 3.0 3.0

Dibutyl Sebacate 25.0 20.0 15.0 10.0 5.0 -

Butyl Oleate - 5.0 1C.0 15.0 20.0 25.0
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TABLE 26

PHYSICAL PROPERTIS OF CO(POUNDS A2b-1, A2b-2, A2b-3, A2b-4, A2b-5 AND A2b-6
TESTED AT RO0M TEMPERATURE

Oure Oure Modulus Modulus Modulus I Tensile I'Elongation Tear
CaWvoud Time Tu. at 200% at 400% at 600% Strength at Break StrengthNo. (mine,) (o.) (psi) (psi) (ps.) (psi) (%) (Te/in)

Afb-l 40 240 50 85 180 555 915 32
60 240 65 105 195 845 970 37
80 240 90 135 210 1215 925 43
40 260 80 130 215 960 905 44
60 260 10 150 320 1400 795 45
80 260 120 170 395 1390 755 51
40 280 115 165 325 1255 775 49
60 43o 125 175 400 1425 760 59
80 280 13.5 200 670 1375 685 58

A2b-2 40 240 50 95 185 540 860 29
60 240 75 12 205 935 955 43
80 240 85 125 195 11 950 40
40 260 75 115 185 900 940 46
60 260 105 160 245 1480 855 53
80 260 11 160 315 1545 815 57
40 280 120 170 340 1595 810 61
60 280 115 160 285 11465 825 64
80 280 130 190 510 1385 715 60

A2b-3 40 240 50 95 190 485 835 30
60 240 70 110 205 820 910 38
80 240 80 125 205 1150 925 45
40 260 75 115 190 960 960 43
60 260 105 160 280 1280 815 56
80 260 115 165 315 1370 785 51
40 280 120 180 340 1600 805 54
60 280 115 180 325 1325 780 50
80 280 130 195 485 1380 730 58

A2b-14 40 240 40 75 180 565 940 21
60 240 55 90 185 735 960 33
80 240 70 105 175 1055 990 39
40 260 65 105 180 59.5 865 39
60 260 100 155 265 1535 845 51
80 260 105 155 280 1505 840 57
40 280 105 155 230 1330 865 61
60 280 11O 150 250 1635 875 64
80 280 125 180 385 1425 745 54

A2b-5 40 240 45 70 175 520 930 27
60 240 55 100 190 875 1000 34
80 240 70 110 185 1.050 990 41
40 260 80 120 175 1225 965 40
60 260 100 140 225 1405 875 41
80 260 100 150 275 1410 835 52
40 280 100 150 275 1685 855 47
60 280 95 145 250 1445 850 51
80 280 105 155 370 1540 775 42

A2b-6 40 240 75 200 470 890 860 37
60 240 70 170 415 1060 900 39
80 240 75 180 420 1080 935 39
40 260 70 180 425 935 865 48
60 260 90 165 350 1610 1045 35
80 260 80 145 330 1505 1015 39



TABIZ 27

PHYSICAL PROPETIES 0 CCMPOIJNDS A2b-i, A2b-2, A2b-3, A2b-4. A2b-5 AND A2b-6
TESTED AT -700Co

Oure Cure Modulus Modulus Modulus Tensile Elongation
Copound Time Temp. at 200% at 400% at 600% Strength at Break Remarks

No. (mine) (F.) (psi) (psi) (psi) (_ ___ W

A2b-I 40 240 1905 3145 - 4020 470 cold flow
60 240 1740 3040 - 3845 480 cold flow
80 240 2285 3510 - 4045 450 cold flow
40 260 - - - 2172 60 frozen
60 260 - - 2716 80 frozen
80 260 - - - 3125 0 frozen
40 280 2025 4330 - 5340 480 cold flow
60 280 - - - 2850 0 frozen
80 280 - - - 3725 0 frozen

A2b-2 40 240 1855 3190 - 4140 500 cold flow
60 240 1865 304.5 - 4340 490 cold flow
eO 240 1990 2960 - 3625 440 cold flow
40 260 2140 3470 - 4670 510 cold flow
60 260 2240 3610 - 5095 490 cold flow
80 260 - - - 2930 0 frozen
40 280 2505 3915 - 4580 410 cold flow
60 280 - - - 2715 40 frozen
80 280 - - - 3285 0 frozen

A2b-3 40 240 1475 2900 - 4100 520
60 240 1740 3145 - 3950 480
80 240 1945 2985 - 4075 480 cold flow
40 260 2290 3365 - 4790 510 cold flow
60 260 2420 4105 - 4810 450 cold flow
80 260 - - - 3720 0 frozen
40 280 2735 - - 4145 390 cold flow
60 280 2440 3625 - 4600 460 cold flow
80 280 - - - 3625 60 frozen

A2b-4 40 240 1300 2645 - 3570 500
60 240 1380 2720 - 3970 530
80 240 1555 3010 - 3515 480
40 260 1670 2970 - 3230 430
60 260 2220 3970 - 4600 480 cold flow
80 260 1450 2905 - 4785 520 cold flow
40 280 2125 3620 - 4235 460 cold flow
60 280 2258 3610 - 4995 490 cold flow
80 280 - - - 3275 40 frozen

A2b-5 40 240 1260 2500 - 3815 510
60 240 1310 3720 - 4755 510
80 240 1520 2945 - 4225 510
40 260 1675 3000 - 3740 480
60 260 2030 3515 - 14660 490 cold flow
80 260 1880 3740 - 4695 490 cold flow
40 280 2180 3570 - 4225 460 cold flow
60 280 1930 3320 - 4325 490 cold flow
80 280 - - 3225 40 frozen

A2b-6 40 240 2565 3855 - 4310 430 cold flow
60 240 2630 3485 - 4080 450 cold flow
80 240 2095 3550 - 4265 470
40 260 2115 3365 - 4205 470
60 260 -- 3995 0 frozen
80 260 - 3350 0 frozen



FACTUAL DATA (CONTINUED)

TASK A Phss 2 PART B (cONTINUED)

TABLE 26

PHrSICAL PROPERTIES OF COMPOUNDS A2b-1. A2b-2. A2b-3. A2b-o A2b-5. AND A2b-6
TESTED AT --750C

Cure Cure Modulus Modulus Modulus Tensile Elongation
Compound Time T at 200% at 400% at 600% Stre th at Break Remarks

0. (mins) (OF) (psi) (psi) (psi.) (psi) (W)

A2b-I not tested - showed cold flow or froze at all cures at -700 C

A2b-2 not tested - showed cold flow or froze at all cures at -700 C

A2b-3 40 240 -- 2715 80 frozen
60 240 - - 2970 0 frozen

other cures not tested - showed cold flow or froze at -700C

A2b-4 40 240 2010 3450 - 3450 400 cold flow
60 240 - - - 3610 80 frozen
80 240 2210 3740 - 4193 450 cold flow
40 260 2325 3575 - )800 490 cold flow

other cures not tested - showed cold flow or froze at -70 0 C

A2b-5 40 240 2045 3190 - 4065 470 cold flow
60 240 1465 3435 - 3765 440 cold flow
80 240 1975 3450 - 4605 470 cold flow
4o 260 2030 3860 - 4920 510

other cures not tested - showed cold flow or froze at -70 0C

A2b-6 80 2401 - I - 3410 20 frozen
40 1 260 - I - - 2930 20 frozen

other cures not tested - showed cold flow or froze at -70 0 C
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FACTUAL DATA (continued)

TASK A. Phase 2. Part B (continued)

Accordingly, a series of compounds was prepared with blends
of KP-90 and Butyl Oleate, and DOZ-9057 and Butyl Oleate.
The formulations of these compounds are given in Table 29.
One compound containing 100% Butyl Oleate was used as a
control

Plates were dipped according to standard procedure and cured
for 40, 60, and 80 minutes at 240 0 F, 260 0 F, and 280 0 F.
Physical characteristics were determined at room temperature,
at -700C, and at -750C in those cases where there was no cold
flow or freezing at -70 0 C . The results of these tests are
given in Tables 30 through 35.

A study of these results shows some interesting features.
Compound A2b-6 shows better results than it did in the pre-
vious test series where blends of Butyl Oleate and Dibutyl
Sebacate were being examined. At the time the previous
series was being evaluated, the cold box was not functioning
correctly and was being supplemented with dry ice. It would
appear that this method of operation is more severe than
standard operations of the box using the refrigeration
equipment only.

Blending Butyl Oleate with KP-90 shows no unexpected results.
The effects of the two plasticizers seem to be additive, and
the low-temperature characteristics of the compound deteriorate
as the amount of KP-90 increases.

Compound A2b-6 containing 100% Butyl Oleate has the best
properties; compound A2b-l0 containing 100% KP-90 has the
poorest properties.

However, blending Butyl Oleate with DOZ-9057 shows some
unexpected results. Increasing the proportion of DOZ-9057
results in higher room-temperature modulus and lower room-
temperature elongation

At -700C, increasing the DOZ-9057 results in poorer plysical
characteristics when a curing temperature of 240OF is used.
When cured at 260 0F, the physical properties pass through a
minimum at the 25 parts Butyl Oleate/75 parts DOZ-9057 com-
pound, the compound containing only DOZ-9057 being superior.
When cured at 280 0F, the compound containing only DOZ-9057
is also superior.

It seems that, whereas blending Butyl Oleate and Dibutyl
Sebacate results in an improvement above either plasticizer
individually, blends of Butyl Oleate and DOZ-9057 are
inferior to either one used by itself.

- 60 -



FACTUAL DATA (CONTINUED)

TASK A PHAss 2 PART r (CONTINUED)

TABLE 99.

FORUULATIONS OF COMPOUNDS CONTAINING BLENDS OF PLASTICIZILI

Formulation No. A2b-6 A2b-7 A2b-8 A2b-9 A2b-10 A2b-11 A2b-12 A2b-13 A2b-14

Neoprene 750 80.00 80.00 80.00 80.00 80.00 80.00 80.00 80.00 80.00

Neoprene 735 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00

Neoprene 571 10,00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00

Zinc Oxide 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50

Neozone 'D' 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

N.B.C. 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

Accelerator 833 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Sunaptic Acid 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Aquarex SNO 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Sulphur 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

Butyl Oleate 25.00 18.75 12.50 6.25 - 18.75 12.50 6.25

K.P. 90 - 6.25 12.50 18.75 25.00 - - -

DOZ 9057 6.25 12.50 18.75 25.00
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IKUICAL MOPEUTIMS OF COS9I3(D A2k. 6. A2b-7. AMb-8. A2b-9. MND A2k210
TBSTED AT ROOM TGPERATII

Cur*e Cure Mdulus Modulus Modulus Tensile Elongatioa Teat
Compomud Timse Temp. at 200% at 400% at 600% Strength at Break Strength

No. (ains) (OF) (psi) (psi) (psi) (psi) (%) (lbs/in)

A2b.6 40 240 60 105 225 740 905 35
1 60 240 90 130 235 1070 865 41

80 240 85 135 235 1065 875 46
40 260 75 120 200 1110 930 43
60 260 90 135 245 1060 805 41
80 260 95 140 260 1320 825 41
40 280 95 140 270 1230 820 45
60 280 90 140 250 1265 830 41
80 280 95 140 245 1255 815 44

A2b-7 40 240 45 85 185 490 855 27
60 240 70 105 185 855 960 44
80 240 70 105 185 1090 995 39
40 260 70 115 190 925 960 41
60 260 85 120 180 1200 965 47
80 260 85 125 200 1290 900 44
40 280 80 115 175 1230 980 43
60 280 90 130 200 1490 920 45
80 280 90 135 235 1425 880 45

A2b-8 40 240 55 100 215 675 925 40
60 240 65 105 205 890 945 37
80 240 75 110 180 1070 955 48
40 260 70 110 195 940 965 43
60 260 75 110 180 1060 955 43
80 260 85 125 185 1260 925 47
40 280 80 120 190 1060 930 47
60 280 90 135 215 1325 890 45
80 2S0 80 135 235 1195 835 51

A2b1-9 40 240 50 90 205 490 850 35
60 240 65 105 200 730 925 38
80 240 75 110 180 955 960 38
40 260 75 105 180 970 985 41
60 260 75 110 175 1105 975 43
80 260 80 120 180 1235 940 49
40 280 80 120 185 1060 945 42
60 280 85 125 180 1495 950 44
80 280 90 135 225 1495 885 45

A2b-l0 40 240 55 110 225 480 810 27
60 240 60 110 210 775 925 43
80 240 80 115 195 995 955 44
40 260 70 125 215 810 905 38
60 260 75 115 180 1025 950 43
80 260 90 130 190 1285 945 42
40 280 70 115 175 1050 M40 42
60 280 85 125 200 1345 925 46
80 280 95 140 245 1395 865 49



PRYSICAL IOPUTIZ OF COF NPOW=D6 A2b-6. A2b-11. A2b-12. A2b-13. AND A2b-14
TISTRD AT ROOM TMPEUATUR

Cure Cure Modulus Modulus Modulus Tensile Rlongation Tear
Compound Tim Temp. at 200% at 400% at 600% Strength at Break Strength

No. (&Ins) COP) (psi) (psi) (psi) (psi) (M) (lbe/in)

A2b-6 40 240 60 105 225 740 905 35
60 240 90 130 235 1070 865 41
80 240 85 135 235 1065 875 46
40 260 75 120 200 1110 930 43
60 260 90 135 245 1060 805 41
80 260 95 140 260 1320 825 41
40 280 95 140 270 1230 820 45
60 280 90 140 250 1265 830 41
80 280 95 140 245 1255 815 44

A2b-11 40 240 60 105 215 750 915 40
60 240 75 115 210 950 925 46
80 240 105 155 310 1230 800 50
40 260 95 130 210 1115 905 44
60 260 100 155 285 1220 800 43
80 260 100 155 270 1120 785 43
40 280 95 150 265 1045 795 44
60 280 95 145 255 1295 830 45
80 280 95 140 250 1255 820 48

A2b-12 40 240 55 95 210 545 865 30
60 240 65 110 210 775 915 38
80 240 95 130 230 1035 870 48
40 260 85 130 245 930 900 39
60 260 100 145 255 1175 840 53
80 260 100 165 330 1190 765 43
40 280 95 140 225 1090 855 79
60 280 105 160 270 1250 805 44
80 280 100 155 310 1180 775 48

A2b-13 40 240 60 110 225 680 895 36
60 240 70 125 235 845 905 42
80 240 100 145 265 1055 845 49
40 260 95 145 280 1145 835 52
60 260 110 160 335 1115 765 42
80 260 110 170 360 1135 750 43
40 280 100 150 285 990 790 41
60 280 110 160 360 1160 765 49
80 280 105 165 380 1220 745 43

A2b-14 40 240 70 115 250 670 865 36
60 240 70 120 250 815 910 42
80 240 105 155 310 1145 795 47
40 260 85 140 250 865 830 43
60 260 115 170 390 1080 735 50
80 260 115 175 465 1225 725 45
40 280 115 170 395 1080 725 35
60 280 115 175 475 1095 695 47
80 280 115 180 555 1255 695 41



FACTUAL DATA (CONZINUED)

AS A PrAss 2 PArB (COJTN z zD)

PHYSICAL PROPERTIE.S OF COMPOUNDS A2b-6. A2b-7. A2b-8. A2b-9, AND A2b-10
TESTED AT -70 0 C

Cure Cure Modulus Modulus Modulus Tensile Elongation
Co•pound Time Temp. at 200% at 400% at 600% Strength at Break Remarks

No. (mins) (OF) (psi) (psi) (psi) (psi) (%)

A2b-6 40 240 1170 2290 - 4270 570
60 240 1205 2560 - 4655 570
80 240 1285 2525 - ?t45 500
40 260 1440 2690 - 4085 510
60 260 1675 3295 - 4505 520
80 260 2220 3710 - 4870 490 cold flow
40 280 2105 3650 - 5370 520
60 280 1995 3625 - 4335 460
80 280 2615 3605 - 4595 460 cold flow

A2b-7 40 240 1445 2650 - 3940 520
60 240 1450 2770 - 3700 480
80 240 1390 2565 - 3705 490
40 260 1835 2960 - 4140 500
60 260 2100 3365 - 4935 510 cold flow
80 260 2450 3425 - 4230 470 cold flow
40 280 2315 3595 - 4595 500 cold flow
60 280 2420 3765 - 4860 460 cold flow
80 280 2065 3675 - 4910 500 cold flow

A2b-8 40 240 1440 2630 - 3485 500
60 240 - - - 26f5 160 cold flow
80 240 - - - 2815 0 frozen
40 260 2405 3170 - 4565 510 cold flow
60 260 2095 3000 - 4345 520 cold flow
80 260 - - - 2845 20 frozen
40 280 - - - 2500 0 frozen
60 280 - - - 3290 80 frozen
80 280 - - - 2955 0 frozen

A2b-9 40 240 1970 2900 - 3405 450 cold flow
60 240 - - - 2620 40 frozen
80 240 - - - 2500 0 frozen

All remaining cures were frozen.

A2b-10 All cures were frozen.



TABLE1

PYICAL WOVORTIES Of MffOM -A2 " Ab..11 , Ab-12, A-Ib-3. AND Aft-14
TESTED AT -700C

"Cure Cure Modulus Modulus Modulus Tensile Elongation
Compound Time Temp, at 200% at 400% at 600% Strength at Break Remarks

No. (min&) (OP) (psi) (psi) (psi) (psi) (5)

A2b-6 40 240 1170 2290 - 4270 570
60 240 1205 2560 - 4655 570
80 240 1285 2525 - 3645 500
40 260 1440 2690 - 4085 510
60 260 1675 3295 - 4505 520
80 260 2220 3710 - 4870 490 cold flow
40 280 2105 3650 - 5370 520
60 280 1995 3625 - 4335 460 cold flow
80 280 2615 3605 4595 460 cold flew

A2b-11 40 240 1610 2695 - 4325 530
60 240 1430 2775 - 3930 510
80 240 1390 2835 - 4835 540
40 260 2035 3225 - 4600 510 cold flow
60 260 2190 3335 - 5360 520 cold flow
80 260 2560 3440 - 5510 530 cold flow
40 280 1765 3070 - 4740 490
60 280 2050 3625 - 4670 480
80 280 1955 3655 - 4930 490

4A2b-12 40 240 1780 2735 - 3635 470
60 240 1485 2675 - 3400 490
80 240 2085 3090 - 4560 500 cold flow
40 260 2600 3165 - 4225 490 cold flow
60 260 2110 3615 - 4515 470 cold flow
80 260 2410 3455 - 4470 450 cold flow
40 280 1755 3475 - 5060 500
60 280 1885 3400 - 4570 490
80 280 2290 3775 - 5265 480

A2b-13 40 240 2470 3140 - 3690 430 cold flow
60 240 - - - 2550 0 frozen
80 240 - - - 2500 0 frozen
40 260 - - - 2500 60 frozen
60 260 - - - 2300 80 frozen
80 260 - - - 2745 80 frozen
40 280 2395 3530 - 4950 490 cold flow
60 280 2150 3525 - 4745 490 cold flow
80 280 2425 4040 - 5255 500 cold flow

A2b-14 40 240 - - - 2605 100 frozen
60 240 - - - 2400 0 frozen
80 240 - - - 2555 0 frozen
40 260 2255 3015 - 4650 530 cold flow
60 260 2500 3375 - 4270 480 cold flow
80 260 2245 3400 - 4615 470 cold flew
40 280 2170 3645 - 4450 480
60 280 2085 3790 - 4855 480
80 280 2210 3680 - 4885 470 cold flow



FACTUAL DATA (coNVTZN•ZD)

T•SK A PH-As 2 PART B (coNnzrZND)

TABLE- 34t

PHYSICAL PROPERTIES OP COMPOUNDS A2b-6. A2b-7. A2b-8. A2b-9. AND A2b-10
TESTED AT -75 0 C

Cure Cure Modulus Modulus Modulus Tensile Elongation
Compound Time Temp. at 200% at 400% at 600% Strength at Break Remarks

No. (sins) (OF) (psi) (psi) (psi) (psi) (%)

A2b-6 40 240 1830 3025 - 3755 470
60 240 1885 3160 - 4295 S00
80 240 2225 3680 - 4945 500 cold flow
40 260 2075 3385 - 4805 510
60 260 2385 3705 - 4870 490
40 280 - - - 3490 0 frozen
60 280 - 3295 0 frozen

Other cures not tested - showed cold flow or froze at -70°C

A2b-7 40 240 2425 3245 - 4410 500 cold flow
60 240 - - - 3415 0 frozen
80 240 - - - 2710 0 frozen
40 260 - - - 2830 0 frozen

Other cures not tested - showed cold flow or froze at -70°C

Other cures not tested - showed cold flow or froze at -70°C
A2b-8 40 240 -- j - 3075 0 frozen

Other cures not tested - showed cold flow or froze at -70 0 C

A2b-9 Not tested - all cures showed cold flow or froze at -700 C

A2b-10 Not tested - all cures showed cold flow or froze at -70 0 C
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FACTUAL DATA (CONTZNUND)

TASK A PNrAsE 2 PART B (CONTXNUrED)

TABLE

PHYSICAL PROPERTIES OF COMIPCJNIS A2b-6. A2b-ll. A2b-12. A2b-13. AND A2b-14
TEST2D AT -75°C

Cure Cure Modulus Modulus Modulus Tensile Elongation
Compound Time Temp. at 200k at 400% at 600% Strength at Break Remarks

No. (mina) (OF) (psi) (psi) (psi) (psi) (%)

A2b-6 40 240 1830 3025 - 3755 470
60 240 1885 3160 - 4295 500
80 240 2225 3680 - 4945 500 cold flow
40 260 2075 3385 - 4805 510
60 260 2385 3705 - 4870 490
40 280 - - - 3490 0 frozen
60 280 - - - 3295 0 frozen

Other cures not tested - showed cold flow or froze at -70 0 C

A•b-ll 40 240 - - - 2555 0 frozen
60 240 - - - 2710 20 frozen
80 240 2215 3725 - 4575 470 cold flow
40 280 2320 3690 - 4770 470 cold flow
60 280 - - - 3020 0 frozen
80 280 - - - 3160 0 frozen

o Other cures not tested - showed cold flow or froze at -70 0 C

A2b-12 60 240 2375 3560 4320 480 cold flow
40 280 - - - 3000 0 frozen
60 280 - - - 2290 0 frozen

Other cures not tested - showed cold flow or froze at -70 0 C

A2b-13 Not tested - all cures showed cold flow or froze at -700C

A2b-14 40 280 j"-13805 0 frozen
60 12801 - 3750 0 frozen

Other cures not tested - showed cold flow or froze at -70 0 C
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FACTUAL DATA (continued)

TASK A. Phase 2. Part B (continued)

According to the supplier, Mobilsol ILI, a product of the
Socony Mobiloil Company, Inc., is an excellent low-tempera-
ture plasticizer for neoprene. Three compounds were prepared
to determine the properties of this product. Their formula-
tions are given in Table 36.

The purpose of these compounds was to compare Mobilsol 'L'
with Butyl Oleate and Dibutyl Sebacate. Plates were dipped
from these compounds according to standard procedure and
cured for 60, 90, and 120 minutes at 2400F, 260 0 F, and 280 0 F.

Physical properties were determined at room temperature and
at -500C, and the results of these tests are recorded in
Tables 37 and 38.

It can be seen from the results in Table 37 that there is
relatively little difference in the room-temperature physi-
cal properties when Mobilsol IL' is substituted for Dibutyl
Sebacate or Butyl Oleate.

Mobilsol 'L' tends to show slightly higher modulus and
decidedly higher tensile strength, but the elongation at
break is almost the same. Mobilsol 'L' has slightly
higher tear strength.

A study of Table 38, moreover, shows immediately and clearly
that Mobilsol 'L' is much inferior to both Butyl Oleate and
Dibutyl Sebacate at low temperatures. Only two samples,
those cured for 60 and 90 minutes at 240 0F, showed any elon-
gation whatsoever, and the 200% modulus of the sample cured
for 90 minutes is extremely high indicating a severe cold
flow condition.

It may, therefore, be concluded that Mobilsol 'L' is un-
satisfactory as a plasticizer for neoprene balloon com-
pounds, and no further work will be done with this material.

A sample of Butoxy Ethyl Oleate, which is chemically identi-
cal to Paraflux C-325, was received from Kessler Chemical
Company. It was decided to evaluate this material in direct
comparison with Paraflux C-325, and two compounds were pre-
pared. These were identified as A2b-17 and A2b-18, the
formulations of which are given in Table 39.

Plates were dipped from these compounds according to standard
procedure and cured for 60, 90, and 120 minutes at 2400F,
2600 F, and 280 0 F. Physical properties were determined, and
the results are given in Table 40.
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FACTUAL DATA (conrzxrus)

TASK A Arss 2 PAntr B (coXTrmwX)

TABLE 3

FORMULATIONS DESIGNED TO DETERMINE PROPERTIES OF MOBILSOL 'L'

Formulation No. A3a-1 A2b-15 A2b-16

Neoprene 750 80.0 80.0 80.0

Neoprene 571 20.0 20.0 20.0

Zinc Oxide 5.0 5.0 5.0

Neozone 'D' 2.0 2.0 2.0

N.B.C. 3.0 3.0 3.0

Accelerator 833 1.0 1.0 1.0

Sunaptic Acid 1.0 1.0 1.0

Aquarex SMO 0.5 0.5 0.5

Dibutyl Sebacate 6.25 - -

Butyl Oleate - 6.25 -

Mobilsol 'L' - 6.25
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FACTUAL DATA (continued)

TABIB 37

PHYSICAL PROPETIES O0 COMPOUNDS A3a-1, A2b-!5, AND A2b-16
STED AT ROOM TDIPERATURE

Oure Cure Modulus Modulus Modulus Tensile Elongation Tear
Cmpound Tims Temp. at 200% at 400% at 600% Strength at Break Strength

No. (mine) (OF.) (psi) (psi) (psi) (psi) (%) (lbe/in)

A3a-l 60 240 90 155 315 1310 965 58
90 240 120 175 310 1630 945 61

120 240 125 180 320 1600 900 64

60 260 130 175 315 1400 920 60
90 260 135 180 300 1705 920 60

120 260 135 190 305 1725 925 70

60 280 120 175 290 1945 925 62
90 280 125 165 255 1975 920 65

120 280 135 170 285 2000 910 66

A2b-15 60 240 .00 130 240 1260 1080 52
90 240 100 135 240 1480 1080 58

120 240 105 140 235 1450 1070 65

60 260 105 145 220 1605 1075 57
90 260 120 150 220 1610 1070 60

120 260 130 160 225 1690 1055 71

60 280 135 170 265 1910 950 71
90 280 130 170 220 2000 1080 73

120 280 140 175 270 2270 950 76

A2b-16 60 240 120 170 265 1520 1075 67
90 240 125 170 275 1740 1080 69

120 240 135 175 275 1790 1075 76

60 260 145 175 270 2180 1080 86
90 260 150 175 290 2300 1040 88

120 260 155 185 280 2280 1045 74

60 280 150 190 315 2550 975 82
90 280 150 190 350 2615 930 88

120 280 155 195 375 2635 920 86
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FACAL DAA (continued)

TASK A. Phase 2. Part 3 (continued)

TABLE .

PHYSICAL PROPRTIES OP C)MPOUNDS AUa-l. A2b-15, AND A2b-16
TRsTrU) AT -500C

.Cure Cure Modulus Modulus Modulus Tensile Eaongation
Compound Time Temp, at 200% at 400% at 600% Strength at Break

Mo. (mis) (IF) (psi) (psi) (psi) (psi) (%)

A3U-l 60 240 850 1515 3875 4395 630
90 240 145 1425 4020 4210 610

120 240 985 1860 4210 5205 625

60 260 1420 2260 5965 5965 600
90 260 1675 2445 - 4895 570

120 260 1880 2885 - 5125 570

60 280 1950 3420 - 5995 540
90 280 2170 3585 - 5825. 520

120 280 2540 3620 - 5765 510

A2b-15 60 240 375 1045 2470 4945 680
90 240 430 860 3710 4325 650

120 240 285 615 2625 4635 640

60 260 710 1425 3160 3360 620
90 260 765 1430 3395 4670 660

120 260 1615 2645 - 5735 590*

60 280 1465 2445 6035 6035 600*
90 280 1325 2900 5960 5960 600*

120 280 1525 2400 5455 5455 600*

A2b-16 60 240 1855 2960 - 3830 570*.
90 240 3150 3535 5785 530**

120 240 - - ---

Samples cured for 60, 90, and 120 minutes at 260*F were frozen

Samples cured for 60, 90, and 120 minutes at 280OP were frozen

* Slight cold flow
** Cold flow
*** PFezen
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IAA ALDATA (continued)

TASK A. Phase 2. Part B (continued)

TABLE 39

PORMPLATIONS DESIGNED TO DETERMINE PROPERTIES OF
BUTOXY ETHYL OQATE

Formulation No* A2b-17 A2b-18

Neoprene 750 100.0 100.0

Zinc Oxide 5.0 5.0

Neozone 'DI 2.0 2#0

N,B.C, 3,0 3.10

Accelerator 833 1.0 1.0

Sunaptic Acid 1i0 1.0

Aquarex SMO 0.5 0,5

Paraflux C-325 12,0 -

Butoxy Ethyl Oleate - 12wO
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E IU _DhATA (continued)

TASK A. Phase 2. Part B (continued)

TABLE Wo
PHYSICAL PROPERTIES OF CUMUPOUNDS A2b-17 AND A2b-18

JESTED AT AWK TDIPERATURl AND AT -50-C

Test Cure Cure Modulus Modulus Modulus Tensile Blong* Tear
Compound Tempo Time Temp, at 200% at 400% at 600% Strength at Brk. Strength

No* (OC) (mans) (OF) (psi) (psi) (psi) (psi) M%) (lbs/in)

A2b-17 +20 60 240 55 75 135 660 1245 33
+20 90 240 65 85 140 830 1260 37
+20 120 240 75 90 145 1175 1290 42

+20 60 260 70 80 100 1100 1270 44
+20 90 260 70 85 120 1200 1265 45
+20 120 260 80 95 125 1370 1210 48

420 60 280 70 100 150 1210 1105 50
+20 90 280 75 140 190 1685 1050 50
420 120 280 95 140 195 1550 1005 50

A2b-18 +20 60 240 50 75 165 800 1275 38
+20 90 240 70 100 165 1150 1275 46
+20 120 240 85 110 150 1560 1275 50

+20 60 260 70 95 145 ±100 1270 37
+20 90 260 85 110 155 1250 1175 51
+20 120 260 105 145 190 1600 1065 55

+20 60 280 105 130 170 1480 1035 42
+20 90 280 100 135 165 1555 1040 49
120 120 280 110 135 190 1770 1110 50

A2b-17 -50 60 280 355 410 2550 3215 620 -
-50 90 280 395 765 3240 4180 650 -
-50 120 280 360 720 3000 3505 620 -

A2b-18 -50 60 280 470 1355 4530 4530 600 -
-50 90 280 310 740 2785 3865 640 -
-50 120 280 330 990 3645 4725 630 -
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FACTUAL DATA (continued)

TASK A. Phase 2. Part B (continued)

In view of the similarity of the results obtained at room
temperature, the testing at -50 0 C was restricted to the 60-,
90-, and 120-minute cures at 280 0 F.

A study of these results indicates that at room temperature,
Butoxy Ethyl Oleate is somewhat faster curing than Paraflux
C-325 but that, in general, the physical properties obtain-
able are almost identical. At -50 0 C, the physical properties,
particuiarly the ultimate elongation, are virtually the same.

Therefore, a sufficient quantity of dual-purpose compound
using Butoxy Ethyl Oleate was prepared, and balloons were
manufactured and flown. The physical properties of this
compound and the flight results of the balloons are recorded
in Task A, Phase 3 and Phase 4.

Samples of two additional plasticizers were obtained, both
of them claimed by the manufacturers to confer excellent
low-temperature properties on neoprene compounds.

The first of these plasticizers bears the tradename,
Ohopex R-9, and was supplied by Stoney-Mueller. The second
is made by Harwick Standard Chemical Company and is sold
under the name of Plasticizer SC. In neither case is the
nature of the material disclosed.

Two compounds were prepared containing Ohopex R-9, and two
containing Plasticizer SC, the formulations for which are
given in Table 41.

Plates were dipped according to standard procedure. However,
when plates were dipped from compound A2b-20, it proved
impossible to obtain a coherent film. It would appear that
this plasticizer solvates the neoprene polymer to such a
degree that the gel has insufficient strength to cohere,
bending to break away from the dipping form as soon as it
is deposited.

No further work was done with this compound, but physical
properties at room temperature and at -400C were determined
on compound A2b-19 and A2b-21. Physical properties were
determined at room temperature and -70 0 C on compound A2b-22.
The results of these tests are given in Table 42.

A study of these results shows that Ohopex R-9 has properties
very similar to Dibutyl Sebacate at both room temperature
and at -40 0C when tested in a day-flight compound.
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FACTUAL DATA (continued)

TASK A. Phase 2. Part B (continued)

FORNDTATIONS OF COM4OUNDS CONT~fIMIN
OHOI R-9 OR PLLSTICIZER SC

Formulation No. I A2b-19 A2b-20 A2b-21 A2b-22

Neoprene 750 80.0 80.0 80.0 80.0

Neoprene 571 20.0 20.0 20.0 20.0

inc Oxide 5.0 5.0 5.0 5.0

Neozone 'D' 2.0 2.0 !.0 2.0

N.B.C. 3.0 3.0 3.0 3.0

Accelerator 833 1.0 1.0 1.0 1.0

Suaptic Acid 1.0 1.0 1.0 1.0

Aquarex S 0.5 0.5 0.5 0.5

Ohopex R-9 6.25 25.0 - -

Plasticizer SC - - 6.25 25.0

Sulphur - 3.0 - 3.0
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FACTUAL DATA (continued)

TASK A. Phase 2. Part B (continued)

TAKE 142

PYSICAL PROPERTIES OF CCOPOUNDS A2b-19, A2b-21 AND A2b-22
TESTED AT ROC-TEDKPATUME, -40oc, AND -70OC.

Test Otwe Cure Modulus Modulus Modulus Tensile Elongation
CoMpound TeW. Time Tep. at 200% at 400% at 600% Strength at Break

No. (OC.) (mine) (OF.) (psi) (psi) (psi) (psi) (%)

A2b-19 +20 60 280 125 185 275 2210 940
+20 90 280 1140 190 280 2140 940
+20 120 280 155 210 305 2320 920

-40 60 280 230 780 2875 3720 650
-40 90 280 255 820 3320 4125 680
-40 120 280 250 845 3385 4330 670

A2b-21 +20 60 280 125 165 225 750 760
+20 90 280 115 150 250 1980 890
+20 120 280 120 180 320 2190 860

-40 60 280 -- -- -- -- frozen
-40 90 280 ........ frozen
-40 120 280 -- -- -- -- frozen

A2b-22 +20 60 280 85 105 145 705 890
+20 90 280 80 -10 145 1390 980
+20 120 280 80 110 165 1000 900

-70 60 280 -- -- -- -- frozen
-70 90 280 ........ frozen
-70 120 280 -- ..... frozen
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Ei A (continued)

TASK A. Phase 2. Part B (continued)

Since it shows no advantages over Dibutyl Sebacate and
because of its unsatisfactory behavior when the amount of
plasticizer is raised to 25 parts, no further work is planned
with this material.

Plasticizer SC is unsuitable in every way. Its low-
temperature characteristics are extremely poor, both compounds
freezing at the customary test temperature for the type of
compound under investigation. No further work is planned for
this material.

Part C: Antioxidants and Antiozonants

Investigations completed in a previous contract indicated that,
although present balloon compounds have very good oxygen and
ozone resistance, it is possible to effect further improve-
ments.

Since it is necessary to perform flights to determine whether
such improvement results in better performance, sufficient
quantities of the two most promising antiozonants were ordered.
Efforts to prepare dispersions of these materials proved
unsuccessful, and the suppliers were not able to solve our
problems.

Two other materials of a similar chemical composition were,
therefore, obtained. These were Agerite DPPD from R. T.
Vanderbilt Company and Akroflex CD from E.I. du Pont de Nemours.
Agerite DPPD is stated by the manufacturer to be diphenyl-p-
phenylene diamine. Akroflex CD is a mixture of diphenyl-p-
phenylene diamine and N-phenyl-beta-naphthylamine.

No problems were encountered in dispersing either of these
materials, and three compounds were prepared. The formulations
are given in Table 43.

Plates were dipped according to standard procedure and cured
for 120 minutes at 2400 F., 2600 F., and 2800 F. Physical
properties were determined at room temperature, and the ozone
resistance was determined by exposing dumbell samples,
stretched 200%, to an ozone concentration of 80 parts per
million and determining the time to rupture. These results
are given in Table 44.
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FACTUAL DATA (continued)

TASK A. Phase 2. Part C (continued)

FORMUALTIONS OF COMPOUNDS WITH VARIOUS ANTIOZONANTS

Formulation No. A2c-1 A2c-2 A2c-3

Neoprene 750 80.00 80.00 80.00

Neoprene 571 20.00 20.00 20.00

Zinc Oxide 5.00 5.00 5.00

Neozone 'D' 2.00 2.00 2.00

Accelerator 833 1.00 1.00 1.00

Sunaptic Acid 1.00 1.00 1.00

Aquarex (O 0.50 0.50 0.50

mlbutyl Sebacate 6.25 6.25 6.25

N.B.C. 3.00 - -

Agerite DPPD 3.00 -

Akrof lex CD 3.00
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FACTUAL (continued)

TASK A, Phane 2s Part C (continued)

TABLE 4L

PHYSICAL PROPERTIES AND OZONE RESISTANCE OF CONFOUNDS A2c-l. A2c-2. AND A2c-3
TESTED AT ROOM TUPLEATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation Tear Time to
Comound Time T~ at 200% at 1400% at 600% Strength at Break Strength Rupture

No. (mine) (°1) (psi) (psi) (psi) (psi) (%) (lbs/in) in Ozone
______ _ _ _ _ _ _ _ (mine)

A2c-1 120 240 140 175 325 1920 935 68 60

120 260 140 180 340 2050 930 73 no

120 280 145 175 355 2070 910 92 120

A2c-2 120 240 140 195 420 1650 900 69 350

120 260 145 185 400 1805 870 76 320

120 280 165 215 550 2225 820 96 2o40*

A2c-3 120 240 125 175 330 1535 910 58 55

120 260 130 165 285 1635 915 64 80

120 280 125 175 280 1920 915 67 100

* Sample had not ruptured at conclusion of test.
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TASK As Phase 2. Part C (continued)

The standardization of the ozone chamber, and the method of
conducting the tests are described in Task B, Phase 2.

A study of the results in Table 44 shows that Agerite DPPD
is a much more effective antiozonant than N.B.C. or Akroflex
CD, the latter being approximately equal to N.B.C. Agerite
DPPD also results in a compound with higher modulus and lower
elongation than does N.B.C. or Akroflex CD. If the same tensile
strength as is obtained using N.B.C. is aimed for, then means of
increasing the elongation of the Agerite DPPD compound must be
sought.

A similar series of tests using small balloons was also
conducted in the ozone chamber, and the superiority of Agerite
DPPD as an antiozonant was confirmed, the life of the A2c-2
balloons being approximately six times that of the balloons
made from compounds A2c-l and A2c-3.

During a previous investigation of antioxidants, it was
observed that Wingstay 'T', while being only a moderate anti-
oxidant, produced a compound with an unusually high elongation.
It was considered worthwhile to examine this property of
Wingstay 'T' further, and two compounds were prepared. The
formulations are given in Table 45.

Plates were dipped from these compounds according to
standard procedure and cured for 60, 90, and 120 minutes at
2400 F, 260 0 F., and 280 0 F. Physical properties were
determined at room-temperature, -40 0 C., and -50 0 C. The
results of these tests are given in Tables 46 through 48.
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FACTUAL DATA (CONTINUED)

TASK A PHAss 2 PA.RT C (CONTINUED)

TABLE 1I5.

FORMULATIONS OF COMPOUNDS CONTAINING WINGSTAY 'T'

Formulation No. A2c-10 A2c-ll

Neoprene 750 100.0 100.0

Zinc Oxide 1.0 5.0

Wingstay 'T' 2.0 2.0

N.B.C. 3.0 3.0

Accelerator 833 1.0 1.0

Sunaptic Acid 1.0 1.0

Aquarex SNO 0.5 0.5

Butyl Oleate 10.0 10.0
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TASK A PiAsz 2 PART Q (CONTrNUED)

TABLE 46

PHYSICAL PROPERTIES OP COMPOUNDS A2c-lO AND A2c-11
TESTED AT ROOM TEMPERATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Compound Time Temp. at 200% at 400% at 600% Strength at Break Strength

No. (mins) (Op) (psi) (psi) (psi) (psi) (%) (lbs/ia)

A2c-10 60 240 85 100 180 1195 1200 50
90 240 90 110 195 1110 1180 56

120 240 95 115 185 1135 1165 55

60 260 95 120 200 1240 1135 57
90 260 80 105 150 1500 1230 51

120 260 105 125 160 1350 1165 54

60 280 100 120 165 1375 1225 60
90 280 135 145 195 2000 1100 79

120 280 125 150 190 1805 1060 89

A2c-ll 60 240 100 130 205 1245 1225 53
90 240 90 120 200 1270 1240 53

120 240 85 120 200 1225 1175 51

60 260 90 125 195 1170 1175 47
90 260 100 120 175 1330 1190 52

120 260 110 135 175 1515 1150 56

60 280 125 155 190 1350 1110 56
90 280 130 160 215 1830 990 81

120 280 1 120 155 190 1760 1070 78
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TASK A PHAsz 2 PART C (CONTrNUED)

TABLE 47

PHYSICAL PROPERTIES OF COMPOUNDS A2c-10 AND A2c-ll
TESTED AT -40 0 C

Cure Cure Modulus Modulus Modulus Tensile Eloagation
Compound Time Temp. at 200% at 400% at 600% Strength at Break

No. (mins) (OF) (psi) (psi) (psi) (psi) (%)

A2c-10 60 240 115 175 925 2895 780
90 240 115 i70 950 3390 780

120 240 120 180 940 3630 780

60 260 130 205 940 3370 780
90 260 140 240 1030 2665 750

120 260 120 185 940 3965 800

60 280 130 175 890 3585 800
90 280 130 190 1060 3845 780

120 280 130 175 1015 3155 740

A2c-11 60 240 160 335 1170 3110 780
90 240 130 240 965 2695 760

120 240 135 245 925 3150 790

60 260 120 215 850 2775 780
90 260 105 195 880 3270 800

120 260 130 185 970 3965 820

60 280 110 205 830 3210 790
90 280 140 215 1525 3525 720

120 280 135 190 1215 3780 760
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FACTUAL DATA (CONTINUED)

TASK A PHus: 2 PART C (CONTINUED)

TABLE 48
PHYSICAL PROPERTIES OF COMPOUNDS A2c-l0 AND A2c-ll

TESTED AT -50 0 C

Cure Cure Modulus Modulus Modulus Tensile Elongation
Compound Time Temp. at 200% at 400% at 600% Strength at Break

No. (mins) (OF) (psi) (psi) (psi) (psi) (%)

A2c-10 60 240 325 960 - 2645 570
90 240 420 890 - 2475 570

120 240 500 1160 - 3265 570

60 260 650 1320 3910 3910 600
90 260 765 1475 4235 4235 600

120 260 745 1510 4085 5030 640

60 280 775 1500 - 3875 580
90 280 985 1860 5000 5560 630

120 280 750 1690 4625 5300 620

A2c-ll 60 240 460 1040 - 2945 570
90 240 510 1120 - 3465 560

120 240 520 1105 3655 3980 620

60 260 530 1230 3795 4290 620
90 260 585 1285 4090 4580 630

120 260 570 1250 3955 5200 660

60 280 520 1280 3815 4705 650
90 280 825 1920 5065 5895 650

120 280 850 1805 4560 5540 640
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MTAgAL DATA (continued)

TASK A. Phase 2. Part C (continued)

A study of these results shows that, although the previous
figures were not confirmed, the incorporation of Wingstay IT'
results in a significant increase in elongation at room-
temperature and at low temperatures. Since Neoprene 400
has a low elongation, it was felt that the addition of Wingstay
'T' might be beneficial in Neoprene 400 compounds.

Accordingly, two compounds were prepared, one of which
contained Wingstay 'T' and N.B.C. and the other Wingstay 'T'
only. Both compounds were based on Neoprene 400, and the
formulations are given in Table 49.

Plates were dipped according to standard procedure and cured
for 60, 90, and 120 minutes at 2400F., 260 0 F., and 280 0 F.
Physical properties were determined at room temperature, -400C.,
and -500C.

Because Neoprene 400 is reported to have much better ozone
resistance than other neoprene polymers, it was decided to
determine the ozone resistance of these compounds also. The
results of these tests are given in Tables 50, 51 and 52.

A study of these results shows that at all temperatures
tested, A2c-14 (the compound that does not contain N.B.C.) has
higher elongation than A2c-13. Both compounds show very good
tear strength, particularly at the higher cures. The room-
temperature modulus is very high, and A2c-14 shows higher
tensile strength at room temperature at all cures except
120 minutes at 280 0 F.

The compound without N.B.C. (A2c-14) shows much poorer
ozone resistance than the one containing N.B.C. (A2c-13). It
does, however, have a resistance to ozone comparable to a
standard balloon compound based on Neoprene 750.

These results indicate that Wingstay IT' does improve the
elongation of Neoprene 400 although elimination of N.B.C.
seems to have a more marked effect. The modulus of these
compounds is excessively high, however, and the elongation
is too low for good balloon performance. Combinations of
Neoprene 750 and Neoprene 400 gave compounds with good
tensile strength and modulus, but the elongation was lower
than was desirable. It would seem, therefore, that the
addition of Wingstay 'T' to such compounds would result inthe elongation desired.

Two compounds, the formulations of which are given in Table 53
were prepared to check the effect of adding Wingstay 'T' to
compounds containing combinations of Neoprene 750 and
Neoprene 400.
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TASK A P-AEsz 2 PART C (CONTrINuzD)

TABLE hi9

FORMULATIONS OF COMPOUNDS CONTAINI*G NEOPRENE 400
AND WINGSTAY 'T'

Formulation No. A2c-13 A2c-14

Neoprene 400 100.0 100.0

Zinc Oxide 1.0 1.0

Wingstay 'T' 2.0 2.0

N.B.C. 3.0 -

Accelerator 833 1.0 1.0

Sunaptic Acid 1.0 1.0

Aquarex SMO 0.5 0.5

Butyl Oleate 10.0 10.0



FACTUAL DATA (coNTIZUZD)

TASK A PHAsE 2 PART C (CONTINUED)

TABLE 5

PHYSICAL PROPERTIES OF COMPOUNDS A2c-13 AND A2c-14
TESTED AT ROOM TEMPERATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation Tear Time to
Compound Time Temp. at 200% at 400% at 600% Strength at Break Strength Rupture

No. (mine) (oF) (psi) (psi) (psi) (psi) (%) (lbs/in) in Ozone
(mins)

A2c-13 60 240 350 890 1710 1960 700 142
90 240 340 890 1650 2025 695 148

120 240 345 890 1645 1880 655 145

60 260 375 905 1735 2295 725 181
90 260 350 815 1650 2280 750 177 140

120 260 345 845 1675 2690 785 181

60 280 420 865 1740 2805 735 218
90 280 400 900 1790 2660 755 228

120 280 385 965 1865 3055 780 245

A2c-14 60 240 380 945 1785 2715 770 175
90 240 385 1090 1865 2915 785 186

120 240 385 1010 1910 2985 800 218

60 260 390 830 1690 3180 865 193
90 260 375 970 1690 3065 855 208 45

120 260 360 800 1545 2865 855 211

60 280 535 1120 1850 3125 810 225
90 280 500 1085 1855 3670 875 233

120 280 465 890 1570 3010 875 208

Standard
Balloon 50
Compound
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FACTUAL DATA (CONTINUED)

TASI A PHAsz 2 PART C (CONTINUED)

TABLE $1

PHYSICAL PROPERTIES OF COMPOUNDS A2c-13 AND A2c-14
TESTED AT -40!C

Cure Cure Modulus Modulus Modulus Tensile Elongation
Compound Time Temp. at 200% at 400% at 600% Strength at Break

No. (mins) (OF) (psi) (psi) (psi) (psi) (M)

A2c-13 60 240 1980 3545 - 3840 430
90 240 2135 4315 - 4860 450

120 240 1845 3880 - 4215 440

60 260 2210 4320 - 4750 440
90 260 2085 3910 - 4700 450

120 260 2395 4550 - 5385 470

60 280 2290 4520 - 5250 470
90 280 4045 4200 - 5600 530

120 280 2225 4430 - 5530 490

A2c-14 60 240 2475 4430 - 5515 490
90 240 2385 4390 - 5985 540

120 240 2580 4560 - 6725 570

60 260 2475 4550 - 5525 540
90 260 2525 4750 - 6290 530

120 260 2230 4010 - 5245 530

60 280 2265 4115 - 5630 550
90 280 2125 3835 - 4855 490

120 280 j 2330 4215 - 5210 500



FACTUAL DATA (coN71NVED)

TASK A- PHASE 2 PART C (CONTINUED)

TABLE

PHYSICAL PROPERTIES OF COMPOUNDS A2c-13 AND A2c-14
TESTED AT -500C

Cure Cure Modulus Modulus Modulus Tensile Elongation
Compound Time Temp. at 200% at 400% at 600% Strength at Break

No. (mins) (OF) (psi) (psi) (psi) (psi) (%)

A2c-l3 60 240 2810 - - 4280 340
90 240 3265 - - 4535 360

120 240 2925 - - 4165 370

60 260 3380 5005 - 5795 430
90 260 3150 4880 - 5770 450

120 260 3600 5225 - 5800 530

60 280 3630 5290 - 5770 430
90 280 3660 - - 4865 380

120 280 3300 - - 4780 370

A2c-14 60 240 3700 5250 - 6010 470
90 240 3815 5615 - 6205 450

120 240 3450 5440 - 6345 470

60 260 3610 5500 - 6305 470
90 260 3630 5645 - 6805 500

120 260 3455 5210 - 5805 470

60 280 3205 4891 - 5555 450
90 280 3075 4950 - 5900 450

120 280 3170 4945 - 5395 430
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FACTUAL DATA (CONTINUED)

TASK A PHASE 2 PART C (CONTrINUED)

TABL2 93•

FORMULATIONS OF CObLPOUNDS CONTAINING NEOPRENE 750.
NBOPRZN2 400, AND WINGSTAY fT'

Formulation No. A2c-15 A2c-'.

Neoprene 750 60.0 70.0

Neoprene 400 40.0 30.0

Zinc Oxide 5.0 5.0

"Wingstay 'T' 2.0 2.0

N.B.C. 3.0 3.0

Accelerator 833 1.0 1.0

Sunaptic Acid 1.0 1.0

Aquarex SMO 0.5 0,5

Butyl Oleate 10.0 10.0
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TASK A. Phase 2. Part C (continued)

Plates were dipped according to standard procedure and
cured for 60, 90 and 120 minutes at 2400F., 2600F., and 2800F.
Physical properties were determined at room temperature.
It has been shown that WingstAy IT' has no adverse effect
on low-temperature properties, and for this reason low-
temperature testing was omitted. The physical properties
at room temperature are given in Table 54.

A study of these results shows that the anticipated results
have been obtained. The physical properties of either of
these compounds suggest that balloons made from them should
perform extremely well.

During the course of a previous contract (DA-36-039-SC-38239),
it was established that Lytron 615, a polystrene latex, was
effective in raising modulus and maintaining elongation, both
at room temperature and at low temperatures. However, balloons
made from such compounds performed in a very erratic fashion
although some excellent flights were obtained. Initial tests
indicated that the compounds containing Lytron 615 had poor
ozone resistance.

The effect of adding Agerite DPPD to such compounds was
therefore investigated. Altogether, four compounds were
compared. These were identified as A3-105, A3-105 with
A•erite DPPD, A3-112, and A3-112 with N.B.C. Plates were
dipped according to standard procedure and cured for 120
minutes at 240 0 F., 260 0 F., and 280 0 F. Samples were exposed
to an ozone concentration of 80 parts per million, and the
results are recorded in Table 55.

These results show the ozone resistance of A3-112 is
superior to that of A3-112 with N.B.C. and equal to that of
A3-105. A3-105 with Agerite DPPD is much superior to A3-105
which further confirms the excellent protection afforded by
Agerite DPPD.

A sample of the antiozonant bearing the tradename B.T.N. was
received. This material is supplied by Henley and Company
and is claimed to be identical in chemical composition to
du Pont's N.B.C.

Since it has been established that N.B.C. confers specific
desirable properties on meteorological balloon films, it was
considered advisable to evaluate a possible alternate source for
this critical material.



FACTUAL DATA (CONTINUED)

TASU A PHAsE 2 PARTr C (CONTINrUED)

TABLE

PHYSICAL PROPERTIES OF COMPOUNDS A2c-15 AND A2c-16
TESTED AT ROOM TEMPERATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Compound Time Temp. at 200% at 400% at 600% Strength at Break Strength

No. (mins) (OP) (psi) (psi) (psi) (psi) (M) (lbs/in)

A2c-l5 60 240 150 230 525 1360 925 67
90 240 150 235 520 1390 935 73

120 240 150 225 485 1600 965 75

60 260 155 235 525 1635 945 78
90 260 175 250 560 2000 960 85

120 260 180 285 655 2125 935 100

60 280 145 210 430 1830 1065 69
90 280 140 200 385 2160 1000 70

120 280 140 200 425 2410 980 87

A2c-16 60 240 120 190 350 1400 1030 54
90 240 115 170 305 1515 1075 60

120 240 110 165 295 1805 1120 64

60 260 75 110 175 1265 1155 46
90 260 90 120 175 1340 1160 50

120 260 105 130 190 1560 1135 53

60 280 135 185 355 1920 1020 76
90 280 140 200 385 2160 1000 70

120 280 140 200 425 2410 980 87
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TASK PHAsE 2 PART C (CONTIMNED)

TABLE 5

EFFECT OF AGERITE DPPD ON OZONE RESISTANCE OF COMPOUNDS
CONTAINING LYTRON 615

Cure Cure Time to
Compound No. Time Temp. Rupture

(mins) (OF) (mins)

A3-112 with N.B.C. 120 240 20

A3-112 120 240 55

A3-105 120 240 40

A3-105 with DPPD 120 240 480*

A3-112 with N.B.C. 120 260 20

A3-112 120 260 145

A3-105 120 260 150

A3-105 with DPPD 120 260 480+

A3-112 with N.B.C. 120 280 20

A3-112 120 280 110

A3-105 120 280 120

A3-105 with DPPD 120 280 480+
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FACTUAL (continued)

TASK A. Phase 2. Part C (continued)

A compound identified as A2z-17 was prepared. This compound
contained B.T.N. in place of N.B.C. but was otherwise identical
to compound A3-105. The formulations for these two compounds
are given in Table 56.

Plates were dipped from these compounds in accordance w~th
standard procedure and cured for 60, 90, and 120 minutes
at 280 0 F. In view of the presumable chemical identity of
the two materials, the cure was restricted to one temperature
in order to reduce laboratory testing. Physical properties
of the films were determined at room temperature and at
-50 0 C., and the results of these tests are recorded in Table 57.

A study of this table shows that B.T.N. tends to accelerate
the cure. Its antiozonant characteristics are equal to those
of N.B.C.; therefore, this material may be considered to show
some practical advantages in that cure times could be reduced
with attendant gains in processing. The final characteristics
of the cured film, providing the cure time is adjusted to
produce the same state of cure, are identical to those obtained
using N.B.C.

In order to prove the flight performance of this material,
balloons were made from compound A2c-17 which was assigned
the number A3-128. The results of these flights are reported
in Task A, Phase 4.
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TASIK AlPbse 2. Part C (conttinud)

FORMULATIONS DESIGNED TO DETERMINE PROPERTIES OF B.T.N.

Formulation No. A3-105 A2c-17

Neoprene 750 80.0 80.0

Neoprene 571 20.0 20.0

Zinc Oxide 5,0 5.0

Neozone 'D' 2.0 2.0

N.B.C. 3.0 -

B.ToN. - 3.0

Accelerator 833 1.0 1.0

Sunaptic Acid 1.0 1.0

Aquarex SMO 0.5 0.5

Dibutyl Sebacate 6.25 6.25
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TASK Ad Phase 2. Part C (continued)

TABLE 57

PHISICAL PROPERTI3S O CC4POUNDS A3-105 AND A2c-17

TKMW AT ROML-TT(RTTU AMW AT 50OC.

Toet Cure Cure Modulus Modulus Modulus Tensile Elong. Tear
Ccqound TeWp. Tim Temp. at 200% at 400% at 600% Strength at Brk. Strength

No. eC.) (mine) e F.) (psi) (psi) (psi) (psi) (%) (mbs/in)

A3-105 +20 60 280 140 200 320 24Wo 960 84
+20 90 280 145 195 330 2387 930 80
÷20 120 280 150 215 380 1980 880 86

A2c-17 +20 60 280 150 210 345 2165 935 84
+20 90 280 140 200 325 2125 940 78
+20 120 280 140 195 310 1815 905 72

A3-105 -50 60 280 195- 3420 - 5995 540 -
-50 90 280 2170 3585 - 5825 520 -
-50 120 280 2540 3620 - 5765 510 -

A2c-17 -50 60 280 2175 3335 - 6205 580 -
50 90 280 2015 3335 - 6020 550 -

-50 120 280 1745 3210 - 5145 520 -
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FACTUAL DATA (continued)

TASK A. Phase 2 (continued)

Part D: Accelerators

Previous investigations conducted during the course of
Contract No. DA-36-039-SC-72386 had indicated that Merac,
an accelerator produced by Pennsalt Chemical Corporation, was
somewhat superior to Accelerator 833 in that it provided higher
modulus without reducing elongation. This should result in
balloons with faster rates of ascent.

Accordingly, four compounds were designed, two of which
were standard day-flight types and two of which were fast-rising
types. These formulations are given in Table 58.

Plates were dipped from these compounds according to
standard procedure and cured for 60, 90, and 120 minutes at
2400F., 2600 F., and 280 0 F. Physical properties were
determined at room temperature, and the results of these tests
are recorded in Table 59.

A study of these results shows that in the case of the
pair of compounds, A2a-4 and A2d-l, the use of Merac makes
little difference to the physical properties; there is a
slight loss in elongation at all cures, and no appreciable
gain in modulus. In the case of compounds A3-102 and A2d-2,
there is very little difference in any of the physical
characteristics.

Since Merac is a water-soluble accelerator and offers
certain promising advantages, it was considered worthwhile to
pursue this investigation further.

Therefore, four more compounds were designed, one pair of
which contained Neoprene 400 and had a sufficiently high
plasticizer content for dual-purpose balloons. The other
pair consisted of standard balloon compounds. In each pair,
one compound contained Accelerator 833 and the other contained
Merac. The formulations of these compounds are given in
Table 60.

Plates were dipped according to standard procedure and
cured for 60, 90 and 120 minutes at 240 0F., 260 0 F., and
280 0 F. The physical properties were determined at room
temperature, at -70 0 C. in the case of A3-119 and A2d-3, and
at -50 0 C. in the case of A3-105 and A2d-4. The temperature
of -50 0 C. was used of necessity and not by choice because the
cold box temperature regulator would not maintain temperature
accurately at above -50 0 C. The results of these tests are
given in Tables 61 and 62.
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FACTUAL DATA (continued)

TASK A. Phase 2. Part D (continued)

TABLE 58

FORNIATIONS DESIGND TO DETERMINE THE EFFECT OF REPIACING
ACCELERATOR 833 WITH MERAC

Formulation No. A2a-4 A2d-I A3-102 A2d-2

Neoprene 750 100.0 100.0 100.0 100.0

Z.nc Oide 5.0 5.0 5.0 5.0

Neozone 'D' 2.0 2.0 2.0 2.0

N.B.C. 3.0 3.0 3.0 3.0

Accelerator 833 1.0 - 1.0 -

Merac - 1.0 - 1.0

Sunaptic Acid 1.0 1.0 1.0 1.0

Aquarex 30 0.5 0.5 0.5 0.5

Butyl Oleate 10.0 10.0 5.0 5.0

&Slphur - - 3.0 3.0
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TABLE g9

PHYSICAL PROPERTIES OF WOMPOUN)S AUa-4. A2d-I. A3-102. AND A2d-23
TESTED AT ROOM TEMPERATURE

Curb Cure Modulus Modulus Modulus Tensile Elongation Tear
Compound Time Temp. at 200% at 400% at 600% Strength at Break Strength

No. (minx) (*F) (psi) (psi) (psi) (psi) (%) (lbs/in)

Aa•-4 60 240 55 100 190 980 1150 37
90 240 65 110 200 1085 1140 37

120 240 90 120 210 1150 1135 43
60 260 100 120 170 1430 1110 48
90 260 100 125 175 1445 1110 55

120 260 90 120 170 1430 1130 48
60 280 110 135 175 1500 1095 55
90 280 115 150 195 1700 1045 56

120 280 125 170 220 1900 980 63

A2d-1 60 240 85 135 265 1160 1025 43
90 240 95 130 250 1220 1030 42

120 240 95 135 255 1150 1035 46
60 260 100 130 190 1325 1050 47
90 260 115 155 250 1315 950 51

120 260 110 150 255 1510 900 48
60 280 105 130 190 1470 970 51
90 280 115 150 215 1575 945 55

120 280 130 165 235 1570 880 63

A3-102 .60 240 120 175 300 1560 980 58
90 240 125 180 305 1570 970 68

120 240 135 185 315 1830 955 70
60 260 150 190 315 2005 935 80
90 260 155 200 380 1910 890 78

120 260 165 215 530 2070 830 78
60 280 180 250 820 2110 750 86
90 280 185 255 940 2200 735 84

120 280 175 245 850 2070 710 78

*26-2 60 240 130 175 330 1560 970 58
90 240 120 170 325 1670 980 59

120 240 130 175 325 1680 965 63
60 260 165 215 435 2070 875 75
90 260 165 210 535 1950 Boo 76

120 260 170 220 630 1850 750 78
60 280 180 240 875 2145 750 82
90 280 180 245 875 2085 733 81
120 280 180 250 940 2120 715 79
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TASK A. Phase 2. Part D (continued)

TABLE 60

ADDITIONAL COMPOUNDS DESIGNED TO EVALUATE mmiC

Formulation No. A3-119 A2d-3 A3-1o5 A2d-4

Neoprene 750 70.0 70.0 80.0 80.0

Neoprene 400 30.0 30.0 -

Neoprene 571 - - 20.0 20.0

Xnc Oxide 5.0 5.0 5.0 5.0

Neozone 'D' 2.0 2.0 2.0 2.0

N.B.C. 3.0 3.0 3.0 3.0

Accelerator 833 1.0 - 1.0

Merac - 1.0 - 1.0

=naptic Acid 1.0 1.0 1.0 1.0

Aquarex SMO 0.5 0.5 0.5 0.5

Butyl Oleate 25.0 25.0 -

Dibutyl Sebacate 6.25 6.25
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TABE 61

PHYSICAL PROPEXTIES OF COMPOUNDS A2-119. A2d-3. A3-105. AND A2d-4
TESTED AT ROOM TEMPUIRAlJB

Cure Cure Modulus Modulus Modulus Tensile iElngation Tear
Compound Time Temp. at 200% at 400% at 600% Strength at Break Strength

me* (mine) (IF) (psi) (psi) (psi) (psi) (%) (lbs/ia)

A3-119 60 240 85 165 340 810 835 42
90 240 95 165 335 895 850 48

120 240 105 175 355 845 825 40
60 260 105 170 415 1250 880 45
90 260 115 195 435 1330 865 55

120 260 110 180 445 1255 850 47
60 280 125 195 455 1330 870 54
90 280 130 215 510 1540 860 71

120 280 130 230 630 1530 845 65

A2d-3 60 240 110 195 420 765 760 39
90 240 115 200 435 1110 830 44

120 240 130 195 435 690 755 57
60 260 135 215 530 1320 850 54
90 260 135 220 530 1345 845 57

120 260 135 220 530 1350 840 62
60 280 150 240 590 1445 850 59
90 280 150 270 665 1600 840 73

120 280 155 260 650 1565 825 68

A3-105 60 240 110 135 250 1230 1080 61
90 240 115 145 245 1520 1105 60

120 240 130 170 240 1590 1060 72
60 260 125 165 230 1765 1070 67
90 260 130 170 245 1875 1080 82

120 260 145 175 245 2315 1070 82
60 280 135 165 230 1950 1000 62
90 280 140 175 250 1870 935 69

120 280 140 180 300 1930 880 69

A2d-4 60 240 115 170 325 1380 1040 63
90 240 140 180 320 1585 935 63

120 240 140 180 320 1645 905 64
60 260 135 185 320 1675 890 64
90 260 150 185 325 1675 880 70

120 260 150 190 325 1685 870 66
60 280 140 175 280 1620 870 53
90 280 145 180 285 1590 850 53

120 280 145 185 305 1840 845 72
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PHYSICAL PROPBRTIES OF WOMPOUNDS A3-119 AND A2d-3 TERAD AT -70¢
AND OF WPOUNDS A3-105 AND A2d-4 TUWED AT -50*C

Cure Cure Test Modulus Modulus Modulus Teauile EJmg&tLia
Compound Time Temp. Temp. at 200% at 400% at 600% Strength at Break

me. (min) ('F) (OC) (psi) (psi) (psi) (psi) (M)

A3-119 60 240 -70 1935 3395 - 3930 440
90 240 -70 1825 3440 - 4480 480

120 240 -70 1890 3490 - 4420 450
60 260 -70 2130 4135 - 5225 490
90 260 -70 2195 4090 - 4975 470

120 260 -70 2095 4010 - 4880 450
60 280 -70 1900 3855 - 4695 480
90 280 -70 2680 4820 - 5095 420*

120 280 -70 2980 - - 4710 360*

AMd-3 60 240 -70 1980 3585 - 4680 460

90 240 -70 1955 3700 - 4740 500
120 240 -70 2155 3855 - 4630 470

60 260 -70 2090 3750 - 5030 490
90 260 -70 2335 4235 - 5215 460

120 260 -70 2120 3990 - 5350 490
60 280 -70 2240 3290 - 4910 320
90 280 -70 2570 3730 - 4920 500

120 280 -70 2815 4660 - 5655 490

A3-105 60 240 -50 1040 2005 - 4360 590
90 240 -50 925 1755 - 4330 S80

120 240 -50 1020 1910 - 4380 590
60 260 -50 1000 1920 4575 4890 610*
90 260 -50 1025 1780 4290 4730 620*

120 260 -50 1315 1900 4480 5345 630*
60 280 -50 1720 2585 5870 5870 600*
90 280 -50 1650 3320 6790 6900 610*

120 280 -50 2415 3575 - 5640 550*

A2d-4 60 240 -50 840 1525 4470 4520 630
90 240 -50 900 2120 - 4880 590

120 240 -50 1005 2320 - 4700 590
60 260 -50 1510 2720 - 5050 560
90 260 -50 1600 2840 - 5100 550
120 360 -50 1625 3050 - 5520 550

60 280 -50 1505 2200 - 4930 580
90 280 -50 1390 1500 3175 4812 660

120 280 -50 1785 2785 6310 6310 600*

*Cold Plow
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TASK A. Phase 2. Part D (continued)

A study of these results shows that Merac produces a very
flat-curing compound which is less susceptible to variations
in temperature and time and reaches optimum physical
properties at lower cures than does Accelerator 833. This
appears to be true for all the compounds tested.

In addition, Merac has slightly superior low temperature
characteristics than does Accelerator 833 showing less
tendency toward cold flow although the breaking elongation
is in general no greater.

It would appear from these results that Merac is worthy
of further investigation, and balloons for flight testing
were made from a compound containing this accelerator.
The results are recorded in Task A, Phase 4.

It has been customary throughout this study to use one
part of accelerator for 100 parts of neoprene in all
experimental formulae. It was considered of interest to
determine the effect of varying the amount of accelerator,
and two accelerators (Merac and Accelerator 833) were
selected for this investigation.

Right compounds were prepared, four containing 0.5, 1.0,
2.0, and 3.0 parts of Merac, respectively, and four
containing similar parts of Accelerator 833. The formulations
for these compounds are given in Table 63.

Plates were dipped from these compounds according to standard
procedure and cured for 60, 90, and 120 minutes at 2400F.,
2600 F., and 280 0F. Physical properties were determined at
room temperature and at -400C at those cures which are
normally considered optimum for each of these compounds
with one part of accelerator. The results of these tests
are given in Tables 64, 65 and 66.

A study of the tables confirms that Merac is an extraordinar-
ily flat-curing accelerator. The room-temperature physical
properties show virtually no change with 0.5, 1.0, 2.0, or 3.0
parts in the compound or at any cure time and temperature
tested other than the 2400 F. cures. This is unquestionably
a very desirable property in a balloon compound because of
the difficulties associated with exposing the whole surface
of a balloon to the same temperature for the same time.
At -400C., however, increasing the amount of Merac results
in improved elongation.
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TABLE 63
0

FORMULATIONS OF COMPOUNDS CONTAINING VARYING, QUANTITIES OF MERAC AND ACCELERATOR 833

Formulation No. A2d--5 A2d-6 A2d-7 A2d-8 A2d-9 A2d-l0 A2d-ll A2d-12

Neoprene 750 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0

Neoprene 571 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0

Zinc Oxide 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Neozone ID' 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

N.B.C. 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Sunaptic Acid 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Aquarex SMO 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Dibutyl Sebacate 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25

Merac 0.5 1.0 2.0 3.0 - - - -

Accelerator 833 .- 0.5 1.0 2.0 3.0
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TABLE 64

PHYSICAL PROPERTIES OF COMPOUNDS A2d-5, A2d-6, A2d-7, AND A2d-8
TESTED AT ROOM TEMPERATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Compound Time Temp. at 200% at 400% at 600% Strength at Break Strength

No. (mins) (OF) (psi) (psi) (psi) (psi) (%) (lbs/in)

A2d-5 60 240 120 185 315 1385 900 67
90 240 125 185 335 1630 900 62

120 240 135 205 390 1750 870 70
60 260 155 200 420 2140 880 62
90 260 155 210 430 2090 880 64

120 260 165 220 435 2135 860 64
60 280 170 215 385 1815 860 72
90 280 165 215 405 2230 865 77

120 280 160 220 390 2210 870 71

A2d-6 60 240 135 195 375 1600 930 55
90 240 155 210 415 1885 875 65

120 240 160 215 420 1885 865 64
60 260 160 230 425 2045 880 62
90 260 160 215 420 1980 870 68

120 260 160 225 425 2100 870 67
60 280 155 215 400 1920 880 63
90 280 160 215 400 2020 870 77

120 280 155 210 405 1870 850 82

A2d-7 60 240 145 210 395 1700 880 71
90 240 150 210 415 1830 860 84

120 240 150 215 420 1950 850 76
60 260 155 215 430 1970 870 59
90 260 160 215 430 2050 860 57

120 260 155 220 430 2115 860 59
60 280 150 200 390 1975 880 72
90 280 140 205 385 2100 875 69

120 280 140 200 395 2015 860 68

A2d-8 60 240 140 205 380 1735 .880 67
90 240 140 205 410 1730 860 70

120 240 150 210 420 1830 845 70
60 260 140 210 420 2085 870 62
90 260 140 220 425 2085 870 62

120 260 140 220 420 2115 880 58
60 280 140 200 395 1685 875 62
90 280 140 200 390 1840 860 62

120 280 140 200 385 1700 840 62
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TABLE 65

PHYSICAL PROPERTIES OF COMPOUNDS A2d-9. A2d-l0. A2d-I1. AND A2d-12
TESTED AT ROOM TEMPERATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Compound Time Temp. at 200% at 400% at 600% Strength at Break Strength

NO. (mins) (OF) (psi) (psi) (psi) (psi) (%) (lbs/in)

A2d-9 60 240 135 185 320 1500 970 63
90 240 155 200 355 1650 910 63

120 240 160 205 365 1725 870 62
60 260 155 210 365 1790 890 66
90 260 160 220 385 1800 875 65

120 260 165 225 370 1915 870 64
60 280 150 185 305 1700 870 63
90 280 155 185 335 1890 880 68

120 280 150 185 330 1780 870 61

A2d-10 60 240 90 130 220 1430 1140 57
90 240 110 150 240 1600 1075 58

120 240 125 170 280 1750 975 56
60 260 135 180 315 1920 960 60
90 260 140 180 325 1930 940 60

120 260 145 180 330 1990 935 58
60 280 145 190 295 2030 980 68
90 280 150 200 325- 2100 940 '73

120 280 155 200 335 2115 900 73

A2d-l1 60 240 70 125 230 1340 1155 47
90 240 85 130 235 1535 1135 47

120 240 100 140 245 1545 1100 50
60 260 110 145 195 1765 1170 50
90 260 110 135 200 1635 1140 51

120 260 120 150 205 1845 1125 51
60 280 130 160 205 1890 1210 62
90 280 135 170 230 2200 1080 75

120 280 140 180 290 2315 970 80

A2d-12 60 240 75 110 190 1350 1235 50
90 240 85 115 210 1370 1185 55

120 240 90 125 215 1505 1145 55
60 260 105 135 175 1885 1200 58
90 260 115 135 190 1860 1170 63

120 260 120. 140 190 1955 1170 58
60 280 115 140 180 1780 1260 62
90 280 120 140 180 1845 1240 59

120 280 130 160 220 1915 1090 62
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TABLE 66

PHYSICAL PROPERTIES OF COMPOUMDS A2d-5 THROUGH A2d-12
TESTED AT -400C.

Oure Cure Modulus Modulus Modulus Tensile Elongation
Comound Time Temp. at 200% at 4o0% at 600% Strength at Break

No. (mine) (OF.) (rsi) (psi) (psi) (psi) (%)

A2d-5 90 260 285 660 3390 3685 610

A2d-6 90 260 265 510 3545 4100 650

&2d-7 90 260 230 490 2880 4950 670

A2d-8 90 260 210 485 2625 5050 700

A2d-9 120 280 280 1125 5000 5340 610

A2d-10 120 280 255 575 3820 4540 630

A2d-U. 120 280 265 510 2525 4500 680

A2d-12 120 280 230 485 2350 3675 700
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The behavior of Accelerator 833 is unexpected and most
interesting. While this accelerator is relatively flat
curing at any one concentration, variations in the amount
of accelerator produce considerable variations in physical
characteristics. It is particularly noteworthy that in-
creasing the amount of accelerator in the compound sub-
stantially increases the room-temperature elongation and
reduces the modulus.

A similar set of compounds based on a dual-purpose compound
(A3-104) was now prepared, the amount of accelerator being
varied from 1.0 to 3.0 parts. The formulations of these
compounds are given in Table 67.

Plates were dipped according to standard procedure and cured
for 60, 90, and 120 minutes at 2500 F., it having been
previously established that this is the optimum curing
temperature for this type of compound. Physical properties
were determined at room temperature and at -70 0 C., and the
results of these tests are given in Tables 68 and 69.

A study of these tables shows that the extremely flat-curing
characteristics of Merac are equally apparent when this
accelerator is used in a dual-purpose compound. However,
at 700C., there is no comparable improvement in elongation
as was shown at -400C. for a day-flight compound.

In the case of the compounds containing Accelerator 833,
the elongation at -70 0 C. is virtually independent of the
amount of accelerator. In the case of the compounds
containing Merac, there is a possibly a slight improvement
as the amount of accelerator increases. This is, however,
of no significant value as far as balloon flights are
concerned.

According to information received from du Pont, it is
possible to compound Neoprene 750 using Thiocarbanilide as
the accelerator and produce films which will develop
elongations of 1000% without curing at elevated temperatures.

Two compounds were, therefore, prepared, one of which
contained no plasticizer and the other 5 parts of plasticizer
and 10 parts of Mistron Vapor in order to provide a higher
modulus. It was felt that this accelerator would tend to
show very low modulus characteristics in the standard test
formula. These formulations are given in Table 70.
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TABLs 67

EGMUIATINS OF DUAL-PURPOSE (000POUNDS CONTAININ VARYING OUANTITI
OF MNRAC AND ACCELERA70R 833

Formulation No. A2d-13 A2d-14 A2d-15 A2d-16 A2d-17 A2d-18

Neoprene 750 80.0 80.0 80.0 80.0 80.0 80.0

Neoprene 571 10.0 10.0 10.0 10.0 10.0 10.0

Neoprene 735 10.0 10.0 10.0 10.0 10.0 10.0

Zinc Oxide 2.5 2.5 2.5 2.5 2.5 2.5

Neozone 'D' 1.0 1.0 1.0 1.0 1.0 1.0

N.B.C. 3.0 3.0 3.0 3.0 3.0 3.0

Sunaptic Acid 1.0 1.0 1.0 1.0 1.0 1.0

Aquarex SNO 0.5 0.5 0.5 0.5 0.5 0.5

Dibutyl Sebacate 5.0 5.0 5.0 5.0 5.0 5.0

Butyl Oleate 22.5 22.5 22.5 22.5 22.5 22.5

Sulphur 2.0 2.0 2.0 2.0 2.0 2.0

Accelerator 833 1.0 2.0 3.0 - - -

Merac - - - 1.0 2.0 3.0
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TABLE 0

PHYSICAL PROPEIRTIES OF COMPOUNDS A2d-13 THROUGH A2d-18
TESTED AT ROOM TEMPERATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Compound Time Temp. at 200% at 400% at 600% Strength at Break Strength

No. (mins) (*F) (psi) (psi) (psi) (psi) (%) (lbs/in)

A2d-13 60 250 95 140 290 1405 830 35
90 250 100 155 300 1450 830 35

120 250 95 150 295 1430 810 40

A2d-14 60 250 95 135 270 1350 855 40
90 250 100 145 275 1570 850 45

120 250 100 155 290 1600 840 45

A2d-15 60 250 95 140 240 1475 885 40
90 250 100 145 285 1620 865 40

120 250 100 155 295 1670 845 45

A2d-16 60 250 95 145 280 1370 815 40
90 250 100 150 280 1470 820 40

120 250 100 150 275 1440 815 35

A2d-17 60 250 95 150 280 1335 815 40
90 250 105 150 280 1440 815 40

120 250 100 150 290 1450 815 40

A2d-18 60 250 100 140 260 1400 820 40
ý0 250 105 140 280 1400 815 40

120 250 100 150 280 1440 815 45
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TABLE 69

PHYSICAL PROPERTIES OP COMPOUNDS A2&-13 THROUGH A2d-18
TESTED AT -700C

Cure Cure Modulus Modulus Modulus Tensile Elongation
"Compound Time Temp. at 200% at 400% at 600% Strength at Break

Noi (mins) (p) (psi) (psi) (psi) (psi) M

A2d-13 60 250 1090 2235 - 3380 520
90 250 1275 2830 - 4235 500

120 250 1680 3040 - 3840 480

A2d-14 60 250 1300 2575 - 4035 520
90 250 1475 2710 - 4100 500

120 250 1445 2660 - 3740 490

A2d-15 60 250 1085 2400 - 3940 520
90 250 1150 2660 - 3920 520

120 250 1200 2785 - 3555 480

A2d-16 60 250 1180 1860 - 2720 500
90 250 1370 2470 - 4230 530

120 250 1550 3000 - 4635 530

A2d-17 60 250 1300 2585 - 4100 510
90 250 1530 2700 - 4290 520

120 250 1780 3100 - 4415 510

A2d-18 60 250 1410 2710 - 4590 540
90 250 1210 2655 - 4360 520

120 250 1880 2800 - 4595 520
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ORMULATIONS OF CcOPOUNDS CONTAINING THIOCARBANILIDE

Formulation No. A2d-19 A2d-20

Neoprene 750 100.0 100.0

Zinc Oxide 5.0 5.0

Neozone 'D' 2.0 2.0

N.B.C. 3.0 3.0

Thiocarbanilide 2.0 2.0

Sunaptic Acid 1.0 1.0

Dibutyl Sebacate - 5.0

Mistron Vapor 10.0

TABLE 1

PHYSICAL PROPERTIES OF COMPOUNDS A2d-19 AND A2d-20
TESTED AT ROCN TEMPERATURE AND AT -400C

Test Cure Modulus Modulus Modulus Tensile Elongation
Compound Temp. Temp. at 200% at 400% at 600% Strength at Break

No. (C) (OF) (psi) (psi) (psi) (psi) (%)

A2a-19 +20 70 95 170 410 1650 1180

-40 70 740 1000 2900 2900 600

A2a-20 ÷20 70 125 235 465 1250 955

-40 70 445 1110 - 1890 580
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Plates were dipped according to standard procedure and
allowed to dry at room temperature. Physical
characteristics were determined at room temperature
and at -40 0C., and the results of these tests are given
in Table 71.

A study of these results indicates that this curing
system may be of considerable interest. Elimination of
high temperature curing is apt to result in more uniformity
in physical properties throughout the balloon.

The characteristics of both compounds, particularly in
view of the extremely low plasticizer content in each case,
are quite satisfactory; and the relatively high modulus
is also interesting.

It is, however, felt that a careful study of the aging
characteristics of these compounds must be undertaken
before proceeding to the manufacture of balloons for flight.

Par E Polymers other than Neoprene

Poly-isoprene, which is a synthetic form of natural rubber
with the same chemical structure, has recently been made
available by Shell Chemicals in latex form.

The use of natural latex in meteorological balloons except
for night-flight was discontinued during World War II when
a successful neoprene balloon was developed by Kaysam.
Subsequently, a successful neoprene night-flight balloon
was also developed by Kaysam, and the use of natural latex
was abandoned entirely. One reason for this was the
necessity for eliminating reliance on an overseas source
for a vital material.

However, natural latex possesses certain inherent advantages
over neoprene, in particular its much superior freeze
resistance. With a domestic source of poly-isoprene latex
now available, it would be wise to evaluate this material as
a potential meteorological balloon compounding ingredient.

A preliminary investigation of poly-isoprene latex from
Shell Chemical Corporation was carried out. Although this
material is claimed by the manufacturer to behave in a
manner similar to natural latex, it was found to be much
more critical.
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The mechanical and chemical stability of the latex system is
much less than that of natural latex or of neoprene latex
and calls for much more careful compounding and subsequent
handling. The initial compound made according to the
recommendations of the supplier showed extremely low
tensile strength, excessive permanent set, and a tendency
for the stretched film to relax substantially over a small
area which became extremely thin compared with the rest of
the film.

Increasing the sulphur content to a minimum of 2.5 parts
resulted in a firmer gel and a cured film which no longer
exhibited the characteristics described above. However,
the maximum tensile strength obtainable was 1600 psi with
an elongation of 1100%. This falls far below the
manufacturer's claim of tensile strength in the order of
5500 psi, although the elongation is similar to the claim
of 1050%.

The latex compound which produced a film having even this
tensile strength was extremely unstable showing a rapid
rise of viscosity after compounding, a substantial fall in
pH, and a strong tendency to flocculate upon agitation.

The strength of the wet gel was poor and showed the same
tendency as did the uncured film to relax in one small
area and then to continue stretching until it ruptured
without developing sufficient modulus for the rest of the
gel to expand.

Discussion with representatives of Shell Chemical Corpora-
tion resulted in the suggestion that this sample of
poly-isoprene latex was defective; therefore, a further
sample of this material was obtained.

Three compounds were prepared, one of which was that recom-
mended by the supplier and is designated A2e-l. The
remaining two compounds contained changes in the acceleration
system, and these formulae are given in Table 72.

Plates were dipped according to standard procedure and
cured for the time and at the temperature recommended by
the supplier. At the same time, a small balloon form was
dipped, and the gels stripped and inflated. The gel
obtained with compound A2e-2 proved to be so weak and to
distort to such a degree on stripping that it was of no
value, and no physical properties were determined. The
properties shown by compounds A2e-l and A2e-3 are given
in Table 73.
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TABLE 72

FORMULATIONS OF COhPOUNDS BASED ON SHELL'S POLY-ISOPILENE LATEX 700

Formulation No. A2e-1 A2e-2 A2e-3

Poly-isopreme 700 100.0 100.0 100.0

Zinc Oxide 2.0 2.0 2.0

Sulphur 2.0 2.0 2.0

Ethyl Zimate 1.25 - -

Merac - 1.0 -

Butyl Zimate - - 1.0

Antioxidant 1.0 1.0 1.0

TABLE 73

PHYSICAL PROPERTIES OF CODMPOUNDS A2e-1 AND A2e-3
TESTED AT +200C

Cure Cure Modulus Modulus Modulus Tensile Elongation
Compound Time Temp. at 200% at 400% at 600% Strength at Break

No. (minm) (F) (psi) (psi) (psi) (psi) (%)

A2e-1 60 212 85 125 170 2000 1300

60 250 70 105 185 2465 1150

A2e-3 60 212 110 215 465 2020 920

60 250 100 210 525 2280 910
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A study of these results shows that the physical properties
are generally unsatisfactory and do not compare with those
claimed by the manufacturer. According to the supplier,
compound A2e-1 should have a tensile strength of 5950 psi,
and an elongation of 97%.

The balloon gels which were obtained from these two compounds
were also completely unsatisfactory. It was impossible to
strip the gels without severe distortion and the creation of
weak areas unless the gels were leached on the form in hot
water for 60 minutes.

After such leaching, the gel from compound A2e-l still
expanded very unevenly although it was possible to obtain a
fairly spherical expanded gel. However, upon deflation, the
balloon recovered to such an extent that it was very little
longer than when originally stripped. In addition, there
were wrinkled areas corresponding to the outside of the flutes.

The gels from compound A2e-3 also showed almost 100% re-
covery to their original length, and it is to be presumed
that the hot water leach has, in effect, cured the balloon
and this is why the gel can be stripped without distortion.

Further discussions with representatives of Shell Chemical
Corporation did little to encourage additional work with
poly-isoprene. However, it was decided that this research
was incomplete without the evaluation of a poly-isoprene
type; and, therefore, work was started with natural latex.

The major problem associated with the use of natural latex
in meteorological balloon compounds is its poor ozone
resistance. Three compounds were, therefore, prepared
incorporating varying amounts of N.B.C. The formulations
for these compounds are given in Table 74.

Plates were dipped from these compounds according to
standard procedure and cured for 60 mirutes at 230 0 F.
Physical properties were determined at room-temperature
and at -40 0C. and -500C., and the results of these tests
are given in Table 75.

A study of these results shows that all three compounds
have very similar physical properties which appear to be
very satisfactory for meteorological balloons. However,
it was observed that N.B.C. in a natural latex compound
results in an extremely rapid pre-cure, the compound becoming
unusable in three days.
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TABLE 74s

FORMULATIONS OF NATURAL LATEX COMPOUNDS

Formlation No. A2e-4 A2e-5 A2e-6

Natural Latex 100.00 100.00 100.00

KOH 0.25 0.25 0.25

Aquarex 'D' 0.10 0.10 0.10

Zinc Oxide 0.50 0.50 0.50

Neozone 'D' 2.00 2.00 2.00

N.B.C. 1.00 2.00 3.00

Merac 1.50 1.50 1.50

Sulphur 1.00 1.00 1.00
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TABLE 75

PHYSICAL PROPERTIES OF CO4POUNDS A2e-4. A2E-5. ARD A2e-6
TESTED AT ROO-TEMPEWATURE, -40oC. AND -. OOC,

Test Cure Cure Modulus Modulus Modulus Tensile Elong. Tear
Coupound Temp. Time Teap. at 200% at 400% at 600% Strength at Break Strength

No. eC.) (mins) (F.) (pai) (psi) (psi) (psi) (%) (Ibs/in)

A2e-4 +20 60 230 110 155 390 2850 985 162

-40 60 230 120 190 665 1335* 850*

-50 60 230 130 220 725 J4 90* 800*

A2e-5 +20 60 230 90 160 360 2035 985 82

-40 60 230 115 185 650 1420* 850*

-50 60 230 125 210 715 1510* 825*

A2e-6 +20 60 230 95 185 370 2330 970 90

-40 60 230 120 205 690 1780* 840*

-50 60 230 120 235 770 1595* 830*

*Sauples reached limit of test equipment without breaking.
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A further series of natural latex compounds was, therefore,
designed in which different types of antiozonants well-known
to be compatible with natural latex, were incorporated.
The formulations for these compounds are given in Table 76.

Plates were dipped according to standard procedure, and
films were cured for 60 and 90 minutes at 212 0 F. Physical
properties were determined at room temperature, and the
appearance of the films after exposure to ultra-violet
radiation in air (which creates ozone) was observed. The
results of these tests are given in Table 77.

It is immediately apparent from a study of these results
that the comditions of test for ozone resistance are much
too severe, or else even the improved antiozonants now
available are completely inadequate to provide the necessary
protection. The physical properties of compounds A2e-7 and
A2e-ll, otherwise, appear to be perfectly satisfactory;
and in order to determine the ozone resistance in operating
conditions, balloons should now be made and flight tested.
Such balloons should be designed to reach an altitude of
100,000 feet in order to be certain that the maximum
atmospheric ozone concentration will be encountered in
flight.

It was suggested at this time that Barak, supplied by
E. I. du Pont and described as Dibutyl Ammonium Oleate,
might be of value in curing poly-isoprene latex compounds:
The following two compounds were, therefore, prepared:

A2e-12 A2e-13

Poly-isoprene 700 100.0 100.0

Zinc Oxide 2.0

Sulphur 2.0 2.0

Ethyl-zimate 0.5 0.5

Barak 0.75 0.75

Antioxidant 1.0 1.0

Plates were dipped according to standard procedure. One
set was leached for 30 minutes in cold water, and one set
for 30 minutes in hot water. The films were cured for 15
minutes and 30 minutes at 2120F., and physical properties
were determined at room temperature. The results of these
tests are given in Table 78.
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TABLE 7-6

FORMULATIONS OF NATURAL LATEX CX3POUNDS

Formulation No. A2e-7 A2e-8 A2e-9 A2e-l0 A2e-ll

Natural Latex 100.00 100.00 100.00 100.00 100.00

KOH 0.25 0.25 0.25 0.25 0.25

Aquarex 'D' 0.10 0.10 0.10 0.10 0.10

Zinc Oxide 0.25 0.25 0.25 0.25 0.25

Sulphur 0,.75 0.75 0.75 0.75 0.75

Neozone 'D' 1.00 1.00 1.00 1.00 -

Santowhite
Crystals 2.00 5.00 2.00 2.00 2.00

Agernte DPPD - - 2.00 4.00 2.00

GL-5 Emulsion 2.00 2.00 2.00 2.00 2.00

Setait 51 1.00 1.00 1.00 1.00 1.00
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TABLE 77

PHYSICAL PROPETIES OF NATURAL LATEX CCMPOUND A2s-7 TOUJH A2.e-l
TESTED AT ROaK-TW=4PUATURE AND EXPOSED TO ULTRA-VIOLET RADIATION

Cure Care Modulus Modulus Modulus Tensile Elong. Appearance
Comqd Time Tem. at 200% at o00% at 600% Strength at Break after kpoeed

No. (uins) (OF.) (psi) (psi) (psi) (Psi) () to UV 20 mins.

A2e-7 60 212 165 205 370 2405 1020 very severely
90 212 150 210 365 2215 970 attacked

A2e-8 60 212 155 270 595 2800 950 very severely
90 212 125 210 330 1480 960 attacked

A2e-9 60 212 200 285 715 3045 840 very severely
90 212 185 315 860 3610 850 attacked

A2e-10 60 212 200 325 850 3750 855 very severely
90 212 170 310 900 3585 845 attacked

A2e-11 60 212 140 175 410 2390 970 very severely
90 212 125 190 370 2145 985 attacked
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TASK A. Phase 2. Part E (continued)

TABLE 78

PIMICAL PROPERTIES OF FOLY-ISOPRENE COOUND A2e-12
AND A2e-13 TESTD AT ROOM- ATURE

leach Cure Cure Modulus Modulus Modulus Tensile Elongation
Cmpound Temp. Time Temp. at 200% at 400% at 600% Strength at Break

N •O. (OF.) (,s) (OF.) (psi) (psi) (si) (psi) (p)

A2e-12 50 15 232 55 50 50 55 1585

50 30 212 60 60 65 85 1o45

180 15 212 55 45 45 65 1900

180 30 212 55 45 45 75 1815

A2e-13 50 15 212 75 115 145 2795 1345

50 30 212 90 135 200 2645 1185

180 15 212 75 115 155 2235 1370

180 30 212 75 15 190 2670 U95
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TASK A. Phase 2. Part E (continued)

A study of these results shows that compound A2e-12 has
the same chewing-gum characteristics originally encountered
with this material. Extremely high elongations can be
attained, but no tensile strength is developed. Compound
A2e-13, however, gives the best physical properties yet
obtained with poly-isoprene. Apart from the rather low
modulus, these physical properties are quite acceptable
for a balloon film, the room-temperature elongation being
impressively high.

This does not mean that balloons can be made by the gel
expansion process from this material, but it does suggest
that further work should be conducted with poly-isoprene.

Part F: Reinforcing Fillers

The use of carbon black confers excellent physical
properties on a balloon film compound but is prejudicial
to day flights because of its high infra-red radiation
absorption. It was therefore decided to investigate
Mistron Vapor, a very fine-particle-size talc, manufactured
by The Sierra Talc Company.

Three compounds containing Mistron Vapor were prepared,
the formulations of which are given in Table 79. Plates
were dipped from these compounds according to standard
procedure and cured for 60, 90, and 120 minutes at 2800 F.
Physical properties were determined at room-temperature
and at -400C., and the results of these tests are given
in Table 80.

A study of these results shows that inclusion of Mistron
Vapor in the compound results in a substantial increase in
the modulus of the compound. The tensile strength is also
increased, although to a lesser degree, and there is a
relatively small loss in elongation.

At -400C., there is an increase in the modulus at 200%,
but the modulus at 400% and 600% and the tensile strength
show relatively little change as does the elongation. It
would appear, therefore, that Mistron Vapor can satis-
factorily be used to increase the modulus of neoprene
balloon compounds and that this characteristic might be of
considerable value in the design of fast-rising balloon
compounds.

Initial tests were made with zinc resinate obtained under
the tradename of Zirex-DG-6566-Ol from Nev'port Industries..
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TASK A. Ph•se2. Part F (continued)

TABLE

FCRMMLATIONS OF COMPOUNDS CONTAINING MISTRON VAPOR

Formulation No. A2f-1 A2f-2 A2f-3

Neoprene 750 80.0 80.0 80,0

Neoprene 571 20.0 20.0 20,0

Zinc Oxide 5.0 5.0 5.0

Neezene 'D' 2.0 2.0 2.0

N*B.C. 3.0 3,0 3.0

Accelerator 833 1.0 1,0 1.0

Sunaptic Acid 1.0 1.0 1.0

Aquarex SMO 0.5 0.5 0.-5

Dibutyl Sebacate 6.25 6.25 6.25

Nistron Vapor 5.0 10.0 15.0

- 124 -



~A~M~h~h(continued)

TASK AS Phae 2, Part F (continued)

PHYSICAL PROPURTIES OP COMPOUNDS A3-105. A2f-l, A2f-2. AND A2f-3
TSTED AT ROOM TEMPEATURE AND AT -40'

Test Cure Cure Modulus Modulus Modulus Tensile Elong. Tear
Compomnd Temp. Time Temp. at 200% at 400% at 600% Strength at Break Strength

No. ('C) (min&) (*F) (psi) (psi) (psi) (psi) (%) (lbs/in)

A3-105 +20 60 280 125 170 280 2020 940 71
420 90 280 135 175 300 2150 925 74
.20 120 280 135 185 325 2200 900 72

A2f-1 #20 60 280 180 265 520' 2165 920 91
+20 90 280 '185 270 580 2340 900 91
+20 120 280 1.95 .275 620 2440 870 100

A2f-2 .20 60 280 210 . 310 625 2200 900 112
420 90 280 215 .315 640 2430 920 107
+20 120 280 .220 335 725 2430 880 107

A2f-3 .20 60 280 265 415 870 2700 920 133
*20 90 280 270 440 900 2790 875. 138

,, *20 .120 280 275 445 900 2600 865 124

A3-105 -40 60. 280 420 760. 3820 4680 650 -
-40 90 280 480 820 4000 4410 620 -
-40 .120 280 510 810 3920 4380 620 -

A2f-1 -40 60' 280 510 850 4200 4370 610 -
-40 90 280 535 1020 3990 3990 600 -
-40 120 280 690 1450 4100 4230• 610 -

A2f-2' -40 60. 280' 620 1760 4160 4400 610 -
-40 90 280 680 2100 5300 5525 620 -
-40 120 280 760 1840 3960 3960 600 -

A2f-3 -40 60 280 880 2220 4390 .5100 620 -
-40 90 280 1010 1890 - 5370. 590 -
-40 120 280 .1020 .2140 - 5260 590 -
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increase the modulus of neoprene balloon compounds and
that this characteristic might be of considerable Value
in the design of fast-rising balloon compounds.

Initial tests were made with zinc resinate obtained under
the tradename of Zirex-BG-6566-01 from Newport Industries.
This material contains approximately 10% zinc and was
found to be soluble in Dibutyl Sebacate to the extent
of 15 parts per hundred.

In a compound containing even as much as 25 parts of
Dibutyl Sebacate it would, therefore, only be possible to
incorporate about 4 parts of zinc resinate, which means
that the zinc content of the compound would be 0.4%. This
quantity is known to be too little.

The melting point of zinc resinate is too high to enable
a hot emulsion to be made, and the use of a volatile solvent
was not considered suitable for preparing emulsions for
use in balloon compounds because of the extreme danger of
porosity in the vulcanized film.

In addition to the above, the resinous nature of the
material renders the neoprene film extremely tacky. Since
the purpose of using zinc resinate was to eliminate a
solid dispersion of zinc oxide and replace it with an
emulsion, there was no point fn attempting to make a zinc
resinate dispersion; and in view of the attendant problems
and disadvantages, no further work is planned with this
material.

Phase 3: Develomment of Formulations with Desirable Film

Properties

Part A: High-Altitude Balloon Compounds

The bulk of the first quarter of this study was
devoted to the evaluation of new polymers and
improved antiozonants and antioxidants.
Examination of the results obtained led to the
following conclusions:

1. Neoprene 400 raises the modulus of balloon
compounds sharply once a certain minimum
quantity has been exceeded. At the same
time it reduces breaking elongation. It
also improves the ozone resistance.
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TASK A. Phase 3, Part A (continued)

2. Lytron 615 raises the modulus and has little effect
on elongation. It substantially reduces ozone
resistance.

3. Butyl Oleate reduces modulus, particularly of
compounds containing Neoprene 571. It has much
less effect on compounds containing Neoprene 400
and is still the most effective low-temperature
plasticizer when used alone or in conjunction with
Dibutyl Sebacate.

4. Agerite DPPD is a very effective antio-ozonant,
being much superior to N.B.C. It is effective in
the presence of Lytron 615 and also increases the
modulus.

5. Wingstay IT' reduces the modulus of neoprene
compounds and increases the elongation.

6. Neoprene 400 and Neoprene 735 in conjunction
yield low elongation compounds, and this combination
has no value.

It can, therefore, be seen that there are now a number of
additional tools available for creating the physical
properties desired in meteorological balloon compounds.
However, in almost every case, each of the materials
listed above offers an improvement in characteristics
which is coupled with an undesirable quality. Hence,
compounds must be designed in an effort to retain the
improvements while compensating for the disadvantages.

The following formulae were designed for high altitude
day-flight balloons:

A3-108 A3-109 A3-113

Neoprene 750 70.0 60.0 80.0
Neoprene 400 30.0 40.0 20.0
Zinc Oxide 5.0 5.0 6.0
Wingstay 'T' 2.0 3.0 2.0
Agerite DPPD 3.0 3.0 3.0
Accelerator 833 1.0 1.0 1.0
Sunaptic Acid 1.0 1.0 1.0
Aquarex SMO 0.5 0.5 0.5
Butyl Oleate M0•O 10.0 10.0
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TASK A. Phase 3. Part A (continued)

Plates were dipped from these compounds according to
standard procedure, and physical properties were determined
at room temperature.

The results of these tests are given in Table 81.

A study of these results shows that of the three compounds,
only A3-113 has room-temperature physical characteristics
which appear to be satisfactory, both A3-108 and A3-109 having
undesirably low room-temperature elongation.

Since one of the objectives in the design of these compounds
was to improve the ozone resistance, the behavior of compound
A3-113 in the ozone chamber was determined. Samples of
A3-113 and A3-105 were exposed in the ozone chamber according
to the standard procedure already established, and the time
to rupture was determined. The results obtained were as
follows:

Compound Time to Rupture

A3-105 75 minutes
A3-113 55 minutes

This is in contradiction to the previously reported excellent
performance of Agerite DPPD and Neoprene 400 in the ozone
chamber (see Task A, Phase 2, Part C).

The only differences between A3-113 and A3-105 are the use
of Neoprene 400 instead of Neoprene 571, the replacement of
Neozone 'D' with Wingstay 'T', and the replacement of N.B.C.
with Agerite DPPD. It would appear, therefore, that
replacement of Neozone 'D' with Wingstay'T' is resulting in
a serious fall in ozone resistance. Neozone 'D', however,
cannot be considered an effective antiozonant; therefore,
it must be concluded that Wingstay 'T' actually reduces the
ozone resistance.

In order to verify this, a series of compounds was prepared
in which the materials in question were compared. The
formulations for these compounds are given in Table 82.

These compounds actually comprise three groups: A3a-1 to
A3a-3 based on Neoprene 750 and Neoprene 571, P3a-5 to
A3a-7 based on Neoprene 750 and Neoprene 400, A3a-8 to A3a-10
based on Neoprene 750, Neoprene 571, and Lytron 615. A3a-4
is an intermediate between the first and second groups.
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TASK A PHAsE 3 PART A (CONTINUED)

TABLEL8

PHYSICAL PROPERTIES OP COMPOUNDS A3-108. A3-109. AND A3-113
YESTED AT ROOM TEMPERATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Compound Time Temp. at 200% at 400% at 600% Strength at Break Strength

No. (mins) (*F) (psi) (psi) (psi) (psi) (%) (lbs/in)

A3-108 60 240 140 250 550 1190 855 64
90 240 140 240 525 1400 895 72

120 240 155 280 710 1630 840 72

60 260 160 245 595 1580 880 61
90 260 165 275 775 1660 815 81

120 260 170 265 735 1960 850 81

60 280 170 245 625 1805 845 72
90 280 175 265 680 1940 860 80

120 280 175 285 770 2120 835 85

A3-109 60 240 150 260 605 1165 830 56
90 240 140 270 625 1260 835 76

120 240 145 280 655 1490 850 73

60 260 170 310 750 1675 850 81
90 260 190 310 770 1925 845 76

120 260 175 310 755 1820 855 82

60 280 180 310 780 1935 845 106
90 280 180 320 780 2065 845 104

120 280 180 325 820 2205 860 104

A3-113 60 240 70 125 290 850 945 33
90 240 85 155 320 1110 955 43

120 240 85 150 315 1190 955 48

60 260 95 140 300 1235 940 48
90 260 105 160 330 1500 910 53

120 260 110 165 325 1505 880 53

60 280 115 165 275 1735 935 53
90 280 120 165 345 1800 915 53

120 280 145 185 385 1935 900 63
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TABLE •2

FORMULATIONS DESIGNED TO STUDY OZONE RESISTANCE OF COMPOUNDS WITH & WITHOUT WIM•STAY IT'

Formulation No. A3a-1 A3a-2 A3a-3 A3a-4 A3a-5 A3a-6 A3a-7 A3a-8 A3a-9 A3a-10

Neoprene 750 80.00 80.00 80.00 80.00 60.00 60.00 60.00 80.00 80.00 80.00

Neoprene 571 20.00 20.00 20.00 - 20.00 20.00 20.00

Neoprene 400 - - - 20.00 40.00 40.00 40.00 -

Lytron 615 . . . . . . . 15.00 15.00 15.00

Zinc Oxide 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

Neozone ID' 2.00 - - - 2.00 - - 2.00 2.00 -

Wingstay 'T' - 2.00 2.00 2.00 - 2.00 2.00 - - 2.00

N.B.C. 3.00 3.00 - - 3.00 3.00 - 3.00 - -

Agerite DPPD - - 3.00 3.00 - - 3.00 - 3.00 3.00

Accelerator 833 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Sunaptic Acid 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Aquarex SMO 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Dibutyl Sebacate 6.25 6.25 6.25 - - - - 6.25 6.25 6.25

Butyl Oleate 1- 0.00 10.00 10.00 10.00 -
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Samples were exposed in the ozone chamber at 200% elongation
and to an ozone concentration of 80 parts per million, and
the time to rupture was determined. The results of these
tests are recorded in Table 83.

A study of these results shows that in each group, replace-
ment of Neozone 'D' by Wingstay 'T' results in a sharp
reduction in resistance to ozone. Replacement of N.B.C. by
Agerite DPPD always results in an improvement in ozone
resistance, this improvement being sufficient to offset the
effect of Wingstay IT'. However, the net result of replacing
Neozone 'D' by Wingstay 'T' and N.B.C. by Agerite DPPD is to
produce a compound with almost identical physical characteristics,
including resistance to ozone.

It has generally been found that replacement of NoB.C. with
Agerite DPPD results in a compound with lower elongation,
and it was considered that Wingstay 'T should offset this
undesirable condition without affecting the improved ozone
resistance. Since this has now been demonstrated to be
incorrect, compounds were prepared based on A3-105 in which
the N.B.C. was replaced with Agerite DPPD, this being the
only change. The formulations of these compounds are giten
in Table 84.

Plates were dipped from these compounds according to
standard procedure and cured for 60, 90, and 120 minutes at
2400 F., 260 0F., and 280 0 F. The physical characteristics,
including ozone resistance, were determined at room temperature,
and the results of these tests are given in Table 85. The
physical characteristics of compound A3-105 are also given
for comparison.

A study of these results shows that 2 parts of Agerite DPPD
gives protection against ozone about equal to that of
3 parts of N.B.C. and that 3 parts of Agerite DPPD are
necessary to provide substantially longer life. By reduc-
ing the cure temperature, physical characteristics approxi-
mating those of compound A3-105 cured at 280OF can be
obtained.
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TABLE 83

OZONE RESISTANCE OF COMPOUNDS CONTAINING WINGSTAY 'T'

Formulation Contains Contains Contains Contains Time to

No. Neozone 'D' Wingstay 'T' N.B.C. DPPD Rupture

A3a-l yes no yes no 75 mins.

A3a-2 no yes yes no 12 mins.

A3a-3 no yes no yes 85 mins.

A3a-4 no yes no yes 55 mins.

A3a-5 yes no yes no 75 mins.

A3a-6 no yes yes no 15 mins.

A3a-7 no yes no yes 70 mins.

A3a-8 yes no yes no 20 mins.

A3a-9 yes no no yes 85 mins.

A3a-10 no yes no yes 13 mins.
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TABLE 4U

FORMULATIONS OP OOMPOUNDS CONTAININ AGERITE DPPD
AS REPLACEMENT FOR N.B.C.

Formulation No. A3a-ll A3a-12 A3a-13

Neoprene 750 80.0 80.0 80.0

Neoprene 571 20.0 20.0 20.0

Zinc Oxide 5.0 5.0 5.0

Neozone 'D' 2.0 2.0 2.0

Agerite DPPD 1.0 2.0 3.0

Accelerator 833 1.0 1.0 1.0

Sunaptic Acid 1.0 1.0 1.0

Aquarex SMO 0.5 0.5 0.5

Dibutyl Sebacate 6.25 6.25 6.25
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TABLE 5

PHYSICAL PROPERTIES OF COMPOUNDS A3a-11, A3a-12. A3a-13. AND A3-105
TESTED AT ROOM TEMPERATURE

Cure Cure Modulus Modulus Modulus Tensile Elong. Tear Time to
Compound Time Temp. at 200% at 400% at 600% Streng. at Break Streng, Rupture in

No. (mine) (*F) (psi) (psi) (psi) (psi) M%) (lb/in) Ozone (min)

A3a-11 60 240 110 165 335 1415 1115 65
90 240 120 190 345 1525 1070 43

120 240 125 180 310 1560 1065 63 25
60 260 115 165 315 .525 1020 62
90 260 140 180 355 1550 875 61

120 260 145 190 430 1645 830 84 20
60 280 160 200 360 1885 885 71
90 280 150 175 405 2090 870 72

120 280 150 195 420 1960 840 70 30

A3a-12 60 240 100 170 320 1325 1050 55
90 240 105 175 335 1460 1030 55

120 240 140 200 390 1670 910 63 165
60 260 135 185 395 1345 880 44
90 260 145 185 355 1460 860 45

120 260 145 200 385 1620 340 61 70
60 280 145 190 385 1500 840 62
90 280 150 200 400 1680 825 67

120 280 155 200 445 1750 800 75 100

A3a-13 60 240 115 190 365 1445 1030 61
90 240 120 185 355 1560 1045 62

120 240 125 185 355 1350 920 62 320
60 260 115 165 285 1620 1020 57
90 260 145 185 365 1550 860 52

120 260 155 195 365 1590 835 69 320
60 280 150 195 345 1700 860 54
90 280 150 195 410 1675 820 67

120 280 150 195 410 1420 780 61 310

A3-105 60 240 90 155 315 1310 965 58
90 240 120 175 310 1630 945 61

120 240 125 180 320 1600 900 64 100
60 260 130 175 315 1400 920 60
90 260 135 180 300 1705 920 60

120 260 135 190 305 1725 925 70 75
60 280 120 175 290 1945 925 62
90 280 125 165 255 1975 920 65

120 280 135 170 285 2000 910 66 95
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Accordingly, the number A3-117 was assigned to compound A3a-13.
A sufficient quantity of this compound was prepared for bal-
loon manufacture, and plates were dipped according to standard
procedure. They were cured for 60, 90, and 120 minutes at
2400 F, 260 0 F, and 280 0 F, and physical properties were deter-
Mined at room temperature and at -LOOC. The results of these
tests are given in Table 86.

A study of these results shows that by curing at 240 0 F, instead
of at 280°F as normally used for compound A3-105, satisfactory
elongations at room temperature and at -40 0 C can be obtained
with compound A3-l17. Balloons were therefore made from this
compound and submitted for flight testing.

A compound containing Lytron 615 which produced balloons having
very erratic performance was shown to have very poor ozone
resistance. Accordingly, a compound was designed containing
Agerite DPPD and Wingstay 'T' in an effort to improve this
characteristic. This compound was designated A3-112, and
plates were dipped and cured and room-temperature physical
characteristics had been determined when the deleterious
effect of Wingstay IT' on ozone resistance was discovered.

Therefore, compound A3-115 was designed to eliminate the
Wingstay ITV; and, in addition, a third compound, A3-118,
with a larger plasticizer content was also prepared. The
formulations of these compounds follow.

A3--112 A3-115 A3-118

Neoprene 750 80.0 80.0 80.0
Neoprene 571 20.0 20.0 20.0
Lytron 615 15.0 15.0 15.0
Zinc Oxide 5.0 5.0 5.0
Neozone 'D' - 20 2.0
Wingstay IT' 2.0 - -
Agerite DPPD 3.0 3.0 3.0
Accelerator 833 1i0 1.0 1.0
Sunaptic Acid 1.0 1.0 1.0
Aquarex SMO 0.5 0.5 0.5
Dibutyl Sebacate 6.25 6.25 16.0

Plates were dipped according to standard procedure and
cured for 60, 90, and 120 minutes at 240OF, 2600 F, and
280 0 F. Physical characteristics were determined at
room temperature and at -40"C except in the case of A3-112
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TABLE B

PHYSICAL PROPERTIES OF COMPOUND A3-117
TESTED AT ROOM TEMPERATURE AND AT -40*C

Test Cure Cure Modulus Modulus Modulus Tensile Alongation Tear
Tempd Time Temp. at 200% at 400% at 600% Strength at Break Strength
(*C) (mins) (*F) (psi) (psi) (psi) (psi) (%) (lbs/in)

+20 60 240 115 190 365 1445 1030 61

+20 90 240 120 185 355 1560 1045 62

+20 120 240 125 185 355 1350 920 62

+20 60 260 115 165 285 1620 1020 57

+20 90 260 145 185 365 1550 860 52

+20 120 260 155 195 365 1590 835 69

+20 60 280 150 195 345 1700 860 54

+20 90 280 150 195 410 1275 820 67

+20 120 280 150 195 410 1420 780 61

-40 60 240 255 735 2950 3495 630 -

-40 90 240 310 925 3180 3810 640 -

-40 120 240 335 730 2950 3425 620 -

-40 60 260 760 1580 - 3730 590 -

-40 90 260 970 1855 - 4550 580 -

-40 120 260 1060 1940 4235 570 -

-40 60 280 1145 1965 - 4840 590 -

-40 90 280 975 1830 - 2070 570 -

-40 120 280 1315 2345 4420 550 -
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where the low temperature testing was eliminated because of
the poor ozone resistance which was no better than that of
the earlier compound containing Lytron 615. The results of
these tests are given in Tables 87 and 88.

In view of the low elongations shown by compound A3-115 at
higher cures, room-temperature testing on compound A3-118
was restricted to the 240ýF cures, and all low temperature
testing was restricted to the 240OF cures.

A st-dy of these results show that increasing the plasticizer
content has, as was anticipated, improved the elongation at
-401C and that both compounds A3-1l5 and A3-l18 have
acceptable room-temperature physi.cals. Balloons were there-
fore made from both o•f these compounds and submitted for
flight testing.

Compounds based solely upon Neoprene 750 generally have
too low room-temperature modulus to permit safe launching.
Since Agerite DPPD increases modulus, it was felt that
incorporation of this material would raise the room-temperatue
modulus to a safe level and confer the additional benefit of
improved ozone resistance. Accordingly, compound A3-114
was prepared, the formula for which is given below:

Compound A3-114

Neoprene /50 100.0
Zinc Oxide 5.0
Neozone ID1 2.0
Agerite DPPD 3.0
Accelerator 833 1.0
Sunaptic Acid 1.0
Aquarex SMO 0.5
Butyl Oleate 10.0

This compound is identical with A3-101 except that it
contains Agerite DPP• and the Dibutyl Sebacate is replaced
by Butyl Oleate to improve low temperature characteristics.

Plates were dipped from this compound and from A3-101 for
comparisons and cured for 60, 90 and 120 minutes at 2400F,
2600F, and 280"F. Physical properties were determined at
room temperature and at -4aOC, and the results are recorded
in Tables 89 and 90.
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FA CTUAL DATA (CONTINUED)

TAS• A PHAss 3 PART A (coNTINuED)

TABLE

PHYSICAL PROPERTIES OF COMPOUNDS A3-112. A3-115., AND A3-118
TESTED AT ROOM TEMPERATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Compound Time Temp. at 200% at 400%7 at 600% Strength at Break Strength

No. (mins) (*F) (psi) (psi) (psi) (psi) (%) (lbs/in)

A3-112 60 240 160 360 670 1700 960 114
90 240 165 340 690 1635 975 106

120 240 165 310 620 1720 1025 116

60 260 175 335 *670 2080 1045 121
90 260 200 415 850 2085 935 140

120 260 180 375 660 2115 1000 155

60 280 175 290 590 2220 1100 135
90 280 205 370 770 2490 980 152

120 280 220 450 900 2305 870 152

A3-115 60 240 310 650 1180 2555 915 223
90 240 310 640 1185 2265 900 192

120 240 330 625 1185 2480 915 200

60 260 345 760 1370 2880 870 207
90 260 380 830 1765 2735 770 181

120 260 410 875 1840 2825 740 195

60 280 510 1035 2205 3110 740 188
90 280 520 1030 2155 3005 730 200

120 280 565 1300 2655 3115 660 216

A3-118 60 240 155 280 565 1235 900 76
90 240 170 310 620 1380 895 96

120 240 170 315 625 1450 885 96

remaining cures not tested
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FACTUAL DATA (continued)

TASK A. Phase 3. Part A (continued)

TABLE 88

PHYSICAL POPERTIES OF C010OUNDS A3-115 AD AJ-118
TESTED AT -40OC

Cure Cure Modulus Modulus Modulus Tensile Elongation
Compoumd Time Tewp. at 200% at 400% at 600% Strength at Break

No. (mine) (OF.) (psi) (psi) (psi) (psi) (%)

A3-115 60 240 1005 2875 - 3380 480

90 240 1080 3025 - 495 5oo

120 240 1125 3040 - 4510 5oo

A3-U18 60 240 415 1595 - 2915 580

90 240 475 1745 4o50 4265 620

120 240 550 1905 - 4245 580
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FACTUAL DATA (CONTINUED)

TASK A PHAsz 3 PAr A (CoNTINUXD)

TABLE 89

PHYSICAL PROPERTIES OP COMPOUNDS A3-114 AND A3-101
TESTED AT ROOM TEMPERATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Compound Time Temp. at 200% at 400% at 600% Strength at Break StrengthNo. (mins) COP) (psi) (psi) (psi) (psi) M%) (lbs/in)

A3-114 60 240 80 130 285 1165 1085 47
90 240 75 130 245 1550 1075 54

120 240 85 130 230 1380 1065 58

60 260 115 145 265 1375 1100 52
90 260 120 160 275 1660 1000 50

120 260 120 165 265 1440 920 54

60 280 105 135 210 1655 1080 54
90 280 135 160 240 1910 970 56

120 280 130 160 245 1970 950 67

A3-101 60 240 95 140 200 1275 1150 47
90 240 110 145 185 1535 1110 58

120 240 105 145 200 1500 1110 63

60 260 110 135 190 1480 1030 60
90 260 105 145 215 1540 965 60

120 260 110 145 215 1655 960 57

60 280 120 150 215 1950 1040 68
90 280 130 170 220 1800 970 69

120 280 135 155 225 2035 970 70
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FACTUAL DATA (CONTINUZD)

TASK' A PHASEr 3 PART, A (CONTINUED)

TABLE 90

PHYSICAL PROPERTIES OF COMPOUNDS A3-114 AND A3-101
T•STED AT -40*C

Cure Cure Modulus Modulus Modulus Tensile Elongation
Compound Time Temp. at 200% at 400% at 600% Strength at Break

No. (mins) (*F) (psi) (psi) (psi) (psi) M

A3-101 60 240 115 165 750 2480 770
90 240 115 170 810 3405 800

120 240 125 180 825 3125 790

60 260 125 175 875 3020 770
90 260 120 115 790 2460 740

120 260 130 195 1105 3085 750

60 280 135 210 1070 3075 730
90 280 125 185 1015 3735 760

120 280 145 230 1340 3950 740

A3-114 60 240 200 355 1895 2525 640
90 240 195 330 1910 3160 690

120 240 190 320 1955 3495 700

60 260 220 330 2005 2500 630
90 260 215 385 2495 3495 660

120 260 245 460 3090 3790 650

60 280 240 375 2410 3375 660
90 280 335 700 3485 4325 630

120 280 370 1005 3860 4865 630

- 141-



FACTUAL DATA (continued)

TASK A. Phase 3. Part A (continued)

A study of these results shows that compound A3-114 has
a higher modulus at room temperature than does A3-101.
However, the tests at -4 0 °Cshow that A3-114 has an
elongation approximately 100% less than A3-101. The
elongation at -40 0 C is therefore equal to that of A3-105,
and the only improvement would be in ozone resistance.

Since A3-117 has similar ozone resistance and about the
same elongation at -400C, it does not appear that A3-114
has any further interest; and no balloons were made from
this compound.

Tests conducted on Neoprene'400 showed that extremely
high modulus films can be obtained by blending this polymer
with Neoprene 750. Neoprene 400 will produce higher modulus
than Neoprene 571 and an equally high modulus to that
obtained by the use of sulphur.

Neoprene 400, of course, has the advantage over sulphur in
that it shows no tendency to settle, and there is no
possibility of cross linking occurring in the latex with
consequent loss of wet gel extensibility.

Compound A3-130 was, therefore, prepared, the formulation
of which is given below:

Compound A3-130

Neoprene 750 75.0
Neoprene 400 25.0
Zinc Oxide 5.0
Neozone 'D' 2.0
N.B.C. 3.0
Accelerator 833 1.0
Sunaptic Acid 1.0
Aquarex SMO 0.5
Dibutyl Sebacate 6.25

Plates were dipped from this compound using standard
procedure and cured for 90, 120 and 150 minutes at 2800 F.
Cures were conducted at this temperature only since it was
previously established that a temperature of 280OF is
necessary to develop the high modulus of the Neoprene 400.

Physical properties were determined, and the results are
given in Table 91.

A study of these results shows that the compound is very
flat curing and indicates that it should produce balloons
with good flight characteristics.
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FACTUAL DATA (continued)

TASK A. Phase 3. Part A (continued)

TABLE 91

PHOSICAL PROPETIES CF COMPOUND A3-130
TESTE AT RO()-TE(PERATURE AND AT -4OOC.

Test Cure Cure Modulus Modulus Modulus Tensile Elong. Tear
Compound Temp. Time Temp. at 200% at 400% at 600% Strength at Brk. Strength

No. (OC.) (mins) (OF.) (psi) (psi) (psi) (psi) (%) (lbs/in)

A3-130 +20 90 280 150 205 390 2670 960 86

+20 120 280 145 205 380 2650 930 80

+20 150 280 150 210 440 2675 910 84

A3-130 -40 90 280 760 1510 4020 4930 635 -

-40 120 280 830 1600 3910 4785 640 -

-40 150 280 810 1740 3825 4880 630 -
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MTUL DATA (continued)
TASK A. Phase 3. Part A (continued)

Since the bulk of the work is presently being conducted
on dual-purpose balloons, it was decided to post-plasticize
this compound in order to render it suitable for night flights.

A balloon so treated showed the following physical characteristics:

Test temperature (OC) +20 -70
Modulus at 200% (psi) 105 620
Modulus at 400% (psi) 170 1245
Modulus at 600% (psi) 375 --
Tensile Strength (psi) 1210 2835
Elongation (%) 780 590
Tear Strength (lbs/in) 67 --

These results suggest that these balloons will perform
satisfactorily at night, and the flight results obtained are
given in Phase 4.

The use of Merac as an accelerator has already been described
in Task A, Phase 2, Part D. Accordingly, a compound containing
Merac as a direct substitute for Acoelerator 833 was prepared.
This compound is designated A3-132, the formulation for which
is as follows:

Compound A3-132

Neoprene 750 80.0
Neoprene 571 20.0
Zinc Oxide 5.0
Neozone 'D' 2.0
N.B.C. 3.0
Merac 1.0
Sunaptic Acid 1.0
Aquarex SMO 0.5
Dibutyl Sebacate 6.25

Balloons were prepared from this compound, and cured for 90
minutes at 260OF which is the optimum cure indicated by the
results obtained in the previous study of this accelerator.

During the course of this study it has been observed that the
use of certain compounding ingredients, notably, Wingstay 'T'
and Accelerator 833 have the property of increasing elongation
quite substantially.
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TASK A0 Phase 3. Part A (continued)

A series of dual-purpose compounds was designed and
evaluated (see Task A, Phase 3, Part B), and some
success was shown, particularly in that the elongation
at -70 0C was increased although not to the degree that
was hoped for. A group of day-flight compounds was
next prepared, and the formulations for these are given
in Table 92.

Plates were dipped from each of these compounds and cured
for 90 minutes at 250OF and 90 minutes at 2800 F. Physical
properties were determined at room temperature, and the
results of these tests, together with the results of
room-temperature physical tests performed on uncured
films are given in Table 93.

A study of these results shows that the only two
compounds which have room-temperature elongations in
excess of 1250% are A3-152 and A3-153. However, in both
cases the modulus at 600% elongation is undesirably low.

Nevertheless, it was considered worthwhile to pursue
this further, particularly in view of the fact that
although the modulus is low, the tensile strength is
satisfactory, and it should be possible to evaluate the
flight performance of balloons made from either of these
compounds if care is exercised in handling the balloon
on the ground before launching.

An additional compound was prepared in which the Dibutyl
Sebacate was increased to 10 parts. This compound was
designated A3-154, and its formula is as follows:

Comnound A3-15'

Neoprene 750 100.0
Zinc Oxide 5.0
Neozone 'D' 2.0
N.B.C. 3.0
Sunaptic Acid 1.0
Aquarex SM4 0.5
Accelerator 833 3.0
Wingstay 'T' 4.0
Dibutyl Sebacate 10.0

Plates were dipped from this compound according to standard
procedure, and these and additional plates from compound
A3-153 were cured for 120 minutes at 240 0 F. Physical
properties were determined at room temperature and at -50 0 C,
and the results of these tests are given in Table 94.
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FACTUAL (continued)

TASK A. Phase 3. Part A (continued)

FORMULATIONS OF OOMPOUNDS DESIGNED FOR HIGH ELONGATION

Formulation No. A3-147 A3-148 A3-149 A3-150 A3-151 A3-152 A3-153

Neoprene 750 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Zinc Oxide 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Neozone 'D' - 2.0 2.0 2.0 2.0 2.0 2.0

N.B.C. 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Sunaptic Acid - - - 1.0 1.0 1.0 1.0

Aquarex SMO 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Accelerator 833 1.0 1.0 1.0 1.0 2.0 3.0 3.0

Wingstay ' ... - - - 4.0

Dibutyl Sebacate - - 6.25 6.25 6.25 6.25 6.25
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FACTUAL (continued)

TASK A. Phase 3. Part A (continued)

TABLE 93

PHYSICAL PROPERlTIES OF COlMPOUNDS A3-147 THROUGH A3-153
TESTED AT ROOM T34PERATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Compound Time Temp. at 200% at 400% at 600% Strength at Break Strength

No. (mins) (OF) (psi) (psi) (psi) (psi) M%) (lbs/in)

A3-147 uncured - 115 190 410 1950 1200 71
90 250 165 195 250 2500 1210 72
90 280 195 250 490 4505 1010 162

A3-148 uncured - 110 165 380 1450 1165 60
90 250 140 195 400 2880 980 82
90 280 160 215 450 3360 940 96

A3-149 uncured - 70 100 220 810 1120 31
90 250 105 165 225 2260 1080 65
90 280 130 180 285 2785 1000 77

A3-150 uncured - 70 100 225 780 1125 31
90 250 90 155 240 2050 1060 83
90 280 115 175 280 2500 1000 106

A3-151 uncured - 60 100 225 780 1120 36
90 250 135 180 270 2620 1170 88
90 280 165 200 350 3440 1045 96

A3-152 uncured - 65 95 185 775 1190 32
90 250 110 140 190 2300 1270 69
90 280 130 175 240 3475 1080 94

A3-153 uncured - 50 75 130 553 1200 21
90 250 80 105 145 2330 1330 72
90 280 125 170 260 2980 1080 90
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FACTUAL DATA (continued)

TASK A. Phase 3. Part A (continued)

PHYSICAL PROPMTIES CF COMPOUNDS A3-153 AND A3-I14
TESTED AT ROaM-TENPERATURE AND -50OC.

Test Cure Cure Modulus Modulus Modulus Tensile Elong. Tear
Compound Temp. Tim Temp. at 200% at 400% at 600% Strength at Burst Strength

No. (OC.) (mins) (OF.) (psi) (psi) (psi) (psi) (%) (lbs/in)

A3-153 +20 120 240 80 100 160 1700 1310 63

-50 120 240 925 1220 3010 4890 700

A3-154 +20 120 240 70 90 100 1025 1275 41

-50 120 240 545 920 2060 4020 740 -
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TASKAs A L 3. Part A (continued)

A study of these results shows that both compounds have
high room temperature elongation in the order of 1300%.
The room-temperature modulus is of course, still low and
that of A3-154 is lower than that of A3-153 as can be
expected in view of the higher plasticizer content.

However, both of these compounds show significantly
higher elongation at -500C than is normally obtained at
-400C with standard balloon compounds. If it is possible
to increase the room-temperature modulus at 600% to a figure
in the order of 300 psi, without reducing the elongation,
then balloons made from such compounds should reach
significantly higher altitudes and still offer no problem
insofar as handling at launch is concerned.

A series of compounds was therefore designed with a view
to obtaining an improvement in room-temperature modulus
without loss of elongation. These formulations are given
in Table 95.

Plates were dipped from these compounds according to
standard procedure and cured for 60 and 90 minutes at
240°F and 2600 F. Physical properties were determined
at room temperature and at -400C, and the results of
these tests are given in Tables 96 and 97.

A study of these results shows that the objective of
increasing room-temperature modulus has satisfactorily
been achieved. Compound A3-152 and A3-153 both gave
room temperature elongations in the order of 1300%,
but the corresponding 600% modulus figures ranged from
145 psi to 190 psi, which is impractically low.

The only compounds in the present series to yield room-
temperature elongations in the order of 1300% were
A3-155 and A3-156. Elongations in excess of 1470% were
recorded on the former compound and of more than 1400%
on the latter. The modulus at 600% is, however, much too
low and in addition it should be noted that there is a
relatively small difference between the modulus at 200%
and 600%. This is likely to result in serious distortion
of the balloon during flight.

Compound A3-157 has very interesting properties. Although
the room temperature elongation is only 1185% at the maximum,
this is associated with a 300% modulus of 310 psi, which
is quite satisfactory. When tested at -40 0 C, this same
sample showed an excellent elongation of 820%.
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TASK A. Phase 3. rart A (continued)

TABLE 9

FORMULATIONS OF COMPOUNDS DESIGNED FOR HIGH ELONGATION

Formulation No. A3-155 A3-156 A3-157 A3-158 A3-159 A3-160 A3-161 A3-162

Neoprene 750 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Zinc Oxide 1.0 5.0 1.0 1.0 1.0 1.0 2.5 1.0

Wingstay 'T' 3.0 3.0 3.0 3.0 3.0 3. 3.0 3,0

N.B.C. - - 3.0 3.0 3.0 3.0 3.0 3.0

Sunaptic Acid 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Aquarex M40 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Accelerator 833 1.0 3.0 1.0 1.0 1.0 1.0 1.0 -

Merac - - - - - - - 1.0

Dibutyl Sebacate 5.0 5.0 5.0 5.0 10.0 - - -

Butyl Oleate - - - 10.0 5.0 5.0

Mistron Vapor 5.0 10.0 10.0 10.0 5.0 -
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TASK A. Phase 3. Part A (continued)

PHYSIC&L PROPERTIES OF CXMPOUNDS A3-155 THKRGH A3-162
TSTED) AT ROOM TEMPERATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation
Compound Time Temp. at 200% at 400% at 600% Strength at Break

No. (ming) (OF) (psi) (psi) (psi) (psi) (%)

A3-155 60 240 105 115 155 1620 1375+
90 240 85 95 110 1525 1470+
60 260 100 115 130 1970 1475
90 260 90 110 135 1500 1100

A3-156 60 240 125 145 210 2080 1265
90 240 105 125 155 1770 1345
60 260 100 115 135 1725 1415
90 260 110 130 155 2040 1165

A3-157 60 240 125 175 300 1615 1175
90 240 175 225 355 2355 975
60 260 180 200 310 2465 1185
90 260 155 225 430 3400 1035

120 260 165 230 470 3755 1045

A3-158 60 240 205 275 495 2350 975
90 240 205 280 550 2615 910
60 260 225 315 6u0 2795 945
90 260 235 315 635 3005 915

A3-159 60 240 115 180 320 2210 1085
90 240 155 215 310 2380 1105
60 260 165 230 340 2415 1185
90 260 175 215 345 2510 1100

A3-160 60 240 120 155 260 2040 1210
90 240 135 175 320 2160 1125
60 260 125 185 335 2255 1205
90 260 155 225 385 2540 1130

A3-161 60 240 140 205 320 2570 1100
90 240 125 160 260 2560 1180
60 260 140 175 275 2355 1155
90 260 145 210 320 2590 1065

A3-162 60 240 125 180 230 2640 1000
90 240 105 135 185 2495 1175
60 260 125 155 210 2410 1075
90 260 120 155 235 2675 1035
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FACTUAL (continued)

TASK A$ Phase 3. Part A (continued)

PHYSICAL PROPEWTIES OF C01PCOUNDS A3-1SS THROUGH A3-162
TESTED AT -40 '

Cure Cure Modulus Modulus Modulus Tensile Elongation
Cwmpound Time Temp. at 200% at 400% at 600% Strength at Break

No. (mine) (°F) (psi) (psi) (psi) (psi) (M)

A3-155 60 240 190 240 1298 1683 640
90 240 145 200 735 1910 740
60 260 180 300 1250 2855 720
90 260 215 265 1255 3140 740

A3-156 60 240 180 315 1000 1625 680
90 240 190 255 640 1795 760
60 260 205 340 1755 2635 700
90 260 260 450 - 1605 580

A3-157 60 240 180 415 1600 3690 780
90 240 255 515 2630 3655 680
60 260 120 245 610 2865 820
90 260 385 1155 3845 6155 700

120 260 385 1220 3275 4810 680

A3-158 60 240 390 780 2815 4065 680
90 240 355 930 - 3070 580
60 260 460 985 3225 3485 640
90 260 545 1795 3595 3985 620

A3-159 60 240 180 475 1250 2675 780
90 240 190 385 1345 1345 600
60 260 355 930 2785 2785 600
90 260 350 700 2265 2850 660

A3-160 60 240 160 435 1430 1510 600
90 240 165 540 1460 1960 660
60 260 220 660 1655 1910 640
90 260 280 675 - 1745 580

A3-161 60 240 260 675 - 1770 580
90 240 230 510 - 1530 560
60 260 330 755 - 1935 540
90 260 295 635 - 1910 560

A3-162 60 240 165 270 1415 1630 640
90 240 135 235 1165 1565 660
60 260 155 270 - 1075 580

"90 260 170 300 1680 1895 600
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TASK A. Phase 3. Part A (continued)

It would appear, therefore, that balloons made from
compound A3-157 should reach higher altitudes than
balloons of the same weight and length made from
compound A3-105.

Compound A3-158 also shows interesting properties.
The elongation at room temperature is substantially
lower than any of the other compounds in this series.
However, the elongation at -400C is over 600%, and
this is coupled with a room-temperature modulus of more
than 600 psi, indicating that this compound shows
excellent promise for fast-rising balloons.

The remaining compounds all show relatively high
room-temperature elongation and acceptable room-temperature
modulus. The elongations at -40 0C are also satisfactory,
but are inferior to that exhibited by compound A3-157.

Part B: Dual-Purpose Balloon Compounds

The results obtained in Task A, Phase 2, Part B indicated
that better low-temperature characteristics can be realized
by using a blend of Dibutyl Sebacate and Butyl Oleate
than with either of the two plasticizers alone.
Accordingly, a sufficient quantity of compound A2b-5 was
prepared for balloon manufacture, this compound now
being designated as A3-104. The formula and physical
properties of this compound have been reported in Phase
2, Part B (see Tables 25 thru 28) and are not repeated
here. Balloons were made from this compound, and the
flight results are given in Task A, Phase 4, Part B.

In addition, balloons were made from compound A3-103,
the formulation for which is as follows:

Compound A3-103

Neoprene 100.0
Zinc Oxide 1.0
Neozone 'D' 2.0
N.B.C. 3.0
Accelerator 833 1.0
Sunaptic Acid 1.0
Aquarex SMO 0.5
Butyl Oleate 25.0
Sulphur 3.0
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TASK A. Phase 3 (continued)

Plates were dipped from this compound according to
standard procedure, and physical properties were
determined at room temperature and at -70 0 C. The
results of these tests are given in Table 98.

A study of these results shows that this compound
when cured for either 80 minutes at 240°F or 40
minutes at 260°F has satisfactory properties for a
dual-purpose balloon. Accordingly, balloons were
made from this compound and submitted for flight
testing.

Incorporation of sufficient plasticizer into a
balloon compound to render it capable of performance
at night results in very soft, low-modulus compounds
with poor ozone resistance. In the past, the modulus
of the compound has been raised by incorporating
sulphur. It would now appear that this can be
achieved by use of Neoprene 400.

Furthermore, this will improve the ozone resistance,
and the use of Agerite DPPD will improve it still
further. Wingstay 'T' will help to maintain a high
elongation which will have been reduced by incorporation
of Neoprene 400 and Agerite DPPD.

Two compounds were designed, the formulations of which
are given below:

A3-11 A3-11

Neoprehe 750 60.0 50.0
Neoprene 400 40.0 50.0
Zinc Oxide 5.0 5.0
Wingstay 'T' 2.0 3.0
Agerite DPPD 3.0 3.0
Accelerator 833 1.0 1.0
Sunaptic Acid 1.0 1.0
Aquarex SMO 0.5 0.5
Butyl Oleate 25.0 25.0
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TASK A P1r1 : 3 PAzt C (CONTINzrZD)

PIMSICAL PROPERTIES OF BALLOON FILMS MADE PROM COMPOUND A3-103
TESTED &T ROOM TlPEEATURE AND AT -?70C

Test Ou re Cure Moduluas Modulus. Modulus Tensile Elongation Tear
To. Timm Tam, at 200% at 14oo% at 600% strength at Break Strength
(OC) (M) Oi) (psi) .(psi) (psi) (psi) (W) (ibs/in)

+20 40 240 75 200 470 890 860 37

+20 60 240 70 170 415 lO6O 930 36

.20 80 240 75 180 420 1080 935 39

+20 40 260 85 205 490 1055 895 33

.20 60 26o 80 175 541 1125 955 60

.20 80 260 80 155 345 1385 1020 62

+20 40 280 70 180 425 935 865 48

qo 60 280 90 165 350 1610 1045 35

.20 80 280 80 145 330 1505 1015 59

-70 40 240 2565 3855 - 4310 430 cold flow

-70 60 240 2630. 3485 - 4080 450 cold flow

-70 80 240 2095 3550 - 4265 470

* -70 40 260 2105 3330 - 4420 470

-70 60 260 - - 31Jj% 0 frozen

.70. 80 260 - - 2875 50 frozen

-70 40 280 2115 3365 -4205 470

-70 60 280 - - - 3995 0 frozen

-70 80 280 -- 3250 0 frozen
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TASK A. Phase 3. Part B (continued)

However, in view of the effect of Wingstay 'T' on ozone
resistance which was subsequently observed, it was
decided to hold these compounds in abeyance and design
an additional pair which contained less Neoprene 400
and from which the Wingstay 'T' was eliminated. These
were designated A3-119 and A3-120, and their formulations
are as follows:

A3-119 A3-120

Neoprene 750 70.0 60.0
Neoprene 400 30.0 40.0
Zinc Oxide 5.0 5.0
Neozone tD' 2.0 2.0
Agerite DPPD 3.0 3.0
Accelerator 833 1.0 1.0
Sunaptic Acid 1.0 1.0
Aquarex SMO 0.5 0.5
Butyl Oleate 25.0 25.0

Plates were dipped according to standard procedure and
cured for 60, 90 and 120 minutes at 2400 F, 260OF and
280 0 F. Physical properties were determined at room
temperature and at -700C, and the results of these
tests are given in Tables 99 and 100.

A study of these results shows that both compounds
should yield balloons capable of flying by day or
by night. The somewhat higher low-temperature
elongation of A3-119 indicates that this compound is
preferable, and the results also suggest that a
reduction in the amount of Neoprene 400 or an increase
in the amount of Butyl Oleate might be advantageous.

Compound A3-106, as shown in the previous quarterly
report, did not produce a satisfactory 120,000 foot
balloon. Nevertheless, according to laboratory tests,
compound A3-106 has satisfactory low-temperature
characteristics showing no sign of freezing at -70 0 C,
and also having suitable room-temperature characteristics
of modulus and tensile strength.

It would appear therefore, that the physical characteristics
at room temperature and- 7 0 0C which have been established
as necessary to ensure performance at the 100,000 foot
level are not in themselves, sufficient to provide
consistent performance at the 120,000-foot level. The
frequency with which balloons do reach a 120,000-foot
altitude indicates, however, that only minor modifications
in compound or in the balloon itself are required.
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TASK A Pmss 3 PAiT B (CONTINUED)

TABLE 9

PHYSICAL PROPERTIES OF COMPOUNDS A3-119 AND A3-120
TESTED AT ROOM TEMPERATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Compound Time Temp. at 200% at 400% at 600% Strength at Break Strength

No. (mins) (oF) (psi) (psi) (psi) (psi) (%) (lbs/in)

A3-119 60 240 85 165 340 810 835 42
90 240 95 165 335 895 850 48

120 240 105 175 355 845 825 40

60 260 105 170 415 1250 880 45
90 260 115 195 435 1330 865 55

120 260 110 180 445 1255 850 47

60 280 125 195 455 1330 870 54
90 280 130 215 510 1540 860 71

120 280 130 230 630 1530 845 65

A3-120 60 240 125 210 430 830 770 39
90 240 135 225 455 930 800 47

120 240 135 225 480 965 785 57

60 260 130 210 475 1270 850 50
90 260 125 215 465 1175 860 58

120 260 120 220 500 1175 850 56

60 280 140 250 540 1370 865 62
90 280 160 270 660 1740 865 70

120 280 160 260 655 1540 865 86
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TASKf A PHA-SE 3 PART R (CONTINUE-D)

TABLE M00

PHYSICAL PROPERTIES OF COMPOUNDS A3-119 AND A3-120
TESTED AT -70*C

Cure Cure Modulus Modulus Modulus Tensile Elongation
Compound Time Temp. at 200% at 400% at 600% Strength at Break

No. (mins) (*F) (psi) (psi) (psi) (psi) (%)

"A3-119 60 240 1935 3395 - 3930 440
90 240 1825 3440 - 4480 480

120 240 1890 3490 - 4420 450

60 260 2130 4135 - 5225 490
90 260 2195 4090 - 4975 470

120 260 2095 4010 - 4880 450

60 280 1900 3855 - 4695 480
90 280 2680 4820 - 5095 420*

120 280 2980 - - 4710 360*

A3-120 60 240 2160 4145 - 4420 410
90 240 2140 4085 - 4675 450

120 240 2060 4010 - 4535 450

60 260 2215 4070 - 4615 460
90 260 2360 4405 - 4860 420

120 260 2015 4025 - 4625 450

60 280 2705 4900 - 4900 400
90 280 2975 - - 4775 390**

120 280 2815 4595 - 5230 420**
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TASK A. Phase 3. Part B (continued)

There appear to be only three major possibilities.
The compound should have even better low-temperature
characteristics or it should have improved ozone
resistance. Thirdly, because of the increased
weight of the balloon, the film itself should be
somewhat thicker to enable it to support the additional
weight of the lower half of the balloon. This latter
theory was evaluated theoretically, and the results of
this study are given in Task B, Phase 6, Part D.

In order to evaluate the possibilities of greater
freeze resistance or greater ozone resistance being
the necessary requirement for a satisfactory
120,000-foot balloon, a series of compounds was
designed, all of which were modifications of A3-106.

Because all the changes made would result in clearly
anticipated alterations in physical properties and
because the degree of improvement in low temperature
characteristics desired was not known, it was not
considered advisable to conduct the considerable amount
of laboratory testing that standard procedure would
normally require. It tas rather considered advisable
to perform flight tests in order to determine which
compound would perform reliably and then determine the
physical characteristics of that compound in order to
establish the necessary standards.

This principle was also applied to improving the ozone
resistance. Previous laboratory tests (see Final Report
of Contract DA-36-039-SC-78239) had shown that by
increasing the N.3.C. from three parts to ten parts
resulted in a very substantial improvement in ozone
resistance. Two compounds were, therefore, designed
with five parts and ten parts of N.B.C, respectively.

The formulations of all the compounds designed for
this study are given in Table 101. Balloons designed
to reach altitudes of at least 120,000 feet were made
from each of these compounds, and the results of the
flight tests are given in Task A, Phase 4.
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TABLE •

FMMULATIONS OP COMPOUNDS DESIGNED TO PRODUCS 120.000-FOOT.
DUAL-PURPOSE BALLOONS

Porsulation' N. A3-121 A3-122 A3-123 A3-124 A3-125 A3-126 A3-127

Neoprene 750 80.0 80s0 80.0 80.0 80.0 80s0 80.0

Neoprene 571 20.0 20.0 20.0 20.0 20,0 20.0 20,0

AM*,n OxLde 5.0 5.0 5.0 5.0 5.0 5.0 5,0

NeezAme ,1) 2.0 2,0 2.0 2,0 2.0 2,0 2,0

NBC. 3,0 3.0 3,0 3,0 5.0 5.0 10,0

- -$bb&n 33 1.0 160 1,0 1,0 1,0 1.0 100

Sunapti¢ Acid 1,0 2.0 1.0 1.0 1.0 1.0 1.0

Aquarex SMO 0.5 0,5 0,5 0.5 0.5 0,5 05

Dibutyl Sebacate 6.25 6125 C.25 6.25 6.25 6.25 6.25

BityT Oleate 27.5 - 6.0 6.0 6,0 6.0 6,0

Ptafluj C-325 - 2763 22.5 17,5 17.5 22.5 U',S
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TASK A. Phase 3. Part B (continued)

Two further compounds were designed to test the flight
performance of B.T.N. as an antiozonant and Butoxy
Ethyl Oleate as a plasticizer.

The formulations of these compounds are as follows:

A3-128 A3-129

Neoprene 750 80.0 80.0
Neoprene 571 20.0 20.0
Zinc Oxide 5.0 5.0
Neozone 'D' 2.0 2.0
N.B.C. -- 3.0
B.T.N. 3.0 --
Accelerator 833 1.0 1.0
Sunaptic Acid 1.0 1.0
Aquarex SMO 0.5 0.5
Dibutyl Sebacate 6.25 6.25
Paraflux C-325 22.5 --
Butoxy Ethyl Oleate -- 22.5

Balloons were made from these two compounds, and
physical characteristics were determined on the
balloons. Results of these tests are as follows:

Balloon from A3-128

Test temperature (OC) +20 -70
Modulus at 200% (psi) 120 160
Modulus at 400% (psi) 190 1910
Modulus at 600% (psi) 310 --
Tensile Strength (psi) 1220 4425
Elongation (%) 810 530
Tear Strength (lbs/in) 49 --

Balloon from A3-129

Test Temperature (OC) +20 -70
Modulus at 200% (psi) 130 700
Modulus at 400% (psi) 205 2035
Modulus at 600% (psi) 405 --
Tensile Strength(psi) 1170 4175
Elongation (%) 760 540
Tear Strength (lbs/in) 46 --

The range of cures already conducted on compounds
similar to A3-128 and A3-129 preclude the necessity for
repeating a range of cures on the balloons themselves
in order to determine the optimum cure since this has
already been established.
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TASK A. Phase 3. Part B (continued)

Flights were performed with balloons made from these
compounds, and the results are given in Task A, Phase
4, of this report.

The compound containing Neoprene 400 which was developed
in Part A of this phase (A3-130) is not a dual-purpose
compound and is only rendered suitable for night flight
by post plasticizing. It was therefore, considered
desirable to develop a true dual-purpose compound which
would take advantage of the high modulus characteristics
of Neoprene 400.
Accordingly, compound A3-131 was developed, the formulation

for which follows:

Compound A3-131

Neoprene 750 60.0
Neoprene 400 40.0
Zinc Oxide 5.0
Neozone ID? 2.0
N.B.C. 3.0
Accelerator 833 1.0
Sunaptic Acid 1.0
Aquarex SMO 0.5
Dibutyl Sebacate 30.0

Although previous studies have shown that Butyl Oleate
is a preferable low-temperature plasticizer to Dibutyl
Sebacate, it was found necessary to use Dibutyl Sebacate
in this compound owing to the apparent incompatibility
of Butyl Oleate with Neoprene 400, although this may be
due to the fact that the standard Butyl Oleate emulsion
is unsatisfactory. It is planned to continue laboratory
investigations in order to correct this situation.

Due to the softness of the gel it was impossible to make
balloons from this compound and it was abandoned. It
was however, found possible to use Dibutyl Sebacate as
the only plasticizer in a compound containing Sulphur
and Neoprene 571. The formulation for this compound and
its optimum physical properties are given below:
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TASK As Phase 3. Part B (continued)
Compound A3-133

Neoprene 750 80.0
Neoprene 571 10.0
Neoprene 735 10.0
Zinc Oxide 5.0
Neozone 'D' 2.0
N.B.C. 3.0
Accelerator 833 1.0
Sunaptic Acid 1.0
Aquarex SMO 0.5
Sulphur 5.0
Dibutyl Sebacate 25.0

Balloons from A3-133

Test temperature (0C) +20 -70
Modulus at 200% (psi) 110 F
Modulus at 400% (psi) 245 R
Modulus at 600% (psi) 470 0
Tensile Strength(psi) 1365 Z
Elongation (%) 825 E
Tear Strength (lbs/in) 42 N

These results confirm the necessity for using Butyl
Oleate, Paraflux C-325, or Butoxy Ethyl Oleate as a
low-temperature plasticizer. Nevertheless, it was
decided to fly balloons made from this compound, and
the results of these flights are given in Task A, Phase 4,
Part B of this report.

In view of the promising results shown during the
evaluation of Merac, three compounds were designed. One
of them is a day flight compound (A3-132) and the other
two (A3-135 and A3-136) are dual-purpose compounds. The
formulations for these compounds are as follows:

A3-132 A3-135 A3-136
Neoprene 750 80.0 80.0 80.0
Neoprene 571 20.0 20.0 20.0
Zinc Oxide 5.0 5.0 5.0
Neozone 'D' 2.0 2.0 2.0
N.B.C. 3.0 3.0 3.0
Accelerator 833 -- 0.5 --
Merac 1.0 0.5 1.0
Sunaptic Acid 1.0 1.0 1.0
Aquarex SMO 0.5 0.5 0.5
Dibutyl Sebacate 6.25 6.25 6.25
Paraflux C-325 -- 22.5 22.5
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TASK A. Phase 3. Part ! (continued)

The purpose of compound A3-135 was to determine the
effect of using a blend of two accelerators, such
conditions not having been previously studied in this
research. Since the optimum cure has already been
established for compounds containing Merac, the physical
properties of these compounds were determined at that
cure only. The results follow:

Balloon from A3-132

Test temperature (OC) +20 -40
Modulus at 200% (psi) 140 405
Modulus at 400% (psi) 200 1165
Modulus at 600% (psi) 365 3100
Tensile Strength(psi) 2150 4275
Elongation (%) 980 710
Tear Strength (lbs/in) 73 --

Balloon from A3-135
Test temperature (±C) +20 -70
Modulus at 200% (psi) 115 1170
Modulus at 400% (psi) 195 3000
Modulus at 600% (psi) 415 --
Tensile Strength (psi) 1340 4410
Elongation (%) 800 545
Tear Strength (lbs/in) 47 --

Balloon from A3-136
Test temperature ( 0C) +20 -70
Modulus at 200% (psi) 105 1040
Modulus at 400% (psi) 180 2970
Modulus at 600% (psi) 355 --
Tensile Strength (psi) 1460 5210
Elongation (%) 820 530
Tear Strength (lbs/in) 52 --

It is clear from these results that balloons made from
compounds A3-135 and A3-136 should be satisfactory at
the 100,000-foot level but cannot be expected to be
superior to balloons made from A3-106. The higher
modulus indicates a satisfactory rate of ascent.

Day.-flight balloons made from compound A3-132 should
be equal, if not slightly superior, to those made from
compound A3-105. Balloons were, therefore, submitted
for flight testing, and the results of the flights are
given in Task A, Phase 4, Part B of this report.
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TASK A. Phase 3. Part B (continued)

Results obtained with Mistron Vapor (see Task A, Phase
2, Part F) suggest that improved rates of ascent might
be obtained in dual-purpose compounds which contain
this material because of the higher modulus it yields.
At the same time, there should be no loss in altitudes
since the elongation is relatively unaffected. Accordingly,
compound A3-137 was designed, the formulation and physical
properties of which follow:

Compound A3-137

Neoprene 750 80.0
Neoprene 571 20.0
Mistron Vapor 10.0
Zinc Oxide 5.0
Neozone 'D' 2.0
N.B.C. 3.0
Accelerator 333 1.0
Sunaptic Acid 1.0
Aquarex SMO 0.5
Dibutyl Sebacate 6.25
Paraflux C-325 22.5

Balloon from A3-137

Test temperature (°C) +20 -70
Modulus at 200% (psi) 130 1320
Modulus at 400% (psi) 190 3690
Modulus at 600% (psi) 425 --
Tensile Strength (psi) 1500 5280
Elongation (%) 810 520
Tear Strength (lbs/in) 55 --

As anticipated, the room-temperature modulus is
substantially higher than that of compound A3-106
yet the elongation at both room temperature and at
-70 0 C is not reduced. Accordingly, balloons were
made from this compound, and their flight performance
is recorded in Task A, Phase 4, Part B of this report.

One of the objectives throughout this study has been
to increase the elongation at -70 0 C of dual-purpose
compounds. Several compounds have been developed which
do not freeze at this temperature, but in each case
the elongation has been in the order of 500%. These
compounds have performed satisfactorily when balloons
were made from them and have generally resulted in
similar bursting altitudes for a given size balloon.
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TASK A. Phase 3. Part B (continued)

The way to substantially increase the bursting altitude
of a given size balloon is by improving the low-temperature
elongation of the film. Increasing the amount of
Accelerator 833 was effective for day-flight balloon
compounds, but was notso for dual-purpose compounds.
(See Task A, Phase 2, Part D). However, Wingstay 'T'
provides a means of achieving improved elongation at
-400C in a day-flight compound and may possibly result
in a similar increase in dual-purpose compounds.

Accordingly, a series of nine compounds, identified
as A3-138 through A3-146 was designed. The formulations
of these compounds are given in Table 102, a study of
which shows that the changes are restricted to the six
materials: Neozone 'D', N.B.C., Accelerator 833, Merac,
Wingstay IT' and B.T.N.

Plates were dipped from these compounds according to
standard procedure and cured for 60, 90 and 120 minutes
at 250 0 F. Physical properties were determined at
room temperature and at -700C, and the results of these
tests are given in Tables 103 and 104.

A study of these tables shows some extremely interesting
results. All compounds tested showed satisfactory
room-temperature tensile strength and elongation.

Compounds A3-140, A3-141 and A3-145,in particular, show
unusually high elongations for dual-purpose compounds;
and the tear strength of A3-141 and A3-145 is, in general,
above average.

At -700C almost every compound shows substantially higher
elongation than has hitherto been obtainable. In
particular, compounds A3-142 and A3-145 both reach
elongations of 600%, the latter compound having an
elongation of 600% or better at all cures tested.
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FORMULATIONS OF DUAL-PURPOSE BALLOON COMPUNDS

Poxrulation No. A3-138 A3-139 A3-140 A3-141 A3-142 A3-143 A3-144 A3-145 A3-146

Neoprene 750 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0

Neoprene 571 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Neoprene 735 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Zinc Oxide 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

Neozone 'D' 1.0 1.0 - - 1.0 1.0 1.0 - 1.0

N.B.C. 3.0 3.0 3.0 3.0 3.0 - - - 3.0

.Sunaptic Acid 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Aquarex SMO 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Dibutyl Sebacate 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Butyl Oleate 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5

Sulphur 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Accelerator 833 1.0 - - 1.0 1.0 1.0 - - 0.5

merac - 1.0 1.0 - - - 1.0 1.0 0,5

Wingstay 'T' - 2.0 2.0 2.0 - - 2.0 -

B.T.N. - - - 3.0 3.0 3.0 -
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TABLE203

PHYSICAL PROPERTIES OF DUAL-PURPOSE BALLOON COMPONDS A3-138 TWORX A3-146
TESTED AT ROOM TEMPERATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Compound Time Temp. at 200% at 400% at 600% Strength at Break Strength

No. (mins) (*F) (psi) (psi) (psi) (psi) (M) (lbs/in)

A3-138 .60 250 95 140 290 1405 830 35
90 250 100 155 300 1450 830 35

120 250 95 150 295 1430 810 40

A3-139 .60 250 95 145 280 1370 815 40
.90 250 100 150 280 1470 820 40
120 250 100 150 275 1440 815 35

A3-140 60 250 90 125 200 1315 930 35
90 250 100 135 245 1335 850 40

120 250 195 145 245 1400 845 40

A3-141 60 250 95 135 200 1470 940 40
90 250 95 140 220 1375 885 45

120 250 105 155 275 1630 870 50

A3-142. 60 250 100 145 235 1455 875 45
90 250 105 150 245 1435 865 45

120 250 115 165 330 1460 815 45

A3-143 60 250 105 145 235 1310 865 40
90 250 105 150 270 1375 840 40

120 250 105 155 315 1540 830 40

A3-144 60 250 90 145 245 1400 865 50
90 250 100 145 255 1470 850 45

120 250 100 155 305 1545 840 45

A3-145 60 250 85 120 185 1225 960 40
90 250 100 140 220 1530 920 40

120 250 105 155 245 1535 880 51

A3-146 60 250 105 155 260 1630 875 45
90 250 110 170 295 1660 835 45

120 250 110 180 305 1650 830 45

-168-



FACTUALDATA (continued)

TASK A, Phase 3. Part B (continued)

PHYSICAL PROPERTIES OF DUAL-PURPOSE BALLOON COMPOUNDS A3-138 THROUGH A3-146
TESTED AT -70uC

Cure Cure Modulus Modulus Modulus Tensile Elongation
Compound Time Temp. at 200% at 400% at 600% Strength at Break

No. (mins) (OF) (psi) (psi) (psi) (psi) (%)

A3-138 60 250 1090 2235 - 3380 520
90 250 1275 2830 - 4235 500

120 250 1680 3040 - 3840 480

A3-139 60 250 1180 1860 - 2720 500
90 250 1370 2470 - 4230 530

120 250 1550 3000 - 4635 530

A3-140 60 250 970 1990 - 3570 540
90 250 1100 2160 - 4475 570

120 250 1570 2555 - 4180 530

A3-141 60 250 930 1855 - 3370 570
90 250 1035 1400 - 3650 580

120 250 1300 1975 - 3645 550

A3-142 60 250 1005 1815 3870 3915 610
90 250 1024 1800 - 4055 590

120 250 1460 2190 - 4245 590

A3-143 60 250 1110 2330 - 4370 560
90 250 1080 2060 - 3680 560

120 250 1040 2330 - 4025 550

A3-144 60 250 880 1725 - 3615 580
90 250 1115 2130 - 3930 560

120 250 1375 2450 - 4330 570

A3-145 60 250 1055 2020 4675 4675 600
90 250 1100 2150 4725 4815 610

120 250 1145 2200 4915 4915 600

A3-146 60 250 910 2065 - 4830 580
90 250 1050 1960 - 4700 570

120 250 1275 2110 - 4885 560
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There is relatively little difference between these
compounds in low-temperature modulus both at 200%
and 400%, hence, as a natural consequence, those
compounds showing the highest elongations tend to
show the highest tensile strength at -70 0 C.

Both compounds A3-142 and A3-145 are compounds which
contain Wingstay 'T', and the ability of this material
to increase low-temperature elongation, and to some
extent, room-temperature elongation is again demon-
strated.

Balloons from these compounds can be expected to
reach substantially higher altitudes (an increase of
approximately 10,000 feet) than the similar balloons
made from compounds having only 500% elongation at
the same temperature.

Part C: Fast-Rise Balloon Compounds

Mistron Vapor's ability to raise modulus without
reducing elongation suggests that it would produce
an excellent high-modulus, fast-rise balloon compound.
Accordingly, a day-flight compound (A3-134) was
designed, and its formulation and physical properties
are given below:

Compound A3-134

Neoprene 750 80.0
Neoprene 571 20.0
Mistron Vapor 10.0
Zinc Oxide 5.0
Neozone 'D' 2.0
N.B.C. 3.0
Accelerator 833 1.0
Sunaptic Acid 1.0
Aquarex SMO 0.5
Dibutyl Sebacate 6.25

Balloon from A3-134
Test temperature (0C) +20 -40
Modulus at 200% (psi) 260 680
Modulus at 400% (psi) 415 2100
Modulus at 6007 (psi)• 920 5300
Tensile Strength(psi) 2915 5525
Elongation (%) 890 620
Tear Strength (lbs/in) 115 --
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These results are as anticipated, and the modulus
of this compound is greater than that of the
sulphur-bearing, fast-rise compound A3-102. Balloons
were therefore made from this compound for use in the
construction of two-piece, streamlined balloons; the
flight results of which are given in Task C, Phase
3.

In addition, balloons were post-plasticized for night
flight, and the following physical properties were
obtained on such a balloon film:

Balloon from A3-134
Post-Plasticized

Test temperature (0C) +20 -40 -70
Modulus at 200% (psi) 150 760 1290
Modulus at 400% (psi) 240 1840 3020
Modulus at 600% (psi) 560 3960 --
Tensile Strength (psi) 1630 3960 4470
Elongation (%) 810 600 510
Tear Strength (lbs/in) 61 .. ..

These results also indicate that good fast-rise balloons
could be obtained, the room-temperature modulus still
being very high. The fact that the film does not freeze
at -700C indicates that it will fly satisfactorily at
night. Therefore, further balloons made from A3-134
were post-plasticized and used in the construction of
fast-rise, night-flight balloons. The results of these
flights are also recorded in Task C, Phase 3.

Phase 4: Correlation of Film Properties with Flight Data

Part A: High-Altitude Balloons

The emphasis in performance of this contract is on
balloons capable of reaching altitudes in excess of
120,000 feet. This is particularly so in the case of
day-flight balloons; therefore, most of the balloons
submitted for flight have been substantially heavier
than the standard balloon of previous contracts which
weighed approximately 800 grams.
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Eight balloons weighing in the order of 2750 grams prepared
from a compound containing 10 parts of plasticizer which was
developed during the period between the expiration of Contract
DA-36-039-SC-78239 and the beginning of Contract DA-36-039-SC-
84925, were submitted for flight testing. These balloons were
identified as EX-l through EX-8 and were flown with a free lift
of 1600 grams during the hours of daylight. The results of
these flights are given in Table 105.

A study of these results shows that six of the eight balloons
(75%) reached altitudes in excess of 120,000 feet, and seven
of the eight (87-1/2%) reached altitudes in excess of 110,000
feet. Six of the eight balloons achieved ascensional rates of
over 1000 feet per minute.

In view of this satisfactory performance, it was considered
worthwhile to make balloons weighing in the order of 1500 grams
from this same compound and to determine their performance level.
Three balloons were manufactured and submitted for flight testing.
These were identified as EX-3A-l001, EX-3A-1002, and EX-3A-1003.
They were flown with a free lift of 1600 grams, and the results
are recorded in Table 106.

Although one balloon reached an altitude of 128,707 feet, the
performance of the remaining two is disappointing. It seems
unlikely that the compound possesses insufficient
freeze resistance since the performance of the larger balloon
is satisfactory.

Four flights were next performed with balloons manufactured from
compound A3-105, and these were of a confirmatory nature. Two
balloons weighed approximately 750 grams and were about 90
inches long, two weighed 850 grams and were about 100 inches
long. The characteristics of these balloons and their flight
performances are given in Table 107.

Analysis of these flights immediately indicates that this
compound is still equaling its original performance and may be
considered as producing a very reliable 90,000-foot (750 grams)
or 100,000-foot (850 grams) balloon.

A group of balloons made from compound A3-105 in the 2500 gram
class were submitted for flight testing. These balloons were
identified as EX-3A-2021 through EX-3A-2026. They were flown
with a free lift of 1600 grams, and their characteristics and
flight performance are recorded in Table 108.
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TABLE 105

FLftn RESULTS - BALLOONS MADE FROM COMPOUND CONTAINING l0 PARTS DIBUTYL SEBACATE

Day or Flaccid Altitude Ascensional
Experimnt Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

NI-I B16-1 Day 2950 190 128,478 965

EX-2 Bl7-1 Day 2800 1814 108,990 1025

EX-3 B17-3 Day 2725 180 145h.833 1106

EX-4 B19-3 Day 2700 178 141s,798 1082

EX-5 B19-4 Day 2775 184 112, 2C5 946

EX-6 B19-5 Day 2725 180 127, 198 1003

EX-7 B 9-2 Day 2800 188 16,063 1107

31-8 B 9-3 Day 2775 190 124,311 L015

TABLE 106

FLIGHT RESULTS - BALIDONS MADE FROM COMPOUND IONTAINING 10 PARTS DIBUTYL SEBACATE

Day or Flaccid Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-10Ol H16-5 Day 1625 128 70,000 990

EX-3A-1002 H17-4 Day 1575 133 102,493 1010

EX-3A-1003 H17-6 Day 1650 138 128,707 1091
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TABLE 107

FLIGHT RESULTS - BALLOONS MANUFACTURD FROM CWMPOUND A3-1OS

Day or Altitude Ascensional
Ekperiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

E9-3A-205 R31-11T Day 725 88 95,750 1o4.1

EX-3A-206 R31-12T Day 750 88 101,000 1005

EX-3A-221 S21-2T Day 860 101 11, 778 1o75

EX-3A-222 S21-3T Day 850 97 107,000 1132

TABLE 108

FLIGHT RESULTS - BAIOONS MANUFACTURED FROM COMPOUND A3-1O•

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-2021 H2-1AM Day 2530 178 126,325 1084

EX-3A-2022 H2-4AM Day 2590 176 123,196 1084

EX-3A-2023 H3-lAM Day 2575 178 134,383 1007

EX-3A-2024 H3-3AM Day 2520 177 131,132 1100

EX-3A-2025 H3-4AM Day 2565 176 130,151 1105

EX-3A-2026 H3-SAM Day 2535 176 133,399 1115
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A study of these results shows that compound A3-105 is
extremely satisfactory as a compound for the manufacture
of 2500 gram balloons. Sixty-six percent of the flights
reached altitudes in excess of 130,000 feet, and all flights
were over 120,000 feet. The average of the six flights is
approximately 130,000 feet, and the rate of ascent is in
every case more than 1000 feet per minute.

Two balloons in the 600-gram class also made from compound
A3-105 were, therefore, submitted for flight testing. These
balloons were identified as EX-3A-2511 and EX-3A-2512, and
were flown with a free lift of 2000 grams. Their physical
characteristics and flight performance are given in Table 109.

The flight of balloon EX-3A-2511 is extremely satisfactory,
coming very close to the altitude record for a day-flight
balloon. The flight of EX-3A-2512, however, suggests that
the compound is deficient in low-temperature elongation.

The balloon is not freezing, for if it were the rupture
would occur at the tropopause and not at 100,000 feet. It
appears, therefore, that additional plasticizer is not ne-
cessary for this compound to perform at the 140,000 to
150,000-foot level.

The substantially smaller 2500-gram balloon is already
extended at the tropopause, and therefore is less likely
to show cold flow as the temperature drops. The 6000-gram
balloon, however, is barely rounded out at the tropopause.

In an effort to correct the erratic performance of the 6000-
gram balloons, six additional balloons in this weight class
were submitted for test. These balloons were identified as
EX-3A-2513, EX-3A-2514, EX-3A-2521, EX-3A-2522, EX-3A-2523
and EX-3A-2524. Two of these balloons, EX-3A-2522 and
EX-3A-2523, were inserted inside an 800-gram balloon made
from the same compound and the remaining four had an 800-gram
balloon inserted in the 6000-gram balloon. At inflation
the gas was, in all cases, introduced into the inner balloon
and the necks of the two balloons were secured to each other.
It was felt that by this means the 6000-gram balloon could be
induced to expand more uniformly, and localized extension at
relatively low altitudes could be avoided. This should
eliminate the possibility of parts of the film becoming
extremely stiff before it starts to stretch, and hence prevent
a situation developing which permits only parts of the film
to expand at all.

These balloons were all flown with a free lift of 2000 grams,
and their physical characteristics and flight performance are
given in Table 110.
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FACTUAL DATA (continued)

TASK A. Phase 4. Part A (continued)

TABLE 109

FLIGHT RESULTS - BALLOONS MANUFACTURED FROM COMPOUND A3-105

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EI-3A-2511 K14-1AM Day 7075 289 143, 7Ol 1099

EX-3A-2512 K22-1AM Day 7110 312 iO1, 500 953

TABLE 110

FLIMHT RESULTS - BALLOONS MANUFACTURED FROM COMPOUND A3-105

Day or Altitude Ascensional
Eperiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EI-3A-2513 R31-1AM Day 6850 246 128,362 1237

EI-3A-2514 R31-2AM Day 6570 246 108,793 1031

EX.3A-2521 M12-1AM Day 8610 325 71,800 1167

EX-3A-2522 M12-2AM Day 7035 265 136,900 1272

EX-3A-2523 36-IAM Day 8210 266 133,891 1260

EX-3A-2524 36-2AM Day 8340 264 73,700 1271
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TASK A. Phase 4. Part A (continued)

The results obtained are still erratic, only three of the
balloons approaching a satisfactory bursting altitude. In
at least two of the flights, EX-3A-2521 and EX-3A-2524, it
appears that the large balloon broke at the same time as
the 800-gram balloon.

A further three balloons were made from compound A3-105,
and submitted for flight testing. These balloons, identified
as EX-3A-1201 through EX-3A-1203, weighed approximately 1600
grams and were designed to reach an altitude of 120,000 feet.
The characteristics of these balloons which were flown with a
free lift of 1600 ,-ams, and their flight performance are
given in Table 111.

Analysis of these flights confirms the consistent performance
of balloons made from compound A3-105. Much data has been
accumulated using balloons designed to reach altitudes of
100 ,000 feet made from this compound, and these balloons
have shown excellent consistency. It would also appear that
similar consistency may be expected at the 120,000-foot level.

Five balloons made from compound A3-115 which contains Lytron
615 were flown. Previously, balloons made from a similar
compound had flown very erratically, and this compound had
very poor ozone resistance. Compound A3-115 was designed to
improve this property.

These balloons were identified as EX-3A-501 through EX-3A-505,
and were flown with a free lift of 1600 grams. Their
characteristics and flight performance are given in Table 112.

Analysis of these flights indicates that although the level
of performance is low,it is quite consistent. It seems
possible that the low altitudes may be due to an inherent
lack of elongation in the compound.

Accordingly, compound A3-118 was designed in which the
plasticizer content was increased by an additional 10 parts.

Five balloons from this compound were prepared and submitted
for flight testing. These balloons were identified as
EX-3A-511 through EX-3A-515. They were flown in the daytime
with a free lift of 1600 grams. Their characteristics and
flight performance are given in Table 113.

Analysis of these flights shows that consistency of performance
has been maintained, and the average bursting elevation has
been raised from 82,000 feet in the case of compound A3-115
to 89,500 feet for compound A3-118.
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TASK A. Phase 4. Part A (continued)

TABLE 111

FIMHU RESULTS - BALLOONS MANUFACTURED FROM COMPOUND A3-105

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/uin.)

EX-3A-1201 W17-3 Day 1645 125 125,000 1090

EX-3A-1202 W17-4 Day 1645 121 125,919 1175

EX-3A-1203 W17-6 Pay 1615 123 1125,810 1135

TABLE 112

FLIGHT RESULTS - BALLOONS MANUFACTURED FROM CCM4POUND A3-115

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (graws) (inches) (feet) (feet/min.)

EX-3A-501 W1O-8TK Day 1000 107 75,900 1040

EX-3A-502 Wi4-2TK Day 1010 105 84, 300 1045

EX-3A-503 W14-3TK Day 1020 107 88,000 1101

EX-3A-504 WI4-4TK Day 1020 105 84,000 1069

EX-3A-505 WJ5-2TK Day 1035 108 77,800 1059
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PAML D (continued)

TASK A. Phase 4. Part A (continued)

In order to improve the ozone resistance of the Lytron-
containing compounds, N.B.C. had been replaced by Agerite
DPPD in A3-ll5 and A3-118. It has already been shown that
replacement of N.B.C. in compound A3-105 by Agerite DPPD
in compound A3-117 resulted in a loss in daytime altitude
of approximately 10,000 feet. (See Task B, Phase 5). This
was attributed to the darker color of the balloons resulting
in increased infra-red ratiation absorption.

It would seem probable, therefore, that A3-118, if the color
were lighter would provide a consistent 100,000-foot balloon.

A group of aix balloons in the 2500-gram class made from
compound A3-101 was flown. This compound had in the past
given somewhat erratic results due, it was felt, to its low
room-temperature modulus. The cure was therefore adjusted
to increase the modulus, and this group of flights was
conducted with balloons cured according to the revised
procedure.

These balloons were identified as EX-3A-2011 through
EX-3A-2016 and were flown with a free lift of 1600 grams.
Their characteristics and the results of these flights are
given in Table 114.

A study of these results shows that the consistency of this
balloon's performance has been improved enormously. Of
the six flights, five reached altitudes between 132,000 feet
and 139,000 feet, and the sixth balloon reached an altitude
of 126,000 feet. All six balloons had ascensional rates of
over 1000 feet per minute.

Three balloons in the 1000-gram class were manufactured from
compound A3-157. This compound was designed for exceptionally
high elongation at room temperature and at -400C. The
characteristics of these balloons and their flight performance
are given in Table 115.

The results obtained with these three balloons are excellent,
both as to altitude attained and consistency of performance.
In addition the ascensional rate is also satisfactory. It
would seem, therefore, that the increased elongation has
resulted as could be expected in a substantial gain in
altitude (approximately 15,000 feet). If this level of
performance can be maintained with larger balloons, 2500-gram
balloons from this compound should consistently reach
altitudes of more than 140,000 feet which would constitute a
major advance for meteorological balloons.
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TASK A. Phase 4. Part A (continued)

TABIL 113

FITG.HT RESULTS - BALlOONS MANUFACTURED FRO COMPOUNpD A3-328

Day or Altitude f Ascensional
Eperiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/uin.)

EX-3A-511 A4-2TK Day 1090 112 90,000 1146

EX-3A-512 A4-3TK Day 1080 112 89,300 3204

EX-3A-513 A6-2TK Day 1080 113 88,300 1141

EX-3A-514 AIO-2TK Day 1080 111 86,400 1119

EX-3A-515 Al4-2TK Day 1090 111 93,800 1089

TABLE

FLIGHT RESULTS - BALIDONS MAMUFACTURED FROM CCHOUND A3-101

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

E.-3A-201l F18-2 Day 2420 186 138, 250 1088

EX-3A-2012 F19-2 Day 247 5  196 139,108 1089

EX-3A-2013 F19-4 Day 2490 189 138,320 1069

EX-3A-2014 F19-5 Day 2615 196 126,312 1066

EX-3A-2015 F20-1 Day 2435 184 132,316 1076

EX-3A-2016 F20-5 Day 2630 192 134, 744 1036
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TASK A. Phase 4. Part A (continued)

TABLE 115

FLIGHT RESULTS BALLOONS L•4AOTURED FROK OM _ A3-157

Day or Altitude Ascensional
Balloon Night Weight Length at Burst Rate

No. Flight (grams) (inches) (feet) (Me-t/min.)

s18-2TB Day 1010 98 122,828 1135

SI8-3TB Day 1030 102 124,672 1114

S18-7TB Day 1000 103 123,491 1099

Part B: Dual-Purpose Balloons

Compound A3-103 showed good physical characteristics for a
dual-purpose balloon. Accordingly, six balloons in the 600-
gram class were prepared and submitted for flight testing.
These balloons were flown at night with a total lift of
3200 grams. They were manufactured in January, 1960, at a
time when Contract DA-36-039-SC-78239 had expired and
Contract DA-36-039-SC-84925 had not yet been awarded.
Characteristics of these balloons identified as EX-1O through
EX-15, and their flight performance are recorded in Table 116.

A study of these results shows excellent performance as far
as altitude is concerned. The rate of rise,however, is
somewhat below the desired minimum of 1000 feet per minute.

In order to determine the storage characteristics of this
compound and of these balloons, further balloons of the
same weight and size were made from compound A3-103 after
it had been allowed to age for four months. Three of these
balloons were flown immediately, and three more were flown
after being allowed to shelf age for two months.

Balloons EX-16, EX-17 and EX-18 were freshly made and were
flown with a total lift of 3200 grams. Balloons EX-3A-105,
EX-3A-106 and EX-3A-107 were aged for two months before flight
and were flown with a total lift of 3400 grams.
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ZAZUAL (continued)

TASK A. Phase 4. Part B (continued)

TABIZ 1.6

FLIGHT RESULTS - BALLOONS MtANUFACTURED FROM COMPOUND A3-103

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-1O A7-3T Night 655 85 97,800 932

EX-11 A7-4T Night 645 87 100,000 980

EX-12 All-3T Night 665 86 100,700 955

EX-13 A12-3T Night 650 85 82,200 924

EX-14 A13-1T Night 635 86 100,600 998

EX-15 A13-2T Night 685 86 101,300 972

At the same time, four balloons weighing approximately 750
Srams were made from the aged compound. These balloons were
dentified as EX-3A-101 through EX-3A-104. They were flown

with a total lift of 3600 grams. All of the above balloons
were flown at night, and the characteristics and flight results
are recorded in Table 117.

A study of these results shows that although there appears
to be a reduction in performance as the compound ages, there
is no loss in performance by the balloon after aging for two
months.

All of the altitudes with the exception of EX-3A-102 are
satisfactory, and the lighter weight balloons flown with a
total lift of 3400 grams (EX-3A-105, EX-3A-106 and EX-3A-107)
achieved rates of ascent in excess of 1000 feet per minute.
Increasing the weight of the balloon to 750 grams was not
accompanied by an increase in length, and consequently the
higher lift of 3600 grams resulted in a loss of altitude.

The improved low-temperature characteristics of compound
A3-104 suggested that it should yield good dual-purpose
balloons. Accordingly, six balloons in the 750-gram class
were submitted for flight testing. They were identified as
EX-3A-301 through EX-3A-306, flown at night with a total lift
of 3600 grams, and reported on in Table 118.
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TASK As Phase 4. Part B (continued)

FiI011 RESULTS - BALIOONS MANUFACTURED FROM CQOUND A3-103

Day or Flaccid Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches (feet) (feet/nun.)

EX-16 C22-3T Night 660 88 95,500 987

EX-17 C22-5T Night 640 85 940900 991

EX-18 C23-3T Night 655 86 90,300 992

EX-3A-101 F22-1T Night 735 87 98,200 1079

EX-3A-I02 F25-IT Night 740 87 56,900 662

EX-3A-103 F26-2T Night 735 84 86,100 1013

EX-3A-I04 F26-3T Night 740 87 88,730 828

EX-3A-105 F19-1T Night 675 86 92,900 1OO4

EX-3A-106 F19-3T Night 680 85 92,420 1030

EX-3A-107 F19-4T Night 690 89 959500 1013

TABLE 118

FLI0GH RESULTS - BALMONS MWAFACTURED FRCQI COMPOTND A3-104

Day or Flaccid Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (gras) (inches) (feet) (feet/sin.)

EX-3A-301 H10-IT Night 710 79 90,500 1093

EX-3A-302 HII-2T Night 730 80 89,600 1123

ZX-3A-303 H17-1T Night 730 75 91,100 1087

EI-3A-304 H17-3T Night 755 80 72,200 953

E1-3A-305 H18-3T Night 750 76 95,600 1116

EX-3A-306 H19-1T Night 760 82 105,000 1066



FAMTUAL DATA (continued)

TASK A, Phase 4, Part B (continued)

A study of the results in Table 118 shows that this
balloon performs satisfactorily at night. Comparison with
flights EX-3A-101 through EX-3A-104 in Table 117 shows that
the balloons made from compound A3-104 averaged 94,3b0 feet
(eliminating the 72,200-foot flight) while the balloons made
from compound A3-103 averaged 91,010 feet (eliminating the
56,900-foot flight).

Similarly, the average rate of ascent of the A3-104 balloons
was 1097 feet per minute, while that of the A3-103 balloons
was 973 feet per minute.

At the same time it must be noted that the A3-104 balloons
had an average length of 78 inches while the A3-103 balloons
had an average length of 86 inches.

Thus the superiority of compound A3-104 is clearly denonstrated,
confirming the indication of the laboratory physical
characteristics.

An additional seven balloons made from compound A3-104 were
next flown. Four of these were in the 750/800-gram range,
and were identified as EX-3A-311 through EX-3A-314. One
balloon, EX-3A-l101, weighed about 1000 grams, and the
remaining two weighed about 1700 grams. They were all flown
with a free lift of 1600 grams. The characteristics of these
balloons and their flight performance are given in Table 119.

Examination of these results shows that balloons in the 750/800-
gram range perform satisfactorily, three out of four flights
being over 100,000 feet. The single balloon in the 1000-gram
class flown at night also performed well, reaching an
altitude of 111,000 feet. The indications are,therefore, that
compound A3-104 produces satisfactory dual-purpose balloons up
to the 100,000-foot level.

However, the two 1700-gram balloons are disappointing. There
is no immediately apparent reason for the failure :f these
balloons, particularly in view of the good performance of the
smaller balloons, and further flights were therefore carried
out.

A group of eight balloons was flown by both day and night with
a free lift of 1600 grams. The characteristics of these
balloons and their flight performance are given in Table 120.

Analysis of these results shows that six out of the eight
flights reached altitudes in excess of 100,000 feet, and of
the two that failed to do so, one of them reached 98,700 feet.
The very slow rate of ascent of the eighth balloon suggests
that it possibly developed a pinhole.
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TASK A, Phase 4, Part B (con.itwt.ed)

TABLE 119

FLIGHT RESULTS - BALLOONS MANUFACTURED FROM COMPOUND A3-104

Day or ALtitude Ascensional
Experiment Balloon Night Weight Length at Birst Rate

No. No. Flight (grams) (inches) (feet) (feet/sin.)

EX-3A-311 SI4-3TN Day 775 80 .00,600 1167

EX-3A-312 S19-1TN Night 755 90 10IQI "? 1059

EX-3A-313 S21-2TN Night 780 80 67,000 1138

EX-3A-314 S21-3TN Day 785 84 110,900 1225

EX-3A-11O1 R 2-3T Night 1105 99 108,300 1062

EX-3A-IU02 M29-4T Night 1740 133 66,000 927

EX-3A-II03 M29-5T Night 1700 133 92,700 1055

TABLE 120

FLIGHT RESULTS - BALLOONS MANUFACTURED FROM COMPOUND A3-104

Day or AlitLtude Ascensional
Experiment Ballo •n Night Weight Length at Raýrt Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-321 T5-2TM Night 835 92 109,200 1073

EX-3A-322 T6-1TM Day 810 92 103,200 1166

EX-3A-323 TI1-2TK Night 1050 103 109, 950 1037

EX-3A-324 T14 -1TK Day 1025 106 98,700 1093
EX-3A-325 T14-3TK Night iOq 100 72,000 686

EX-3A-326 T14-1:TK Day 1025 98 M9,000 1117

EX-3A-327 T14-5TK Night 1045 106 1"11,900 1015

EX-3A-328 T26-2TK Day 1020 i02 107,900 1024
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TASK A, Phase 4, Part B (continued)

It would appear, therefore, that compound A3-104 produces
a satisfactory 100,000-foot balloon capable of flying by
day or by night and having a satisfactory rate of ascent.

A series of balloons in the 1750-gram class was now made
from compound A3-104. In all, sixteen balloons ranging
in weight from 1750 grams to 2250 grams were flown.

The sixteen balloons were identified as EX-3A-1331 through
ZX-3A-1336 in the case of the 1750 gram class, and EX-3A-llll
through EX-3A-IIl5 and EX-3A-1531 through EX-3A-1535 in the
case of the heavier balloons. All of the balloons were
flown with a free lift of 1600 grams. The flight performance
and characteristics of the balloons are given in Table 121.

It would appear from these results that this compound is
suitable for high-altitude, day-flight balloons but not for
night-flight balloons although it is designed as a dual-
purpose compound and performs as such at the 100,000-foot
level and below.

Additional flights were conducted with balloons manufactured
from compound A3-104 which had been aged for six months.
The balloons were flown with a free lift of 1600 grams,
and the results of these flights are given in Table 122.

A study of these results shows that there is in general,
no loss in performance with compound A3-104, and that it
is capable of producing a consistent 100,000-foot balloon.

A further group of balloons was prepared from compound
A3-104. These balloons weighed approximately 2000 grams.
Balloons EX-3A-1541 through EX-3A-1543 ranged in length
from 135 to 139 inches; balloons EX-3A-1544 through
EX-3A-1546 ranged in length from 117 to 118 inches. They
were all flown with a free lift of 1600 grams, and their
characteristics and flight performance are given in Table
123.

A study of these results shows that, although compound
A3-104 performs satisfactorily at the 100,000-foot level,
it is erratic at the 120,000-foot level. Of the six
flights, only one reached an altitude in excess of
120,000 feet.
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TABLE 121

FLIHT RESULTS - BALLOONS MANUFACTURED FROK COMPOUND A3-I04

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/mm.)

NI-3A-1331 C20-1T Day 1805 128 119,,160 1220

EX-3A-1332 C20-2T Day 1775 134 113,852 1132

EX-3A-1333 C21-2T Day 1870 131 134, 350 1127

EX-3A-1334 C21-3T Night 1850 132 not flown

EX-3A-1335 C23-1T Night 1760 128 92,100 965

EX-3A-1336 C23-2T Night 1805 132 111.450 1018

EX-3A-1111 B23-1T Night 2215 140 117,077 822

EX-3A-1112 B23-2T Day 2220 139 105,000* 1094

EX-3A-1I13 B27-1T Day 2210 141 124, 377* 1180

EX-3A-1114 B28-1T Night 2225 140 72,800 915

EI-3A-II5 B28-2T Night 2340 141 109, 515 889

EX-3A-1531 C2-1T Night 2290 143 83,400 940

EX-3A-1532 C6-1T Night 2270 151 94,000 917

EX-3A-1533 C8-3T Night 2300 148 98, 200 919

EX-3A-1534 Cl-IT Night 2485 145 91,,200 529

EX-3A-1535 C3-1T Night 2680 160 122,300 901

* Top Intelligible Data
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FLIGH RESULTS - BALLOONS MANUFACTURED FROM COMPOUND. A3.-104

Day or Altitude 'Aacensional
Experiment Balloon Night Weight Length at Burst Rate

NO* No, Flight (grams) (inches) (feet) (feet/mine)

EX-3A-451 F14-4M Day 1050 85 97,600 .1176

EX-3A-452 F14-SM Night 1055 96 108,400 1134

EX-3A-453 F17-1M Day 1005 87 .99,4061 1242

EX-3A-454 P17-2M Night 975 88 100,100 1095

EX-3A-455 P17-SM Day 1025 89 109,400 1240

EL-3A-456 P18-3M Night 1005 84 108,300 1176

ME-3A-561 P28-3TM Day 1025 99 106,900 1011

EX-3A-562 P28-47T Night 1010 109 112,500 983

EX-3A-563 P28-5TM Night 1000 109 110,000 998

EX-3A-564 P28-6T7 Night 1025 106 108,600 1057

EX-3A-565 F28-77M Day 1035 108 105.,600 1100

EX-3A-566 H1-6TM Day 1030 101 110,000 1134

EX-3A-481. H12-2T Night 1130 89 101,450 1061

EX-3A-452 H12-4T Night 1085 109 103,800 1001

IX-3A-483 His-ST Night 1085 91 100,575 1001

EX-3A-521 H25-ITN Night 1060 101 105,400 1033

EC-3AU-522 H25-2TN Day 1050 102 102,400. 1073

EX-3A-523 H26-5TN Night 1060 105 105,900 1012

.EX-3A-524 H29-1TN Day 1000 104 106,900 1058

EX-3A-525 H29-7TN Night 1010 105 1,05,600 979

EX-3A-526 Kl-2TN Day 1040 104 107,100 1030
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TASK A. Phase 4. Part B (continued)

TABLE 123

FLIGHT RESULTS - BALIDONS MANUFACTURED FROM CaMUND A3-O14

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/mmn.)

EX-3A-1541 F5-2T Day 2145 135 125, 700 1136

EX-3A-1542 F5-3T Night 2115 139 I1i, 415 991

EX-3A-1543 F7-3T Day 2205 138 98,870 1030

EX-3A-1544 F25-4 Day 2200 117 113,058 1184

EX-3A-1545 F26-5 Night 2105 117 104, 920 913

EX-3A-1546 F26-6 Night 2175 118 100,600 Y46
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The performance of the balloon is little affected by the
length. This seems to indicate that the additional pre-
elongation which the smaller balloon achieves before
entering the low-temperature zones compensates for the
shorter length, and therefore points to the fact that
the freeze resistance of this compound was satisfactory
for a balloon 105 inches long designed to reach an
altitude of 100,000 feet but was insufficient for a larger
balloon designed to reach higher altitudes.

In order to confirm the performance of compound A3-30-1,
the dual-purpose compound developed during Contract
DA-36-039-SC-78239, additional flights were performed with
1000-gram balloons. These flights were conducted after
the expiration of Contract DA-36-039-SC-78239, and before
the award of Contract DA-36-039-SC-84925. In all, eighteen
balloons were flown. They were identified as EX-21 through
EX-38 and were flown with a free lift of 1600 grams.
Fifteen were flown during the night, and three were flown
during the day. The characteristics of these balloons
and their flight performance are given in Table 124.

Analysis of these results shows that the three day-flight
balloons reached altitudes in excess of 100,000 feet. Of
the fifteen night-flight balloons, eleven (73%) reached
altitudes in excess of 100,000 feet.

In view of the performance of this compound, it was
decided to use it to manufacture larger balloons as part
of this study. The compound was therefore assigned the
number A3-106, and the balloons in the 1750-gram and 3000-
gram class were manufactured.

Initially, three 3000-gram balloons were submitted for
flight testing. These balloons were identified as
EX-50, EX-51 and EX-52. They were flown during the hours
of darkness with a free lift of 1600 grams. Characteristics
of these balloons and the flight results are recorded in
Table 125.

A study of these results shows consistent performance insofar
as altitude is concerned. Although the ascensional rate
is less than that desirable.

A further six balloons were submitted, three of which were
flown during the hours of darkness and three during the
hours of daylight. These balloons were identified as
MX-3A-2101 through EX-3A-2106. All balloons were flown
with a free lift of 1600 grams. The characteristics of
these balloons and their flight performance are also given
in Table 125.
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FUGHT RESULTS - BALLOONS MAWFACTURED FRaK COCHPND A3-106

Day or Flaccid Altitude Asoensioual
Experizent Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-21 B10-2 Night 1205 109 1114,o000 1071

E .-22 B10-3 Night 1195 102 96,610 986

B1423 310..4 Night 1220 112 116.,699 10o8

.X-24 o10-5 Night 1150 108 110,000 996

EX-25 B10-6 Night 1225 110 1144,500 1073

EX-26 B10-10 Night I180 116 1314,,403 U1

11-2 B18-2T Night 1105 102 92,700 1010

1.28 .18-.T Night 1110 103 96,,oo 948

EX-29 B19-IT Day 1070 99 101,800 931

Ex-30 B19.-T Day 1100 102 101,000 1069

EX-31 B23-1T Day 1080 108 114,000 1116

EX-32 B23-3T Night 1115 106 112,008 1085

EX-33 C18-6 Night 1135 114 109,o55 980

EX-34 C18-7 Night 1050 106 39,500 71a

1X-35 C.8.8 Night 1110 107 1014,000 98%

EX-36 C18-9 Night 1105 111 103,117 1023

SZ-37 018-10 Night 1085 11o 105,1479 986

11-38 C18-11 Night 1085 107 106,102 1064
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FACTUAL DATA (continued)

TASK A, Phase 4, Part B (continued)

TABLE 125

FLIGHT RESULTS - BALLOONS MANUFACTURED FRCO4 CCOMbND A3-106

Day or Flaccid Altitude Ascensional

Experiment. Balloon Night Weight Length at Burst Rate
No. No. Flight (grams) (inches) (feet) (feet/ain.)

EX-50 B23-2 Night 3025 188 110,302 815

EX-51 B24-3 Night 2925 174 126,1472 791

EX-52 A19-2 Night 2950 186 126,476 817

EX-3A-2101 A19-3 Night 2950 184 137,369 905

EX-3A-2102 A20-1 Day 3000 183 90,000 909

EX-3A-2103 A20-2 Night 2850 181 122,966 854

EX-3A-2104 A20-2 Day 2975 180 113,714  980

EX-3A-2105 A21-2 Night 3050 182 140,682 962

EX-3A-2106 A23-1 Day 2900 188 133,005 1015

EX-3A-2107 A23-2 Day 3025 186 64,200 789

EX-3A-2108 A25-1 Day 2950 179 134,843 1040

EX-3A-2109 A25-3 Day 3150 189 61,300* 841

* Top Intelligible Data
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TASK A. Phase 4. Part B (continued)

Analysis of these results again reveals erratic day-
time performance, although the picture is less clear
because of the instrument failure recorded. It would
appear that although a satisfactory high altitude,
night-flight balloon had been developed, additional
work on the compound is necessary to obtain a dual-
purpose, high-altitude balloon.

The flight performance of 1750-gram balloons made
from the same compound was next investigated. Six
balloons were submitted for flight test. These were
identified as EX-3A-1004 through EX-3A-1009. Three
were flown during the day and three at night, all with
a free lift of 1600 grams. The characteristics of these
balloons and their flight performance are given in Table
126.

Analysis of these flights indicates that satisfactory
performance at 120,000 feet can be obtained with a 1750-
gram balloon made from compound A3-106. The rate of
ascent is a little slow, but is much better than that of
the 3000-gram balloons. Shortening the balloon should
correct this condition and increase the rate of rise to
over 1000 feet per minute.

In order to complete the performance pattern of balloons
made from this compound, three balloons in the 700-gram
class and six in the 600-gram class were prepared. These
were identified as EX-3A-201, EX-3A-202 and EX-3A-203,
and EX-3A-211 through EX-3A-216.

Balloons EX-3A-201 through EX-3A-203 were flown during
the hours of daylight with a total lift of 3600 grams.
Balloons EX-3A-213, EX-3A-215 and EX-3A-216 were flown
during the daylight hours with a total lift of 3400 grams;
and balloons EX-3A-211, EX-3A-212 and EX-3A-214 were
flown during the hours of darkness also with a total lift
of 3400 grams. The characteristics of these balloons and
their flight performance are given in Table 127.

A study of these results shows that this compound yields
a very satisfactory balloon in the 600-gram to 700-gram
range. It may be concluded, therefore, that dual-purpose
in the weight range of 600 grams to 1750 grams can be
made from compound A3-106 and that they will all perform
reliably at the altitudes for which they are intended.
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TASK A. Phase 4. Part B (continued)

TABLE 126

FLIGMi RESULTS - BALLOONS MANUFACTURED FROM CMONUND A3-106

Day or Flaocid Altitude Ascensional
Eperiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-1004 H18-1 Night 1700 138 128,543 968

EX-3A-1005 M18-2 Night 1750 139 130,512 967

EX-3A-1006 H18-3 Night 1675 142 128, O51 983

EX-3A-1007 H18-4 Day 1750 146 135,466 1132

EX-3A-1008 H19-1 Day 1790 147 96,090 910

EX-3A-1009 H19-4 Day 1880 143 127,395 1037

TABLE 127

FLIMHT RESULTS - BALLOONS MANUFACTURED FROM COMPOUND A3-106

Day or Flaccid Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-201 K131 Day 740 92 104,400 1143

EX-3A-202 K132 Day 745 95 101,800 1095

EX-3A-203 K133 Day 770 96 93,800 1123

EX-3A-2f1 K71 Night 640 92 100,200 955

EX-3A-212 K81 Night 630 90 104, 000 1024

EX-3A-213 XI01 Day 630 91 82,400 988

EX-3A-214 K121 Night 625 86 91,300 950

EX-3A-215 K141 Day 645 89 101,100 1071

EzX-3A-216 K161 Day 680 94 103,600 1085
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TASK A. Phase 4. Part B (continued)

In order to confirm the performance of the 120,000-
foot balloon, a further and more extended series of
flights was made with balloons made from compound
A3-106 and weighing 1800 grams to 2000 grams. In all,
twenty-one balloons were flown with a free lift of 1600
grams. Balloons EX3A-1211 through EX-3A-1213 and
balloons EX-3A-1251 through EX-34-1256 were given
additional cure.

The characteristics of these balloons and their flight
performance are given in Table 128.

Analysis of these results shows that out of nine day-
flights, only five reached altitudes greater than
120,000 feet although eight were above 110,000 feet.
This is fairly good performance although it was expected
that better results would be obtained.

However, at night only one balloon reached an altitude
greater than 120,000 feet and only two were above 110,000
feet. Three balloons, EX-3A.1222, EX-3A-1224 and
EX-3A-1226 appeared to freeze, although laboratory tests
of the film show that it does not freeze at -700C.

The failure of this compound to provide a reliable
120,000-foot balloon, particularly at night, calls for
further investigation since it has provided a very
consistent and reliable 100,000-foot balloon.

Six balloons were made from compound A3-106 using a new
dipping form designed to produce a nominal 2000-gram
balloon. These balloons were identified as EX-3A-1501
through EX-3A-1506 and were flown with a free lift of
1600-grams. Their characteristics and flight performance
are given in Table 129.

Analysis of these results shows the same lack of
consistency as was exhibited by balloons made on the 1500-
gram form. Although part of the poor performance may
be ascribed to the new form, it nevertheless confirms
the failings of A3-106 for balloons for use above
100,000 feet.

Six balloons were therefore made from a newly compounded
batch of A3-106 and submitted for flight testing. These
balloons which were in the 1750-gram class were identified
as EX-3A-1241 through EX-3A-1246 and were all flown with
a free lift of 1600 grams. The characteristics of these
balloons and their flight performance are given in
Table 130.
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FACTUAL DATA (continued)

TASK A, Phase 4, Part B (continued)

TABLE 128

FLGI1 RESULTS - BALLONS MAWFACTURED FROM COCpOUND A3-I06

Day or Flaccid Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grms) (inches) (feet) (feet/min.)

EX-3A-1211 W18-4 Night 1865 132 74,o000 983

EX-3A-1212 W18-5 Night 1820 133 :io4, 823* 944

EX-3A-1213 W18-6 Night 1845 132 95,420* 823

EX-3A-1221 W16-2 Day 1905 132 122,343 104

EX-3A-1222 W16-3 Night 1870 128 65,,800 896

EX-3A-1223 W16-4 Day 1865 130 115,000 1047

EX-3A-1224 W16-6 Night 1875 133 51,600 885

EX-3A-1225 W17-2 Day 1915 132 123,800** 1133

EX-3A-1226 W17-5 Night 1935 130 59,200 940

EX-3A-1231 18-2 Night 1935 146 123,163 894

EX-3A-1232 78-4 Night 1905 143 84, 220 898

EX-3A-1233 T8-5 Night 1880 145 73,400 667

EX-3A-1234 Y8-6 Day 1980 143 127,986 1020

EX-3A-1235 f13-2 Day 1885 143 131,726 1076

EX-3A-1236 15-4 Day 1915 137 107,776 1094

EX-3A-1251 115-2 Day 2100 139 118,077 1070

EX-3A-1252 Y15-3 Night 2040 134 112, n0 918

Em-3A-1253 f15-6 Day 2040 142 111,975 1020

11-3A-1254 716-5 Night 2090 11 94,910 841

EX-3A-1255 Y21-2 Night 2050 146 106,693 884

EX-3A-1256 121-3 Day 2010 147 1.20,653 1021

* Balloon floated *NT.I.D.



FACTUAL DATA (continued)

TASK A, Phase 4, Part B (continued)

TABLE 129

FLIGHT REsULTS - BALlOONS MANUFACTURED FROc COMPOUND A3-I06

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst late

No. No. Flight (grams) (inches) (feet) (feet/mdn.)

EX-3A-1501 W21-2 Day 2695 150 112,303 1027

EI-3A-1502 W25-1 Night 2300 154 87,15o 846

EX-3A-1503 W25-2 Day 2270 158 55, 200 847

EX-3A-1504 W25-3 Night 2345 155 94,200 915

EX-3A-1505 W25-4 Night 2200 152 85,500 885

EX-3A-1506 W26-1 Day 2335 159 119,915 1048

TABLE 130

FLIGMH RESULTS - BATLTONS MANUFACTURED FROM CMONUND A3-106

Day or Altitude Ascensional

Experiment Balloon Night Weight Length at Burst Rate
No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-1241 A19-2 Day 1920 134 97,600 1043

EX-3A-1242 A19-4 Night 1985 135 105,610 822

EZ-3A-1243 Al9-5 Night 1950 137 launching reel failure

EX-3A-1244 A24-2 Night 1830 133 launching reel failure

EX-3A-1245 A25-2 Night 1860 132 1100300 962

EX-3A-1246 A25-3 Day 1840 133 116,634 1073
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TASK A. Phana 40 Part B (continued)

A study of these results shows that the performance
of these balloons is still unsatisfactory. In order
to improve the freeze resistance, compound A3-121 was
designed, and six balloons in the 2000-gram class were
made and submitted for flight testing. These balloons
were identified as EX-3A-1261 through EX-3A-1266. They
were flown with a free lift of 1600 grams, and their
characteristics and flight performance are given in
Table 131.

A study of these results shows that this formulation
change has not resulted in any improvement in flight.
These balloons were very soft and presented some
problems in handling.

Accordingly, six balloons were made from compound A3-122
which has similar low-temperature characteristics to
A3-121, but is somewhat stronger and easier to handle.
These balloons were also in the 2000-gram class and were
identified as EX-3A-1271 through EX-3A-1276. They were
flown with a free lift of 1600 grams. Their characteristics
and flight performance are given in Table 132.

A study of these results shows that although there is
some improvement in altitude and the flights are more
consistent, the 120,000-foot level is still not being
achieved.

A further change in plasticizer content was therefore
made, and two compounds which used a combination of
Dibutyl Sebacate, Butyl Oleate and Paraflux C-325, were
designed; compound A3-123 having five parts more plasticizer
than compound A3-124.

Six balloons of the 1750-gram class were made from each
of these compounds. Those made from compound A3-124
were identified as EX-3A-1281 through EX-3A-1286, and
those made from compound A3-124 were identified as
EX-3A-1291 through EX-3A-1296. They were all flown with
a free lift of 1600 grams, and the characteristics of
these balloons and their flight performance are given in
Table 133.

A study of the above results shows that the variation in
plasticizer content has no effect on the altitudes reached;
and the general performance level is still unsatisfactory,
being poorer than that of balloons made from compound
A3-122.
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FACTUAL DATA (continued)

TASK A. Phase 4. Part B (continued)

TABIZ 131

FLIHT RESULTS - BALLOONS MANUFACTURED FROM COMOUND A3-121

Day or Altitude Ascensional
kperiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/sin.)

EX-3A-1261 fl-3 Day 2010 139 103,,904 987

EX-3A-1262 f1-4 Night 2075 135 88,200 865

IX-3A-1263 71-5 Day 1990 133 109,800 1052

EX-3A-1264 Y1-6 Night 2035 138 100,600 915

EX-3A-1265 12-3 Night 2090 138 87,,880 908

EX-3A-1266 72-5 Day 2035 I10 instrument failure

TABLE 132

FLIGHT RESULTS - BALl0ONS MANUFACTR FROM COMPOUND A3-122

Day or Altitude Ascensional
Eperiment Balloon Night Weight Length at Buret Rate

No. No. Flight (grams) (inches) (feet) (feet/rin.)

EX-3A-1271 17-4 Day 2015 144 121,,309 1115

EX-3A-1272 17-5 Night 1915 137 instrument failure

E-3A-1273 17-6 Day 1985 145 107,800 1038

E3A-1274 713-3 Day 1925 140 118,695 1062

KZ-3A-1275 719-3 Night 2120 146 114,,500 897

_X-3A-1276 121-5 Night 2140 153 1n8, 200 920
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FACTUAL DATA (continued)

TASK A. Phase 4. Part B (continued)

TAKEI 133

FLIGHT RESULTS - BALLOONS MAMACTMA FROM COMOUNDS A3-123 AND A3-J124

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/kin.)

EX-3A-1281 A31-2 Night 1825 133 70,800 954

EI-3A-1282 BI-1 Day 1920 140 119, 816 1075

1X-3A-1283 Bi-2 Night 1800 137 81,000 892

EI-3A-1284 BI-4 Day 1805 137 119,065 1096

EX-3A-1285 B1-5 Night 1925 138 70,800 919

EX-3A-1286 B3-4 Day 1900 141 71,500 850

EX-3A-1291 B8-4 Night 2030 145 96,260 900

EX-3A-1292 B13-2 Night 1915 143 98,130 905

EX-3A-1293 B13-3 Day 1855 140 89,400 982

EX-3A-1294 B13-4 Night 1930 144 73,880 845

31-3A-1295 B14-2 Day 1855 1i0 102,000* -

EX-3A-1296 B17-2 Day 1845 140 119,885 1079

*Top Intelligible Data
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TASK A. Phase 4. Part B (continued)

Two additional compounds were now prepared in which
the antiozonant was increased from three parts to
five parts. It is well known that the ozone resistance
of a highly plasticized neoprene compound is very low
and the standard amount of three parts may be insufficient
to provide sufficient protection for a balloon required
to fly substantially higher than the normal altitude of
maximum ozone concentration. Compound A3-125 had the
same plasticizer content as compound A3-124 and compound
A3-126 had the same plasticizer content as A3-123.

Six balloons were made from each of these compounds, all
in the 1750-gram class. The balloons made from compound
A3-125 were identified as EX-3A-1301 through EX-3A-1306,
and those made from compound A3-126 were identified as
EX-3A-1311 through EX-3A-1316. They were all flown with
a free lift of 1600 grams. Their characteristics and
flight performance are given in Table 134.

A study of these results indicates a possibly slight
improvement over the results obtained with balloons
made from compounds A3-123 and A3-124 and also that the
amount of plasticizer makes relatively little difference.
The performance is still unsatisfactory, and does not
equal that obtained with balloons made from compound
A3-122.

Examination of all the results obtained thus far showed
that the balloons made from compound A3-122 were somewhat
heavier, being in the 2000-gram class. Since the lengths
of the balloons were all approximately equal, the
heavier balloon must have a slightly thicker wall, and
hence be somewhat more rugged.

In order to determine the extent to which the increased
wall thickness affected the flight, six balloons in the
2500-gram class were made from compound A3-123 and
six balloons from compound A3-124. The balloons made
from A3-124 were identified as EX-3A-1521 through
EX-3A-1526. They were all flown with a free lift of
1600 grams, and their characteristics and flight
performance are given in Table 135.

A study of these results shows a marked improvement in
performance. There is little to choose between the
two compounds represented by these flights; and
considering the ten completed flights, nine (90%)
reached altitudes of more than 110,000 feet, and six
(60%) reached altitudes of more than 120,000 feet.
This performance may be considered satisfactory.
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TABLE 13

FLIGHT RESULTS - BALLOONS MANUFACTURED FROM COMPOUNDS A3-125 AND A3-126

Day or Altitude Ascensional

Experiment Balloon Night Weight Length at Burst Rate
No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-1301 B21-2 Day 1820 134 76,800 982

EX-3A-1302 B21-5 Night 1835 137 95,200* 878

EX-3A-1303 B23-2 Day 1860 135 108,773 1064

EX-3A-1304 B23-5 Day 2020 145 121,155 1070

EX-3A-1305 B24-3 Night 1760 134 :1.4,724 935

EX-3A-1306 CI-2 Night 1850 133 i05, 249 943

EX-3A-1311 B21-3 Day 1890 138 8,o000 1002

EX-3A-1312 B21-4 Night 1865 133 99,620 891

EX-3A-1313 B24-2 Night 1885 132 100,000* 862

EX-3A-1314 C2-2 Night 1880 138 67,100 741

EX-3A-1315 C2-4 Day 1980 144 120,505 1116

EX-3A-1316 C2-5 Day 1945 137 114,872 1084

*Approximate
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TASK A. Phase 4. Part B (continued)

TABLE 135

FLIGHT RESULTS - BALLOONS MANFACTURED FRCM COMPOUNDS A3-124 AID A3-123

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-1511 B2-2 Night 2285 130 82,000 1035

EX-3A-1512 B3-2 Night 2335 132 instrument failure

EX-3A-1513 B7-4 Night 2390 133 121,260 974

EX-3A-1514 B8-1 Night 2345 134 1100 200 879

EX-3A-1515 B9-4 Day 2U25 136 128,600 1362

EX-3A-1516 B17-3 Day 2265 136 125,000 1140

EX-3A-1521 B8-2 Day 2375 133 115,092 1083

EX-3A-1522 BlO-1 Day 2310 135 124,245 1195

EX-3A-1523 BIO-3 Night 2565 136 121,000 975

EX-3A-1524 B1O-4 Day 2535 145 53,000* 962

EX-3A-1525 B14-4 Night 2540 146 Ii0,000 909

EX-3A-1526 B15-4 Day 2480 144 128,740 1127

*Top Intelligible Data
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TASK A. Phase 4. Pgrt B (continued)

It appears, therefore, that increasing the weight,
and thereby the wall thickness of the balloon has
assisted in improving flight performance more
materially than any other change made. In order to
confirm this, a further compound was prepared in which
the antiozonant percentage was raised still further.

Six balloons in the 1750-gram class were made from
this compound designated as A3-127 as well as six
in the 2000-gram class. The 1750-gram balloons were
identified as EX-3A-1341 through EX-3A-1346, and the
2000-gram balloons were identified as EX-3A-1351
through EX-3A-1356.

As controls, six balloons in the 1750-gram class made
from compound A3-106 and identified as EX-3A-1321 through
EX-3A-1326 were flown at the same time. All balloons
were flown with a free lift of 1600-grams. The
characteristics of these balloons and their flight
performance are recorded in Table 136.

A study of these results shows that the heavier
balloons out performed the lighter balloons of both
types to a marked degree. It would appear, therefore,
that it is necessary to increase the wall thickness of
balloons as the size of the balloon increases.

Compound A3-127 has been used to produce satisfactory
120,000-foot balloons. This compound is similar to
A3-106 but has a higher plasticizer content. In order
to confirm the performance of this compound, a further
twelve balloons in the 1800/2000 gram range were
submitted for flight testing.

Since it has been demonstrated that a compound suitable
for 100,000-foot balloons is not necessarily suitable
for 120.000-foot balloons, it was considered of interest
to see if the reverse was also true -- that a compound
suitable for 120,000-foot balloons was not suitable
for 100,000-foot balloons.

Accordingly, six balloons in the 1000-gram class were
manufactured from compound A3-127 and submitted for
flight testing. All balloons in this series were
flown with a free lift of 1600 grams. The characteristics
and flight results are given in Table 137.
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TABLE

PLIGHT RESULTS - BALLOONS MANUFACTURED FROM COMPOUNDS A3-127 AND A3-106

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-1321 Y16-4 Night 1980 140 51,700 879

EX-3A-1322 Y19-2 Day 1890 137 42,700 909

EX-3A-1323 Y19-4 Day 1930 136 126,640 1119

EX-3A-1324 Y20-1 Night 1800 135 50,400 892

EX-3A-1325 Y20-2 Night 1825 132 97,790 940

EX-3A-1326 Y20-3 Day 1835 133 118,865 1128

EX-3A-1341 C20-3 Day 1975 147 104,856 1014

EX-3A-1342 C20-4 Day 1970 148 89,200 956

EX-3A-1343 C20-5 Night 2040 148 11,600 520

EX-3A-1344 C30-4 Night 2145 150 65,600 692

EX-3A-1345 C29-2 Day 2145 148 115,551 1079

BX-3A-1346 C22-6 Night 1980 145 111,909 917

EX-3A-1351 C28-4 Day 2300 150 125,459 1173

EX-3A-1352 C22-5 Day 2125 152 123,097 1086

EX-3A-1353 C29-5 Day 2415 150 118,766 1162

EX-3A-1354 C21-4 Night 2330 150 131,004 964

EX-3A-1355 C30-1 Night 2285 148 121,424 978

EX-3A-1356 C30-3 Night 2410 152 113,287 916
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TASK A. Phase 4. Part B (continued)

TABLE 137

FIGHT RESULTS - BALIDONS MANUFACTURED FROM CONFOUND A3-127

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-531 K2-4AM Night 1110 118 105,600 976

EX-3A-532 K5-2AM Night 1120 117 108,900 923

EX-3A-533 K5-3AM Day 1105 116 103,400 961

EX-3A-534 K5-4AM Night 1080 116 99,600 927

EX-3A-535 K5-5AM Day 1115 116 75, 300 873

EX-3A-536 K5-6AM Day 1115 118 105,000 963

EX-3A-1361 H4-IA Day 1785 130 129, 331 1115

EX-3A-1362 H4-2A Night 1795 131 120,635 1145

EX-3A-1363 H4-3A Day 1955 136 127,160 1180

EX-3A-1364 H4-AA Night 1775 130 119,270 1090

EX-3A-1365 H4-5A Day 2010 135 116,765 1115

EX-3A-1366 H4-6A Night 1895 141 75,600 911

EX-3A-1371 K23-3TR Day 1930 157 117,946 1044

EX-3A-1372 K23-5TR Day 1950 154 119, 935 1060

EX-3A-1373 K27-3TR Day 1950 159 122,635 1040

EX-3A-1374 K27-4TR Night 1935 158 96,260 866

EX-3A-1375 K27-5TR Night 1900 160 119,718 1000

EX-3A-1376 K29-3TR Night 1960 160 129,593 1012
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A study of these results shows that the flight
performance of A3-127 at the 120,000-foot level
has been confirmed, although these balloons are
lighter in weight than were the previous group.
Of the twelve flights, ten reached altitudes in excess
of 110,000 feet. Although only five reached altitudes
of cver 120,000 feet, three others reached altitudes
between 119,000 and 120,000 feet; and it may therefore
be concluded that this compound will produce a balloon
capable of reaching 120,000 feet at least 60% of the
time.

However, the performance of the 1000-gram balloons
is in no way superior to that of similar balloons
manufactured from compound A3-106. As might be
expected, the rate of ascent is slower and there is
no compensating increase in altitude. In addition,
these balloons proved to be difficult to handle on
the ground~having inflated lengths prior to release
on the order of 140 inches.

It seems clear, therefore, that a compound designed
to produce balloons capable of reaching 120,000 feet
or more is not necessarily a suitable compound for
balloons designed to go to a lower level.

In order to confirm that compound A3-106 still
provided satisfactory balloons at the 800-gram and
1000-gram size, additional flights were prepared
with this type of balloon. In this first series,
fourteen flights were conducted.

Balloons EX-3A-421 through EX-3A-426 were in the
800-gram class; balloons EX-3A-411 through EX-3A-414
were in the 1000-gram class; and balloons EX3A-401
through EX-3A-L04 were in the 1200-gram class. All
balloons were flown with a free lift of 1600 grams.
The characteristics of these balloons and their flight
performance are given in Table 138.

Examination of these results shows that compound A3-106
is still producing dual-purpose balloons which perform
satisfactorily up to 100,000 feet. It is interesting
to note, however, that comparison of the 800-gram
balloon indicates that A3-104 is slightly superior
in performance at this weight.
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FACTUAL DAT (continued)

TASK A, Phase 4, Part B (continued)

TABLE Z-38

FLIGHT RESULTS - BALLOONS MANUFACTUR FROM COMPOUND A3-106

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)
EX-3A-421 R31-1T Night 860 88 98,000 1214

EX-3A-422 R31-2T Night 850 92 90,220 1096

EX-3A-423 R31-3T Day 815 89 102,526 1055

EX-3A-424 R31-4T Night 780 91 1 97,100 1095

EX-3A-425 R31-5T Day 810 91 95,900 1026

EX-3A-426 R31-6T Day 835 88 95,600 1095

EX-3A-4.11 SlO-T Night 985 105 104,500* 1045

EX-3A-412 S102-T Day 985 109 108,000 1139

EX-3A-413 S103-T Night 995 102 112,300 1046

EX-3A-414 S104-T Day 1020 109 116,900 1135

zX-3A-401 R9-3T Night 1175 121 110,700 987

EX-3A-402 R9-5T Day 1205 118 67,120* 1070

EX-3A-403 R9-7T Day 1165 115 72,300* 1040

Ex-3A-404 R9-8T Night 1165 113 129,246 1128

* Top Intelligible Data
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FACTUAL DATA (continued)

TASK A. Phase 4. Part B (continued)

It has never been clearly established that the
balloon film should be cured to the optimum physical
properties in order to provide optimum flight
performance, although such an assumption would seem
to be reasonable.

It was, therefore, decided to submit a series of
balloons, all weighing approximately 1000 grams and
with lengths of 105-.15 inches, in groups which have
been given lower cures than is normal for compound
A3-106. In all, 28 balloors consisting of five
groups were submitted for test.

Balloons EX-3A-421 through EX-3A-436 were standard
balloons given the normal cure of 120 minutes at 280 0 F,
with lengths at the maximum range.

Balloons Ek-3A-441 through EX-3A-446 were also standard
balloons hiving standard cure, but their lengths were
at the minimum of the range.

Balloons EX-3A-461 through EX-3A-464 were manufactured
from a compound freshly prepared and were otherwise
similar to the first two groups.

Balloons EX-3A-465 through.EX-3A-470 were cured for
75 minutes, and balloons EX-3A-471 through EX-3A-476
were cured for 90 minutes it 280 0 F.

All balloons in this series were flown with a free
lift of 1600 grams. The results of the flights are
given in Table 139.

A study of this table shows that no improvement is
obtained by reduction of the cure to 90 minutes or
to 75 minutes. In fact, indications are that the 75-
minute cure results in inferior flight performance.

Use of a freshly prepared compound results in no
improvement. The balloons of approximately 115-inch
length were slightly superior to the 105-inch length
balloons as far as altitude is concerned although,
as was to be expected, the rate of ascent was slightly
lower. There is, however, no very significant
difference between the performance of these two groups.
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AILLe-139

FLIGHT RESULTS - BALLOONS MANUFACrURED FROM COMPOUND A3-106

Cure Cure Day or Altitude Ascensional
Experiment Balloon Time Temp. Night Weight Length at Burst Rate

No. No. (mins) (*F) Flight (grams) (inches) (feet) (feet/min.)

EC-3A-431 C-iT 120 280 Night 1000 115 99,800 1045

BX-3A-432 C-2T 120 280 Day 1030 114 113,750 1034

EX-3A-433 C-3T 120 280 Night 1005 115 110,800 1036

EX-3A-434 C-4T 120 280 Day 1005 115 107,400 1048

EX-3A-435 C-5T 120 280 Night 1005 115 104,700 1014

EX-3A-436 C-6T 120 280 Day 1000 114 113,300 968

EX-3A-441 F14-1T 120 280 Day 970 106 100,000 1047

EX-3A-442 F14-2T 120 280 Night 985 107 56,700 778

EX-3A-443 F14-3T 120 280 Day 995 105 104,400 1083

EX-3A-444 F14-4T 120 280 Night 965 101 107,900 1035

EX-3A-445 F14-5T 120 280 Day 975 104 108,500 1088

EX-3A-446 F14-6T 120 280 Night 985 106 107,950 1009

EX-3A-461 F28-8 120 280 Night 1025 105 102,500 1009

EX-3A-462 F28-9 120 280 Day 1005 98 8,900 654

EX-3A-463 F28-10 120 280 Day 1060 100 98,100 1073

EX-3A-464 F28-11 120 280 Night 1050 105 100,500 1003

EX-3A-465 21 75 280 Night 1100 112 102,000 932

EX-3A-466 25 75 280 Day 1080 107 102,800 1064

EX-3A-467 30 75 280 Day 1100 110 95,750 999

EX-3A-468 32 75 280 Day 1035 112 101,200 1016

EX-3A-469 38 75 280 Day 1030 107 84,750 1070

EX-3A-470 39 75 280 Night 1075 114 98,700 926

EX-3A-471 H1l-1T 90 280 Day 1040 104 100,120 1123

EX-3A-472 H1l-2T 90 280 Night 1065 106 56,100 940

EX-3A-473 H11-3T 90 280 Day 1055 103 103,320 951

EX-3A-474 H11-4T 90 280 Night 1025 107 97,600 957

EX-3A-475 Hl1-5T 90 280 Day 1065 105 101,800 1037

EX-3A-476 H11-6T 90 280 Night 1100 107 100,750 913
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FACTUAL DATA (continued)

TASK A. Phase 4. Part B (continued)

A further set of flights was conducted in which three
groups of balloons were flown, each group consisting
of six balloons. Balloons EX-3A-561 through EX-3A-566
were standard balloons which received the standard
cure; balloons EX-3A-567 through EX-3A-572 were cured
for two hours at 2601F; and balloons EX-3A-573 through
EX-3A-578 had approximately 10% greater wall thickness.

Three balloons from each group were flown during the
day, and three were flown at night. A free lift of
1600 grams was employed for all flights. The
characteristics of these balloons and their flight
results are given in Table 140.

A study of this table shows that the general level of
performance of all these balloons is decidely below
that usually obtained with balloons made from compound
A3-106. Of eighteen flights, only eight reached
altitudes in excess of 100,000 feet, and the rates of
ascent were extremely slow.

Two additional groups of balloons made from compound
A3-106 and weighing approximately 900 grams were
prepared.

Balloons EX-3A-731 through EX-3A-736 were cured at
2400F, and balloons EX-3A-737 through EX-3A-742 were
cured at 260 0 F. The normal curing temperature for
this compound is 280 0F.

These balloons were all flown at night with a free lift
of 1600 grams. Their physical characteristics and
flight performance are given in Table 141.

A study of these results indicates that reduction of the
cure temperature to 240 0 F, has good potential as fat as
increasing the altitude attainable by this type of
balloon is concerned. Four of the six flights are in
excess of 120,000 feet. The rate of ascent of these four
balloons is also satisfactory, the two balloons that
failed to reach 100,000 feet being the only two with
slow rates of ascent.

The results, however, do suggest that the performance
of these balloons might be erratic.

Finally one further series of flights was conducted
with balloons made from compound A3-106 and cured at
a low temperature. In this series three additional
balloons were made from compound A3-105 which was also
cured at the same low temperature, these balloons, of
course, being flown in the day-time.
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FACTU DAL A (continued)

TASK A. Phase 4. Part B (continued)

TABLE_44

PLIGHT RMSULTS - BALLOONS MANUFACTURED FROM COMPOUND A3-106

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Plight (grams) (inches) (feet) (feet/min.)

EX-3A-561 M17-IT Night 985 110 14,500 833

EX-3A-562 M17-2T Day 1090 112 100,200 937

BX-3A-563 M17-3T Day 1045 108 95,240 904

EX-3A-564 M17-4T Day 1035 110 96,000 1007

EX-3A-565 M17-5T Night 1015 107 109,700 956

EX-3A-566 M17-6T Night 1060 110 99,100 923

EX-3A-567 M26-1T Day 1045 104 102,400 1021

EX-3A-568 M26-2T Night 1110 108 97,790 939

EX-3A-569 M26-3T Day 1050 107 105,300 986

EX-3A-570 M26-4T Night 1095 108 54,900 678

EX-3A-571 M26-5T Day 1105 107 101,300 968

EX-3A-572 M26-6T Night 1095 106 100,500 925

EX-3A-573 M31-1T Day 1185 110 97,300 925

EX-3A-574 M31-2T Night 1200 112 98,680 934

EX-3A-575 M31-3T Day 1210 109 89,800 912

EX-3A-576 M31-4T Night 1195 112 102,400 873

EX-3A-577 M31-5T Day 1210 111 70,000 955

EX-3A-578 M31-6T Night 1195 107 124,500 1098
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FACTUAL DATA (continued)

TASK A. Phase 4. Part B (continued)

TABIB 141

FLIGHT RESULTS - BALOONS MAMNFACTURED FROM COIpOU1D A3-106

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-731 H9-51T Night 960 98 118,100 1012

EX-3A-732 H9-52T Night 845 96 119,619 1111

EX-3A-733 H9-53T Night 945 98 97,450 969

EX-3A-734 H9-54T Night 1010 101 78,100 835

EX-3A-735 H9-55T Night 905 98 127,848 1114

EX-3A-736 H9-56T Night 815 97 120,270 1040

X-3A-737 H1O-1T Night 980 96 105,743 1044

EX-3A-738 H10-2T Night 970 97 113,681 1054

EX-3A-739 H1O-3T Night 915 95 97,790 1008

EX-3A-740 HIo-4T Night 975 95 107,316 1057

EX-3A-741 H10-ST Night 915 96 64, I00 986

EX-3A-742 HIO-6T Night 935 95 1o5,052 1020
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FACTUAL DATA (continued)

TASK A. Phase 4. Part B (continued)

Balloons EX-3A-772 and EX-3A-776 were made from
compound A3-105 and cured for 60 minutes at 2400F.
Balloon EX-3A-778 was also made from compound A3-105
and cured for 60 minutes at 260 0 F.

Balloons EX-3A-771, EX-3A-773, EX-3A-774 and EX-3A-775
were made from compound A3-106 and cured for 60 minutes
at 2400 F. Balloon EX-3A-777 was made from compound
A3-106 and cured for 60 minutes at 2600 F.

The physical characteristics of these balloons and
their flight perfonL.ance are given in Table 142.

A study of these results confirmsthat unusually high
altitudes can be obtained by reducing the state of
cure. In the case of compound A3-105 the performance
appears to be quite consistent. In the case of compound
A3-106, however, there are again indications that the
reduced cure results in balloons that are erratic in
their performance.

Compound A3-101, the number assigned to the compound
developed during the interval between contracts and
containing 10 parts of Dibutyl Sebacate, gave very
good 2500-gram balloons; but the performance level
of 1500-gram balloons was disappointing (see Task A,
Phase 4, Part A). The plasticizer level was raised
to 25 parts in order to check the performance of this
compound in night-flight balloons, this latter compound
being designated A3-107.

Six 3000-gram balloons were submitted for flight testing.
These balloons were identified as EX-61 through EX-66.
They were all flown during the hours of darkness with
a free lift of 1600 grams. The characteristics of
these balloons and their flight performance are given
in Table 143.

A stuCy of these results shows that four of the six
flights -reached alt.ýtuder in excess of 120,000 feet,
while three of these were in excess of 140,000 feet.
Balloon EX-63 established a new world's record for
a night-flight balloon, and balloons E7-62 and EX-66
were also well above the previous record.

In view of this promising performance, a further six
balloons were prepared and submitted for flight testing.
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FACTUAL DATA (continued)

TABLE IL2

FLGHT RESULTS - BALLOONS MANUFACT D FROM CCHOMNDS A3-106 AND A3-105

Day or Altitude Ascensional
Experiment Balloon Night Weight length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-771 R1O-ITW Day 945 101 102,000 1059

EX-3A-772 RIO-2TW Day 855 92 122,211 1142

EX-3A-773 RlO-3TW Day 905 97 115,945 1120

EX-3A-774 RiO-4TW Night 985 100 84h 760 1036

EX-3A-775 R10-STW Night 1005 100 96,770 1098

EX-3A-776 RlO-6TW Day 870 92 116,043 1103

EX-3A-777 R1S-3TW Night 970 102 115, 420 1045

EX-3A-778 R20-13TW Day 805 90 118,963 -152

TABLE W~

FLIGHT RESULTS - BALLOONS MANUFACTURED FRC4 COMPOUND A3-107

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grais) (inches) (feet) (feet/min.)

EX-61. B 9-4 Night 3150 398 to, 5oo 942

EX-62 B3.-1 Night 3300 200 142,126 824

EX-63 BII-2 Night 3150 200 144, 259 897

EZ-64 B17-4 Night 3025 194 128,o084 844

EX-65 B17-5 Night 3200 200 I00,600 470

EX-66 B18-1 Night 3050 203 1i2,,848 1058
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MAfTUAL DATA (continued)

TASK A. Phase 4. Part B (continued)

These balloons proved impossible to handle having an
extremely low modulus which resulted in excessive
distortion in the inflation shelter followed by
ground bursts. Upon investigation, it was discovered
that an error had occured in processin which accounted
for the deterioration of the balloon film. These balloons
which were identified as EX-3A-2001 through EX-3A-2006
were destroyed.

Seven balloons were prepared from compound A3-130 and
submitted for flight testing. These balloons were
nominal 1000-gram balloons and were designed to test
the flight behavior of Neoprene 400. The balloons
were flown with a free lift of 1600 gratus, and the flight
results are given in Table 144.

A study of these results shows that in spite of the
slightly heavier weight and the greater length of
these balloons, no substantial improvement in performance
was obtained. Although the altitudes reached are
satisfactory, the rates of ascent are still below what
might be expected from the physical properties of this
compound.

In order to test the behavior of B.T.N. a series
of balloon flights was conducted using balloons
manufactured from compound A3-128 with balloons
manufactured from compound A3-106 as controls. The
only difference between these two compounds is that
compound A3-128 contains B.T.N. as a replacement for
the N.B.C. used as the antiozonant in A3-106.

All balloons were flown with a free lift of 1600 grams
and the weights ranged from 800 to 1000 grams. Results
of these flights are recorded in Table 145.

These results show that B.T.N. is apparently suitable
as a direct replacement for N.B.C. The average altitude
reached by the balloons made from compound A3-128 is
somewhat greater than that reached by the balloons made
from compound A3-106. However, it should be noted that
the majority of the balloons manufactured from compound
A3.-!06 were somewhat shorter than is normally considered
acceptable for this type of balloon.
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FACTUAL DATA (continued)

TASK A. Phase 4. Part B (continued)

FLIGRT RESULTS - BALLOONS MANUFACTURED FROM COMPOUND A3-130

Day or Altitude AscenBional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-541 K6-4TK Night 1280 125 107,400 957

EX-3A-542 K7-2TK Night 1210 118 96, 750 951

EX-3A-543 K8-1TK Day 1180 115 105,300 1095

EX-3A-544 KS-2TK Day 1240 121 106,600 1074

EX-3A-545 K8-3TK Day 1260 124 105, 700 1052

RX-3A-546 K9-2TK Night 1240 123 102,1400 884

EX-3A-547 K12-2TK Night 1260 128 112,700 1006
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FACTUAL DATA (continued)

TASK A. Phase 4..Part B (continued)

PLIGHT RESULTS - BALLOONS MANUPACURED PROM COMPOUNDS A3-l06 AND A3-128

Day or Altitude Ascensional
Experiment Balloon Compound Night Weight Length at Burst Rate

No. No. No. Plight (grams) (inches) (feet) (feet/min.)

EX-3A-231 A-iT A3-106 Day 895 102 Q6,300 1151

EX-3A-232 A-2T A3-106 Day 850 100 105,800 1160

EX-3A-233 A-3T A3-106 Day 875 105 107,900 1116

EX-3A-234 Pll-2TK A3-128 Day 825 93 106,200 1086

EX-3A-2,35 P12-4TK A3-128 Day 830 96 106,200 1116

EX-3A-236 F17-3TK A3-128 Day 805 94 107,000 1104

EX-3A-241 A-4T A3-106 Day 925 92 102,000 1077

SX-3A-242 A-ST A3-106 Day 925 90 103,950 1060

EX-3A-243 A-6T A3-106 Night 920 90 99,400 1042

EX-3A-244 A-7T A3-106 Night 920 91 101,000 1030

AX-3A-245 A-8T A3-106 Night 920 92 98,100 1017

EX-3A-246 Pl-lTK A3-128 Night 940 96 111,900 1039

EX-3A-247 P11-3TK A3-128 Night 860 98 108,200 1040

EX-3A-248 P12-2TK A3-128 Night 950 98 111,700 988

EX-3A-249 P12-1TK A3-128 Day 1010 104 108,200 1069

EX-3A-250 P13-17K A3-128 Day 920 98 108,500 1046
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FACTUAL DATA (continued)

TASK A. Phase 4. Part B (continued)

In the same way the rate of ascent of the balloons
made from compound A3-128 is somewhat slower that
that of the balloons made from compound A3-106. This
again is possibly explained by the difference in
lengths of the two balloons.

Compound A3-132 showed satisfactory physical properties,
and two balloons made from this compound and eight made
from the corresponding dual-purpose compound, A3-136,
were submitted for flight testing. Balloons made from
A3-106 were flown as controls.

Balloons EX-3A-591 and EX-3A-592 were made from compound
A3-132, and balloons EX-3A-593 through EX-3A-600 were
made from compound A3-136. Balloons EX-3A-601 through
EX-3A-606 were made from A3-106 and subjected to eight
hours heat aging before flight; balloons EX-3A-607
through EX-3A-612 were standard A3-106 balloons.

The characteristics of these balloons, which were all
flown with a free lift of 1600 grams, and their flight
performance are given in Table 146.

A study of these flights indicates that compounds A3-132
and A3-136 are equal in performance to A3-106. Further-
more, the good performance of balloons made from A3-106
is confirmed and the flights also indicate that there is
no loss in performance after the balloons are subjected
to accelerated aging.

A series of flights was next conducted using balloons
manufactured from corupound A3-129, which contains Butoxy
Ethyl Oleate in palce of the Paraflux C-325 used in
compound A3-106. In all, eighteen balloons were flown.

Balloons identified as EX-3A-511 through EX-3A-556 were
manufactured from compound A3-106, and those identified
as EX-3A-491 through EX-3A-496 and EX-3A-641 through
EX-3A-646 were manufactured from compound A3-129.

All balloons were flown with a free lift of 1600 grnms,
and the flight results are given in Table 147.

A study of these results shows that compound A3-129
produces balloons in the 1000-gram range having
slightly superior performance to those manufactured from
compound A3-106. The rate of ascent of both types of
balloons is virtually the same.
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FACTUAL DATA (continued)

TABLE 16

FLIGHT RESULTS - BALLOONS MANUFACTURED FROM COWOUNDS A3-132. A3-136, A3-106

Day or Altitude Ascensional
Exper 'nt Balloon Compound Night Weight Length at Burst Rate

No, No, No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-591 M28-1TK A3-132 Day 810 92 95,240 1023

EX-3A-592 M28-2TK A3-132 Day 795 90 97,100 1103

EX-3A-593 M28-3TK A3-136 Night 870 97 95,240 949

EX-3A-594 M28-4TK A3-136 Night 975 105 72,300 980

EX-3A-595 M28-6TK A3-136 Night 910 107 110,335 1076

EX-3A-596 M27-ITK A3-136 Night 940 100 98,000 939

EX-3A-597 M27-4TK A3-136 Night 965 101 114,829 1041

EX-3A-598 M27-6TK A3-136 Night 1020 108 100,400 900

EX-3A-599 M26-1TK A3-136 Night 900 102 110,663 1063

EX-3A-600 M26-2TK A3-136 Night 940 104 111,352 1047

EX-3A-601 Rll-iT A3-106 Day 1005 100 104,921 1017

EX-3A-602 R11-2T A3-106 Day 1035 96 96,260 985

EX-3A-603 Rl1-3T A3-106 Day 1005 97 84,400 912

EX-3A-604 R11-4T A3-106 Night 1085 105 116,667 1095

EX-3A-605 RIl-5T A3-106 Night 1010 101 110,007 1055

EX-3A-606 Rl1-6T A3-106 Night 1025 99 115,157 1040

EX-3A-607 R24-1T A3-106 Day 1085 104 77,100 960

EX-3A-608 R24-2T A3-106 Night 1075 103 103,600 1022

EX-3A-609 R24-3T A3-106 Day 935 102 110,138 1065

EX-3A-610 R24-4T A3-106 Night 1000 101 112,956 1075

EX-3A-611 R24-ST A3-106 Day 1085 103 109,121 1040

LX-3A-612 " R24-6T A3-106 Night 1070 106 101,800 1055
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FACTUAL DATA (continued)

TABLE 147

FLIG1I RESULTS - BALOONS MAN FACRm FRC! caomUDS A--106 AND A3-129

Day or Altitude Ascenaional
Experiment Balloon Coempoud Night Weight Length at Burst Rate

No. No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-551 K16-1T A3-106 Night 1025 105 99,250 993

EX-3A-552 .X16-2T A3-106 Day 1040 105 98,500 1080

EX-3A-553 K16-3T A3-106 Night 1040 103 98, 740 992

EX-3A-554 K16-4T A3-306 Day 1030 102 98,800 1027

EX-3A-555 KI,-5T A3-106 Day 1035 103 95,500 1056

EX-3A-556 K16-6T A3-106 Night 1030 103 97,900 979

EX-3A-491 IT A3-129 Day 1115 109 103,200 1035

EX-3A-492 2T A3-129 Night 1090 107 104, 200 979

EX-3A-493 3T A3-129 Day 1095 108 103,800 1045

EX-3A-494 4T A3-129 Night 1100 104 102,700 1016

EX-3A-495 5T A3-129 Day 1120 107 105,360 1091

EX-3A-496 6T A3-129 Night 1105 104 69, 100 875

EX-3A-641 S12-1T A3-129 Night 105.5 113 116,690 1051

EX-3A-642 W12-2T A3-129 Day 101.5 112 113,000 1090

EX-3A-643 S12-3T A3-129 Night 1050 104 81,800 863

EX-3A-644 S12-4T A3-129 Day 1050 106 102,300 989

EX-3A-645 S12-5T A3-129 Night 1055 108 1.1,362 1057

EX-3A-646 S12-6T A3-129 Day 1020 110 101,000 1039
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FACTUAL DATA (continued)

TASK A. Phase 4. Part (continued)

Six balloons made from compound A3-133 were submitted
flight testing. This compound employs Dibutyl Sebacate
in place of Butyl Oleate because of the difficulties
encountered in the making of compounds having high Butyl
Oleate content. The gel proved to be difficult to handle,
being much softer than similar gels in which Butyl Oleate
is the plasticizer. All the balloons tended to be thinner
than is considered desirable in the neck area. They were
flown with a free lift of 1600 grams, and the characteristics
of these balloons together with their flight performance
are given in Table 148.

A study of these results shows that the performance is,
in general, uniform and surprisingly good considering
the appearance of the balloons and their poor low-
temperature properties. However, the altitudes are
generally low and unsatisfactory. Because of the
difficulties of handling this compound in the gel stage,
no further work with it is planned.

Six balloons made from compound A3-135 were submitted for
flight testing. This compound contains a blend of two
accelerators. The balloons were identified as EX-3A-631
through EX-3A-636 and were flown with a free lift of 1600
grams. The characteristics and flight performance are
given in Table 149.

A study of these results shows that despite the somewhat
shorter length of the balloons, the performance is quite
satisfactory and the rates of ascent are unusually high.
Additional flights with longer balloons made from this
compound appear to be indicated.

Six balloons made from compound A3-137 were submitted forflight testing. This compound contains Mistron Vapor

and has a higher modulus than dual-purpose compounds in
general. The balloons were identified as EX-3A-651
through EX-3A-656 and were flown with a free lift of
1600 grams. Their characteristics and flight performance
are given in Table 150.

A study of these results shows that the balloons
performed satisfactorily and that the rate of ascent
is substantially above 1000 feet per minute. These
results can be anticipated from the physical characteristics
of the compound.
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FACTUAL DATA (continued)

TASK A. Phae 4. Part B (continued)

TABLE 1h8

FLIGHT RESULTS - BALLOONS MANUFACTURED FROM COMPOUND A3-133

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-621 R21-2TK Night 880 99 97,960 1026

'EX-3A-622 R21-3TK Night 895 99 98,130 1014

EX-3A-623 R21-4TK Night 870 101 94,900 954

EX-3A-624 R22-5TK Day 895 105 97,100* 1004

EX-3A-625 R22-6TC Day 905 105 97,960 1008

EX-3A-626 R22-8TK Day 865 98 103,600 1063

*Top Intelligible Data

TABLE 9

FLIGHT RESULTS - BALLOONS MANUFACTURED FROM COMPOUND A3-135

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No, No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-631 S21-2TK Night 1070 98 96,200* 1006

EX-3A-632 S21-4TK Day 1180 99 88,400 1130

EX-3A-633 S22-2TK Day 1115 94 99,060 1075

EX-3A-634 $22-3TK Night 1110 97 110,600 1134

EX-3A-635 $22-5TK Night 1085 98 110,050 1110

EX-3A-:636 S22-7TK Day 1160 105 battery failure

*Top Intelligible Data
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FACTUAL DATA (continued)

TASK A. Phase 4. Part B (continued)

Balloons in the 1000-gram class and in the 700-gram
class were made from compound A3-138. This compound,
which is similar to A3-104,was developed in the course
of the accelerator study and has somewhat better low-
temperature characteristics than does A3-104. Although
the elongation at -700C is not substantially superior,
compound A3-138 appears to be much less susceptible to
cold flow at this temperature and shouldtherefore,
provide a more reliable balloon than compound A3-104.

Six balloons in the 1000-gram class were submitted for
flight testing. They were identified as EX-3A-661
through EX-3A-666 and were flown with a free lift of
1600 grams. Five balloons in the 700 gram class were
submitted. They were identified as EX--3A-111 through
EX-3A-115 and were flown with a free lift of 1400 grams.
The physical characteristics of these balloons and their
flight performance are given in Table 151.

A study of these results shows that compound A3-138
provides a reliable dual-purpose balloon capable of
reaching 100,000 feet by day or by night. Two 1000-gram
balloons (EX-3A-662 and EX-3A-666) which were, respectively,
108 inches and 110 inches in length and were the two
longest balloons reached substantially higher altitudes
than the remaining four in their weight class which were
102 inches to 103 inches lung.

Therefore, it can be stated that balloons made from
this compound and intended to reach altitudes of 100,000
feet should be at least 105 inches long when weighing
1000 grams. The rate of ascent of all 1000-gram
balloons listed in Table 151 was in excess of 1000 feet
per minute.

The performance of the 700-gram balloons is equally
satisfactory with the exception of balloon EX-3A-112
which reached an altitude of only 55,000 feet at night.
However, other balloons flown on the same night also
burst at approximately 50,000 feat (See Table 218, Task
C, Phase 3 of this report). It is therefore, strongly
evident that unusually low temperatures were encountered
on this particular night and that the three balloons in
question all froze.

A further six balloons weighing approximately 1750 grams
manufactured from compound A3-106 were submitted for
flight testing at this time.
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TABLE 150

FLIGH? RESULTS - BALlOONS MANUFACTURED FRCM CONFOUND A3-137

Day or Altitude Ascensional
Experiment Balloon Night Weight length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-651 TS-lTK Night 1350 108 111, 385 1077

EX-3k-652 T5-2TK Night 1225 110 102,800 1073

EX-3A-653 T5-3TK Night 1220 109 109, 252 1040

EX-3A-654 T5-4TK Day 1170 11o Radiosonde Failure

EX-3A-655 T6-1TK Day 1170 112 103,300 1097

EX-3A-656 T6-2TK Day 1180 114 98,200 1001

TABLE 151

FLIGHT RESULTS - BALLONS M&NUFACTED FROM COMPOUND A3-138

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-661 Yl-1TK Night 1030 103 100,400 1019

EX-3A-662 14-3TK Night 1070 108 108, 200 1028

EX-3A-663 7S-3TK Day 1070 102 98,800 1081

EX-3A-664 I5-4TK Day 1010 102 102,200 1139

EX-3A-665 Y6-3TK Night 1100 102 101,700 1025

EX-3A-666 Y6-4TK Day 1000 110 -114,272 .150

EX-3A-ILl YI2-4TK Night 740 97 102,600 1106

EX-3k-112 fl.3-1TK Night 700 78 55,200 962

EX-3A-U3 Y13-2TK Day 700 92 85,000 1022

EX-3A-114 YI3-4TK Night 660 84 87,200 1015

EX-3A-II5 f14-2TK Day 670 82 94,,840 1089
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FACTUALDATA (continued)

TASK A. Phase 4. Part B (continued)

This compound has given balloons with satisfactory
performance at the XO0,000-foot level, and balloons
weighing approximately 2250 grams have performed
fairly well at 120,000 feet. It was felt, therefore,
that a 1750-gram balloon should reach altitudes in
excess of 110,000 feet although previous flights with
such a balloon had been erratic.

These balloons were identified as EX-3A-1381 through
EX-3A-1386 and were flown with a free lift of 1600
grams. Their characteristics and flight performance
are given in Table 152.

A study of this table shows that four of the six
balloons did, in fact, reach altitudes in excess of
110,000 feet.

The rates of ascent were generally rather slow, which
is characteristic of large balloons made from this
compound. However, three balloons did have ascensional
rates greater than 1000 feet per minute; and balloon
EX-3A-1385 which was very slow at an altitude of 54,200
feet, must be considered as defective and should not be
included in the evaluation.

Additional flight testing was conducted with balloons
made from compound A3-138. Balloons in the 700-gram
class, the 1000-gram class and the 1500-gram class were
flown, and the flight results are recorded in Table 153,
154 and 155.

Twelve balloons in the 700-gram class were flown. Six
of these ranged in length from 102 inches to 109 inches
and are identified as EX-3A-121 through EX-3A-126. The
remaining six balloons ran~ed in length from 70 inches
tn 77 inches and are identified as EX-3A-131 through
EX-3A-136. All balloons were flown with a free lift of
1400 grams, and their physical characteristics and
flight performance are recorded in Table 153.

A study of these flights shows that the previously re-
corded performance of compound A3-138 at this level is
confirmed. As was expected, the group having the greater
length reached substantially higher altitudes but
ascended much more slowly.
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TABLE 152

FLIGHT RESULTS - BALLOONS MA2WACOTrU FRI(M 00HWOUND A3-106

Day or Altitude AscenAional
Experiment Balloon Night Weight Length at Burst Rate

• No. No. Flight (gram) (inches) (feet) (feet/min.)

EX-3A-1381 T27-1 Night 1760 148 418,965 1016

EZ-3A-1382 T27-2 Night 1805 148 3l19,125 955

EX-3A-1383 T27-3 Day 1810 149 18, 3340 1057

EX-3A-1384 Wl-6 Night 1820 148 111,530 857

EX-3A-1385 Wl-7 Day 1775 147 514,200 860

EX-3A-1386 W2-3 Day 1755 147 104,500 1028

FLIGHT RESULTS - BALLOONS MANUFACTURED FROK CCHPOTJND A3-138

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-121 C2-1T Night 735 103 35,800 925

EX-3A-122 C2-2T Night 705 105 113,914 914

EX-3A-123 C2-3T Night 685 102 100,200 881

Ex-3A-124 C2-4T Day 735 105 90,500 938

EX-3A-125 C2-5T Day 730 107 89,200 955

EX-3A-126 C2-6T Day 750 109 93,,200* 987

EX-3A-131 C20-1T Day 735 75 87,,500 1241

EX-3A-132 C20-2T Night 735 74 85,800 966

EX-3A-133 C20-3T Day 730 70 83,1400 1132

EX-3A-134 C20-4T Night 725 74 81,400 981

EX-3A-135 C20-5T Night 720 75 84,700 953

EX-3A-136 C20-6T Day 785 77 88,500 1062

*Top intelligible data - 227 -



M (continued)

TASK A. Phase 4. Part (continued)

The rate of ascent of the shorter balloons in the
daytime is completely satisfactory, but at night it is
somewhat inadequate. This is a bit surprising in view
of the relatively high modulus of this compound. How-
ever, the study of the effect of modulus on shape during
inflation which is reported in Task B, Phase E, of this
report, throws some light on this apparently anomalous
behavior.

Ten balloons in the 1000-gram range manufactured from
compound A3-138 were also flown. These balloons were
identified as EX-3A-681 through EX-3A-684 and EX-3A-690
through EX-3A-695, and they were all flown with a free
lift of 1600 grams. The results of these flights are
recorded in Table 154.

A study of these results shows that the performance is
satisfactory. Eight of the ten balloons reached altitudes
in excess of 100,000 feet. The rate of ascent at night
is still somewaht border line, however, two of the five
flights failing to ascend at more than 1000 feet per
minute.

Six balloons in the 1500-gram class made from compound
A3-138 were also submitted for flight testing. These
balloons are identified as EX-3A-1391 through EX-3A-1396
and were flown with a free lift of 1600 grams. The
characteristics of these balloons and their flight
performance are recorded in Table 155.

The results of these flights are extremely disappointing.
It would appear that even in the daytime, it is necessary
for these balloons to Le slightly elongated before low
temperatures are reached if the potential elongation is
to be obtained during flight.

Six balloons made from compound A3-138 which had been
shelf aged for six months were flown. These balloons
were identified as EX-3A-701 through EX-3A-706. They
were flown with a free lift of 1600 grams, and their
physical characteristics and flight performances are
recorded in Table 156.
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FACTUAL DATA (continued)

TASK A, Phase 4. Part B (continued)

TABLz 154

FLIGHT RESULTS - BALOONS M&NUFACTURED FROM COMPOUND A3-138

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-681 B23-1T Night 1070 100 102,000 919

EX-3A-682 B23-2T Night 1065 102 112,467 933

EX-3A-683 B23-3T Day 1090 108 110,663 1080

EX-3A-684 B23-4T Day 1070 105 83,100 1039

EX-3A-690 B28-1AM Night 1065 109 104,700 1000

Ex-3A-691 B28-2AM Day 1070 106 113,156 U58

EX-3A-692 C2-IAM Day 1045 102 93,200 1055

EX-3A-693 C2-2AM Day 1110 102 105,000 1127

EX-3&-694 C2-6AM Night 1060 101 101,400 1024

EX-3A-695 C6-3AM Night 1050 103 100,500 1041

FLIGHT RESULTS - BALLOONS MANUFACTURED FROM O0MPOUND A3-138

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-1391 A22-hAM Day 1610 135 82,150 978

EX-3A-1392 A23-1AM Night 1565 135 80,800 921

EX-3A-1393 A25-3AM Night 1590 128 77,800 987

Ex-3A-1394 A26-1AM Night 1605 129 80,800 983

Ex-3A-1395 A26-2AM Day 1600 128 100,30 967

EX-3A-1396 A26-3AM Day 1570 129 109,1482 1138
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FACTUAL DATA (continued)

TASK A. Phase 4. Part B (continued)

A study of these results shows that the performance
of these balloons after aging for six months is
satisfactory. Five of the six flights reached
altitudes in excess of 100,000 feet and the one that
failed to reach this altitude did so by only 2550 feet.

The rates of ascent were greater than 1000 feet per
minute in four of the six flights, and the lowest
rate of ascent was exhibited by the balloon which
reached the lowest altitude, which is a normal condition.

A group of six balloons desinged for flight in the
Tropical Zone was also submitted for flight testing.
These balloons were identified as EX-3A-721 through
EX-3A-726.

Balloons EX-3A-721 through EX-3A-723 were made from
compound A3-106 modified to increase the plasticizer
content to 40 parts. Balloons EX-3A-724 through EX-3A-726
were made from compound A3-138 with the plasticizer content
increased to the same level.

Both compounds were checked at -780C which is the
minimum temperature attainable by the cold box, and
neither film froze. Both had elongations of more than
500%, the modified A3-106 film having better elongation
and lower modulus than the modified A3-138 film.

The balloons were in the 1200-gram class, and were all
flown at night with a free lift of 1600 grams. Their
characteristics and flight performance are given in
Table 157.

A study of the results in Table 157 shows that all
balloons did quite well both in altitude and ascensional
rate. The first group, EX-3A-721 through EX-3A-723, were
somewhat superior.

Arrangements were, therefore,made to fly similar balloons
at night in the Tropical Zone. Ten balloons made from
compound A3-138 with the high plasticizer level were
submitted for tests and seven flights were completed,
the balloons being released at sunset. The characteristics
of these balloons and their flight performance are given
in Table 158.
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FACTUAL (continued)

TAK A. Phase 4. Part B (continued)

TABLE 156

FLIGHT RESULTS - BALIONS MANUFACTURED FROM COMPOUND A3-138

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/main.)

EX-3A-701 F2-3AM Night 1175 109 fl0,433 1025

EX-3A-702 F9-WAM Night 1195 110 113,123 1003

EX-3A-703 F10-IAM Night 1195 110 113,747 973

Er-3A-7o4 FIO-2*M Day 1215 110 105,052 1087

EX-3A-705 FlO-3AM Day 1170 109 106,102 1060

EX-3A-706 FIO-UAM Day 1190 112 97,450 946

TABLE 157

rLIGHT RESULTS - BALIONS MANUFACTURED FROM COMPOUNDS A3-106 AND A3-138
NDDIMM FOR TROPICAL ZONE USE

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-721 MlI-lT Night 1275 114 118, 000 1098

EXI-3A-722 MIa-2T Night 1365 i4 113,4OO 1070

EX-3A-723 Ml-3T Night 1340 115 112,336 1179

EX-3A-724 MlI-4TM Night 1265 113 111,319 1126

KX-3A-725 mIl-STM Night 1355 102 91,090* 999

EX-3A-726 M1-6fT Night 1275 112 104,,750 1111

* Hole in balloon tied off.
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M EAL (continued)

TASK A. Phase 4. Part B (continued)

A study of these results shows that, as was
anticipated these balloons will perform satisfactorily
during the Tropical night. Disregarding balloon EX-3A-
804, five out of the remaining six reached altitudes in
excess of 100,000 feet and all the balloons rose at
rates in excess of 1000 feet per minute. Since it has
already been shown that the balloon will perform
satisfactorily in the Temperate Zone it may be concluded
that it is now possible to produce a balloon capable of
reaching an altitude of 100,000 feet when flown by
night in any geographical location.

Neoprene 673 when incorporated into compound 2A-16
showed very interesting physical properties, particularly
insofar as high modulus was concerned. This compound was
therefore, assigned the number A3-165 and balloons were
prepared for flight testing. These balloons were
identified as EX-3A-761 through EX-3A-765 and their
physical characteristics and flight performance are given
in Table 159.

These results are extremely disappointing, both as far
as altitudes and ascensional rates are concerned. The
physical properties of this compound indicate that
altitudes of 100,000 feet should be attainable and the
high modulus suggests that these balloons should have a
high rate of ascent, neither of which results have been
achieved. I

In order to fiad an explanation fop this anomalous
behavior a group of 100-gram balloons were prepared
and cured I. Ji:a same manner as the 1000-gram balloons.
It has previously been pointed out that the film has
to age and be allowed to crystallize if the high modulus
is to be developed. Accordingly, the 100-gram balloons
were retained for seven days before any tests were
carried out.

Physical tests on the balloon film demonstrated that
crystallization has occured after this interval and
three of the 100-gram balloons were now slowly inflated
to burst. It was observed that although the balloon is
initially perfectly round, a yield point is reached at
which one section of the balloon continues to expand
and the remaining portion remains at the same
elongation. As the inflation is continued the expansion
remains confined to the area which originally began to
stretch and the balloon finally ruptures with the greater
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FAMTUAL DATA (continued)

TABLE 158

FLIGHT RESULTS - BALLO)ONS YADE FlRt4 COMPOUND A3-138
WITH ADDITICNAL PLASTICIZER AS FIOhN AT PANAMA

Minimum Altitude Ascensional
Experiment Balloon Weight Length Temperature at Burst Rate

No. No. (grams) (inches) (OC.) (feet) (feet/sin.)

EX-3A-801 A16-1 1285 115 -79.2 116,850 1060

EX-3A-802 A16-5 1305 114 -76.7 86,437 1004

EX-3A-803 A9-1 1270 114 -74o1 116,480 1027

EX-3A-804 A17-3 1320 112 -76.6 63,051* 961

EX-3A-805 A16-4 1315 113 -78.5 104,088 1009

EX-3A-806 A9-4 1295 112 -76.1 112,454 1050

EX-3A-807 A17-1 1305 135 -75.9 103,596 1056

*Top intelligible data

TABLE 199

FLIGHT RESULTS - BALLOONS MANUFACTURED FR(4 COPOLMhD A3-165

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3A-761 R28-2TJ Day 940 99 Radiosonde Failure

EX-3A-762 R28-3TJ Day 1045 107 68,000 1091

EX-3A-763 R28-4TJ Day 1000 108 79, 710 1O84

EIX-3A-764 R28-STJ Night 945 108 41, 300 1291

EX-3A-765 R28-6TJ Night 1005 102 47, 800 1226
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FACTUAL DATA (continued)

TASKA. Phase 4. Part B (continued)

part of the balloon never having stretched beyond
the point of the initial small expansion. This,
of course, results in very low bursting volumes and
also in badly mis-shapen balloons. This, then,
explains both the low altitudes reached and the
relatively slow ascensional rates.

A further series of laboratory tests on dumb-bell
samples showed that the condition which is encountered
when testing at low temperatures, which is described
as cold flow, exists very markedly at room temperature
with this compound. These tests,thus far conducted,
were largely qualitative and the whole area of the
behavior of highly crystallized polymers requires
careful investigation. The preliminary results seem
to indicate that this type of polymer is not suitable
for use in meteorological balloons.

Part C: Fast-Rise Balloons

Fast-rise, spherical balloons are still used despite
the excessive amount of gas required to produce the
necessary rate of ascent. Two-piecestreamlined balloons
and balloons having shapes other than spherical achieve
much higher rates of ascent with considerably less free
lift (see Task C).

However, the spherical balloon is still the most reliable
fast-rise balloon and is useful as a means of screening
fast-rise compounds until such time as two-piece or
otherwise streamlined balloons are standardized, and
their performance characteristics better understood.

Accordingly, four balloons made from compound A3-3,
which was developed under Contract DA-36-039-SC-78239
and which is now numbered A3-102, were submitted for
flight testing. They weighed approximately 2250 grams
and were all flown with a free lift of 7000 grams during
the hours of daylight. The balloons were identified as
EX-71 through EX-74. Characteristics and flight
performance are given in Table 160.

Analysis of these results shows that the tates of ascent
are inferior to those of similar balloons flown during
Contract DA-36-039-SC-78239. Those balloons, although
of about the same length, were approximately 500 grams
heavier than balloons EX-71 through EX-74.
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FACTUAL DATA (continued)

TASK A. Phase 4. Part C (continued)

It may be concluded, therefore, that the reduction
in film thickness ia responsible for the reduction
in performance.

Further work with this compound is reported in Task
C, Phase 2.

A fast-rising balloon compound was developed during
this contract and identified as A3-134. Two-piece,
streamlined balloons made from this compound were
moderately successful, and it was decided to fly
one-piece balloons made from this same compound.

These one-piece balloons which weighed approximately
3300 grams were identified as EX-3A-3001 through
EX-3A-3004 and were flown with a free lift of 7000 grams.
Characteristics of these balloons and their flight data
are given in Table 161.

A study of these results shows that, although the
altitudes attained are fairly satisfactory, ranging
from 75,000 feet to 95,000 feet, the rates of ascent are
below what was hoped for. In a somewhat unusual reversal
of normal performance, the night-flight balloons ascended
more rapidly than either of the day-flight balloons. This
may be an indication that the modulus of the compound
in the daytime is lower than is desirable for this type
of balloon.

Two further groups of thick-walled balloons were also
submitted for flight testing. Six of these balloons
were manufactured from compound A3-138, and these were
identified as EX-23-301 through EX-2C-306. The
remaining six were manufactured from compound A3-106,
and these were identified as EX-2C-311 through EX-2C-316.

The latter group was, in general, somewhat shorter and
a little heavier than the first group; however, all
balloons were flown with a free lift of 2500 grams. Their
characteristics and flight performance are given in
Table 162.

A study of these results shows that the first group,
manufactured from compound A3-138, reached higher altitude
as was to be expected due to their greater length. The
balloons made from compound A3-106, however, showed much
higher rates of ascent. It is possible that these balloons
did so because of the fact that a much better shape is
maintained through the flight. (See Task B, Phase E, of
this report.) There is, otherwise, insufficient difference
in the normally-recorded physical properties to explain
this large difference in rate cf ascent.
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TAB:E 160
FLIMHT RESULTS - BALWONS MNUFACTURED FRCR CCHPOUND A3-102

Day or Flaccid Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-71 B3-1 Day 2275 122 105,800 145
EX-72 B3-3 Day 2275 124 106,300 1640

EX-73 B3-5 Day 2375 125 69s500 1517

EX-74 B4-3 Day 2275 122 82,000 1577

TABLE 161

ELIT RESULTS - BALONS MANUFAMTM FRO COM4POUND A3-134

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (gram) (inches) (feet) (feet/min.)

EX-3A-3001 W6-3AM Night 3325 137 95,500 1661

EX-3A-3002 W7-2AM Day 3165 135 74,520 1595

EX-3A-3003 WB-2AM Day 3345 134 87,600 1406

EX-3A-3004 W13-3AM Night 3445 126 82,500 1608

FLIGHT RESLTS - BALLOONS MANUFAC FRO COMPOUNDS A3-138 AND A3-I06

Day or Altitude Ascensional
Experiment Balloon Night Weight length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-2C-301 A31-1AM Night 955 69 74,900 1159

EX-2C-302 A31-3AM Night 920 68 82,650 1088

EX-2C-303 A31-5AM Day 930 68 86,450 1209

EX-2C-304 B8-2AM Day 940 70 86,650 1150

EX-2c-305 B8-5AM Day 980 70 93,950 1219

EX-2C-306 B9-2AM Night 995 70 844,200 1188

EX-2C-311 C12-5AM Day 1080 60 54,9700 1474

EX-2C-312 C13-2AM Night 1095 66 67,800 1427

EX-2C-313 C14-2AM Day 1080 62 70, 700 1429

EX-20-314 C14-3AM Night 1080 61 60,900 1318

EX-2C-315 C14-4AM Night 1080 60 59,500 1634

EX-2C-316 C15-5AM Day 1070 60 58,0OO 1611



FACTUAL DATA (continued)

TASK B: EFFECT OF FLIGHT CONDITIONS ON BALLOON FILM PERFORMANCE

Phase 1: Effect of Pre-elongation

The means of increasing the elongation of balloon films by pre-
elongation before reducing the temperature has been well estab-
lished. It has, however, never proved practical to take advantage
of this phenomenon to increase bursting altitudes of large balloons.

Pre-elongation at room temperature, as might be expected, has no
effect on the room-temperature elongation, and elongation of the
film at room temperature followed by relaxation of the film and
subsequent reduction in temperature is ineffective as a menas of
increasing low-temperature elongation.

Balloons made from two compounds -- A3-105, a day-flight compound,
and A3-106, a dual-purpose compound--were evaluated at -40 0C and
-70 0 C, respectively. Samples of the dual-purpose compound were
tested at both temperatures without being pre-elongated and after
having been pre-elongated 100% before the temperature was reduced.
The samples of compound A3-106 were tested at -40 0 C with and with-
out pre-elongation. The results of these tests are given in Table
163.

A study of these results affords an interesting insight into the
behavior of meteorological balloons. If the physical character-
istics of the balloon film before pre-elongation are considered,
it can be seen that the day-flight compound, A3-105, has an
elongation at -40 0 C of 620%, whereas the dual-purpose compound,
A3-106, has an elongation of 760%.

It would, therefore, be reasonable to assume that a balloon made
from a dual-purpose compound should reach a substantially higher
altitude in the daytime than a balloon of the same weight and
length made from a day-flight compound.

This, however, is not the case. In fact, dual-purpose balloons
reach approximately the same altitude in the daytime as do similar
balloons made from a day-flight compound. Furthermore, dual-
purpose balloons reach the same altitude by day and by night;
whereas, on the basis of their elongations at -40 0 C and -70 0 C,
they might be expected to reach higher altitudes in the daytime.

The above results afford a clear explanation of the anomalies.
A dual-purpose balloon flown at night is already extended at
least 100% (in the case of a balloon designed to reach an alti-
tude of 100,000 feet) before it reaches the minimum temperature
levels. Consequently, it is capable of achieving a breaking
elongation of about 700%. The same balloon when flown in the
daytime and when the minimum temperature of the balloon is only
about -400C has only a very slightly greater elongation whether
or not it is pre-elongated.

- 237 -



FACTUAL DATA (continued)

TASK B. Phase 1 (continued)

TABLE 163

EIFECT O' PRE-EIONIATION ON BALLOONS MADE FROM C(•OUNDS A3-lO1 AND A3-lO6

TESTED AT -4OOc. AND AT -70°C.

Test Pre- Modulus Modulus Modulus Tensile Elongation
Compound TeM. Elongation at 200% at 4W0% at 600% Strength at Break

No. (OC.) (%) (psi) (psi) (psi) (psi) (%)

A3-I05 -40 none 580 1330 2665 4220 620

-40 100 240 500 1080 2690 760

A3-106 -40 none 155 315 780 1560 760

-40 100 150 225 600 1490 770

A3-106 -70 none 1700 2770 - 4075 510

-70 100 550 775 2100 2885 690
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FACTUAL DATA (continued)

TASK B. Phase 1 (continued)

The day-flight balloon which has a normal elongation at -40 0 C of
620% can also achieve an elongation of 700% or better if it is
pre-elongated. Hence, under the three sets of conditions de-
scribed, all the balloons are capable of reaching the same break-
ing elongation and, therefore, may be expected to reach the same
altitude which is, in fact, exactly what they do.
Therefore, a further test for use in the prediction of balloon

flight performance has been obtained.

Phase 2: Effect of Ozone

The following report was received from Dr. Julius London:

The Vertical Distribution of Ozone

The characteristic distribution of ozone in the atmosphere is
such that it increases upward from the ground where the surface
values are approximately 1:108 to a maximum concentration at about
25 km. Here the concentration is approximately 17x10-3 cm(STP)/km.
Above 25 km the ozone concentration decreases rapidly. The seasonal
variation of the vertical ozone distribution is not very large and
is confined mainly to the regions below 25 km where because of
the long half life and vigorous atmospheric circulation, the
winter values are somewhat larger than those found during the
summer.

Figure 1 shows typical vertical variations for both winter and
summer as found at latitude 550 N. These values represent a
probable maximum concentration. The abscissa is plotted in units
of 10-3 cm(STP)/m and 1012 molecules/cm

An ozonator was purchased so that ozone tests could be carried
out in our own laboratories. This unit is model B-2 manufactured
by G. F. Bush associates of Hopewell, New Jersey. The instrument
is designed to provide accurately controlled ozone concentration
of from 5,000 to 15,000 parts per hundred million. It is also
equipped with means for reducing the concentration to the more
normal operating figure of 150 parts per hundred million.
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FACTUAL DATA (continued)

TASK B. Phase 2 (continued)

The unit is self-contained with flow meters for operation and
sampling. Concentration is determined by outside titration
after the ozonized air has been sampled in the unit. The
chamber is cylindrical, twelve inches in diameter and fifteen
inches in height, with a capacity of one cubic foot. Means
for heating the chamber are provided.

The ozonator was calibrated and operates satisfactorily. The
ozone concentration is determined according to the following
procedure:

Ten grams of potassium iodide are dissolved
in a mixture of 30 cc of O.025N disodium
hydrogen phosphate and 20 cc of O.025N potassium
dihydrogen phosphate. The ozonator is started;
and after allowing sufficient time for conditions
to stabilize, the sampling valve is opened and
ozonized air passed through the above solution
for two minutes. The liberated iodine is titrated
with sodium thiosulphate using a starch indicator.

The ozone concentration is calculated from the
formula:

11.2 (molarity of sodium thiosulphate)
Ozone Conc.= (No. ccs sodium thiosulphate) 102

Flow rate (cc/min) x Time (in mins)

Good reproducibility of results was obtained, and the
ozonator was set to maintain an ozone concentration of
80 parts per million.

Previous tests on ozone resistance performed at 200% and 600%
elongation indicated that the rate of attack was greater at the
lower than at the higher elongation. This contradicts the
generally accepted behavior of neoprene on exposure to ozone.
However, since the flight performance of larger balloons is
generally much more erratic, and since these are much less
stretched when they enter the layer of maximum ozone concentration,
it was decided to pursue this line of investigation in greater
detail.

Samples made from compound A3-106 were stretched to 50%, 100%,
150%,and 200% and placed in the ozone chamber. This is a dual-
purpose compound and was selected because it was already known
that high-plasticizer-content compounds are subject to more rapid
attack than are compounds with low-plasticizer content.
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FACTUAL DATA (continued)

TASK B. Phase 2 (continued)

The samples were observed throughout the test and their con-
dition noted at five-minute intervals. Two sets of samples
were evaluated in this way, and the results are given in
Table 164. a

Although these results do not indicate a clear pattern, there
is strong evidence that the rate of attack is greatest at 50%
elongation. A further three sets of samples were tested
according to the same procedure, and the results of these tests
are given in Table 165.

A study of these results shows that a much clearer pattern has
been established. In all cases, the samples stretched 50% and
100% show earlier signs of attack and break before the samples
stretched 150% and 200%. It would, therefore, appear that
larger balloons which are less expanded at the layer of maximum
ozonL concentration are much more susceptible to attack by ozone
than are smaller balloons. It can, however, be argued that balloons
are not exposed to ozone concentrations such as have been used
in these tests (8,000 parts per hundred million) and that the
length of time of exposure during a flight is relatively short.
Nevertheless, even relatively short exposure and comparatively
minor attack may have a marked effect on the ultimate elongation
of the film.

A set of samples was, therefore, stretched to elongations of 50%,
200%, 400%, and 600% and placed in the ozone chamber for 15
minutes, the ozone concentration being reduced to approximately
4,000 parts per hundred million. After exposure, the elongation
of the samples was determined on the Scott Tester. The results
were as follows:

Initial Ultimate
Elongation Elongation *

50% (visible attack) 650%
200% (visible attack) 720%
400% (slight attack) 830%
600% (no visible attack) 830%

* After exposure

These results also point in the same direction; and it was,
therefore, decided to undertake a comprehensive study of the
ozone resistance of different types of balloon compounds at
low elongations since this may afford an aswer to the erratic
performance of large balloons designed to reach altitudes much
in excess of 100,000 feet.
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OZONE ATTACK ON SAM4PIS FROM A3-106 AT VARIOUS EIDNGATIONS

TI Exposure tie Ln mdnutes

Elongation 5 10 15 20 25 30 35 40 45 50 55 60

50% N N S H H Broke

100% N N S H H Broke

150% N N S C C H H H H H H H

200% N N S C C H H Broke

50% N S H Broke

100% N N N S S S C H Broke

150% N N S C H Broke

200% N N S s s S C C H

TABLE 16
OZONE ATTACK ON SAIMPLES FRCM A3-106 AT VARIOUS ELONGATIONS

Exposure time in minutes

Elongation 5 10 15 20 25 30 35 40 45 50 55 60

50% N S H Broke

100% N S H Broke

150% N N S H Broke

200% N N S H Broke

50% N N S H H Broke

100% N N S C H H H Broke

150% N N N S C C C H H Brok•

200% N N N S C C C H H Broke

50% N S C H H Broke

100% N S C H H Broke

150% N S S C C H H H Broke

200% N S S C C H H H Broke

N No attack
S Slight attack
C Considerable attack
H Heavy attack



FACTUAL DATA (continued)

XASK B. Phase 2 (continued)

To be sure that all tests were conducted under comparable
conditions, the ozonator was carefully recaliberated and the
ozone concentration was adjusted to .005%.

The method of test employed consisted of placing four dumbbell
test pieces in a rack, the four test pieces being spaced
equidistantly around the chamber. Each test piece could be
elongated to any desired degree up to 600% prior to introduction
into the chamber.

In order to be sure that the location of the test piece did not
influence the results and that the ozone concentration was
uniform throughout the test chamber, sixteen dumbells were cut
from a balloon made from compound A3-105. These were stretched
to 600%, removed from the chamber after twenty minutes exposure,
and the breaking elongation then determined. The results of
these tests are given in Table 166.

A study of these results indicates that the location of the
test piece in the chamber has little or no influence. However,
it was still considered desirable to eliminate this possible
source of error, and tests were generally conducted so that any
given elongation was not always located in the same position in
the test chamber.

Dumbbell samples were next cut from a balloon made from compound
A3-105, and four samples were stretched, respectively, to 25%,
50%, 100% and 200% elongation, placed in the test chamber, and
the test was conducted until at least three of the samples had
broken. This test was repeated three times, changing the
position of the samples in the test chamber. The results are
given in Table 167.

A similar set of tests was conducted with samples stretched to
50%, 2007%, 400% and 600%, and their results are reported in
Table 168.

A study of these results shows clearly that the rate of attack
increases as the elongation increases. It should be noted that
the last group of tests in Table 167 and the first group in
Table 168 were conducted with dumbbells cut from experimental
films and not from balloons, although the compound is the same
throughout.

The samples obtained from the experimental films were not sub-
jected to a gel expansion process such as is the case for
meteorological balloons. The experimental films have a
considerably longer life in the ozone chamber, so it is clear
that ozone resistance tests must be conducted on samples cut
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FACTUAL DATA (continued)

TASK B. Phase 2 (continued)

TABLE 166

OZONE TESTS ON DUMBELL SAMPLES CUT FROM CCMOOIJD A3-105 TO
DETERMDNE RATE OF ATTACK AT VARIOUS POS=TIONS 3N CHAMBER

Position No. 1 Position No. 2 Position No. 3 Position No. 4

Test Appear- Elongation Appear- Elongation Appear- Elongation Appear- Elongation
No. ance after Test ance after Test ance after Test ance after Test

1 S 870 S 820 S 840 S 870

2 S 780 S 810 S 810 S 800

3 S 840 s 820 S 840 S 820

S 810 S 820 S 840 S 820

S Slight attack
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FACTUAL DATA (continued)

TASK B. Phase 2 (continued)

TABLE 16

OZONE ATTACK ON DUMBBELL SAMPLES CUT.PROM COMPOUND A3-105 AT VARIOUS ELONGATIONS

Position Exposure time in minutes
in Elongation

Chamber (%) 10 25 35 40 45 60 120 150 180

1 25 N N N N N VS VS VS VS

2 50 N N N VS S C Broke

3 100 N S C H Broke

4 200 N S H Broke

1 200 N S H H Broke

2 100 N S C C Broke

3 50 N VS VS S C C Broke

4 25 N N VS VS VS VS VS VS VS

1 25 N N N N N N VS VS VS

2 50 N N N VS VS VS C C Broke

3 100 N N VS VS VS S C Broke

4 200 N N VS VS VS S Broke

N - No attack
VS a Very slight attack
S = Slight attack

C = Considerable attack
H a Heavy attack

-246-
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TASK B. Phase 2 (continued)

TABLE1&8

OZONE ATTACK AT VARIOUS ELONGATIONS ON DUMBBELL SAMPLES PROM A3-105

Position Exposure time in minutes
in Elongation

Chamber (%) 15 25 40 60 80 100 120 150

1 50 N N N N N N N VS

2 200 N N VS VS VS VS VS Broke

3 400 VS VS S S S C H Broke

4 600 VS VS S C H H Broke

1 600 Broke

2 400 C C C Broke

3 200 S S C H Broke

4 50 S S S C H H Broke

1 600 H H Broke

2 400 H H H Broke

3 200 S S C H H Broke

4 50 N N VS VS S S Broke

N a No attack
VS = Very slight attack
S a Slight attack
C a Considerable attack
H = Heavy attack
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FACTUAL DATA (continued)

TASK B. Phase 2 (continued)

from actual balloons, otherwise the results obtained are likely
to be misleading, indicating that the compound has considerably
better ozone resistance than is actually the case for the balloon
itself.

It is, nevertheless, interesting to note that whether or not the
film is derived from an expanded gel, the rate of attack is still
greater at higher elongations. This is contrary to the previous
findings already reported. However, the previous results were
obtained using films obtained from balloons manufactured from
compound A3-106, which has a much higher plasticizer content than
A3-105.

Tests were, therefore, conducted on films made from compound
A3-106, using samples elongated 25%, 50%, 100%, and 200% in the
first series; 50%, 200%, 400%, and 600% in the second series;
and 200%, 300%, 400%, and 500% as well as 25%, 50%, 200%, and
600% in the third series. Results of these tests are given in
Tables 169, 170 and 171.

A study of these tables shows that the original findings using
films made from compound A3-106 are confirmed. The rate of attack
is greater at low elongations than at higher elongations.

On the basis of the results so far obtained, it would appear
that a day-flight balloon, that is, one made from a compound
with a relatively low plasticizer content and designed to reach
an altitude of 100,000 feet, would be liable to lose only
relatively little altitude if exposed to ozone concentrations
sufficient to cause degradation of the film.

The maximum atmospheric ozone concentration is normally en-
countered at altitudes of approximately 90,000 feet. Such a
balloon at this altitude would be extended almost to its breaking
elongation where the rate of attack is at its greatest. However,
since it is also close to its theoretical bursting altitude, the
loss in altitude must be relatively small.

A balloon made from the same compound but designed to reach an
altitude of, say,150,000 feet would be less extended when it
reached the altitude of maximum ozone concentration. It would,
therefore, be better equipped to withstand attack by ozone; but
if the concentration were large enough to cause attack, the loss
in altitude would, of course, be considerable. However, a
reasonable conclusion would be that high-altitude balloons
manufactured from day-flight compounds would have good possibilities
of passing through the ozone layer without being attacked.
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OZONE ATTACK AT VARIOUS ELONGATIONS ON DUMBBELL SAMPLES FROM A3-106

Position Exposure time in minutes
in Elongation

Chamber M%) 6 8 10 12 14 16 18

1 25 N N VS S S C C

2 50 N S C Broke

3 100 N VS S C H Broke

4 200 N VS S C C H Broke

4 25 N N N N VS S S

1 50 VS S C H Broke

2 100 VS C H Broke

3 200 N N N S C H Broke

2 25 N N N N N N N

4 50 VS S Broke

1 100 N S C H Broke

3 200 N VS S C H H Broke

3 25 N N S C C C C

1 50 N S C H Broke

4 100 N S C H H Broke

2 200 N C H Broke

3 25 N N N VS VS S S

2 50 N S C H Broke

4 100 N N S C H Broke

1 200 N S S H H Broke

N m No attack
VS a Very slight attack
S a Slight attack
C a Considerable attack
H a Heavy attack
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TABLE IJQ

OZONE ATTACK AT VARIOUS ELONGATIONS ON DUMBBELL SAMPLES PROM A3-106

Position Exposure time in minutes
in Elongation

Chamber (%) 6 8 10 12 14 16 18

1 50 N VS S H Broke

2 200 N N VS C H Broke

3 400 N N N N N N N

4 600 N N N N N N N

4 50 N N S H Broke

3 200 N S H Broke

2 400 N N Broke*

1 600 N N N N N N N

3 50 N S C H Broke

1 200 N S C H Broke

4 400 N N N N N N N

2 600 N N N N N N N

2 50 VS S C H Broke

4 200 N N S C C H Broke

1 400 N N N Broke*

3 600 N N N N N N N

3 50 N S C H Broke

2 200 VS C H Broke

4 400 N N N N N S S

1 600 N N N N N N N

* Sample broke at clamps with no evidence of attack between bench'marks.

N m No attack
VS a Very slight attack
S = Slight attack
C = Considerable attack
H = Heavy attack
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TABLE 171

OZONE ATTACK AT VARIOUS ELOnMATIONS ON DUMBBELL SAMPLES FROM A3-106

Position Exposure time in minutes
in Elongation

Chamber (%) 6 8 10 12 14 16 18

1 200 S C H Broke

2 300 S C Broke

3 400 N N N N N

4 500 N N N N N

4 200 N VS S C H Broke

3 300 N N VS C H Broke

1 400 N N N N N N

2 500 N N N N N N

2 200 N VS S C Broke

3 300 N N N VS C Broke

4 400 N N N N N N

1 500 N N N N N N

2 25 N N VS VS S C H

1 50 N VS S C Broke

3 200 N N S C H Broke

4 600 N N N N N N N

3 25 N N N VS C H H

4 50 N VS C H Broke

1 200 VS S H Broke

2 600 N N N N N N r?

N a No attack
VS a Very slight attack
S a Slight attack
C a Considerable attack
H a Heavy attack
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TASK B. Phase 2 (continued)

In the case of the dual-purpose balloons which are made from
compounds having a high-plasticizer content, a different picture
is presented. Since the dual-purpose type of compound shows
better resistance to ozone attack at high elongations, balloons
designed to reach altitudes of 100,000 feet should do so with
greater consistency than day-flight balloons.

The 100,000-foot, dual-purpose when close to its breaking
elongation, which it is when it enters the layer of maximum
ozone concentration, has greater resistance than when only
slightLy elongated. It must, however, be borne in mind that
the inherent ozone resistance of the high-plasticizer-content
compound is lower than that of the low-plasticizer, day-flight
compound. Hence, although the day-flight balloon is more
susceptible to attack by virtue of its higher elongation, the
superior ozone resistance of the compound when compared with a
dual-purpose compound could still be sufficient to prevent
rupture of the balloon for this reason.

In the case of the high-altitude, dual-purpose balloon designed
to reach 150,000 feet, a different situation is again presented.
This balloon with its inherent low resistance to ozone passes
through the atmospheric layer of maximum ozone concentration
when its elongation is low and, therefore, when its susceptibility
to attack is at its greatest. It appears necessary, therefore, to
provide much greater ozone resistance by the use of antiozonants
or similar materials in the case of dual-purpose high-altitude
balloons than would be necessary for a similar day-flight balloon.

The above conclusions have all been based on the results obtained
on dumbbell test pieces. However, the unilateral extension of
"a dumbbell does not duplicate the multilateral extensions to which
"a balloon is subjected in flight.

Because of the apparently complex nature of ozone attack, it was
considered essential to perform a similar series of tests using
inflated patches instead of dumbbells. The dumbbell test pieces
were originally used since it is possible to conduct four tests
simultaneously whereas the use of patches necessitates conducting
single tests since the chamber will only hold one such sample at
a time.

A series of tests was now conducted using patches cut from a
balloon manufactured from compound A3-105. These patches were
inflated to 100%, 20C?, 400%, and 600% elongation. They were
visually observed as were the dumbbell test pieces, but it was
not possible to measure the extent of the attack because as soon
as any attack became apparent the sample either broke or deflated.
In fact, rupture or deflation was generally the first indication
that ozone attack had occurred. The results of these tests are
recorded in Table 172.
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TASK B. Phase 2 (continued)

A study of these results shows that the same relationship
between rate of attack and degree of elongation exists as
did in the case of the dumbbell test pieces. However, the
life of the sample in the ozone chamber is very much shorter
in the case of the patch than in the case of the dumbbell test
piece.

Generally, the life of the dumbbell had indicated that attack
by ozone was a very improbable reason for failure of a balloon;
however, the patch test with times to failure measured in seconds
rather than in minutes indicates that failure due to ozone attack
may indeed be a possibility.

A similar series of tests was next conducted using patches cut
from a balloon manufactured from compound A3-106, and the results
of these tests are recorded in Table 173.

A study of these results shows a completely different behavior
than that shown with dumbbell test pieces. The rate of attack
now appears to be completely independent of elongation.

At low elongations the time to failure is very much less than in
the case of the patches manufactured from compound A3-105. At
elongations approaching 600%, however, there is now virtually
no difference between compounds A3-105 and A3-106.

The conclusions reached for the behavior of day-flight balloons
based on the results obtained from dumbbell test pieces are still
true when the patch test method of evaluation is used. The rate
of attack is much greater at high elongations regardless of the
method of test, and the increase in rate of attack shown by the
bilaterally stretched sample compared with the unilaterally
stretched sample merely indicates that the possibilities of
failure by the methods described are more likely to occur.

However, in the case of the dual-purpose compound with the
high plasticizer content, any conclusions based on the be-
havior of dumbbell testing must be discarded. The fact that
the rate of attack is independent of the elongation now implies
that the size of the balloon and the altitude to which it is
intended to fly will have no bearing on the region or likelihood
of failure due to ozone attack. The balloon designed to reach an
altitude of 100,000 feet is just as likely to fail as the one
designed to reach 150,000 feet, and furthermore, that failure will
occur close to the layer of maximum ozone concentration which,
generally speaking, is approximately 90,000 feet.
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TABLK 17
OZONE ATTACK ON PATCISS CUT FMON A3-105 AND 31IATED TO VARIOUS ELONGATIONS

Exposure time in uinutes
Siongation - - - -- - - - - -

1 2 3 4 5 6 7 8 9 10 31 12

600 N Broke

600 N Broke

600 N Broke

400 N N BrDkel

400 N N Deflated

400 N N Deflated

200 N N N N N N Deflated

200 N N N N N N N aDeflated

200 N N N N N N Def lat ed

100 N N N N N N N IN N N Deflaied
100 N N N N N N N N N N Deflated

100 N N N N N N N N N N N Deflated

TABLE 173

OZONE ATTACK ON PATCHES CUT FPOM A3-IO6 AND F2IATED TO VARIOUS ELONGATIONS

Exposure time in seconds
Elongation ;F0 09030 1012M% 10O O00 Ul0 3OJ0 1401150360170 180190 200

600 N N N N N N N C C C VC VC VC VC Broke

600 N N N N N N C C C VC VC Broke

600 N N N N N N C C C C VC VC Broke

400 N N N N N C C C C VC VC VC Deflated

400 N N N C C C C C C VC VC VC Deflated

400 N N N C C C C VC VC VC VC Deflated

200 N N N N N N N C VC VC VC Deflated

200 N N N N N N C C C VC VC VC Deflated

200 N N N C C C C C VC VC VC Deflated

100 N N N N N N C C C C C VC Deflated

100 N N N N N N C C C C °C VC VC VC Broke

100 N N N N N C C C C VC VC Def-ated

N No attack
C Film became cloudy

VC Film became very cloudy and opaque



FACTUAL DATA (continued)

TASK B. Phase 2 (continued)

The increase in the rate of attack of the day-flight balloon
compound as shown by patch testing which brings it to the same
order as that of the dual-purpose compound further indicates
that dual-purpose and day-flight balloons will be equally
susceptible to failure due to attack by ozone, which is in
contradiction to the conclusions reached if unilateral test
results are used as a basis.

Since all previous evaluation of antiozonants has been conducted
using dumbbell test pieces, it now becomes necessary to re-
evaluate the whole program using patch testing as the standard
method. As a preliminary step, investigation was made of the
effect of increasing the quantity of antiozonant, in this case
N.B.C., and also the effect of using Neoprene 400 which has in-
herently better ozone resistance than other neoprene polymers.

Modifications were made to compound A3-105, using 5, 8, and 10
parts of N.B.C. instead of the normal 3 parts. Patches were
inflated to 400% elongation, and the time to burst or deflation
was determined. At the same time, compound A3-130 which contains
Neoprene 400 instead of Neoprene 571 was also evaluated by the
same procedures, except that elongations of 400% and 600% were
used.

The results of these tests are given in Table 174.

A study of these results shows that the ozone resistance of
compound A3-105 can be substantially increased by raising the
N.B.C. content from 3 parts to 8 parts. Raising the content to
5 parts was only slightly effective, and increasing the content
from 8 parts to 10 parts showed no further improvement. However,
at 400% elongation, the life in the ozone chamber is doubled when
the N.B.C. content is raised to 8 parts.

Similarly, the use of Neoprene 400 also shows a significant
improvement in resistance to ozone. This is less marked at 400%
elongation than at 600% elongation, and in neither case is there
an improvement comparable to that obtained by the use of 5
additional parts of N.B.C.

As reported in Task A, Phase 3, a compound designated A3-117
was developed which had almost identical physical characteristics
as A3-105 but which was much superior in ozone resistance. If
attack by ozone constitutes a serious problem, balloons made from
compound A3-117 should show better and more consistent performance
than equal balloons made from A3-105.

Since the only reason to expect better performance from A3-117
is its improved ozone resistance, the flights of balloons made
from this compound are reported in Phase 5 of Task B.
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TASK B. Phase 2 (continued)

TABLE 4

OZONE ATTACK ON PATCS CUT MRON COMPOUND A3-130 M O)DIFICATIONS O
COMPOUND A3-105 CONTAINING ADDITIONAL N.B.C.

Parts of Elongation Time to Deflation

Compound N.B.C. (%) (seconds)

A3-105 3 400 160

A3-105 3 400 170

A3-105 5 400 210

A3-105 5 400 220

A3-105 8 400 360

A3-105 8 400 380

A3-105 10 400 400

A3-105 10 400 380

A3-105 3 400 180

A3-105 3 400 190

A3-130 3 400 230

A3-130 3 400 210

A3-105 3 600 120

A3-105 3 600 130

A3-130 3 600 180

A3-130 3 600 180
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FACTUAL DATA (continued)

TASK B (continued)

Phase 3: Effect of Infra-Red Radiation

In order to clarify the effect of atmospheric cdftditions on
balloon films, the services of consultants on atmospheric physics
were obtained. Dr. Julius London and Dr. Herman Newstein, both
of the Department of Meteorology at N 7 York University, were
engaged and examined the theoretical aspects of the effect of
atmospheric conditions on balloon films. Initially, their
investigation was directed toward the effect of infra-red
radiation since neoprene itself shows marked absorption bands
in the infra-red spectrum.

An absorption spectrum for neoprene was obtained from E.I.
du Pont de Nemours and is reproduced in Figure 2.

Samples of the balloon film suitably mounted between metal
washers were supplied to enable Dr. Newstein to determine the
spectral characteristics of balloon film as opposed to the neoprene
itself. According to du Pont, there is no significant absorption
in the visible or ultra-violet.

Dr. Newstein's report on the spectral characteristics of the
neoprene film is presented on the following pages.
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TASr B PHAsi 3 (CONTZNURD)

Spectral characteristics of the Neoprene film

In order to make estimates of the radiation load on the balloon it

was necessary to determine the spectral characteristics of the balloon

film. That is, the nature of the variation of reflectivity, absorptivity and

tranamissivity as a function of wavelength. This is particularly important in

view of the spectral ranges of solar and terrestrial radiation and the location

of the water vapor, carbon dioxide and ozone absorption bands. These

measurements of spectral character for the neoprene film are difficult to

determine since spectro-photometers normally measure specular trans -

mission. But total (specular and diffuse) reflectivity transmissivity and

absorptivity measurements are really required.

In this report, only the specular transmissicn in percent was

measured. If possible, the other measurements may be made for a future

report. The measurements of spectral transmission in percent were made

for the range from 0.28 microns to 16 microns. These were made for dual

purpose neoprene film samples cut from balloon fabric. The spectro-

photometric results are shown in subsequent figures.

Figure ,. presents the percent transmission of the unstretched neo-

prene film 3.3 mils thick. The range of wavelength covered is from one to

three microns. The instrument used was the Beckman DK-2 recording

spectro -photometer with a PbS detector. This figure shows that the trans -

mission decreases regularly from 21 percent at 2.7 microns to near zero

percent at one micron. Although it is not indicated, the transmission was

still indicated to be near the zero level for all wavelengths shorter than one
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FIGURE 3

SPECTRAL TRANSMISSION (PERCENT) OF DUAL-PURPOSE NE)PRENE FILM
3.3 MILS THICK FOR WAVELENGTH 1 TO 3 MICRONS
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micron down to 0.2 microns.

The spectral transmission for the same 3.3 mil sample over the

range of wavelengths from 2 to 16 microns is shown on figure 4. These

observations were made with a Baird-Atomic Inc. Infra-Red Spectro-

photometer. The figure is a typical inirared neoprene transmission

spectrum showing the absorption bands characteristic of neoprene through

the range of wavelengths of meteorological significance.

Except for narrow absorption bands in the region near 3, 3.5, 5.8

and 6 microns, the transmission rose from 30 percent to near 70 percent.

From 7 to 13 microns the transmission was generally less than 10 percent

and was gradually increasing at wavelengths longer than 13 microns.

Additional transmission measurements were made for a film of

the same compound neoprene but cast on a slide such that the film thick-

ness was 0.2 mils. This was done so that the effect of absorption in the

visible and near ultraviolet region of the spectrum could be evaluated for

the balloon at relatively high elevations. A thickness of 0.2 mils is about

0.06 times the thickness of the flaccid film and corresponds to a balloon

elongation of about 300 percent. This corresponds to an elevation of

approximately 80,000 ft.

Figure 5 shows the spectral transmission for this sample in the

near ultraviolet region. Here the transmission remains below 2 percent

from about 0.28 microns to 0.34 microns. From 0.34 to 0.36 microns

the transmission rises to near 11 percent. Figure 6 shows the continuation

of this spectrum from 0.36 microns to 3 microns. There is a steady

though nonlinear rise of transmission from 11 percent at 0.36 microns to
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FIGURE 5

SPECTRAL TRANSMISSION (PERCENT) OF DUAL-PURPOSE NEOPRENE FILM
0,2 MILS THICK FOR WAVELENMTHS 0.28 TO 0.36 MICRONS
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FIGURE

SPCTRAL TRANSMISSION (PERCENT) OF DUAL PURPOSE NEOPRENE FILM
0.2 MILS THICK FOR WAVELENGTHS 0.36 TO 3 MICRONS
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near 80 percent at 2.7 microns.

A comparison of these spectra with those prepared by Polaroid

Corp. in 1951 (Final Report, Molded Latex Products, Inc., USA, SCEL

Contract No. W36-039-sc-33721 and DA 36 -039-sc-4, 1952) indicates a

much lower transmissivity for the neoprene film of this report particularly

in the ultraviolet and visible region. This discrepancy is probably due to the

differing opacity of the two films and does not necessarily indicate experi-

mental error. However, it does point up the need for carefully prepared

spectra for each particular compoundof neoprene used in balloon films as

the opacity of each film may be different from others.

These spectra, particularly for the near infrared and visible re-

gions seem to indicate that lower transmission may be due in large part

to scattering of the shorter wavelengths by the ccmpound. In order to get

a better measure of the absorptivity of the neoprene film, it is recommended

that the following spectral measurements be made:

1. Diffuse and specular reflectivity.

2. Diffuse and specular transmissivity.

3. Determination of the effect of scattering on the apparent

transmis sivity.

4. Spectral measurements of I and 2 abovewithvarious angles

of incident radiation.

5. Transmission and reflectance measurements for a range of

4 or 5 thicknesses to cover the change of thickness of the bal-

loon film as it rises from the ground to near 120,000 ft.
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TBE RADIATION LOAD ON A BALLOON IN TH FMREE AIOSPHHRB

If N mAsume that the hydrogen in the balloon is completely mixed and that

the vartkal temperature gradient within the balloon is small, and that the gas

and balloon temperature are the same, we have in general

dTBd -- uS + A - E -G + K (1)
dt

where c represents the total heat capacity of the gas-balloon system;

c a J4 CN + m c p where M, m are the mass of the balloon film and hydrogen,

CN and c p are the specific heat capacity of the neoprene and the

specific heat at constant pressure of the hydrogen.

dTB/dt is the temperature change of the balloon-gas system as it

ascends.

S represents the effect of incoming solar radiation.

A is the infra-red absorption of the balloon film.

H is the total infra-red emission of the balloon.

G is the local temperature change due to the expansion of the gas in

the balloon.

K is the effect of conduction through the balloon.

Since H2 has no absorption in the visible or infra-red, it will be assumed that

the film absorption acts to heat (or cool) the film and gas combined, the

latter by conduction and convection within the balloon. We also assume a

spherical balloon.
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1. The total insolation

.If we assume infinite conduction (i. e. a short time lag along the

balloon film and within the gas), the solar energy absorbed by the balloon ip:

S 2=r I axI. dX + 2,r 2 fI aId (2)
0 0

where I1 is the direct insolation from above and

If is the diffuse insolation reflected from below.

For clear skies we take I~f = 0.20 IXj

For cloudy skies we take If = 0.50 I X1

r is the radius of the balloon which changes during the flight time;

a, is the absorptivity of the film through the vi.sible region of the spectrum.

The direct insolation from above is perpendicular to the cross -sectional

area of the balloon whereas the upwelling diffuse radiation falls evenly on the

bottom hemisphere of the balloon. At high elevations the incoming solar radi-
Go

ation is not strongly depleted and we can assume that f Ij dX is equal to the

solar constant P 2 cal cmr m . Therefoe

rai mineor

O -2 -1
7 ItfdX (clear) •0.4 cal cm mai

07 Ixf d)k (cloudy) • 1.0 cal c 2 rain

Moreover, we will assume that the scattering is white for both clear and

cloudy skies (i. e. , the relative spectrum for I f is the same in both caes

as for IXj).

Then we can write for
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Go

clear skies S = 1.4 wr 2 f aI dX j3a)
0 X2 o

cloudy skies S = Zir 2 f a lIdX (3b)

If we assume that the balloon is gray in the visible with an absorptivity of

0.2 corresponding to a film thickness of 0.2 mil (approximately 80,000 ft

elevation), the insolational load on the balloon would be from the above:

For clear skies

S = wr2 (1.-!)(0.2)%0.4) cal cm2 main-1
2

0.11 x wrr calmin (4a)

For cloudy skies
-2 -z l -

S = wr2 (2)(0.2)(1.0) cal cm r min

= 0.4 x wr 2 cal. min-1  (4b)

2. The infrared load on the balloon

a. Emission

If the balloon filn, has an absolute temperature (TB) the total

emission from the balloon surface is given by

E =4r 2 f a fb (TB) dX (5)

where fbX is the specific black body radiation at wavelength X and

temperature TB.

b. Absorption

The total radiation absorbed by the balloon is given by

A = 21r2 fa f t dX + 2wrr f a f I dX
o 0o
o0X 

X

o1r 6

where f)Xt and fXI represent the specific fiux of infrared radiation reaching
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the balloon from below and above the level of the balloon.

Radiometers in the free atmosphere generally measure the net total

radiation flux (i. e. , Ft- F) rather than the upward and downward flux con)-

ponents separately. Also, theoretical computations are generally made of

the net flux. However, Plass (1956) has shown that at levels above 60,000 ft

even in the spectral interval 12- 18g (strong carbon dioxide absorption), the

difference between the total flux (ff + f ) and the net flux (ff - f ) is

relatively small, as shown in the following table.

Flux given in 10-2 cal/cm 2/min for 12- 18V.

ft f ft+fI ff-f

60,000 ft 9.0 1.0 10.0 8.0 1.25

90,000 ft 9.0 0.5 9.5 8.5 1.11

For the remaining spectral region (except for the relatively unimportant

interval around 9. 6 1A) the ratio of the total to net flux is much closer to 1

than is shown in the table. Thus as an approximation we can assume that

the absorption by the balloon is given by

A= 2wr f aX fnet d)l (7)
0

If we now combine the effects of absorption and emission, we have

A-E = 2wr f dX- 4wr 2-Oaf0 aX net 0okb•d

= 2wr 2 f a(f.net - 2fb) dX .(8)

In general, 2fbU >f net and the balloon cools as a result of infrared exchange.

This is essentially because the balloon r•eccives radiation only from below
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but emits infrared radiation in all directions. Also, it can be seen from

equation (8) that if the balloon is uniformly blackened (i.e. , aX is increased)

the radiative loss is increased.

The following is a sample numerical calculation for a height of approxi-

rmately 80,000 ft for clear and cloudy skies, and for January and July.

For the purpose of the calculation it is assumed that the balloon has an aver-

age absorptivity (a) in the infrared of 0.5.

Clear Cloudy

Jan. July Jan. July

"Fnet 0.295 0.366 0.273 0.336

"Fb (Tb= 228"K) 0.223 0.223

"Fb (Tb= 217*K) 0.180 0.180

where F net and Fb are the total net flux and black body flux (Fb=W,'T 4

-2 .- 1
respectively and are given in cal cm min at 80,000 ft and where a- is

I 0 -2 -1 de-4.
the Stefan-Boltzman constant taken to be 0.817 x 10.10 cal cmn2 min deg

The temperatures have been assumed to correspond to the mean free air

temperature during January and July at 80,000 ft. Thus we have at

80,000 ft the net infrared exchange from equation (8):

A - E = 2wr 2(0.5)(Fnet- Fb) (9)

a. Jan. clear A - E =-0.075 (2irr 2

b. July clear + 0.003 (2nr2)

2c. July cloudy = - 0.086 (2r rr)

d. July cloudy = - 0.012 (2rr2 )

Only during the summer with clear skies is there sufficient infrared radi-

ation from below (on the average) to result in a radiative gain by the balloon.
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It should be pointed out that these results are approximate and represent

estimates of the radiation load rather than final computations.

The change in temperature of the balloon (hydrogen plus neoprene)

is due not only to the influences of radiative exchange of heat between the

balloon and its environment as discussed above but also to several additional

factors. These are the exchange of heat by conduction between the balloon and

the ambient atmosphere, the change of temperature of the hydrogen due to ex-

pansion as the balloon rises and the subsequent exchange of heat between the

neoprene and the hydrogen, and finally, the change in temperature of the

neoprene film itself as it is stretched (a sort of internal friction). This

latter will be neglected in this treatment.

3. Change of temperature due to expansion

The rate of change of temperature of the hydrogen in the balloon due

to expansion will be discussed. For this treatment, the expansion of the bal-

loon will be considered to be adiabatic. The non -adiabatic effects of radiation

have been discussed above and the non-adiabatic conduction will be treated

later. The first law of thermodynamics for the adiabatic expansion of the

hydrogen in the balloon may be written in the form

dq = m c•dT- me .p- O (10)
) p

where m is the mass of the hydrogen,

dq is the change in heat,

c is the specific heat capacity of constant pressure for hydrogen,

dT is the change in temperaturc of the hydrogen,

a is the specific volume of the hydrogen, and
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dp is the change in pressure of the hydrogen.

Substituting for a from the equation of state for an ideal gas

a = RT/p

where R is the gas constant for the gas,

T is the absolute temperature of the gas, and

p is the pressure of the gas.

Equation (10), when the differentiation is performed with respect to

elevation (z) becomes

dT = (II)p

It is now assumed that the gas in the balloon is always in dynamic

equilibrium with the ambient air environment. This is to say that the pressure

inside the balloon is determined by and is equal to the pressure of the air

outside the balloon. The pressure due to the tension in the balloon fabric is

considered to be quite small. Consequently, the variation of pressure in the

balloon as it rises is determined by the vertical variation of pressure in the

atmosphere.

It is further assumed that the atmosphere is in hydrostatic equi-

librium. The hydrostatic equation for the atmosphere may be written as:

dp' = - p'g--R•
dz

Here, primed variables refer to the environment.

Since p = p', equation (11) becomes

dT (12)

Thus the rate at which the temperature in the balloon varies with
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elevation depends upon the rate of change of temperature due to the isolated

adiabatic expansion of the gas (gR/c pR) multiplied by the ratio of the absolute

temperature in the balloon relative to the air. From observations as indi-

cated below, a relative extreme value for T/T' can 1c as much as 260*/2206.

Then the difference between T and T' is usually rather small, and for the

most part

dT R - (IZa)

For hydrogen, cp 3.4 cal gm deg-I R = 14.3

dT
-- • O-9.75'C per km or -3.0*C per 1000 ft.

The assumption was made above that the neoprene film always re -

mains at the same temperature as the hydrogen inside the balloon. This

argument was based upon the considerations that heat in the neoprene is

transported not only via thermal conductivity but by radiative processes as

well. Further, due to the high heat conductivity of hydrogen (about 10 times

that of air, and nearly the same as that for the neoprene) and thorough mix-

ing inside the balloon due to turbulence and convection, the gas and neoprene

tend to reach the same temperature. Consequently, part of the cooling of

the hydrogen due to its expansion must be used to cool the neoprene in con-

tact with it. This additional cooling will depend upon the mass and specific

heat of the neoprene.

In this case, considering the balloon (gas and neoprene) as a

thermodynamic system, the first law may be written as:

dq = mc pdT-mcadp + Mc NdT = 0 (13)

where M is the mass of the neoprene, and
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cN is the specific heat capacity of the neoprene.

The other variables have been defined above.

Equation (12a) becomes, then

dT.. (14)•z"• -(mp + ON) :(4

As an example, for the 1000 gm balloon:

m = 212 gm

M 1000 gm

cN = .5 cal cm-1 *K7 1

dz• 5.90C km-1or -1.84C per 1000 ft.

To convert this adiabatic component of temperature change with

elevation to rate of change, it is necessary to know the rate of ascent of

the balloon. Thus:

dT dT dz dT
T- = Tz- ' wý W - (15)

Normally, w is about 1000 ft per minute, so:

dT. -1

"cadiabatic -1.8C mi

4. The effect of conduction through the balloon

The next effect to be considered is the rate at which heat is ex-

changed between the balloon and the surrounding air by the mechanism of

conduction through the neoprene film. The situation is considered in which

the hydrogen inside the balloon is at one temperature (TB), the air outside

the balloon is at temperature (TA) and a gradient of temperature exists in

the neoprene (TB-TA). In this case, the rate of heat loss by the balloon

-275-



TASK B Px.sz 3 (CONTIZNUD)

may be expressed as:

d k D(T B--TA)

S 6(16)

where dq/dt is the rate of loss of heat of the balloon,

k is the coefficient of heat conductivity of the neoprene,

D is the surface area of the balloon,

(TB- TA) is the temperature across the neoprene film, and

6 is the thickness of the neoprene film.

In equation(16), D, (TB-TA), and 6 are furctions of elevation and

time. TA is determined by the lapse rate V of the ambient air. One may

derive an expression for D and 6 as functions of elevation by making use

of the gas law in the following manner.

A constant lapse rate is assumed for the atmosphere of -5.25"C

per km or -1.6"C per 1000 ft up to 50,000 ft and +1.1"C per km or 0.3"C

per 1000 ft above 50,000 ft. In this case, the pressure at any level may be

expressed in terms of the pressure at the ground and the lapse rate V as:

p = ol- 1z) /Ry (17)
0

where p0 and T are the ground air pressure andtemperature respectively,

g is the acceleration of gravity, and

R is the gas constant for air.

Since, from the gas law, pV = constant,

or
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S=(18)D=D° 1-~j

As far as the thickness of the neoprene as a function of height is

concerned, experiments performed stretching the neoprene balloon film

show that the volume of the neoprene is very nearly conserved.

D6 = constant

Therefore

6 =O~ 6 ~ ) "- (19)

'On riibstituting back into equation (16)
4_•

= 3- B( -R T T (20)

There are many difficulties in trying to use the analytic approach of

equation (20) directly in connection with the balloon. In particular, gradients

of temperature which may be quite large are set up in the boundary layer of

the hydrogen as well as the air and these gradients may not be constant over

the surface of the balloon. In view of the uncertainties involved in the dis -

cussion above, it is useful to consider as a first estimate, the case where

the balloon (film and gas) is considered a unit, with the neoprene always at

the same temperature as the gas. In this case, one may consider the bal-

loon analogous to a thermometer with a finite lag time. The response of a

thermometer to changes of temperature in the environment is well known:

dTB 1

-= _ (TB -TA) (21)

where TB is the balloon temperature,

- 277-



TASK B PuAsr 3 (coNTINUED)

TA is the ambient air temperature which is not affected by the balloon,

X is the lag coefficient or "time constant".

If TA is considered a linear function of height (or time) as is very nearly

the case on the average, the lapse rate is then

TA =To +Pt (22)

where T is the temperature at the reference level,0

P is the rate of change of temperature of the air with time and is

equal to w y.

Then

dT 1
CF-= -V.[T - (T + pt)] (23)

Now, if TB were initially in equilibrium with the environment, then:

TB-TA =-(l - e-t/ ) (24)

and after a time interval t >> X

T B-TA= - (25)

In this case X is not well known. It depends upon many physical

parameters such as the size and shape of the balloon, the rate of ventilation

of the balloon, and the thermal conductivity of the balloon surface. The

ventilation of the balloon itself is of the form

X = K v n (26)

where v is the velocity of the air ventilating the balloon and K is a function

including the air density and the area of the balloon surface. It is kn9wn that

the larger the area of the balloon, and the larger the density of the air, the

more efficient will be the response of the balloon to the change in tempera-

ture of the environment.
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Actually the change in surface area and the change in density of the

air as the balloon rises act to counterbalance each other. One may then

conclude that as a first approximation the lag time of a rising balloon is

constant for each particular rate of ascent. Gilishev (1959) has made

measurements of the time lag of response of a balloon in a wind tunnel and

concluded that for a wind speed of 6m/sec (i. e. , speeds similar to those

encountered in a balloon flight) X = 100 sec. Substituting for P = -. 027*C
-1

sec and X = 100 sec in equation (25), one finds

T B-TA = 2.7"C after 10 minutes.

For an extreme value of TB_- TA as shown in the ascent diagrams,

35C may be used. For this temperature difference we have from equation

(21), assuming X = 100 sec:

Sd 35x60 -1

K = • =21OC rain

5. Preliminary results

A. From equations (1), (4a), and (4b), we can write:

dTB . 1 39.4"C amin-' for clear skies and

0.4 = 141"C minmI for cloudy skies.

This is for r = 12 ft and heat capacity of balloon system (c) = 1220 cal deg-1.

B. From equations (1) and (7),

dTB[ 0.33wr 2  -
TBIA c2 116"C min- for clear skies and

- 0"305ir 2 = 107*C min 1 for cloudy skies.

These values above are for January and July averagpd (taken from table
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on page 271.

C. From equations (1) and (5),

dT BI 0.4 1r 2  
-142C mi-i- '-E c =-14Cmi-

The net radiative effect is represented by A. + B. +C. during

the daytime and by B. +C. at night. It can be seen from the above consider-

ation that the total radiation load on the balloon for cloudy skies will be much

larger than for clear skies during the daytime. During the night, however,

the infrared radiation load on the balloon leads to approximately equal cool-

ing for clear and cloudy skies.

The numbers quoted above canbe used only qualitatively since both

the effect of conduction (equation 21) and the black body radiation increases

as the balloon temperature increases. If the balloon were to be in com-

plete radiative equilibrium, we have from equation (1).

dT B 1
dTB- 0 (S + A - E) (27)

Then from equations (4a), (4b), (5), and (7) we have

2r 2crT BtwrZF net+ 0. 1I1 irr for clear skies, and

2 4 2 2
2wr2rTB4= T r F net + 0.4 wr for cloudy skies,

whire a X has been assumed to be 0.5 for the infrared and 0.2 for the

visible absorption. Then, for radiative equilibrium,

TB s228*K for clear skies at 80,000 ft, and

S256"K for cloudy skies at 80,000 ft.

Thus we see that the radiative equilibrium temperature is about 30"C

higher for cloudy than for clear skies and that temperatures are higher

than the mean observed temperature (220"K) at this elevation.

- 280-



TASI BA 83 3 (COmT Y ZD)

THE RADIATION LOAD ON A BALLOON IN THE PREE ATMOSPERRE

1. Introduction

As was pointed out in the previous report, the temperature change of a high-

altitude balloon is due to five different factors:

a. heating due to absorption of solar radiation (S)

b. heating due to absorption of long-wave terrestrial radiation (A)

c. cooling due to long-wave radiation by the balloon (E)

d. cooling due to adiabatic expansion of the gas within the balloon

as the balloon rises (G)

e. cooling or heating of the balloon due to conduction between the

balloon and the surrounding air (K)

The conductive cooling or heating depends on the sign of the temperature dif-

ference (TB-TA) where TB and TA refer to the balloon and air temperature,

respectively.

It was shown in the previous report that, when compared to the radiative

factors, the rate of temperature change due to adiabatic expansion was negligible,

and that except for extreme cases, the effect of conduction was quite small. These

effects will therefore be omitted in the following discussion as being of secondary

importance.

In the absence of adequate laboratory data, previous computations of the

radiation load on the neoprene balloon were based on the assumption of a "gray"

absorbing body (i.e., constant absorptivity over the spectrum). This assumption

can lead to significant errors, particularly in the case of the absorption of

atmospheric radiation (see, for instance, MUller, 1959).
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In the following discussion, the radiation load is re-evaluated on the basis

of the observed spectral distribution of the balloon transmissivity in the range

.3 to 1 *t. It will again be assumed that the balloon is spherical, the con-

ductivity of the balloon film is very large, and the gas temperature within the

balloon is uniform. The following discussion will apply to a level of 80,000 feet

(about 25 k), since this is the region of critical heat load on the balloon.

A. Absorption of Solar Radiation

During the daytime, the balloon absorbs solar radiation as direct radiation

from above and as diffuse back scattered radiation from below. For the important

levels of study of the solar load on the neoprene balloon (>80,000 feet), the

incoming solar radiation is approximately equal to the extra-terrestrial radiation

at the top of the atmosphere. For average conditions, the effective load on the

balloon is the solar constant times the cross sectional area of the balloon. The

total absorption combining the effect of direct and diffuse solar radiation

currents is then given by

S (clear sky) a 2.87TRý aIoxd)% (la)

S (cloudy skies) a 4ffR2a,\IodA\ (lb)

where:

R is the balloon radius

ax is the effective absorptivity for double balloon thickness and

average directional incidence

is the spectral distribution of solar radiation at the top of the

atmosphere on a unit surface perpendicular to the solar beam.

According to Johnson (1954), the value of

P•/'oxdX = 2.0 cal cm- 2 min- 1
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Equations (Ia) and (ib) are the same as (3a) and (3b) of the previous report

except for a factor of 2. The difference arises from the fact that at the atmos-

pheric levels considered, the transmissivity of the balloon film is greater than

70 per cent from 0.3k to 0.* and over 90 per cent beyond 0.5,4 . Thus the solar

radiation is partly absorbed in practically equal amount by both upper and lower

balloon surfaces.

B. Infra-red Load on the Balloon

From the previous report, the total infra-red absorption by the balloon is:

A - 41TR2(l.5T)Jaf dX (2)

and the infra-red emission by the balloon is:

E = 47TR2x2(l.5)fa)\fb>dA (3)

where f\ and fb\ are the atmospheric and black body fluxes arriving at and leaving

the balloon film. The black body flux (fb\) is a function of the film temperature.

The factor (1.5) is introduced to account for the fact that the effective

thickness of the neoprene film is increased because of the diffuse nature of the

infra-red radiation at the balloon surface. In equation (3), it has been assumed

that because of the small absorptivity both sides of the film radiate to space.

The total radiation load on the balloon is given by equations (1), (2), and

(3) for varied conditions of solar radiation, infra-red radiation, and cloudiness.

It is apparent that the radiation load depends on such quantities as:

r I ox0, r\fdA, and fbA

I*0, fA, and fbA can be approximated or computed from known parameters.

Values of the balloon absorptivity (aA), for the tot*a spectral interval daisixed,

however, must be inferred from laboratory measurements.
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2. Laboratory Data

Some of the spectral characteristics of the neoprene film were presented in

the preceding report. That discussion will be extended and revised in this section.

If a light beam of specific intensity (IA) irradiates a substance, the inten-
U

sity of the light absorbed, reflected, and/or transmitted is given by the following:

A -o* IS

R I),

T -

where ad, f, n are called the specific absorptivity, reflectivity, and trans-

missivity of the substance. It should be noted that

for any particular substance.

In general, it is quite difficult to observe the absorptivity directly. As a

result, the transmission and reflection are measured and the specific absorption

(and absorptivity) is inferred. In this case, the spectral characteristics of the

unstretched and stretched neoprene film were determined in the following manner.

A Beckman Instruments' DK spectrophotometer with an integrating sphere attach-

ment was used to measure the total (direct and diffuse) transmission of the un-

stretched neoprene film 3.3 mile thick. Figure 7 gives the value of the trans-

missivity in percent for the wavelength range from 0.35Aq to 2 .8A*. This curve

shows a regular rise in total transmissivity of from less than 1 percent at 0,4/,^

to about 80 percent at about 1.3,u. Prom this value to 2.8,44 the tranamissivity

remained generally over 70 percent with some indication of absorption bands

around 1.3" 2,/, and
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* In the range from 0.2A to 0.35 (not shown) the transmissivity was uniformly

less than 1 percent.

These results, when compared with the transmissivity curve (Figure 3, page 0)

of the preceding report, indicate that practically all of the transmissivity below

1/* is of diffuse light.

The same instrument used to measure the total transmissivity also has the

capability of measuring the total reflectivity. The reflectivity for the wave-

length interval from 0.3ý to 2.8., is shown in Figure 8. In this case, the stand-

ard procedure for making the measurement was modified to the extent that the sample

holder was removed and the neoprene film was clamped directly over the sample

opening. This modification was necessary since the transmission of the film was

so high that reflection from the sample holder itself was retransmitted through

the film and gave a spuriously high value for the reflectivity.

Figure 8 shows that the reflectivity increased from about 3 percent at 0.4e

to a maximum of about 27 percent at about 0.8/A and then fell gradually to about

10 percent in the range from 2.3 to 2.8 . The same absorption bands at 1.7 and

2.3,* that appear in the transmissivity curve also appear here. Also, the reflec-

tivity in the range from 0.iA to 0.3,*• (not shown) was about 2 to 3 percent.

The spectral absorptivity in the range from 0.354, to 2.8 was then deduced

from these two curves by making use of the relationship

This is presented as the upper curve in Figure 9. Since it was not practicable

at the time to modify the spectrophotometers to accept a clamp holding stretched

film, the spectral absorption characteristics for neoprene film 1/16 its flaccid

thickness was deduced in the following manner:
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(1/16 flaccid thickness corresponds to a balloon elongation of 300 percent

or a balloon elevation of approximately 80,000 feet)

From Beer's law:

-CAo e-A°

where xo is the thickness of the film, and k> is the spectral extinction coefficient,

The subscript zero applies to flaccid thickness. Prom this

-k

gives the transmissivity of the film one sixteenth of its initial thickness.

In order to deduce the absorptivity of the film for another thickness, the

following assumption about the reflectivity was made, namely, the ratio of

reflectivity to absorptivity was constant for all thicknesses.

A - constant

Using this relationship, the spectral absorptivity can be determined from

In this manner, the expected absorptivity of the film at 80,000 feet elevation

was determined for the wavelength interval from 0.3 to These results are

presented as the lower curve of Figure 9.

As no spectrophotometer with an integrating sphere for measurements in the

IR region beyond 2.8, 4was available, no further measurements in the IR were made

at this time. The specular transmission curve for the unstretched film for the

region 2.q to 16°0 presented in the preceding report (see Figure J,, page 262),

was used. Figure 7, when compared with this Figure in the spectral region from

2.0 to 2o where overlapping occurs, indicates a discrepancy in transmission.
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The difference is undoubtedly due to diffuse transmission.

For the region from 2.8 to 16 microns, in the absence of reflectivity measure-

ments, it was assumed that

and the average values of 4 were computed using values of tX averaged over 0.1A4

intervals. In this manner, assuming no infra-red reflectivity, a maximum value for

absorptivity was obtained. Again, making use of Beer's law, the expected absorp-

tivity of the neoprene film, when stretched to 1/16th its initial thickness, was

deduced. This is presented in Figure 3•with the value from Figure 9 added to give

the range from 0.3k to l6/4. The absorptivity values given in Figure 1)were used

in the following computations of absorption and emission by the balloon film,

3. Calculated Radiation Load

A. Absorption of Solar Radiation

The absorption of solar radiation is proportional to the integral

JLaIo 7~dA

As was discussed above, the variation of aX for the range 0.+ to 19k was

derived from observed laboratory data. Values of IoA were taken from the tabu-

lated data in the Handbook of Geophysics (1960).

The computed spectral distribution of a)IoX for a film thickness correspond-

ing to a height of 80,000 feet and over the range of 0.2,* to 0.8 is given in

Figure 3.1 where it is seen that the absorbed energy is almost completely confined

to the region below 0.34. For the range below 0,t (dashed curve) it was assumed

that the absorptivity is constant at 0.315. Since in this range (<0.3 ) the

energy in the solar beam is decreasing very rapidly with decreasing wavelength,
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the total absorption depends very little on the particular value chosen for the

absorptivity. It is not known what deleterious effects ultra-violet absorption

might have on the neoprene film.

The total absorption under the curve shown in Figure U amounts to 0.140 ly

min- 1 . Since the balloon is assumed to be spherical, the incoming radiation will

be constant for latitude and season (except for a small variation due to the chang-

ing distance between the earth and sun). The only variation in the solar heat load

is due to the changing back scatter as a result of variable cloudiness and concen-

tration of scattering particles. Within the accuracy of the other computations,

we have assumed average air mass for conditions of clear and cloudy skies. The

total absorption of solar radiation by the balloon is then

S (clear) = 0.391TR2 cal mmn-1

S (cloudy) = 0.561 R2 cal min-1

This represents an average heat input per unit surface area of the balloon of

about 1/20 of the solar constant.

B. Infra-red Absorption

The infra-red absorption per unit area of balloon film was given as

The atmospheric infra-red flux for any height in the atmosphere can be computed as

the solution to the basic differential equation of radiative transfer (see, for

instance, London (1957)). Average values of the IR flux arriving at approximately

80,000 feet at 55"N for average winter (January) and summer (July) conditions for

clear and cloudy skies have been calculated by Davis (1961). These values are

shown in Figure 7A and Figure 1 ýor the spectral region below 364.
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The peak atmospheric radiation is found in the vicinity of 10,4t since the maxi-

mui energy of terrestrial radiation falls in this region, and it is here that the

atmosphere is quite transparent. The minimum radiation found at 15., is due to the

strong absorption band of carbon dioxide (12.5,A - 17A). The distribution of aAfh

is given in Figures *, 1.,, 16, and 17 for the four conditions mentioned. It is

obvious from these diagrams that the absorbed energy is a maximum at about l%,

and that it varies markedly with wavelength. The absorption for clear skies is

larger than for cloudy skies (warmer radiating surface) and is distinctly larger

during July than January. This latter is due to the higher surface and

atmospheric temperatures.

The values of 1.5Ja'%f).dA were computed by numerical integration with the

assumption that aX = 0.13 for X>l•.

The total atmospheric radiation absorbed by the neoprene film (per unit area

for the four conditions is

January (clear) - 5.9 x 10-2 cal cm-2 min-1

January (cloudy) - 5.4 x 10-2 cal cm-2 min-1

July (clear) - 7.4 x 10-2 cal cm- 2 min-1

July (cloudy) = 6.7 x 10-2 cal cm- 2 min" 1

This represents an absorption of about one-half that due to solar radiation.

However, in the absence of sunlight the infra-red absorption is the only heat

source for the balloon.
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C. Radiative Equilibrium at the Balloon Surface

If we assume that the radiative time constant of the film is small, the

equilibrium condition of the balloon above 25 km is determined by equating the

total heat gain to the total loss. That is

S +A=E

Prom equations (1), (2), and (3) this becomes

daytime clear: 2.81TR2 aAIoAdA + 6"TR2rfAdA = 121TR2I5AfbA(TB)dX (4a)

daytime cloudy: 41TR2 AIOAdA + 6TR2R AfAdX - 12TrR2bAfbA(TB)dA (4b)

night time: 6RYafAdN M l2T=R2jRI AfbA(TB)dA (4c)

It is noted that in equations (4a), (4b), and (4c) the emission term contains

the non-linear expression rafb C(TB)dX. Since the variation of fbA depends only

on temperature, it is possible to solve the above equations for an equilibrium

temperature by iterative procedures since aA is assumed known. The computation,

however, is tedious if many spectral intervals are used. The assumption was made

instead that aA is constant over the spectrum. The gray body emission is then

l2WR2('C)dTB 4 where O--TB 4 represents the total black body emission at the

balloon film temperature.

Although this procedure introduces some error to the final results, it turns

out to be not as serious as was the assumption of aA = constant in the integral

ra,ffAdA.

It can be seen from the results of the laboratory data that the average

value of aA over the spectrum is approximately 0.13 for a height equivalent to

80,000 feet. Equations (4a), (4b), and (4c) then become
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daytime clear: 2.8JIo.AdA + 6jaXfkdX - 1.40oTB4

daytime cloudy: 4:JaIo)dA + 6 6a)•fXdX 1".40TB 4

1* 4
night time:- 6aAfAdA - 1.4-TB4

If we now substitute the values forraXIo)dA and /Xf~dX as given above for

clear and cloudy skies, January and July, we have:

TABLE I75

RADIATIVE EQUILIBRIUM TEMPERATURE OF BALLOON (TO) AT 80,000 FEET

TB (°C)

Daytime January clear +1

January cloudy +13

July clear +7

July cloudy +20

Night time January clear -58

January cloudy -68

July clear -48

July cloudy -54

We see that during the daytime the equilibrium temperatures vary from +lC to

+20*C, with the temperatures being slightly lower during January as compared to

July. The equilibrium balloon temperatures are higher when there are clouds

present because of the increased solar radiation reflected from below. During

the night the equilibrium temperatures vary from -680C to -48*C, and again are

slightly lower during winter. These temperatures, however, are higher for

- 302 -



TASr B PsAss 3 (co0TucrZV)

cleai than for cloudy skies, since the bulk of the atmospheric radiation would

come from a lower, therefore warmer, region.

4. Comparison with Balloon Flight Data

Observations were taken by the Signal Corps of temperatures both inside and

outside of test balloons while in flight. These flights were all made at Fort

Monmouth, New Jersey, and in some cases reached 100,000 feet. In all, there were

approximately one hundred flights covering a period of about two years with more

of the flights during the summer months than any other season. The observations

were for day and night flights during both clear and cloudy sky conditions. Sky

conditions, when classified as cloudy, were not broken down into cloud types.

Some runs were taken with 002 introduced along with the H2 .

During the flights, thermistor elements were used to measure temperatures

inside the balloon about six inches from the top and bottom, and the free air

temperature outside the balloon. The temperature data were grouped according to

day and night, clear and cloudy conditions. The mean vertical distribution of

the air temperature for each subgroup is shown in Table 174.

MEAN VERTICAL DISTRIBUTION OF THE AIR TEMPERATURE (OC) AT FT. MONMOUTH

Elevation 1 2 3 4 5 6 7 8 9 10
.x 104 ft.)

Day Clear 0 -18.4 -39.5 -52.9 -60.5 -58.8 -55.2 -52.3 -48.0 -45.0

Day Cloudy +4.7 -13.1 -34.1 -53.8 -61.0 -58.0 -54.2 -51.8 -48.6 -45.1

Night Clear +1.8 -15.7 -39.8 -57.2 -61.0 -58.3 -54.3 -54.7 -49.2 -50.8

Night Cloudy -2.9 -20.9 -40.8 -55.1 -59.8 -59.6 -56.5 -54.5 -50.3 -43.5

Annual Mean +1.4 -16.6 -138.1 -54.8 -60.8 -58.7 -55.0 -53.1 -49.0 -45.5
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It should be noted that the annual mean for all the data as shown on line 5

of the table was computed from the original data and involves some bias since the

number of observations within each subgroup and elevation is not the same. There

is very little difference in the data between clear and cloudy skies. The small

apparent diurnal variation probably results from a sampling bias.

In the upper troposphere and lower stratosphere, both theory (London (1957))

and observations (Kochanski (1955), Handbook of Geophysics (1960)) indicate that

there should be small diurnal and seasonal temperature variations at these lati-

tudes. The mean vertical distribution of air temperature for all the data is

shown in Figure 16.

Since the individual temperature data varied a great deal from observation

to observation, only temperature differences as noted below were used for the

analyses. The statistics studied were the mean and standard deviation for each

height and subgroup. These were computed and are shown in Figures 19, 20, 21t

and 22..

It should be pointed out at the start that the data are relatively few, and

the statistics can only be relied upon in qualitative fashion. The variance of

the data indicates that although there is a consistent difference between clear

and cloudy conditions, this difference cannot be treated as statistically signi-

ficant. In the one case where there was sufficient data (TB-TA) for daytime

cloudy conditions, the variance was reduced somewhat by cunsidering the summer

season only. (See, for instance, Table 177,)
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FIGURE 18

MEAN VlTICAL AIR TEMPERATURE DISTRIBUTION
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FIGURE 19
DIFPNtlNCE BETWEEN TEMPERATURE INSIDE BALLOON AT BOTTOM (Th) AND TOP (TT)

FOR DAYTIME CLEAR AND CLOUDY (ONDITIONS
(Horizontal lines represent + one standard deviation)
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F IGURE 20
DIFFERENCE BETWEEN TEMPERATURE INSIDE BALLOON AT BOTTOM (Ta) AND TOP (TT)

FOR NIGHT-TIME CLEAR AND CLOUDY CONDITIONS
(Horizontal lines represent ± one standard deviation)
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FIGURE 22

DIFFERICE BETWEN4 TEMPERATURE INSIDE BALLOON AT Bor1o0 (TR) AND THE AIR (TA)
FOR NIGHT-TIbE CLAR AND CLOUDY CONDITIONS
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TABLE 177

COMPARISON OF TEMPERATURE DIFFERENCE (TM-TA) (9) BETWEEN ANNUAL AND
SUMMER DAYTIME CLOUDY CONDITIOP

Elevation

(x 104 ft.) 1 2 3 4 5 6 7 8 9 10

Annual mean 11.7 19.5 26.8 30.7 29.0 28.8 32.2 34.2 36.4 27.8

Summer mean 12.4 21.1 28.9 34.1 32.4 31.1 33.7 35.4 3,.. 33.0

Annual 0" 4.9 5.3 6.8 9.2 7.9 7.4 5.5 4.9 7.1 3.9

Summer d- 4.8 3.4 3.8 6.0 4.8 5.4 5.6 3.4 5.3 1 ob

In the discussion that follows:

TA refers to the temperature in the free air at the balloon level

TB refers to the temperature inside the balloon about 6 inches from the bottom

TT refers to the temperature inside the balloon about 6 inches from the top

The curves plotted in Figures 09, 90, 21, and 22 show the mean values of

the data with the horizontal bar indicating ± one sigma about the mean.

Figures 19 and 20 represent values for (TB-TT), that is, the temperature

difference between top and bottom inside the balloon.

The daytime observations show positive values (i.e., TB >TT) at all levels.

The maximum value for (TB-TT) occurs at about 30,000 feet and is about: 6*C and

9"C for clear and cloudy skies, respectively. At about 60,000 feet there is a

minimum of (TB-TT), about 11C, and then a slight rise. The standard deviations

for these values, as well as those discussed below, indicate that whereas the

trends and the sign of the reported temperature differences are probably reli-

able (representative) the exact quoted values are not.
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At night, clear and cloudy conditions are again quite similar and the tempera-

ture difference pattern is at least qualitatively the same as described for the

daytime flights. During the night TB>TT up to about 40,000 to 50,000 feet, above

which TB<TT. The major difference between day and night conditions is that the

temperature differences are quite small during the night (about one-third of those

during the day), and at levels above 40,000 feet the gas within the balloon seems

to remain nearly isothermal.

As the balloon rises through the troposphere it will continuously be venti-

lated by the cold air above. In the stratosphere the lapse rate is very small and

the ventilation effect will be a minimum. It is important to note that the as-

sumption made in the theoretical discussion above that the gas was at a uniform

temperature at the level of 80,000 feet is apparently well satisfied.

Comparison of Figures 39 and 2 shows that (TB-TA) is larger during the day as

compared to night. It is not clear why this should be except possibly for the ad-

dition of upward diffuse reflection acting on the bottom of the balloon. This

latter explanation is consistent with the fact that in the region where (TB-TT)

is largest, -- 30,000 feet, the temperature difference for cloudy skies is larger

than for clear skies. As was pointed out in Section 3 above, upward diffuse re-

flection is more than doubled for cloudy as compared to clear skies.

Temperature differences between the balloon and the air (TB-TA) are shown in

Figures 21 and 22. In all cases the values of (TB-TA) are much larger than

(TB-TT) indicating that whatever ventilating effect is present it is much smaller

than the radiative effect. Since the diurnal temperature change of the free air

at these levels is extremely small (< 20C amplitude), the temperature difference

must indicate differences of the heat load on the balloon.
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In the daytime, Figure 21. shows that (TB-TA) is positive throughout (up to

100,000 feet), increasing from about 100C at 10,000 feet to a maximum of 30-35"C

at about 80,000-90,000 feet. Above this level presumably the air temperature

increases faster than the balloon temperature. At all levels the balloon seems

to be warmer with cloudy than with clear skies.

The night-time values of (TB-TA) are given in Figure 22 where it is seen

that TB>TA in lower layers (up to about 40,000 feet) and TB< TA above. There

are indications also that at least about 30,000 feet (TB-TA) is slightly larger

for cloudy conditions than for clear skies.

5. Conclusions

There is obviously a large difference in temperature of the balloon between

day and night, and the effect of clouds is to warm the balloon during the day

and cool it slightly at night.

As was pointed out 2bove, the data could not be separated into seasonal

values. We have already seen, however, that the theoretical temperature values

do not vary appreciably with season at this altitude. We can, therefore, combine

the January and July radiative equilibrium balloon temperatures as given in

ý ebk 175 and compare them with the observed balloon temperatures at 80,000 feet.

These temperatures are given in Table )78.

It can be seen from this table that qualitatively there is excellent agree-

ment between the calculated and observed balloon temperatures. The large day-

and night-temperature variation is clearly seen to result from the solar radia-

tion load on the balloon where, as expected, the balloon is warmer for cloudy

as compared to clear conditions. During the night, the results also indicate

that cloud radiation will produce a lower balloon temperature than would be the
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TABLE 178

COMPARISON OF RADIATIVE EQUILIBRIUM AND OBSERVED BALLOON TEMPERATURE

Calculated (*C) Observed (*C)

Day clear + 4 -23

Day cloudy +16.5 -19

Night clear -53 -60

Night.cloudy -61 -61,5

case with clear skies. This results from the fact that the radiating surface

itself is at a lower temperature at the cloud tops than at the earth's surface.

The difference between the observed and calculated temperature values results

from some of the assumptions made in the theoretical calculations and the extremely

large variance of the observational data. The apparent quantitative agreement

between observed and computed value for night, cloudy skies is undoubtedly

fortuitous.
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FACTUAL DATA (continued)

TASK B. Phase 3 (continued)

Spectral Characteristics of Colored Neoprene Film

Measurements of the spectral characteristics of neoprene film of
various thicknesses and colors were made for the near infra-red
region. A Beckman Instruments IR-5A infra-red spectrophotometer
with NaCl prism was used to measure the transmittance in the
wavelength interval from 2 to 16 microns. Samples of white, red,
and black neoprene were stretched over sample holders to give
thicknesses ranging from flaccid (3.3 mils) to 0.3 mils. The
results of these measurements are summarized in Figures 23, 24, 25.

Figure 23 (top) shows the percent transmittance of three thick-
nesses of white neoprene film, namely, 1.4, 0.83, and 0.5 mils.
These three curves illustrate the increasing transmittance as the
thickness of the film is decreased. Also, in the range of 2 to 5
microns, the effect of scattering becomes less pronounced as the
thickness is decreased.

Figure 23 (center) shows the percent reflectance of the same three
samples. For these measurements, a 300 incidence reflectance at-
tachment to the IR-5A was used. This measure of the specular
reflection at 300 does not include all reflected energy since
there is also diffuse reflection, particularly in the region 2 to
5 microns. However, since no spectrophotometer is yet available
which will give the total reflectance in the infra-red, these
measurements may be taken to give a qualitative indication of the
minimum reflection over the spectral interval 2 to 16 microns.

The curve for 1.4 mils thickness shows very low reflection over
the whole range with a small maximum of about 3% at 9 to 10 mic-
rons and beyond 13 microns. The thinner films indicate an
increasing amount of reflection averaging about 4% for 0.83
mils and 5% for 0.5 mils.

Another interesting feature of these curves is the marked inter-
ference pattern produced by reflection from the top and bottom
surfaces of the film. These interference patterns can be used
to determine the thickness of the films with great accuracy. The
formula for this determination is

d= n 2~__ * 11ILd 2(- 1

where n is the number of waves; 12 and 11 are the wavelengths in
units of length; d is the thickness of the film in the same units.
Figure 23 (bottom) indicates the absorptivity of the same three
samples. The absorptivity was computed according to

A - 100 - T% - R%

where A is absorptivity; T is transmissivity; R is reflectivity.
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FIGURE 23,

SPECTRAL TRANSMITTANCE,

FOR MITI N5DP33NE FILNS
OF VARIOU XIIINS5ES
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SPECTRAL TRANSMITTANCE, IEFLBCAICE. AND ABSORPTIVITY IN PERCENT FOR WHITE NEOPRENE F-LMS OP VARIOUJS THoICKNESSE
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FIGURE 24

SPECTRAL TRANSMITTANCE,
REPLECTANCE. AND

ABSOPTIVITY IN PERCENT
FOR RED NEOPRENE FILMS
OF VARIOUS THICKNESSES
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SPECTRAL 7RANSM17TA14CE, REFLECTANCI!. AND ABSORPVIVITY IN PERC84T FOR RIED KHOPRENB FILMS OF VARIOUS THICXNELSSES
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SPECTRAL TRANSMITTANCE, REFLECTANCE. AND ABSEAPTIVITY IN PEPZCA4T - 08 RED NEOPRENE FLMBS Of VARICOUS THICKANSSES
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FIGURE 25

SPECTRAL TRANSMITTANCE,
REFLECTANCE, AND

ABSORPTIVITY IN PERCENT
FOR BLACK NEOPRENE FILMS
OF VARIOUS THICKNESSES
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FACTUAL DATA (continued)

TASK B. Phase 3 (continued)

Whereas Figure 23 (top and center) are copies of the spectro-
meter charts, the curves on Figure 23 (bottom) are smoothed to
indicate the important features only.

In addition to the absorptivity curves for the samples of 1.4,
0.83 and 0.5 mils thick, computations using these values of
absorptivity were made to test the applicability of Bears' Law.
It was found that the absorptivity as a function of thickness
did indeed satisfy the condition to within experimental errors.
On the basis of this, another absorptivity curve for a thickness
of 0.22 mils was computed and drawn. This curve is also shown
on Figure 23 (bottom).

The value 0.22 mils was used to approximate the thickness of a
balloon four times its initial radius. This corresponds to an
elevation of about 80,000 to 90,000 feet. By way of comparison,
this curve agrees essentially with Figure 10, Page 291, on the
basis of which computations on the radiative equilibrium
temperature of a balloon were made. Since the new curve agrees
so well with the previous extrapolated curve, the computed
temperatures still stand.

Figure 24 is a set of similar transmittance, reflectance, and
absorptivity curves for neoprene balloon film colored red. In
all essential features, the near infra-red characteristics of
the red neoprene are the same as those for white neoprene
discussed above.

Figure 25 is a similar set of transmittance, reflectance, and
absorptivity curves for black neoprene film. These curves show
the same basic absorption bands as the white and red neoprene.
However, a striking difference is also apparent.

Over all, the transmissivity of the black neoprene is less than
the white or red neoprene. Scattering is still important in
this range of 2 to 5 microns. This is true even with the film
0.4 mils thick. The reflectivity is also markedly different
from the red and white neoprene. No interference patterns
are apparent and the average reflectivity of the 0.4 and 0.9
mil black neoprene is higher than the white or red.

When the transmittance and reflectance values are added to
deduce the absorptivity, it is found that the absorptivity of
the black neoprene is consistently greater than that for the
white and red neoprene films over the whole range 2 to 16 microns.
This is particularly true in the region 2 to 6 microns and 7 to
14 microns.
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FACTUAL DATA (continued)

TASK B. Phase 3 (continued)

The absorptivity of the black neoprene is about 1.5 times the
absorptivity of the white or red neoprene in the region 9 to 11
microns. This is of particular importance since it is in this
region that the terrestrial radiation is a maximum.

Spectrophotometers capable of making measurements of transmittance
in the spectral range 16 to 40 microns have recently become avail-
able. It will now be possible to measure the spectral transmit-
tance of the neoprene film in this region which encompasses about
one-half the terrestrial radiation. These measurements on films
of various thicknesses together with corresponding measurements
in the ultra-violet, visible, and near infra-red of the total
transmittance and reflectance will permit a more accurate
determination of the radiative equilibrium temperatures.

Effect of Infra-Red Radiation on Physical Properties of Films

A preliminary study of the high-altitude flight results indicated
that 2500-gram balloons made from compound A3-101 generally
appeared to reach higher altitudes with greater consistency than
did 2500-gram balloons made from A3-105. (Additional flights
did not confirm this original conclusion.) It was, therefore,
decided to determine whether these two compounds showed differ-
ent behavior when exposed to infra-red radiation. At the same
time, two additional compounds were made. These were derived by
adding 10 parts of carbon black to compounds A3-101 and A3-105.
These formulations are listed in Table 179.

Plates were dipped from these four compounds and cured for 60,
90, and 120 minutes at 260 0 F, 2700 F, and 2800F. Physical proper-
ties were determined at room temperature in order to select an
optimum cure at which to conduct the infra-red ebsorption study.
The results of these tests are given in Table 180.

A study of these results shows that the compounds are all very
flat curing. Addition of carbon black results in a marked in-
crease in modulus and tensile strength with relatively little
loss in elongation. The optimuia cure for B3-1 was 90 minutes
at 260 0 F, 60 minutes at 270°F for B3-2, 120 minutes at 260OF
for B-3 and 120 minutes at 280OF for B3-4.

The excellent physical properties of compound B3-3 suggested that
this compound should produce very good balloons. Accordingly,
flights were performed and the results, which were extremely poor,
are given in Task B, Phase 5.

In view of the very poor performance of the high absorption com-
pounds, it was decided to abandon this line of research and to
evaluate the possibilities of incorporating materials designed to
reduce absorption of infra-red radiation. A series of compounds
was designed, and their formulations are given in Table 181.
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FACTUAL DATA (CONTINUED)

TASK B Piuss 3 (CONTINUED)

TABLE 179

FORMULATIONS WITH AND WITHOUT AN INFRA-ED ABSORBER

Formulation No. B3-1 B3-2 B3-3 B3-4

Neoprene 750 80.0 100.0 80.0 10C.0

Neoprene 571 20.0 - 20.0 -

Zinc Oxide 5.0 5.0 5.0 5.0

Neozone 'D' 2.0 2.0 2.0 2.0

N.B.C. 3.0 3.0 3.0 3.0

Accelerator 833 1.0 i.0 1.0 1.0

Sunaptic Acid 1.0 1.c 1.0 1.0

Aquarex SMO 0.5 0.5 0.5 0.5

Dibutyl Scbacate 6.25 10.0 6.25 10.0

Carbon Black - - 11.0 10.0
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FACTUAL DATA (CONTIJtTED)

TASK A PHAss (coN!PINUED)

TABLE iO

PHYSIUCAL PROPERTIES OF COMPOUND B3-1, B3-2, B3-3. AMD B3-4
TESTED AT ROOM TDIFERATURE

Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Compound Time Temp. at, 200% at, 400% at 600% Strenh at Break Strength

No. (mins) (,F) (psi) (psi) (psi) (psi) (%) (lbs/in)

B3-1 60 260 125 175 280 2C,05 960 68
90 260 130 175 295 2165 935 73120 260 1n"

'0 190 295 192. 890 71
60 270 130 175 285 2105 935 64
90 270 130 180 295 2145 925 70

120 270 135 175 305 2035 905 69
60 280 130 175 280 2025 925 75
90 280 130 170 280 2020 9i0 70

120 280 135 185 295 2130 905 78

B3-2 60 260 85 105 70 16L5 1265 50
90 260 95 115 :6o 160r r.9C. 55

120 260 115 155 2CCi 1970 985 57
60 270 110 11.40 195 2035 1015 58
90 270 1o05 140 190 2020 995 60

120 2 c 110 14C 190 1985 1005 6o
6o 280 80 110 17C 2040 ioi 56
90 280 85 lO5 2,80 1805 985 62

120 280 90 110 180 194.0 975 60

B3-3 60 260 170 300 630 24:^,5 990 139
90 260 190 330 71C C 855 945 146

120 260 205 390 860 336C 925 142
6c 270 170 295 60Cc 2445 1000 124
90 270 190 330 705 2'770 940 140

120 270 195 35, 750 3010 935 143
60 280 1.80 310 650 2780 980 128
90 280 185 340 750 28?5 925 133

120 2 8L 205 370 1815 2810 90o 146

B3-4 60 260 i3).1 235 500 2280 1U60 109
90 260 145 230 475 2535 1115 124

120 260 145 230 48C 2635 1_10 132
60 270 13C 225 500 2325 i.5 120
90 270 140 225 2370 1105 nO

120 27C 155 240 505 2950 2C95 121
60 280 130 230 475 2375 1115 109
90 280 155 245 510 2905 1095 244

120 280 165 305 650 3155 1005 145
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FACTUAL DAA (continued)

TASK B. Phase 3 (continued)

TABLE 181

PORMULATIONS OF CLOPOUNDS CONTAINING INPRA-RED REPLECTIVE INGREDIENTS

Formulation No. B3-5 B32-6 BS-7 B3-8 B3-9 B3-10 B3-11 B3-12.jB3-13

Neoprene 750 100.0 100.0 100.0 100.0 100.0 100.0 100.0 i I0.0 100.0

Zine Oxide 1.0 1.0 1.0 3.0 6.0 11.0 1.0 1.0 1.0

Titanium Dioxide 2.0 5.0 10.0 - - - - - -

Lithopone . . . . . . 2.0 5.0 10.0

Neozone 'D' 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

N.B.C. 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Accelerator 833 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Sunaptic Acid 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Aquarex SMO 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Butyl Oleate 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
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FACTUALDATA (continued)

TASK B. Phase 3 (continued)

Plates were dipped from these compounds according to standard
procedure, cured for 60 minutes at 240OF and 60 minutes at
260OF and tested at room-temperature and at -400C, -50 0C and
-60 0 C in the presence of and without infra-red radiation.
The results of these tests are given in Tables 182 through
190.

A study of these results indicates that there is relatively
little absorption of infra-red radiation as evidenced by change
in physical characteristics. If these values are compared with
those obtained with a compound containing carbon black, the
difference in behavior is most marked.

Of the nine compounds tested, the ones containing Lithopone
(B3-8, B3-9 and B3-10) show the greatest change on
irradiation. Those containing Titanium Dioxise (Bs-5, B3-6
and B3-7) show the least change in modulus. The most interesting
results, however, are shown by the compounds containin4 Zinc
Oxide (B3-11, B3-12 and B3-13). Although these show slightly
greater loss in modulus than do the Titanium Dioxide compounds,
the tensile strength at low temperatures is practically un-
changed on irradiation. At room-temperature, compound B3-13
shows a smaller loss in tensile strength than any other in
the series. The maintenance of uniform tensile strength
throughout a balloon is of utmost importance in ensuring that
the whole balloon is capable of reaching its potential
elongation.

The uneven conditions induced in a black balloon by solar
radiation during flight resulted in a loss in altitude of
almost 30,000 feet. That this was the reason was confirmed
by the fact that post-plasticized black balloons, which
still performed badly in the daytime, reached the anticipated
normal bursting altitudes at night.

White balloons with a high zinc oxide content should, therefore,
perform consistently in the daytime.

Accordingly, sufficient of this compound was made to dip
balloons. Balloons in the 800-gram class were prepared. The
physical properties of the compound were determined at room
temperature and at -50 0 C, and the results are given in
Table 191.

A study of these results suggests that the inherent character-
istics of the compound should result in very good day-flight
balloons. If the low infra-red radiation absorDtion proves
to be a further asset, as theoretically as it should, then
this compound should yield balloons having consistently high
performance. It must, however, be borne in mind that since the
absorption of infra-red radiation is reduced, the temperature
of the balloon film will be lower than that of a similar balloon
with higher infra-red absorption. It is possible, therefore,
that additional plasticizer may have to be incorporated in the
low infra-red absorption compounds in order to provide sufficient
freeze resistance.



FACTUAL DA (coNTr vNz'D)

TASK B PsAs: 3 (coNTr Duxo)

TABLE .82

EPFECT OP INPRA-RED RADIATION ON PHYSICAL PROPERTIES OP COMPOUND B-5

Test Cure Cure Infra- Modulus Modulus Modulus Tensile Elongation
Temp. Time Temp. Red at 200% at 400% at 600% Strength at Break
(*C) (mins) (op) Radiation (psi) (psi) (psi) (psi) C%)

+20 60 240 no 100 125 255 1095 1020

-40 60 240 no 160 255 990 2500 730

-50 60 240 no 580 1260 - 3785 600

-60 60 240 no - - - 3000 0

+20 60 240 yes 115 145 220 475 830

-40 60 240 yes 160 240 835 2305 770

-50 60 240 yes 315 540 2165 2300 610

-60 60 240 yes 1190 2055 - 2845 500

+20 60 260 no 115 155 240 940 980

-40 60 260 no 165 265 1165 2885 750

-50 60 260 no 1080 1970 - 4375 580

-60 60 260 no - - - 3065 0

+20 60 260 yes 125 160 220 510 870

-40 60 260 yes 160 205 650 2090 790

-50 60 260 yes 285 385 1705 2580 690

-60 60 260 yes 875 1670 - 3780 560
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FACTUAL DATA (CONTINUED)

TASK B PHAsE 3 (coNTmIUo)

TABLE 80

BPPECT OF IN•RA-RED RADIATION ON PHYSICAL PROPERTIES OF COMPOUND B3-6

Test Cure Cure Infra- Modulus Modulus Modulus Tensile Elongation
Temp. Time Temp. Red at 200% at 400% at 600% Strength at Break
(*C) (mins) (*P) Radiation (psi) (psi) (psi) (psi) (%)

+20 60 240 no 110 150 280 865 970

-40 60 240 no 200 285 1265 3170 740

-50 60 240 no 845 1545 - 4465 580

-60 60 240 no - - 3000 0

+20 60 240 yes 135 175 235 500 840

-40 60 240 yes 170 255 995 2505 790

-50 60 240 yes 285 415 2095 2555 640

-60 60 240 yes 1120 1980 - 3490 540

+20 60 260 no 120 165 215 1115 1070

-40 60 260 no 180 305 1470 3780 730

-50 60 260 no 925 1695 4505 5275 630

-60 60 260 no - - - 3260 0

+20 60 260 yes 145 165 230 670 910

-40 60 260 yes 180 240 705 2220 800

-50 60 260 yes 260 360 1835 3035 730

-60 60 260 yes 1300 1935 - 4485 610
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FAQTZAL DATA (cox TZrUJVhz)

TASI B PHcss 3 (CONTINUED)

TABLE Ift

Ep•fT OF INFRA-RED RADIATION ON PHYSICAL PROPERTIES OF COMPOUND B3-7

Test Cure Cure Infra- Modulus Modulus Modulus Tensile Elongation
Temp. Time Temp. Red at 200% at 400% at 600% Strength at Break
(*C) (mins) (P) Radiation (psi) (psi) (psi) (psi) (%)

+20 60 240 no 115 160 280 1195 1010

-40 60 240 no 170 325 1330 3280 760

-50 60 240 no 1005 1725 - 5120 610

-60 60 240 no - - - 3095 0

+20 60 240 yes 130 180 245 520 860

-40 60 240 yes 195 325 1170 2635 740

-50 60 240 yes 440 785 2060 2500 620

-60 60 240 yes 1080 1875 - 3410 560

+20 60 260 no 130 175 235 1220 1070

-40 60 260 no 185 325 1545 3400 740

-50 60 260 no 1185 1890 4485 5385 630

-60 60 260 no - - - 3205 80

+20 60 260 yes 160 185 230 760 950

-40 60 260 yes 170 255 710 2415 830

-50 60 260 yes 305 450 1820 2990 700

-60 60 260 yes 1495 1980 - 4220 580*

* Cold flow
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FACTUAL DA (CONTINUED)

TASI B PHAsE 3 (coNrTZIUD)

TABLE 5

EFFECT OF INFRA-RED RADIATION ON PHYSICAL PROPERTIES OF COMPOUND B3-8

Test Cure Cure Infra- Modulus Modulus Modulus Tensile Elongation
Temp. Time Temp. Red at 200% at 400% at 600% Strength at Break
(*C) (mins) (*P) Radiation (psi) (psi) (psi) (psi) M%)

+20 60 240 no 120 165 270 1205 890

-40 60 240 no 160 250 1610 3020 690

-50 60 240 no 905 2110 5390 5695 620

-60 60 240 no - - - 3120 30

+20 60 240 yes 140 180 245 400 770

-40 60 240 yes 180 220 875 2380 750

-50 60 240 yes 230 300 1975 3425 690

-60 60 240 yes 1325 2295 5435 5435 600*

40 60 260 no 140 170 250 1210 910

-40 60 260 no 175 315 1995 3195 680

-50 60 260 no 825 2195 4940 5945 640

-60 60 260 no - - - 3665 0

+20 60 260 yes 140 175 240 315 690

-40 60 260 yes 160 210 930 3530 790

-50 60 260 yes 245 375 2035 3250 710

-60 60 260 yes 1610 2550 - 5205 590*

* Cold flow
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FACTUAL DATA (CONTINUED)

TASK B PHAs 3 (CONTINUED)

TABLE 1%

EPFECT OF INFRA-RED RADIATION ON PHYSICAL PROPERTIES OF COMPOUND B3-9

Test Cure Cure Infra- Modulus Modulus Modulus Tensile Elongation
Temp. Time Temp. Red at 200% at 400% at 600% Strength at Break
(C) (mins) (*F) Radiation (psi) (psi) (psi) (psi) W%)

+20 60 240 no 110 150 250 990 930

-40 60 240 no 150 240 1520 3510 730

-50 60 240 no 865 1725 5090 5300 610

-60 60 240 no - - - 3335 0

+20 60 240 yes 145 190 255 440 780

-40 60 240 yes 165 225 920 2545 780

-50 60 240 yes 210 315 1795 3150 680

-60 60 240 yes 1500 2400 - 4550 580*

+20 60 260 no 150 180 270 1430 910

-40 60 260 no 170 260 1780 3910 700

-50 60 260 no 810 2055 5410 6110 620

-60 60 260 no - - - 3075 0

+20 60 260 yes 135 185 230 350 730

-40 60 260 yes 165 22P 945 2860 730

-50 60 260 yes 245 340 2010 4785 700

-60 60 260 yes 1000 1865 - 450 590*

* Cold flow
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FIC.TUAL DATA (CONTIMNZD)

TASK B PrAs ,,3 (coNTIxNUE)

TABLE 187

EPPBCT OF INPRA-RED RADIATION ON PHYSICAL PROPBTIBS OF COMPOUND B3-10

Test Cure Cure Infra- Modulus Modulus Modulus Tensile Elongation
Temp. Time Temp. Red at 200% at 400% at 600% Strength at Break
(*C) (mins) (*F) Radiation (psi) (psi) (psi) (psi) M%)

+20 60 240 no 120 165 270 1085 930

-40 60 240 no 175 315 1770 3775 720

-50 60 240 no 610 1680 4605 5485 640

-60 60 240 no - - - 2915 0

+20 60 240 yes 160 190 255 475 790

-40 60 240 yes 155 260 860 2865 790

-50 60 240 yes 235 370 1810 3805 710

-60 60 240 yes 1535 2450 - 4425 570*

+20 60 260 no 145 175 255 1315 930

-40 60 260 no 170 410 2060 4405 720

-50 60 260 no 905 2080 - 5738 610

-60 60 260 no - - - 3655 0

÷20 60 260 yes 140 175 240 390 760

-40 60 260 yes 180 260 1105 3460 760

-50 60 260 yes 260 400 2085 4050 680

-60 60 260 yes 1090 1890 4550 5105 620*

*Cold flow
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FACTUAL DATA (COTrINE D)

TASK B PEA sE 3 (CONTriNUED)

TABLE 18

EFFBCT OP INFPRA-RED RADIATION ON PHYSICAL PROPERTIES OF COMPOUND B3-11

Test Cure Cure Infra- Modulus Modulus Modulus Tensile Elongation
Temp. Time Temp. Red at 200% at 400% at 600% Strength at Break
(IC) (mine) (*F) Radiation (psi) (psi) (psi) (psi) (%)

+20 60 240 no 130 145 255 1025 980

-40 60 240 no 150 230 1305 3045 740

-50 60 240 no 510 1465 3565 4135 630

-60 60 240 no - - - 3250 60*

+20 60 240 yes 135 170 240 525 910

-40 60 240 yes 165 225 740 3010 820

-50 60 240 yes 225 355 1705 3405 720

-60 60 240 yes 1300 2170 - 4235 580*

+20 60 260 no 130 165 220 1235 960

-40 60 260 no 185 265 1880 3510 680

-50 60 260 no 1145 1915 - 4450 590

-60 60 260 no - - 3370 0

+20 60 260 yes 130 165 215 545 810

-40 60 260 yes 180 210 810 3345 820

-50 60 260 yes 265 400 2300 3800 660

-60 60 260 yes 770 1545 3935 4335 620*

* Cold flow
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FACTUAL DATA (cov'zIr UD)

TASK B PHAs: 3 (coNrzNuED)

TABLE 189
EPFP=r OF INFRA-RED RADIATION ON PHYSICAL PROPERTIES OF COMPOUND B3-12

Test Cure Cure Infra- Modulus !,lodulus Modulus Tensile Elongation
Temp. Time Temp. Red at 200% at 400% at 600% Strength at Break
(C) (mins) (*F) Radiation (psi) (psi) (psi) (psi) (%)

+20 60 240 no 110 135 245 1060 1060

-40 60 240 no 165 280 1445 3195 720

-50 60 240 no 935 1835 4765 4900 610

-60 60 240 no - - - 3250 0

+20 60 240 yes 135 170 240 615 950

-40 60 240 yes 160 230 815 2755 780

-50 60 240 yes 315 410 2635 3795 690

-60 60 240 yes 1385 2340 - 3270 550*

+20 60 260 no 135 160 220 1210 960

-40 60 260 no 165 300 2110 4000 710

-50 60 260 no 1215 2095 4490 4660 610

-60 60 260 no - - - 3685 0

+20 60 260 yes 130 165 215 600 930

-40 60 260 yes 180 245 865 3240 800

-50 60 260 yes 310 480 2360 4660 700

-60 60 260 yes 1175 1705 5000 5000 600*

* Cold flow
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FAOTUAL DATA (coNTINUED)

TASK B Pus 3 (CONTINUED)

TABLE 1W

EFFBCT OF INFRA-RED RADIATION ON PHYSICAL PROPERTIES OF CODMPOUND B3-13

Test Cure Cure Infra- Modulus Modulus Modulus Tensile Elongation
Temp. Time Temp. Red at 200% at 400% at 600% Strength at Break
(C) (mins) (*P) Radiation (psi) (psi) (psi) (psi) (%)

+20 60 240 no 125 155 270 960 1040

-40 60 240 no 205 375 1645 2705 690

-50 60 240 no 980 1825 - 4665 590

-60 60 240 no - - - 3145 0

+20 60 240 yes 135 175 240 620 980

-40 60 240 yes 170 285 880 2640 780

-50 60 240 yes 275 545 2125 3450 680

-60 60 240 yes 845 1115 - 3555 590*

÷20 60 260 no 135 180 240 1175 1030

-40 60 260 no 205 345 1890 3075 700

-50 60 260 no 1005 2400 4725 5665 640

-60 60 260 no - - - 4145 0

+20 60 260 yes 155 200 250 795 970

-40 60 260 yes 190 280 1030 3065 770

-50 60 260 yes 325 650 2530 3965 700

-60 60 260 yes 1105 1715 - 4010 570*

* Cold flow
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FACTUAL DATA (continued)

TASK B. Phase 3 (continued)

TABLE 191

PHYSICAL PROPERTIES OF COMPOUND B3-13 DETERMINED AT
ROOM TEMPERTUE AND AT -500 C.

Test Cure Cure Modulus Modulus Modulus Tensile Elongation Tear
Te. Time Temp. at 200% at 400% at 600 Strength at Break Strength
CC.) (mins) ( F.) (psi) (psi) (psi) (psi) (W) (lbs/in)

+20 60 260 115 155 255 2035 1ii0 75

+20 90 260 125 180 290 2185 1035 78

+20 120 260 135 185 295 2270 980 75

+20 60 280 115 165 265 2035 1000 70

+20 90 230 135 195 315 2425 970 78

+20 120 280 150 225 4140 2695 930 92

-50 60 260 740 1640 4570 4570 600 --

-50 90 260 1000 2250 5675 5835 610 --

-50 120 260 1210 2380 5765 5765 600 --

-50 60 280 1205 2415 5595 5950 610 --

-50 90 280 1250 2785 6048 6470 610 --

-50 120 280 1759 3380 6205 6205 600 --
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FACTUAL DATA (continued)

T (continued)

Phase 4: Effect of Ultra-Violet and Other Short-Wave Radiation

Exploratory experiments were conducted using a Hanovia ultra-
violet lamp with maximum radiation concentration at 3600 AO. A
six-inch, tubular lamp was used; and three compounds were selected
for evaluation. These were A3-105 which contains 3 parts of N.B.C.,
A3-117 which contains 3 parts of Agerite DPPD, and a compound
identified as B4I- which is identical to A3L105, but from which the
N.B.C. was eliminated and no other antiozonant included.

Dumbbell samples were cut from each of the films made from these
compounds and stretched to an elongation of 300%. The atmosphere
in the testing chamber was replaced by nitrogen to avoid any side
effects produced by ozone, although the wave-length of 3600A0

produces little, if any, ozone.

The samples were exposed for periods of one hour and two hours,
and then removed from the test chamber, allowed to relax for one
hour, and tested on the Scott Tester. The physical characteristics
of these films before and after exposure to the ultra-violet lamp
are given in Table 192.

In order to eliminate the effect of stretching the samples to 300%
before testing, controls which had been stretched to this elongation
for the same length of time but not exposed to ultra-violet
radiation were also tested.

A study of these results shows that in the wavelength range tested,
ultra-violet radiation has no effect on the physical properties of
the compounds under investigation. A few spot checks were made
with air instead of nitrogen in the chamber, and again no variation
in physical properties could be determined after irradiation with
ultra-violet light.

Four General Electric #G-4-Sll bulbs which have maximum radiation
at 2800 A0 were now obtained, this wave-length being much more
active than 3600A0 . The four bulbs were mounted in a plane, and
the dumbbell samples under test were supported at a distance of
approximately six inches from the plane of the bulbs. The dumb-
bells were stretched to an elongation of 300% and exposed for
periods of two hours and four hours. One series of tests was
conducted in an atmosphere of nitrogen and another in an atmosphere
of air.

Three compounds were again used in this investigation: (1) A3-105,
a day-flight compound, (2) A3-105 post-plasticized for night flight,
(3) A3-104, a dual-purpose compound. Physical properties of the
compounds were determined before and after exposure to ultra-violet
radiation. The results of these tests are given in Table 193.
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FIOTUAL DATI (coNtruzD)

U B L i Az z 4 (comrZxx ZD)

PHYS.ICAL d5iARACTIR1SIC.¶ OP nR4-T-"ON PILES~u nlRPOR AND APTR1 IKPO3SUTR.

TO ULTRA-VIOLEtADIATION - TBSTND AT ROOM TBNDnATUU

Cute Care Modulus Modulus Modulus Tensile Elongation
Compound Time Topo at 200% at 400% at 600% Strength at Break Treatment

No, (nine) (OF) (psi) (psi) (psi) (psi) (M)

A3-105 60 280 120 165 215 1800 940 None
60 280 120 160 220 &820r 950 No UV expt
60 280 115 165 215 1850 940 1 hr UV expt
60 280 120 165 210 1860 940 2 hr UV ezpt

90 280 120 170 240 1905 950 None
90 280 120 165 240 1900 945 No UV expt
90 280 120 170 230 1900 950 1 hr UiV expf
90 280 120 165 235 1920 945 2 hr UV expf

120 280 115 160 240 2185 960 None
120 280 120 165 230 2160 955 No UV expt
120 280 120 155 245 2175 970 1 hr UV expt
120 280 120 155 240 2170 965 2 hr UV expf

B4-1 60 280 110 145 175 1660 1020 None
60 280 110 140 175 1670 1015 No UV expt
60 280 100 135 170 1680 1000 1 hr UV expt
60 280 110 140 165 1700 1010 2 hr UV expt

90 280 115 165 210 1990 1010 None
90 280 120 160 210 1940 1000 No UV expt
90 280 115 150 200 1880 1020 1 hr UV expt
90 280 115 165 200 1895 1005 2 hr UV expt

120 280 115 155 205 1920 970 None
120 280 110 160 210 1900 960 No UV expt
120 280 110 150 195 1850 970 1 hr UY expt
120 280 115 155 200 1880 965 2 hr UV expf

A3-117 60 280 135 200 390 1580 870 None
60 280 140 190 385 1610 880 No UV expt
60 280 140 210 370 1595 850 1 hr UV expt
60 280 130 185 375 1630 845 2 hr UV expt

90 280 155 215 430 1600 840 None
90 280 150 220 410 1640 870 No UV expf
90 280 150 205 425 1655 79q 1 hr UV expt
90 280 150 220 405 1640 820 2. hr UV expt

120 280 160 225 440 1710 810 None
120 280 160 230 435 1680 800 No UV expt
120 280 155 240 410 1670 820 1 hr UV expt
120 280 165 240 430 1690 820 !2 hr TN' expt,

* Samples stretched to an elongation of 300%.



FACTUAL DATA (continued)

TABLE 193

EFFECT OF ULTRA-VIOLET RADIATION ON BALLOON FILMS
TESTED AT ROOM-TEMPERATURE

Time of Modulus Modulus Modulus Tensile Elongation
Compound Atmosphere Exposure at 200% at 400% at 600% Strength at Break

No. (hours) (psi) (psi) (psi) (psi) W

A3-105 Air 0 130 210 395 2275 890

Air 2 135 180 340 2480 935

Air 4 samples broke due to ozone attack

Nitrogen 0 130 210 395 2275 890

Nitrogen 2 115 205 345 2135 915

Nitrogen 4 145 210 350 2015 890

A3-105 Air 0 105 170 320 1375 820
post-

plasti- Air 2 samples broke due to ozone attack
cized

Nitrogen 0 105 170 320 1375 820

Nitrogen 2 85 130 240 1330 850

Nitrogen 4 60 115 215 1060 830

A3-104 Air 0 125 280 610 1830 905

Air 2 samples broke due to ozone attack

Nitrogen 0 125 280 610 1830 905

Nitrogen 2 105 245 540 1725 925

Nitrogen 4 100 240 540 1700 925
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FACTUAL (continued)

TASK B. Phase 4 (continued)

A study of this table shows that the intensity of the ultra-
violet radiation was sufficient to create substantial concentrations
of ozone in an atmosphere of air.

After two hours, compound A3-105 showed a slight drop in modulus
and a slight increase in tensile strength and elongation. After
four hours, the samples showed too much ozone attack, making it im-
possible to obtain physical properties.

In the case of the post-plasticized dumbbells and those cut from
dual-purpose compound film, the deterioration due to ozone attack
was too great after two hours exposure to enable the determination
of physical properties.

The dumbbells cut from A3-105 when exposed in a nitrogen atmosphere
showed virtually no change in any physical characteristics other
than an almost insignificant drop in modulus at 600% elongation.

However, the same compound after post-plasticizing showed a steady
fall in modulus and tensile strength as the time of exposure in-
creased. There was no significant change in elongation.

The dual-purpose compound showed a significant loss in modulus at
all elongations after two hours exposure and a much smaller loss
in tensile strength. After a further two hours there was no
further change in modulus or tensile strength. This was accompanied
by a slight increase in elongation during the first two hours, and
no further change between two and four hours exposure.

It would seem, therefore, that the major deterioration which a
balloon is likely to suffer upon exposure to ultra-violet radiation
during a flight is attributable to attack by ozone which the ultra-
violet radiation has created. Since a comprehensive study of the
action of ozone on balloon films had already been conducted, there
seems to be no advantage to extending this study of the effect of
ultra-violet radiation any further.
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FACTUAL DATA (continued)

TASK B (continued)

Phase 5a rorrelation of I'wsical. roperties with Flight Performance

The excellent physical properties of compound B3-3 coupled with
the knowledge that such a compound absorbs strongly in the infra-
red suggest that balloons should show good day-time performance.
Accordingly, 800-gram balloons were manufactured from this compound
and submitted for flight testing. In order to determine the
influence of the carbon black, a balloon of similar weight manu-
factured from compound B3-1 which is identical with B3-3 apart from
the carbon black was used as a control with each black balloon
flight.

All balloons were flown during the hours of daylight with a free
lift of 1600 grams. The control balloons are identified as
EX-3B-101 through EX-3B-106, and the black balloons as EX-3B-lll
through EX-3B-116. The characteristics of these balloons and their
flight performance are recorded in Table 194. Each cortrol and
experimental flight are paired for ease of reference.

A study of these results shows with startling clarity that the
addition of carbon black has resulted in a loss of altitude of
about 30,000 feet. The physical properties of the black compound,
coupled with the greater length of the black balloons, would
normally, howeverlead to an expectation of much improved
performance.

The previous evaluation of a black compound during Contract
DA-36-039-SC-78239 showed that absorption of infra-red radiation
results in a marked loss of tensile strength and modulus as well
as an increase in low-temperature elongation. The possibility that
this might lead to large differences in these properties within a
balloon was anticipated in the final report of Contract DA-36-039-
SC-78239.

The flight results obtained indicates that this is the case. The
upper portion of the balloon apparently absorbs radiation to such
an extent that its tensile strength and modulus are very substantially
reduced.

The effect is magnified since little, if any, solar radiation now
reaches the lower part of the balloon which is in the shadow of
the upper part. It is, in fact, possible that so little radiation
is reaching the lower part of the balloon that it is freezing.

In order to confirm this theory, balloons of the same type were
post-plasticized to render them suitable for night flight. If
the solar radiation theory is correct, these balloons should fly
satisfactorily at night. Prevention of the lower half of the
balloon from freezing should possibly improve the day-flight
performance, but Variations in absorption of solar radiation
throughout the film may still result in inferior flights to those
obtained with uncolored balloons.
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FACTUAL DATA (continued)

TABLE 194

FLIGHT RESULTS - BALLOONS MADE FROM CONPOUND CONTAINING CARBON BLACK

Day or Flaccid Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3B-101 K241 Day 795 91 102,700 1078

EX-3B-II K20-3 Day 820 107 67,600 1110

EX-3B-J02 K242 Day 815 96 110,300 1167

EX-3B-113 K17-8 Day 855 118 80,900 1093

EX-3B-103 K243 Day 800 93 104, 200 1079

EX-3B-112 K17-7 Day 835 112 73,900 1051

EX-3B-104 K244 Day 800 90 100,000 1177

EX-3B-I16 K20-6 Day 860 107 63,000 1073

EX-3B-105 K245 Day 850 96 75,100 1081

EX-3B-lUI K17-6 Day 840 118 71,000 1087

EX-3B-106 K246 Day 820 94 103,000 1133

EX-3B-115 K20-5 Day 855 108 66,500 1118

TABLE 195

FLIGHT RESULTS - BALLOONS MADE FROM COMPOUND CONTAINING CARBON BLACK

Day or Flaccid Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EI-3B-201 K21-4 Day 1045 117 82,300 986

EI-3B-202 K21-3 Night 1015 .118 90,500 1035

EI-3B-203 K21-5 Night 1030 118 115,060 1092

EX-3B-2o4 K21-6 Night 1050 119 112,000 1031
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FACTUAL DATA (continued)

TASK B(continued)

Four such balloons were submitted for flight testing. One of
these was flown during the hours of daylight and the remaining
three at night. All balloons were flown with a free lift of
1600 grams. The characteristics of these balloons and their
flight performance are given in Table 195.

A study of these results shows that the average night-time
performance is much superior to the day-time performance. Balloons
EK-3B-203 and EX-3B-204 are superior to any of the day-flight
balloons which did not contain carbon black. There seems little
doubt, therefore, that balloon compounds which show high infra-red
radiation absorption are unsatisfactory for daytime use.

Balloons were made from a compound containing Agerite DPPD which
provides much better ozone resistance than does N.B.C. according
to laboratory tests. This compound, designated A3-117, is
described in Task A, Phase 3, Part A.

Six balloons were made from compound A3-105 which is similar to
A3-117 except that it does not contain Agerite DPPD. These were
identified as EX-2B-101 through FX-2B-106.

Six balloons were made from compound A3-117 which contains
Agerite DFPD. These were identified as tX-2B-1lI through EX-2B-lI6.

These twelve balloons were flown in pairs on the same day as
follows:

EX-2B-101 and EX-2B-114 EX-2B-102 and EX-2B-116
EX-2B-103 and EX-2B-112 EX-2B-104 and EX-2B-115
EX-2B-105 and EX-2B-lll EX-2B-106 and EX-2B-114

All balloons were flown during the daytime with a free lift of
1600 grams. The characteristics of these balloons and their
flight performance are given in Table 196.

An analysis of these results shows that the balloons made from
compound A3-117 consistently reach altitudes approximately
10,000 feet lower than do the balloons made from compound A3-105.
The only explanation that is immediately apparent is based on
the color of the balloons.

Agerite DPPD produces a balloon which is substantially darker in
color. It has already been shown that black balloons reach much
lower altitudes in the daytime. Hence, the darker color of the
balloons containing Agerite DPPD may be responsible for the reduced
altitudes.
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TAEIZ ii6

FLIGHT RESULTS - BALLOONS MADE FROM COMPOUNDS A3-10S AND A3-117

Altitude Ascensional
Experiment Balloon Compound Weight Length at Burst Rate

No. No. No. (grams) (inches) (feet) (feet/min.)

EX-2B-IOI 1I4-i A3-105 880 98 102,000 1043

EX-2B-102 Y14-2P A3-105 870 100 104,000 1084

EZ-2B-103 Y14-3P A3-105 870 98 104,O50 1107

EX-2B-1o4 YM4-4P A3-105 865 98 102,200 1054

EX-2B-l05 Y14-5p A3-105 880 98 102,000 1036

EX-2B-106 Y14-6P A3-lo5 820 102 101,000 1068

EX-2B-1U1 Y5-4KT A3-U17 910 102 92,300 1068

EX-2B-112 Y9-3KT A3-117 880 99 96,200 1192

EX-2B-1I3 Y9-5KT A3-U17 880 101 81,910 1082

Ex-2B-14 Y14-2KT A3-117 880 98 93,200 1107

EX-2B-115 Y14-3KT A3-117 910 100 91,700 1074

Ex-2B-UI6 Y15-1KT A3-317 870 100 89"000 1095

TABLE 197

FLIGHT RESULTS - BALLOONS MADE FROM COMPOUND B3-13

Day or Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-3B-121 H8-2TN Day 795 92 94,500 1099

EX-3B-122 H8-4TN Day 845 94 90,100 1043

EX-3B-123 H9-STN Day 835 91 92,300 1034
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FACTUAL DATA (continued)

TASK B. Phase 5 (continued)

Three balloons manufactured from compound B3-13 were submitted
for flight testing. This compound shows extremely low infra-
red absorption and, consequently, shows very little difference
in physical characteristics whether or not the film is subjected
to infra-red radiation.

It was felt, therefore, that the physical properties throughout
a balloon during a daytime flight would be much more uniform than
is the case where the film absorbs radiation with consequent
reduction in tensile strength and modulus.

The three balloons were flown with a free lift of 1600 grams,
and their flight performance is given in Table 197.

A study of this table shows that, although the altitudes reached
are relatively consistent, the actual altitude is no greater than
is normally obtained with this size balloon. In fact, better
altitudes for balloons of this weight and length have been recorded
using standard balloon compounds.

As pointed out in Task B, Phase 3, the reduced infra-red absorption
of compound B3-13 may result in the balloon having a lower
temperature during a daytime flight. If this is the case, the
ultimate elongation of the balloon film will also be lower than
that of a normal balloon, part of which at least is being raised
to greater temperatures by solar radiation.

Increasing the plasticizer content of compound B3-13 should,
therefore, improve the altitude obtainable by increasinq the
elongation of the film at the temperature which it attains during
flight. At the same time, the uniformity of physical properties
throughout the film should still be maintained with a consequent
improvement in consistency of flight performance.

Phase6.- Prediction of Balloon Flight Performance

Part A Determination of Burst Altitude from Residual
Elongation

A system of nomograms for predicting balloon flight perform-
ance was developed. An elongation-temperature curve is
derived for the compound, and by superimposing this curve
over the nomogram for the proper balloon size, it is pos-
sible to determine at what height the residual elongation
of the balloon becomes zero. This new means of prediction
is superior to the flight equation and the slide rule
methods developed during Contract DA-36-039-SC-72386 and is
described in detail in the following pages.
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TASK B PHASE 6 (cONTINuED)

DETERMINATION OF BALLOON RESIDUAL ELONGATION

In the day-to-day use of high altitude balloons, it would be useful to have

a means to predict the expected performance of the balloons in terms of the

known or expected atmospheric temperature conditions. A useful parameter in

thi connection is the Residual Elongation of the balloon. By this is meant the

difference between the actual and ultimate elongation at any particular elevation.

This can be expressed as:

Er u Eu - Ea (1)

wheret

Er is the residual elongation.

Eu is the ultimate elongation and is a characteristic of the particular

neoprene compound used in fabricating the balloon. Eu is, for our

purposes, chiefly a function of the temperature of the neoprene.

Ea is the actual elongation.

Elongation is usually expressed in percent and is defined as follows:

Ea raro x 100% (2)

Here, ra is the actual radius of the balloon, and

ro is the flaccid or barely inflated radius.

Rather than solve the equations of balloon flight numerically or by means

of many manipulations on a slide rule, both of which have been found to be

inconvenient procedures, a nomogram has been developed relating the parameters

of principal importance to permit a very convenient method of graphical solu-

tion. These nomograms, one for the 1000-gram. 100,000-foot balloon and one

for the 1750-gram, 120,000-foot balloon, will be presented later.

- 344.-



T.SK B Pis: 6 (coN 7zNXD)

Theory of Balloon FAn-ion

It has been observed that the density of the rubber or neoprene comprising

the fabric of a balloon is very nearly conserved as the balloon expands. It can

be shown as well to a sufficient degree of accuracy that the difference between

the gas pressure inside an inflated balloon and the ambient air pressure is very

mall, even at the bursting pressure. In view of this, it is assumed that the

pressure of the gas inside the balloon is the same as that of the atmospheric

environment and that, therefore, the gas law as applied to the balloon is:

f • - const. (3)

where:

p is the gas pressure inside the balloon and may be measured by the

ambient air pressure.

v is the volume of the balloon at the elevation corresponding to

pressure, p.

T is the temperature of the gas in the balloon and as a first

approximation is assumed to be the same as the air temperature

as well as the balloon fabric.

r is the radius of the balloon.

The assumption of inside and outside temperature equality will be discussed

in a separate section later.

If subscript (o) refers to an initial or flaccid condition of the balloon

and subscript (a) refers to the variable or final condition, the radius of a

balloon may be determined by writing equation (3) in the following form:

3 log ra - 3 log ro + log (po - pa) + log (Ta - TO) (4)
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TASK B PlEAsr 6 (coNT rNUXD)

The elongation at any elevation whose pressure (Pa) and temperature (Ta)

are known can be determined from equations (4) and (2). By comparing Ea with

the known ultimate elongation characteristic at the temperature (Ta). the

residual elongation may be calculated.

Construction of the Nomogram

Figure2 is a chart for the graphical solution of equations (4), (2), and

(1). The diagram contains three principal features:

a. The elongation as a function of pressure alone

b. The effect of temperature on the elongation

c. A presentation of the empirical isothermal ultimate elongation

characteristics of day-flight and night-flight neoprene compounds.

With regard to the main body of the nomogram, the ordinate is -log p,

labeled on the left side of the chart. Note that pressure decreases upward as

is conventional on most meteorological charts depicting atmospheric pressure

related to elevation. The pressure ranges over three orders of magnitude. The

abscissa is the radius plotted as log r but on a scale three times that of

pressure and thus actually represents 3 log r. However, in view of equation

(2), the scale is labeled in terms of elongation instead of radius across the

top of the chart. The relationship between p and r (or elongation) on this

(-log p, 3 log r) chart is a straight diagonal line whose slope is 450 and is

drawn as a heavy sloping line on the diagram. The reference pressure (po) and

radius (re) given by the intersection of the heavy sloping line with the zero

elongation line represents the condition under which the balloon is just barely

inflated. Any point along the heavy diagonal line thus represents the iso-

thermal expansion of the balloon at temperature (TO).
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FIGURE 26
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TASK B PkAss 6 (coNx ' vrD)

To solve for 3 log ra, log (Ta - TO) must be added algebraically to

3 log ro + log (po - Pa).

This is accomplished by means of the auxilliary graph at the lower left of

the chart. Here, log To (usually the surface temperature) is the vertical

scale and log Ta (the ambient air temperature) is the abscissa. These are

actually plotted on the absolute temperature scale as is required in the gas

law, but are labeled in degrees Celsius for convenience in use. The value of

log (To - Ta) is determined by noting the locus of the point whose coordinates

are the arguments. The addition is accomplished by proceeding diagonally upward

to the left parallel to the diagonal straight lines to the reference level.

Finally, the isothermal ultimate elongation characteristics for the night-

flight and day-flight neoprene compounds have been drawn as curved lines on the

right side of the main chart.- The scale used is temperature of the neoprene in

degrees Celsius plotted on the right side of the chart versus ultimate elonga-

tion of the neoprene using the same horizontal scale at the top of the chart

as before.

Procedure for Using the Nomogra

The procedure for using the chart to determine the residual elongation of

a balloon at a particular elevation may best be illustrated by means of an

example. Suppose a 1000-gram balloon flown at night is at an elevation cor-

responding to 10 mb. pressure where the temperature is 2160K or -67 0C. Further,

suppose the surface or launching temperature is -100C and the surface pressure

is 1000 mb. What is the residual elongation, if any, left in the balloon at

that elevation?
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T.SI B PHAs: 6 (CONTINUED)

Refer to Figure26 for the solution. The pressure versus elongation have

been determined for the 1000-grai balloon whose flaccid diameter is 5.5 feet

and whose diameter at release is 6.,0 feet. The ratio of ra to ro is thus 1.1

or the initial elongation at launching is 10%. Note that the sloping heavy

diagonal line passes through this point.

1. Note the surface temperature (-i 0 0C) at point A and the free air

temperature (-67°C) at point B. Find point C whose coordinates are

these values.

2. Proceed upward to the left parallel to the sloping straight lines

to D. The length from elongation zero to D represents log (To - Ta).

3. From D, follow parallel to the sloping diagonal lines to the ambient

pressure (10 mb.) at point E. This represents log (Pa - Po) plus

log (To - Ta).

4. The actual elongation may now be read at the top scale point F as

360%. The diameter of the balloon at this elevation is now 4.6

times its flaccid diameter.

The next step is to determine what the ultimate elongation of the balloon

is corresponding to the temperature (-670C).

5. Start at point G at -670C on the right side scale of the chart and

move horizontally to the left to point H on the ultimate elongation

curve for the night-flight compound.

6. The ultimate elongation for this compound and temperature is read

at I (520%).
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TASK B PHuss 6 (CON2ruzD)

7. The residual elongation is thus 520% - 360% equals 160%. Or the balloon

is capable of expanding another 1.6 initial diameters.

If this had been a day flight instead of a night flight, and the temperature

had been the same, step 5 would have proceeded to J instead of to H. It is clear

from this that the balloon would have burst prior to reaching 10 mb. as the

ultimate elongation of the neoprene would have been exceeded.

Figure 27 is a blank diagram for use with the 1000-gram balloon, and Figure 28

is for use with the 1750 gram balloon, the barely inflated diameter of which is

7.166 feet. This balloon is not completely inflated when launched, the volume

of gas at launch being 135 feet 3 . This means that under normal conditions, the

balloon will not be barely inflated until it has risen to about 710 mb. Con-

sequently, the heavy diagonal line in Figure 28 intersects the zero elongation

line at about 710 mb.

Limitations and Approximations

Same basic approximations have been made in developing these charts, and

these, consequently, limit their validity. These will be discussed here.

1. The assumption that the air pressure may be substituted for the bal-

loon gas pressure in the gas equation. Measurement of the modulus of

the neoprene when used in the equation for the pressure difference

indicates this difference to be very much smaller thoa the gas pressure.

2. The charts have been drawn to indicate the barely inflated pressure to

be 1000 mb. and 710 mb., respectively. If these are in error by as

much as 5% (an excessively large error), the effect upon the radius

varies as the cube root or the elongation will be in error less than 2%.
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FIGURE 27

NOMOGRAM FOR DBTEBRXNATION OF RESIDUAL ELONGATION
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FIGURE 28

NOMOGRAM FOR DETERMINATION OF R LpS ELOGATIONOF 1750oRM BALM• -



ELONGATION (%)

10 100 200 300 400 500 600

2
140 I A/J'.''A.130 4/.+_,._.__" - .

---- 4 ______"__-- -
120 

_A-____

6
110..

9X
10

100 -

90
20

so -_/ 
-" 

-_,_--,..

40
70--- _N - • - . . '

-- 60 A XI- i I
la.

50
-J

4020

W, ~ go
50 50

-0 ---00-

4000, i
-20i -I0-l 0 00

10 mm'M504AT - -.
( 

-)

AIR EMPEATUR (C



ELONGATION M%

__00__ 200____ 300 400 500 600 700 B00 900

-0

06

50092

0110

E (C)

-50-
0I



TAS1 B PNAs: 6 (coNTZNUED)

3. It has been assemed that the free air temperature is the same as the

neoprene fabric temperature. Measurements of internal gas temperature

versus ambient air temperature indicate that during day flights above

the tropopause, the internal temperature is higher than the ambient

air temperature. The difference may occasionally be as high as 400C

(see later section). These temperatures were measured 6 inches inside

the balloon. Also, the balloon fabric is extremely thin and is being

ventilated as the balloon is rising at the rate of over 1000 feet per

minute. In view of these considerations, the fabric temperature is

probably much more nearly the same as the air temperature rather than

the gas temperature. In any case, a 40C error in gas temperature at

an ambient temperature of near 2000 K introduces an error of about 20%

or an elongation error of less than 3%. Further, this error will lead

to an over estimate of elongation. (The balloon will perform somewhat

better than expected.) On the other hasid, at night internal gas tem-

peratures are slightly lower than air temperatures so the error intro-

duced is of opposite sign but smaller than the day-time error.

4. The ultimate elongation characteristic curves for the neoprene have

been determined empirically under isothermal conditions. It is known

that the ultimate elongation characteristics can be improved by pre-

elongation. However, not enough information is available on this

property to make use of it here. When information becomes available,

this can be incorporated into the diagram. In view of the isothermal

determination of elongation and the fact that the balloon as it rises

into colder temperatures in the troposphere is actually pre-elongating

-353-



TASK B. Phase 6 (continued)

itself, the ultimate elongation curves give a lower estimate of the

ultimate elongation than that which is possible.

5. The variability in the data that comprised the ultimate elongation

curves and the variability in the quality control of large balloons

(e.g., minute bubbles, etc.), probably introduces a variability of

performance greater than that due to atmospheric uncertainty.

As an aid in the use of the nomogram in predicting the expected balloon

performance, lapse rates of average atmospheric temperature for 55*N.

lat. are presented as Figure 29, for winter (January) and summer (July)

conditions. These may be used to get an estimate of average extreme

conditions likely to be encountered at this latitude.

Part B: Determination of Dimensions of Fast-Rising Balloons

The dimensions of fast-rising balloons designed to reach
altitudes of 75,000 and 100,000 feet were theoretically
determined.

The performance of an ML-518 balloon was taken as a basis
for the following calculations. Such a balloon weighs
800 grams excluding the stem assembly and has a flaccid
length of 100 inches. Its gauge ranges from .003" to
.0035". When flown with a total lift of 3700 grams, it
reaches an altitude of 100,000 feet or more in the
daytime.

It has been shown that a fast-rising balloon should have
a wall thickness of at least twice and preferably three
times that of a standard sounding balloon. Therefore,
if the length is maintained at 100 inches, a balloon
having a wall thickness of .009" to .010" would weigh
2400 grams, since the weight would be proportional to
the thickness.
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EAM•IALTA (continued)

TASK B. Phase 6. Part B (continued)

To this must be added the weight of the tail. If a standard
gauge ML-518 type is used for this purpose, an additional
weight of 600 grams may be assumed since approximately one
quarter of the tail balloon is removed before affixing it to
the balloon proper. The weight of the assembly, therefore,
would be 3000 grams, which is 2200 grams more than that of
an ML-518 balloon.

It is customary to fly this type of fast-rising balloon with
a free lift of 2700 grams, which is 1100 grams more than that
used to fly an ML-518. Therefore, the total lift required
for the balloon described would be 3300 grams greater than
that of an ML-518 balloon, or 7000 grams.

The total lift is directly proportional to the volume of
gas, and hence the volume of an ML-518 at release can be
represented by 3700 K1 , when K1 is a constant depending on
the density of the gas used, converting lift to volume.
Assuming the pressure inside a meteorological balloon to
be equal to the ambient pressure throughout the flight, then

PGVG = PB VB (1)

TG TB

where PG is the ambient pressure at the ground

VG is the volume of balloon at launch

TG is the temperature of the gas at launch

PB is the ambient pressure at burst

VB is the volume of balloon at burst

TB is the temperature of the gas at burst

TG and TB will show variations from day to day but, in
general, these variations will be relatively small and
hence it may be assumed that TG/TB is a constant. This
is, of course, only true providing the altitude at which
the balloon bursts is in the range of 60,000 feet to
100,000 feet where the temperature is fairly constant.
Equation (1) may, therefore, be rewritten

PG VG = C'PBVB (2)

In the case of an ML-518 balloon released at 760 mm pres-
sure and reaching an altitude of 100,000 feet or 8 'mm
pressure, and having an initial volume of 3700 Kl, the
volume at burst is given by
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S TASK . Phase 6. Part B (continued)

V = PG VG 760 " 3700 K (3)

C - PB C " 8

The streamlined balloon described has initially the same
flaccid volume as an ML-518 and will, therefore, burst at
the same volume, VB. However, the initial volume of gas
used for this balloon is 7000 KI. Hence, from equation
(2)

PG VG = 760 . 7000 Kl

C C-VB C - VB

Substituting for VB from equation (3)

B 760 7000 K1 • C.8 = 15.1 MMC C 760 - 3700 K1

This pressure corresponds to an altitude of 86,000 feet.
Therefore, a lighter, shorter balloon should be capable of
reaching an altitude of 75,000 feet.

A reduction in the weight of this balloon by 800 grams
would result in an assembly weight of 2200 grams and a
total lift of 6200 grams. In order to retain the same
wall thickness, it would be necessary to reduce the length
of the balloon. The weight of the balloon proper has been
reduced from 2400 grams to 1600 grams, and the weight is
proportional to the area of the balloon film which is
proportional to the square of the length. Therefore, if
L2 is the new length

2 1600
L2 = 2100 (100,,)2 and L2 = 81.6 inches

*The volume at burst of a 100-inch balloon is given by

VE - 760 . 3700 K1VB = (equation 3)

Hence, the volume of a balloon 81.5 inches long is given by

VE 81.5 760 - 3700 K1 (81.53ý
0.8 '.-35003/
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ZMLo Phase 6. Part B (continued)

Therefore, from equation (4) the pressure at burst of such
a balloon flown with a total lift of 6200 grams is given by

760 "6200 K 76 C • 8 1003PB 8.15 a7oK x X -,- .9
1B8.5 70 600K 760 -3700 K1  8.5s 24.9 mm

This corresponds to an altitude of 76,000 feet.

Therefore, a balloon assembly weighing 2200 grams of which
600 grams constitutes a streamlined tail assembly and having
a flaccid length of approximately 80 inches should reach an
altitude of 75,000 feet when flown with a total lift of
6200 grams.

The above figures are based on the performance of a day-
flight balloon. In order to achieve the same results at
night, the performance of an ML-537 can be taken as a
basis. This balloon may be considered as weighing 1000
grams and having a flaccid length of 110 inches.

The corresponding fast-rising balloon would, therefore,
weigh 3000 grams and would carry a tail weighing 750 grains.
Such an assembly flown with a free lift of 2700 grams arid
carrying a standard radiosonde would have a total lift of
7750 grams, compared with 3900 grams total lift for an
ML-337.

Substituting in equation (3)

VB = 760 " 3900 K1
c • 8

Therefore,

PB = 760 - 7750 K1 • C-8 = 16.3 mm
C • 760 • 3900 K1

This corresponds to an altitude of 85,000 feet.

A similar reduction in weight as was described for the day-
flight balloon would reduce the weight of the balloon proper
to 2000 grams, and in order to maintain the wall thickness,
the length would have to be reduced to

L3 where L3 2 3000 (110)2 and L3 = 89.8
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TASK B. Phase 6. Part B (continued)

Following the same reasoning as for the day-flight balloon

760 3900 Kl /89.83ý
VB 89.8 8 • 08

Therefore,
PB 89.8 = 760 . 6750 K1 x C - 8 X o1003 =

PBX 89. 19.2 mm
C 760 3900 K1  89.83

This corresponds to an altitude of 81,000 feet.

Therefore, a balloon assembly weighing approximately 2800
grams, of which 750 grams constitutes a tail assembly, and
having a flaccid length of approximately 90 inches, should
reach an altitude of at least 75,000 feet when flown with a
total lift of 6750 grams.

The figures thus determined are very close to those specified
for the ML-541 balloon which is required to reach 75,000 feet
in the daytime, and for the ML-550 balloon which is required
to reach this altitude at night. It appears, therefore,
that the basis of calculation is quite sound.

In the case of a balloon designed to reach altitudes of
100,000 feet at 1700 feet per minute, the ML-564 may be
taken as a basis for calculation. This is a dual-purpose
balloon, but experience has indicated that a day-flight
balloon weighing 1500 grams and having a flaccid length of
140 inches will reach an altitude of 120,000 feet.

Hence, if the wall thickness is tripled and a tail consisting
of a thin-walled ML-564 type with the top cut away and weigh-
ing 1100 grams is attached, an assembly weighing 5600 grams
will be obtained. Such a balloon flown with a free lft of
3000 grams would require a total lift of 9900 grams. This
compares with a total lift of 4400 grams for a 1500-gram
balloon.

Following the same reasoning as previously, from equation (3)

= 760 - 4400 K1
VB 564(day) C • 3.24

and substituting the appropriate values in equation (4)

PB = 760 • 9900 K1 • C • 3.24 7 m
C - 760 - 4400 K1

-359 -



FAcTUALDATA (continued)
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This corresponds to an altitude of 102,000 feet.

Hence, a day-flight, fast-rising balloon.required to reach
an altitude of 100,000 feet should have an assembly weight
of 5600 grams and a flaccid length excluding the tail of
140 inches.

The standard ML-564 balloon designed to fly at night weighs
1800 grams and has a flaccid length of 150 inches. There-
fore, the thick-walled balloon would weigh 5400 grams, and
with the tail assembly it would weigh 6750 grams. Such a
balloon would require a total lift of 11,000 grams, as com-
pared with a total lift for the ML-564 of 4700 grams.

Therefore,

VB 564 = 760 4700 K1
C 3.24

and P 760 - 11,000 • C-3.24

C - 760 • 4700 K1  = 7.6 mm

This corresponds to an altitude of 101,000 feet.

Summarizing the above results and also determining the
length of the total balloon assembly, the following physi-
cal characteristics are obtained for the four required
balloons:

Altitude Day/Night Weight (grams) Length (inches)

(feet) Flight Balloon Assembly Balloon Assembly

75,000 Day 1600 2200 80 135

75,000 Night 2000 2800 90 150

100,000 Day 4500 5600 140 205

100,000 Night 5400 6750 150 220
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TASK B. Phase 6 (continued)

Part C: Determination of Physical Properties of Constant-
evel Balloon Films

Under normal applications, a neoprene balloon which has been
inflated to have positive bouyancy when launched will rise
in the atmosphere and expand as it rises. This will continue
until the internal pressure causes the ultimate elongation
of the neoprene film to be exceeded at some point on its
surface. At this point, the balloon is ruptured.

On the other hand, if the modulus of the neoprene is such
that the tension in the balloon increases rapidly as the
balloon expands, it is entirely possible for the situation
to develop in which the increased tension prevents further
expansion of the balloon. The balloon will then float at
this level of zero bouyancy.

This condition of zero bouyancy is determined by the inter-
action of several factors involving characteristics of the
neoprene film and the decrease of pressure with altitude
in the atmosphere. These will be discussed separately in
turn.

i. Modulus of Neoprene Film

On the basis of empirical data presented by us in 1958 (see
Final Report of Contract No. DA-36-039-SC-72386, Task A,
Phase 3, Parts A and B), the modulus of neoprene balloon
film may be expressed approximately by the following
relationship:

m = a-exp(b E - c10 dTb

where m is modulus in psi

a, b, c, d are constants depending on the sample
of neoprene

E is elongation in per cent

Tb is the temperature of the balloon film

In practice, curves have been drawn for various samples of
neoprene under many conditions of elongation and tempera-
ture. From these data the constants may be evaluated.
Further, if one directs attention to elongations greater
than 200% or 300%, the term involving E in the denominator
of the exponential may be omitted.
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Also, considering the temperature to be constant during the
stretching of the neoprene, the modulus becomes,
approximately:

m = a-exp(b-- + c) (1)

2. Balloon Tension

It is possible to write an expression relating the tension
in the balloon film to the elongation, internal pressure,
and ambient air pressure. Consider the balloon to be
spherical, the balloon film to have uniform thickness, and
the internal pressure to be uniform.

In this development these assumptions are not too serious
as the percental deviation of the actual conditions from
these idealized ones is not great. However, in a later
discussion on the location of the most probable point of
rupture of the balloon, it will be shown that the deviation
of the shape from spherical and the variation of thickness
play an important role in determining where the balloon
will burst.

If one were to consider the
balloon to be divided into
hemispheres, the force tend-
ing to separate the two
halves is:

Fs = (Pb - Pa)A = PdlTr 2  Pa 1

where Pb

Fs is the force separating
the two halves

Pb is internal gas pressure

Pa is ambient air pressure

Sis Pb - Pa

A is the cross section area
of the balloon

r is the radius of the balloon
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The tension in the balloon film holding the two hemispheres
together is the same as Ps and may be expressed in terms of
the modulus as

m = Fs = Ps

A 2Trrd

where d is the thickness of the film.

On combining these two expressions,

m = Pd"r

2d

But r and d may be expressed in terms of elongation and the
flaccid conditions of the balloon. Since the volume of the
neoprene is conserved as the balloon expands

4Tr 2 d = constant

is a close approximation to the volume of the neoprene.
This may be written in terms of elongation and flaccid
conditions as

r •E + 100)r io0 ) rf

and

rf 2 .df = r-d

where rf and df are the flaccid radius and thickness,
respectively. Then

M=Pdý100)rf (2)
2 df

3. Internal Balloon Pressure

The pressure of the gas inside the balloon is equal to the
sum of the ambient air pressure and the pressure difference
due to the tension in the balloon film. This may be
expressed As

Pb = Pa + Pd (3)
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Since the gas inside the balloon behaves essentially as an
ideal gas, the pressure Pb may be expressed in terms of the
elongation and initial pressure by means of the gas law.

= PO T (Eo + 100)3
To (E + 100)3 (4)

where Po is the balloon pressure at the ground when

inflated to the desired free lift

To is the gas temperature at the ground in OK

T is the gas temperature when elongation is E
also in OK

Eo is initial elongation at the ground

E is elongation at the level in question

4. Balloon Bouyancy

The net bouyancy of the balloon is just the difference
between the weight of the balloon' (neoprene, gas, and load)
and the weight of the volume of air displaced. That is

B NOOffOg (Mb+MR)g (5)

where B is the net bouyant force

fa is the ambient air density

fg is the balloon gas density

Mb is the mass of neoprene balloon film

MR is the mass of load carried by the balloon

g is acceleration of gravity

5. Ambient Air Density

The ambient air density that appears in the equation above
and Ps, are independent parameters which depend upon the
environment only. Consequently, these data must be supplied
by the atmosphere or approximated by some set of standard
conditions.
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6. The determination of conditionjs for zero bouvancj

It is possible through the use of equations (1) through (5)
to derive the conditions under which zero bouyancy will .be
encountered:. If one has the curve of modulus vs. elonga-
tion and temperature for a given neoprene compound, the
flaccid and initial characteristics of the balloon, and the
ambient pressure-temperature-height curve for the atmosphere,
these five simultaneous equations may be solved to yield the
level of zero bouyancy. Conversely, if the elevation (or
pressure) of zero bouyancy is given, the desired modulus-
elongation relation may be determined.

One method for the solution of this problem is indicated by
the following illustration:

It is required that a Kaysamn 8DS (800-gram) balloon float
at an elevation of approximately the elevation of 10 mb.
What must the modulus be in order to provide zero bouyancy
at this elevation?

The balloon constants for this flight are:

Mb = 800 grams df = 3xlO- 3 inches TO = 2730 K

MR = 1250 grams rf = 30 inches Pa = 10 nib.

Pao = 1000 mb. ro = 35.4 inches T = 2230K

1) Find Eo

ro
t- = 1.18; Eo = 18%rf

2) Pd at the ground, assuming modulus for E = 18 is 100 psi

use equation (2)

Pd 2m df 2 x 100 x 3 x 10-3 12.2 x 10-3 psi
(E+l00)3rf - (1.18)3 x 30

3) Find Pbo

use equation (3)

Pbo = Pao + Pdo = 14.7 + .012 = 14 .712 psi or 1000 nib.
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4) The determination of E at the 10 mb, level:

At this elevation, since the balloon is to float, B a 0.
One may now use equation (5) to determine the radius of
the balloon. To do this, it is first necessary to deter-
mine the mass of the hydrogen in the balloon. This may
be determined from the size of the balloon and the
internal pressure at the ground. From the gas law:

f= RPT 8 RT

where V = 109 ft 3 = 3.08 m3

p = 1000 nob.

R = 4.157 x 10

T = 273

M = 3.09 x 106 x 106 271 gm

4.157 x 107 x 2.73 x 102

Now, using equation (5)

4
'Trr'fag = (800 + 271 + 1250)g = 2321 g

But at 10 rob, T - 2230
106

ra= 2.87 x 10b x 2.23 x 102 1.56 x 10-5 g

Therefore,

r3  ~ 2321x3

3 Tr x 1.56 x O15' 3.55 x 107 cm3

r = 328 cm = 129 inches

and since rf = 30 inches
r 12
-L- = -2 4.3 and E =330%

-- 30
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5) The determination of Pd at 10 mb.

usingequation (4)

Pb = 103 x 223x (1.18) x 16.9 mb.27 3 (4.)

and by equation (3)

Pd = 16.9 - 10 = 6.9 mb .102 psi

6) The determination of the modulus at 10 mb:

The modulus required for an elongation of 330% to produce
this pressure difference of .102 psi may be determined by
using equation (2)

M = .102 x (4.3)3 30 = 4.04 x 104 psi
2 3xi0-

This corresponds to about 9400 psi as determined in the
dumbbell test.

Part D: Analysis of Stress in Soun4ing Balloons

It is apparent that in order to predict the behavior of a
balloon as it expands in flight, it is necessary to have
an understanding of the stresses generated in the balloon
film as it rises in the atmosphere. These stresses may be
characterized as mechanical and thermaL. The thermal prop-
erties (including radiation) of the atmospheric environment
and of the balloon have been discussed in part prav.eJ~y
9068r, Task B, Phase 3. This section will deal with an
analysis of what happens mechanically as the balloon expands
and bursts.

As a first approach to the stress problem, one may investi-
gate the most likely point of rupture on the balloon surface
as the balloon expands to its ultimate elongation. If it
is found to clearly be at one consistent portion of the
surface of the balloon, the opportunity then affords itself
to strengthen the balloon at that location and consequently
improve its performance.

Visual observations of radiosonde balloons in flight indi-
cate that the balloon assumes a nearly spherical shape as
it approaches its ultimate elongation. However, it is im-
possible to see where the first rupture occurs. The balloon
seems to shatter all over at the same time.
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Consider the balloon to be a sphere of uniform thickness
with the radiosonde weight suspended from a point at the
lower (south) pole of the sphere. Further, if the balloon
is to maintain its lift up to the bursting level, it is
necessary that the modulus of the neoprene be small enough
at the elongations encountered so that the balloon is es-
sentially free to expand even at extreme altitudes.

In this connection, the report dealing with neoprene con-
stant pressure-altitude balloons (see Task B, Phase 6,
Part C) indicates that this is a necessary condition.
Otherwise, the balloon will stop expanding and will tend
to find some level of equilibrium at which it will float.
This condition implies that for a freely rising balloon,
the pressure difference between the internal gas and the
ambient air must be near zero.

Under these conditions, the forces acting on the balloon
film are bouyancy; the weight of the neoprene, the tension
due to the elongation of the neoprene, and the weight of
the radiosonde instrument. If the balloon were perfectly
spherical and homogeneous, then the only force applied at
a single point and consequently capable of exerting the
maximum tension on the balloon film would be the radio-
sonde weight. Since the balloon surface is horizontal at
this point, the tension required to support the weight of
the radiosonde would become infinitely great. The south
pole of the balloon would then be the weakest point on
the surface of the'balloon.

In practice, however, the balloon is not perfectly spheri-
cal. Nor is it exactly uniform in thickness or composition.
This is immediately apparent as one observes the distortions
in a balloon as it is bein* inflated. The shape of the
balloon becomes somewhat like an inverted teardrop. The
cone of the neck tapers down to nearly a cylinder where
the radiosonde is attached. The force of bouyancy also
stretches the top so that the vertical dimension of the
balloon is much larger than the horizontal. The fact that
the neck of the balloon is elongated reduces the tension
in the film at that point and permits the weight to be
supported.

In view of these actual distortions of the balloon shape
from spherical, it is suggested that a series of experi-
ments be conducted to determine the actual growth shape
of the balloon and to determine the breaking characteris-
tics of the balloons. These experiments should simulate
"flight conditions as closely as possible. This could be
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accomplished by. inflating a captive balloon to the prescribed
bouyancy and then continuing to inflate the balloon with air
so that the bouyancy does not change until the balloon bursts.

By observing the location where the balloon bursts, one may
find the weakest-point on the surface or the point of maximum
stress requiring the greatest reinforcement. If this weakest
point •consistehtly appears at one preferred location, then
this would clearly indicate the part to be strengthened.
This procedure would also be desirable in connection with a
mathematical analysis of the stresses in that it would pro-
vide an objective verification of 'the theory.

Since the breaking of the balloon occurs in the order of
time of a millisecond, ordinary visual observation is in-
adequate to determine where the break first occurred. To
accomplish this, a photographic technique must be used.
In this connection, an electronic flash lamp was designed
and constructed.

In theory, the operation of the flash is as follows: A
sensitive microphone is placed in contact with the neck of
the balloon. When the balloon bursts, the shock of the
taut neoprene film rupturing is transmitted through the
film to the microphone. An electrical signal from the
microphone is amplified and transmitted to a special trigger
circuit. This impulse is shaped so that the electronic
flash lamp may be flashed. The experiment is carried out
in.darkness so that a camera with its shutter open will
record the image of the balloon in the light of the flash
lamp.

Figure 30is a photograph of the electronic components of
the equipment used. The microphone is at the lower left in
the photograph. This is connected to the amplifier located
just above it. The trigger circuit is located just above
the amplifier. In the lower right of the photograph is the
power supply which generates the 3000 volts DC required to
charge the flash capacitor. The capacitor and lamp are
above the high voltage power supply. A Polaroid Model 1lOB
camera was used to make the exposures.

Since the time delay of the electronic pulse is of the order
of micro-seconds, the longest delay involved is the trans-
mission of the shock wave in the neoprene from the point of
rupture to the microphone. To test the capability of this
equipment to actually photograph the breaking of the balloon,
an exposure was made using a 10-gram balloon inflated with
air. The microphone was attached to the neck of the balloon,
and the film was ruptured by burning its surface. The
result of this experiment is indicated in Figure 31.
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It is evident from this figure that it is possible to
photograph the breaking of a balloon soon enough after the
break has occurred so that the location of the break can be
recorded.

Another experiment in which a 30-gram balloon was inflated
with helium until it burst spontaneously is shown in
Figure 32. This illustrates that the break occurred near
the equator of the balloon.

A series of experiments was now initiated to determine
whether there is a preferred location of breaking of the
balloon while it is being inflated under the tension of
a load attached to the neck of the balloon. This was
done to stimulate the expansion of a balloon in free
flight as it rises while carrying aloft a radiosonde. In
this manner it can be determined whether or not there is
a particular consistently weak point on the balloon.

At the same time, it was desired to determine the manner
in which the balloon is distorted while expanding. This
would reveal inhomogenieties in the manufacture of the
balloon and would also give an insight into the rate of
rise of the balloon which is a function of the shape of
the balloon.

A further purpose of these experiments was to test the
flashlighting equipment already described. It was apparent
that a single camera might not always be in a position to
clearly record the actual breaking of the balloon surface.
To overcome this deficiency, two Polaroid cameras were set
up as indicated in Figure 33.

The cameras were approximately 15 feet from the balloon
and diametrically opposite each other. The light source
was also about 15 feet from the balloon. The cameras in
Positions 2a and 2b were oriented 900 from the line of
illumination.

Three 30-gram balloons were used. Each was inflated with
helium until it spontaneously burst. The rupture of the
film caused the exposure to be recorded simultaneously
on each of the two cameras. The results of the experiments
are shown in Figures 34 (a,b) and 35 (a,b). Each of these
corresponds to camera positions 2a and 2b, 3a and 3b, and
4a and 4b, respectively in Figure 33.
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MACTUAL DATA (continued)

TASK B. Phase 6. Paxt D (continued)

4a

Elec tonic

flash lamp

FIGURE 33

PlAN VIE OF THE sIruP FOR PHMTOGMAPHING THE BAMAII3
OF A BALLOON WITH TWO CAME=AS SIMULTANBOUSLY

Camera positions indicated at locations 2(a,b), 3(ab), and 4(a,b)
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FACTUAL DATA (continued)

TASK B. Phase 6. Part D (continued)

BURSTING PATTER OF 30-GRAM BALITDQ INFLLATE WITH HELIUM
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(a) (b)

FIGURE 35
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FACTUAL DATA (continued)

TASK B. Phase 6. Part D (continued)

The three sets of photographs indicates that the breaking
of the balloon can indeed be photographed simultaneously
by two cameras in such a manner that the location of the
initial rupture is clearly evident in one of the pictures.
In Figures 34A and 34B, the break occurred near the widest
part of the balloon. In Figure 35 the break was near the
top in the region of maximum deformation, indicating a
weakness in that region.

Several other factors of importance are also indicated
by the photographs:

(1) Each of the three balloons expanded extremely
regularly during inflation, indicating remark-
able homogeniety in thickness and modulus over
the surface of the balloon.

(2) The size of the balloon, after correction for
parallax as Indicated in Figure 36, indicated
average diameters of 5.9, 5.2 and 5.5 feet for
the balloons in Figures 34A, 34B and 35,
respectively. The fact that balloons in
Figures 34B and 35 were inflated more rapidly
than that in Figure 34A probably contributed
to their earlier rupture since the helium
would have been colder. Even so, all three
balloons far exceeded the nominal specification
of 3.5 feet at burst.

Part E: Effect of the Modulus Elongation Characteristics
on the ShaDe of Inflatinz Balloons

It is generally and correctly assumed that a balloon having a
higher modulus film will probably have a better shape on
inflation than a balloon made from a lower modulus film. How-
ever, there have been certain notable contradictions to this
rule, and balloons made from or incorporating substantial amounts
of the high-modulus polymers, Neoprene 400 and Lytron 615, showed
extremely poor shape on inflation.

Since loss of sphericity results in a decrease in ascensional rate,
it is highly desirable to gain an understanding of the reasons for
such change in shape during inflation, particularly in the case of
fast-rising balloons.
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TASK B- Phase 6. Part D (continued)

AtA'

SBall )on • .

Camera

FIGURE 6

EPPECT OF PARALLAX ON THE APPARENT SIZE OF THE BALLOON

Distance of balloon from camera about 15 feet;
OA real diameter; OA' apparent diameter;

Error is approximately 4%
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TASK B. Phase 6. Part E (continued)

Six 100-gram balloons were made from compound A3-105. Of
these, two were not cured, two were cured for 90 minutes at
280 0 F, and two were cured for 90 minutes at 1250 F. Two 100-gram
balloons were also made from compound A3-106, and these were also
cured for 90 minutes at 280 0 F.

Physical properties were determined at room temperature, using
one of each of the four pairs of balloons, the modulus being
recorded at every 50% elongation Interval. Instead of tabulating
these figures, the results were plotted to yield a modulus-
elongation curve, and the results of these tests are given in
Figure 37.

A study of these curves shows that in each case there is a point
of inflection and a section of the curve where the elongation
increases with a relatively small increase in modulus. In the
case of the uncured balloon, this is very slight, and the slope
of the modulus elongation curve is steep throughout.

In the case of the balloon cured for 90 minutes at 125°F the
section with a small slope does not extend beyond the 200% line;
whereas in the case of the balloons cured for 90 minutes at 280 0 F,
both the balloons made from compound A3-105 and A3-106 show much
greater sections of low slope, A3-105 extending to approximately 500%
and A3-106 to approximately 550%.

The remaining balloon from each pair was now inflated and the
shape observed throughout. The uncured balloon was spherical
throughout its inflation and it may, therefore, be assumed that
the slope of this curve is always sufficiently high to ensure
sphericity.

The balloon cured for 90 minutes at 125 0 F started to blow out of
shape at a mean elongation of about 50%. It: continued to inflate
on one side and began to round out at a mean elongation of
approximately 250%, becoming spherical again at an elongation of
about 350%.

The two balloons cured for 90 minutes at 280 0F, both remained
spherical until a mean elongation of about 25% was reached; they
then started to blow out of shape, the balloon made from compound
A3-106 being somewhat more lopsided than the one made from compound
A3-105. Both balloons remained out of shape for about half of the
inflation and only began to assume true sphericity at about 600%
elongation.

True sphericity is defined here as the time at which the bottom
of the balloon is again diametrically opposed to the neck.
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PIGURE 37
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FACTAL DATA (continued)

TASK B. Phase 6. Part E (continued)

It is, therefore, apparent that by plotting the modulus-
elongation curve, it is possible to predict at what time and
to what degree a balloon made from a given compound will blow
out of shape during inflation.

Theoretically, if the balloon film is completely uniform in
gauge, then there would be no loss of sphericity. Since,
however, balloons invariably show some slight variation in
thickness, they will tend to stretch at the thinnest section
first; and if the slope of the modulus-elongation curve is too
small, then substantial deformation will occur.

The slope of the modulus-elongation curve, therefore, is an
important measure of the inflation pattern of a balloon and is
a further useful tool in compound design,

The above characteristics are based on the room-temperature
characteristics and will apply only during the early stages
of the flight. However, because of the phenomenon of pre-
elongation which redcues the modulus of the film at low
temperatures, it can be seen that distortion in the early stages
of inflation will result in a variation in modulus at any
given elongation throughout the balloon, and the distortion
will therefore be maihtained or even exaggerated as the
temperature falls. There is also liable to be a loss in bursting
altitude since the pre-elongated film will show a markedly
lower tensile strength than parts of the balloon which are not
so stretched before they reach low temperature.

The behavior of compound A3.-105 was further investigated at low
temperatures. Similar curves were obtained at -20 0C and -400C
for uncured balloons as well as for balloons cured for 90
minutes at 125°F and 90 minutes at 2800F. The'results are
given in Figures 38 and 39.

It can be seen from these graphs that the same point of
inflection is shown as at room-temperature and that as the
cure of the film is increased the magnitude of the effect also
increases, the uncured film having the greatest slope throughout.

Therefore, four uncured balloons were submitted for flight
testing. In order to provide a wider scope, the balloons were
made from compound A3-106, and two were flown by day and two by
night. They were all flown with the standard free lift of
1600 grams.

These balloons are identified as EX-3A-696 through EX-3A-699,
and their characteristics and flight data are given in Table 198.
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FACTUAL DATA (continued)

TASK B. Phase 6. Part E (continued)

TABLE 198

FLIGHT RESULTS - UNCURED BALLOONS MANUFACTURED FROM OOMPOUND A3-106

Day or Altitude Ascensional

Experiment Balloon Night Weight Length at Burst Rate
No. No, Flight (grams) (inches) (feet) (feet/min.)

EX-3A-696 C6-3AM Day 1045 102 76,300 1098

EX-3A-697 C6-5AM Day 1085 105 79,800 1152

EX-3A-698 C6-6AM Night 1080 107 88,950 1061

EX-3A-699 C7-3AM Night 1020 105 102,800 1065

A study of these results shows that, as could be expected,
the altitude is much lower than normal for this type of
balloon. However, the rate of ascent is in every case in
excess of 1000 feet per minute even though the altitudes
reached are more than 20,000 feet below normal.

It is well known that balloons of this type almost always
increase in rate of ascent at higher altitudes. The fact
that the uncured balloons show unusually high rates of
ascent over the lower portion of the flight is confirma-
tory evidence that the balloon is maintaining a more truly
spherical shape throughout its flight and that the
interpretation of the theoretical data is correct.
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FA L T A (continued)

TASKC: STUDY OF BALLOON CONFIGURATION

Phase I Design and Construction of Equipment

The most satisfactory results, as far as higher rate of ascent
is concerned, have been obtained with two-piece, streamlined
balloons. These are made by attaching a streamlined tail
made from balloon film to a spherical, thick-wall balloon.
This assembly operation is time consuming and costly, and
there are obvious advantages to the construction of a balloon
having a streamlined contour in one piece.

Faster rates of ascent have been achieved by the use of bal-
loons having a 2/1 length/diameter ratio. This shape is still
far removed from the ideal streamlined shape and may become
unstable at higher altitudes.

The major problem in making a one-piece, streamlined balloon
is that a gel stripped from a dipping form of almost any
shape will tend to become spherical on inflation unless parts
of the balloon are restricted by the use of girdles.

It, therefore, becomes necessary to determine what shape the
original dipping form should have in order to produce a
streamlined balloon after inflation with a minimum of
restriction during inflation.

A group of four prototype dipping forms were constructed, the
designs of which are illustrated in Figure 40.

All forms have a circular cross section at any point and are
variously designed to provide for greater inflation of the
top of the balloon, the top being the end opposite from the
neck.

Initial tests indicate that Form No. 4 in Figure 40 gave
the most promising results. However, the shape obtained
with this form was still far from what was desired; and in
view of the apparently great difficulties involved, this
line of investigation was abandoned.
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FACTUAL DATA (continued)

TASK C: (continued)

Phase 2; onstruction of One Piece Balloons for Flight
Testing

In Contract DA-36-039-SC-78239, some success was achieved
with long, tubular balloons insofar as improved ascensional
rate is concerned. A balloon with a length/diameter ratio of
approximately 9/1 showed an average ascensional rate of 1516
feet per minute when flown with a free lift of 3000 grams.
This equals the ascensional rate of a spherical balloon made
from the same compound and flown with a free lift of 5000 grams.

Analysis of the flight showed that the average rate of ascent to
30,000 feet was 1724 feet per minute. Above this altitude there
was a sharp decrease in rate of ascent, and the average for the
remainder of the flight was only 1343 feet per minute. It may
be concluded, therefore, that the balloon becomes unstable as
the inflation increases.

Flights performed during contract DA-36-039-SC-78239 using 2/1
length/diameter ratio forms with standard compound showed little
improvement in rate of ascent, but it was considered advisable
to make similar balloons using a high-modulus compound.

Accordingly, balloons were dipped on the smallest of the 2/1 ratio
forms which gives a balloon weighing about 600 grams. Three of
these balloons were submitted for flight testing. They were
flown in the daytime with a free lift of 1400 grams. This is the
normal lift for a standard 600-gram balloon. The characteristics
of these balloons and the flight results are given in Table 199.

A study of this table shows that the shape of the balloon has
made a distinct contribution toward improving the rate of ascent.
Spherical balloons of a similar weight and size flown previously
showed rates of ascent at least 100 feet per minute less when
flown with the same free lift.

Balloons were now made on the next size 2/1 ratio form which
results in a balloon weighing approximately 1000 grams. These
balloons were also made from compound A3-102, and three of them
were submitted for flight testing. They were flown in the day-
time with a free lift of 1600 grams, the standard free lift for
a 1000-gram balloon. The characteristics of these balloons and
the flight results are given in Table 200.

A study of the table shows that the rate of ascent has been
maintained at approximately 1300 feet per minute. As is to be
expected, the increased balloon weight and length has also
resulted in the higher bursting altitudes.
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F AL (continued)

TABLE 199

FLIGHT RESJLTS - 2/1 RATIO BALLOONS MADE FROM COMPOUND A2-102

Day or Flaccid Altitude Ascensional
Eperiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/min.)

EX-2C-IOI F28-1 Day 570 70 92,000 1311

EI-2C-102 F28-4 Day 563 72 90,300 1272

EX-2C-103 F29-1 Day 560 73 84,000 1294

TABLE 200

FLIGHT RESULTS - 2/1 RATIO BALLOONS MADE FROM CCMPOUND A3-102

Day or Flaccid Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inshes) (feet) (feet/,s n.)

EX-2C-201 H3-4 Day IOO 96 97,300 1272

EX-2C-202 H4-1 Day 1010 90 99,400 1323

EX-2C-203 H4-2 Day 985 94 92,600 1330

TABLE 201

FLIGHT RESULTS - 2/1 RATIO BALLOONS MADE FROM COMPOUND 43-102

Day or Flaccid Altitude Ascensional
Experiment Balloon Night Weight Length at Burst Rate

No. No. Flight (grams) (inches) (feet) (feet/nrin.)

EZ-2C-204 H20-2 Day 1000 87 92,600 1438

EX-2C-205 H20-3 Day 1050 90 70,800 1380

EX-2C-206 H24-2 Day 1050 83 83,600 1446

EX-2C-211 H24-3 Day 1885 82 75,200 1484
H25-2

EX-2C-212 H25-3 Day 1900 84 82,500 1548
H26-1



FACTUAL DATA (continued)

TASK C. Phase 2 (continued)

The next step was to determine the effect of increasing the
free lift and increasing the wall thickness to provide greaterstiffness. Five more balloons were therefore submitted for

flight testing. These were identified as EX-2C-204 through
EX-2C-206 and EX-2C-211 and EX-2C-212.
Balloons EX-2C-204 and EX-2C-206 weighed about 1000 grams and

were flown in the daytime with a free lift of 2700 grams.
Balloon EX-2C-205 also weighed 1000 grams and was flown in the
daytime with a free lift of 3700 grams.
Balloons EX-2C-211 and EX-2C-212 were made by inserting one
1000-gram balloon inside another similar balloon. The assembly
in each case weighed approximately 1900 grams and had, of course,
twice the wall thickness of a single balloon. They were flown
in the daytime with a free lift of 2700 grams.

The characteristics of these balloons and their flight performance
are given in Table 201.

Analysis of these results shows that increasing the free lift to
2700 grams results in an increased rate of ascent, the average
of these two flights being 1442 feet per minute. A further
increase in free lift to 3700 grams failed to improve the rate of
ascent, actually reducing it to 1380 feet per minute.

The two balloons with the increased wall thickness showed a
further improvement in ascensional rate when flown with a free
lift of 2700 grams, the average of the two flights being 1516
feet per minute.

Phase 3 Construction of Balloons having Mechanical Attachments
to Improve Rate of Ascent

The rate of ascent achieved by thick-walled 2/1 ratio balloons
suggests that if the shape were further streamlined by the
addition of a tubular, conical tail, rates in the order of 1700
to 1800 feet per minute should be obtained. A composite balloon
was therefore constructed as follows:

600-gram,2/l-ratio balloons were used since
they were immediately available. One balloon
was inserted inside another similar balloon,
the balloons chosen having the same deflated
length. The interior balloon was inflated to
drive out the air trapped between the two
balloons, and the balloons were then cemented
together at the neck.
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FACTAL (continued)

TASK C. Phase 3 (continued)

The top of a third balloon was removed around
a line at the end of the tubular section, and
this opening was cemented to the end of the
tubular section nearest the neck of the two
balloon assembly. The completed assembly now
had the appearance shown in Figure 41.

The twin balloon assembly was inflated to the
desired lift, and the radiosonde was attached
to this balloon neck as indicated. The open
neck of the tail balloon was secured to the
radiosonde line to keep it taut during flight,
but the appendage was left open to prevent
expansion of the tail balloon.

Two balloon assemblies of this type were prepared and flown
with a free lift of 2700 grams. The characteristics of these
balloons and their flight performance are given in Table 202.

Analysis of these results shows that no improvement in rate
of ascent over that of the twin balloon without the tail has
been obtained. In both flights the average rate of ascent has
been reduced. However, it may also be observed thatthe initial
rate of ascent is greater than that of the latter part of the
flight. This is particularly true in the case of balloon
assembly EX-2C-lO01.

It would appear, therefore, that the tail is effective only in
the early stages of the flight and becomes a drag in the latter
part of the flight. This is probably because the tail was too
short and was located too low on the carrier balloon.

An additional four balloons of the 2/1 length/diameter ratio
were now prepared with tubular tails attached at a circumference
approximately half way along the length. Two of these tails were
approximately twice the length of the original balloon and two
were approximately three times the length. The tubular tails
were in all cases of the same diameter as that of the original
balloon. The four balloons, which were identified as EX-2C-1003
through EX-2C-1006 were flown during the day with a free lift of
2700 grams. The characteristics of these balloons and their
flight performance are given in Table 203.
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FIGUREM
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FAOTUAL LATA (cONTINtTZD)

TASK C PHASE 3 (CON TZVNUED)

TABLE 2Q2

FLIGHT RESULTS - 2/1 RATIO BALLOONS WITH TAIL SECTION

Experimental No. EX-2C-1001 EX-2C-1002

Balloon Assembly F27-3, F29-2 F29-4, F29-3

Tail Balloon F27-5 F27-2

Total Weight (grams) 1430 1375

Balloon Length (inches) 68 74

Assembly Length (inches) 127 131

Day or Night Flight Day Day

Free Lift (grams) 2,700 2,700

Altitude at Burst (feet) 62,000 65,100

Avg. Rate of Ascent (feet/mrin) 480 1,394

Rate of Ascent:

0 - 10,000 feet 1,538 1,515

10,000 - 20,000 feet 1,667 1,408

20,000 - 30,000 feet 1,563 1,316

30,000 - 40,000 feet 1,493 1,408

40,000 - 50,000 feet 1,299 1,370

50,000 - burst 1,389 1,389
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FACTUAL (continued)

TASK C. Phase 3 (continued)

A study of this table shows that very little improvement in
rate of ascent has been achieved by any of the measure
adopted. The two balloons with the double tail section
ascended slightly faster than the two flown previously with
a single tAil. However, those with the three balloon tails
were slower than either of the others. It would appear that
this design is incapable of reaching an ascensional rate of
much more than 1500 feet per minute.

In addition, to the above balloons, two spherical balloons
with a tail section were also manufactured and flown. The
balloons proper were 1100 grams with a wall thickness of
approximately .007 inch compared with the standard wall
thickness of approximately .003 inch. These balloons, conse-
quently, had flaccid lengths of about 70 inches.

To these, a thin-walled, 800-gram balloon was attached at a
circumference approximately one foot below the equator of the
balloon. The upper portion of the 800-gram balloon was cut
away so that at the circle of attachment the 800-gram balloon
was under no extension when the balloon proper was inflated to
its flaccid diameter.

These two balloons, which were identified as EK-2C-ll0O and
EX-2C-1102, were both flown during the daytime with a total lift
of 5950 grams, which is equivalent to a free lift of approximately
2700 grams. The characteristics of these balloons and their
flight performance are given in Table 204.

It is immediately apparent that this assembly is superior to the
2/1 ratio assemblies. Both balloons achieved excellent rates of
ascent and the altitude reached by EX-2C-1102 is very satisfactory
for a balloon of this size.

In view of the above, it was considered possible that the tubular
tail attached half way along the balloon proper was restricting
the inflation of the lower half of the balloon and preventing
the development of a good streamlined shape.

Therefore, a group of tubular balloons was prepared to which a
tail cut from a spherical balloon and similar to that employed
on the ML-541 balloon was attached. The tail balloon was made
from a low-modulus compound and should provide a minimum of
restriction on the expansion of the carrier balloon. At the same
time it should maintain a conical, streamlined tail section for
for the majority, if not all, of the flight.

Eight such balloons were fabricated, and they are identified as
EX-2C-1011 through EX-2C-1018. They were all flown during the
day with a free lift of 2700 grams. The characteristics of these
balloons and their flight performance are given in Table 205.
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TABLE 201

FLIGHT RE3!LTS - 2/1 RATIO BALLOONS WITH TAIL SECTION

Carrier Tail Total Balloon Assembly Altitude Ascensional
Experiment Balloon Balloon Weight Length Length at Burst Rate

No. No. Nos. (grams) (inches) (inches) (feet) (feet/min.)

EX-20-1003 R4-4 (R17-3 1675 63 149 58,500 1525(R17-5

EX-2C-1004 R9-4 (R17-6 1645 66 135 61,200 1561
(R18-2

EX-2C-1005 R12-3 (R18-b 1885 62 193 53,400 1420
(R18-5
(R19-2

EX-2C-1006 R12-4 (R19-4 1905 60 207 49,500 1352
(R22-1
(R22-2

TABLE 2014

FLIGHT RESULTS - SPHERICAL BALLOONS WITH TAIL SECTIONS

Carrier Tail Total Balloon Assembly Altitude Ascensional
Experiment Balloon Balloon Weight Length Length at Burst Rate

No. No. Type (grams) (inches) (inches) (feet) (feet/min.)

EX-2C-1101 R15-4 800 gin. 1970 73 132 44,200 2167
(prod.)

EX-2C-1102 R16-3 800 gin. 1890 71 132 87,900 1923
(prod.)

TABLE 205

FLIGHT RESULTS - 2/1 RATIO BALLOONS WITH TAIL SECTION

Total Balloon Assembly Altitude Ascensional
Experiment Balloon Weight Length Length at Burst Rate

No. No. (grams) (inches) (inches) (feet) (feet/min.)

EX-2C-10I K27-3 1305 69 116 pinhole tied off- burst

EX-2C-1012 M28-6 1370 63 121 53,100 1455

EX-20-1013 RIO-3 1480 57 116 44,700 1221

EX-2C-1014 R11-4 1485 58 115 37,000 1121

EX-2C-1015 S23-3 1380 58 120 41,900 1174

Z1-20-1016 S23-4 1325 54 110 38,000 1166

EX-2C-1017 S23-6 1380 54 110 40,000 1143

11-20-1018 S26-7 1365 56 110 43,700 1191
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TASK C. Phase 3 (continued)

Analysis of these results shows that this latest effort to
improve the rate of ascent of the 2/1 length/diameter ratio
balloons has actually had the reverse of the desired effect.

Of all the flights made with 2/1 length/diameter ratio balloons,
these are the slowest; and there seems to be no purpose in
pursuing this line of investigation further.

A further six spherical streamlined balloons were also submitted
for flight testing which were of the same type as the two balloons
previously submitted.

Three of these balloons consisted of a balloon proper weighing
about 1100 grams and having a flaccid length of 70 inches and a
wall thickness of about 0.007 inch. A thin-walled ML-518 balloon
was attached at a circumference approximately one foot below the
equator of the balloon as already described. These balloons are
identified ai EX-2C-1103, EX-2C-1104 and EX-2C-1105. They were
flown duriug the day with a total lift of 5950 grams.

The remaining three balloons were post-plasticized for flight at
night. As a consequence, the weight of the balloon proper in-
creased to about 1200 grams and the length to 74 inches. A post-
plasticized tail was attached in the same manner as to the day-
flight balloons. These balloons are identified as EX-2C-lIl1,
EX-2C-1112, and EX-2C-1113. They were flown with a free lift of
2700 grams.

The characteristics of these six balloons and their flight
performance are given in Table 206.

Analysis of these results shows that although the balloons
reached satisfactory altitudes in most cases by both day and
night, the rates of ascent are considerably below those obtained
previously. However, the rate of ascent by both day and night
is the same, the average day-flight rate being 1525 feet per
minute, and the average night-flight being 1515 feet per minute.

A further series of flights was conducted with ten balloons of
the same type as those previously flown in an effort to duplicate
the original results.

These consisted of a thick-walled, high-modulus balloon approxi-
mately 70 inches in length to which was attached a tail section
which increased the over-all length of the balloon to about 115
inches in the case of the day-flight balloons and to 125 inches
in the case of the night-flight balloons. This tail section was
cemented to a circle approximately six inches below the equator
of the 70-inch balloon.
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TASK C. Phase 3 (continued)

The balloons were identified as EX-2C-1121 through EX-2C-1130.
Balloons EX-2C-1121 through EX-2C-1125 were flown in the day-
time, and balloons EX-2C-1126 through EX-2C-1130 were flown at
night. All balloons were flown with a free lift of 2700 grams.
The characteristics of these balloons and their flight
performance are given in Table 207.

A study of these results shows excellent consistency insofar as
ascensional rate is concerned. The rate of ascent, nevertheless,
is substantially below the 1800 feet per minute which is the
objective. Both the day-flight and the night-flight balloons
rise at about the same rate, the night-flight balloons being
slightly slower.

Similarly, the altitude reached by both the day-flight and the
night-flight balloons is substantially the same; and although
fairly satisfactory for a balloon of this size, it is lower than
the altitude reached by comparable balloons flown in the past.

Mr. Sharenow noted that during inflation the tail balloon was
drawn up around the lower part of the carrier balloon so that at
release there remained only about one to two feet of tail hanging
below the spherical balloon. As the balloon expanded, this must
have rapidly disappeared, and during the greater part of the
flight the balloon must have been virtually spherical. Under
these conditions the performance of the balloon must be
considered as remarkably good.

It is suggested that a carrier balloon 90 inches in length with
a longer tail or with the tail cemented at a lower circle on the
balloon should be capable of reaching 80,000 feet at at least
1800 feet per minute and that proportionate increases in the
size of the assembly should provide a balloon capable of
reaching 100,000 feet at the same ascensional rate.

Accordingly, four more balloons of the same type were submitted
for flight testing, and the following changes were made in their
construction. Instead of using the high-modulus compound A3-102
for the carrier balloon, compound A3-104 was used. This latter
compound is a true dual-purpose compound so that post-plasticizing
for night flight which is necessary in the case of compound A3-102
would not be required. Compound A3-104 has a somewhat lower
modulus than A3-102, but it was felt that the modulus of A3-104
would still be satisfactory in a thick-walled balloon.

The length of the carrier balloon was increased to 105 inches
for two of the balloons and to 115 inches for the remaining pair;
and the weights of the carriers were raised from approximately
1000 grams to 2000 grams.
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FACTUAL DATA (continued)

TABLE 206

FLIGHT RUJLTS - SPHERICAL BALLOONS WITH TAIL SECTION

Day or Total Balloon Assembly Altitude Ascensional
Experiment Balloon Night Weight Length Length at Burst Rate

No. No. Flight (grams) (inches) (inches) (feet) (feet/min.)

EX-2C-1103 S20-3 Day 1900 70 119 79,200 1600

EX-2C-1014 S27-3 Day 1850 71 125 79,000 1530

EX-2C-1105 S28-3 Day 1865 70 126 73,000 1448

EX-2C-IIUI R16-4 Night 2250 74 121 76,900 1709

EX-2C-1112 R17-2 Night 21415 74 121 68,900 11472

EI-2C-1U13 R17-4 Night 2405 73 129 80,000 1363

TABLE 207

FLIGHT REMULTS - SPHERICAL BALLOONS WITH TAIL SECTION

Carrier Tail Total Balloon Assembly Altitude Ascensional
Experiment Balloon Balloon Weight Length Length at Burst Rate

No. No. Type (grams) (inches) (inches) (feet) (feet/min.)

EX-2C-1121 A5-3 800 gm 1715 70 114 62,500 1560

EX-2C-1122 A5-4 800 gm 1670 70 113 70,300 1666

EX-2C-1323 A6-2 800 gm 1710 71 112 62,000 1619

EX-20-1124 A6-3 800 gm 1685 71 112 47,800 1593

EI-2C-1125 A9-1 8oo gm 1690 70 112 69,500 1650

EX-2C-1126 A5-1 1000 gm 2035 75 126 63,000 1544

EI-2C-I127 A5-2 1000 gm 2205 74 132 60,900 1530

E9-2C-1128 A6-1 1000 gm 2145 72 136 56,100 1558

EX-2C-1129 A6-4 1000 gm 2150 73 127 57,300 1524

EX-2C-U130 A9-2 1000 gm 2060 73 127 64,000 1580



ACTUAL DATA (continued)

TASK C. Phase 3 (continued)

The length of the streamlined tail was increased from approxi-
mately 50 inches to 90 inches, and the tail was affixed to the
carrier balloon orn a circle 18 inches below the maximum diameter,
resulting in a total assembly length of about 200 inches as
compared with a maximum of 130 inches for the previous group
of balloons.

Characteristics of these balloons and their flight results are
recorded in Table 208.

Balloons EX-2C-II41, EX-2C-1143, and EX-2C-1144 were flown with

a free lift of 3700 grams.

Balloon EX-2C--I142 was flown with a free lift of 4200 grams.

All balloons were flown in the daytime.

TABI 208

FLIGHT RSULTS - SPHERICAL BALLOONS WITH TAIL SECTIONB

Carrier Tail Total Balloon Assembly Altitude Aucensioial
"Experiment Balloon Balloon Weight Length Length at Burst Rate

No. No. Type (grams) (inches) (inches) (feet) (feet/min.)

,X-2C-1141 F21-2AM 1500 gm 2895 1-6 198 7l,300 1591

Er-2C-I142 F24-2AM 1500 gm 2760 103 197 91,090 1491

EX-2C-f143 F26-3AM 15oo gm 2950 116 200 95,900 1345

EX-2C-144 F27-2kM 1503 gm 2835 114 198 83,300 1469
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FACTUAL DATA (continued)

TASK C. Phase 3 (continued)

A study of these results shows that a substantial improvement in
altitude has been obtained, two of the balloons reaching altitu-
des of over 90,000 feet. However, no improvement in the rate of
ascent is apparent, and of the four flights only one ascended at
a rate comparable to those of the previous group.

Again, Mr. Sharenow of USAERDL reported that, upon inflation, the
upper part of the balloon above the circle on which the tail
section was attached bulged, creating the appearance that the
tail was attached much more than 18 inches below the major dia-
meter. The streamlined shape was therefore destroyed, and it
seems probable that this undesirable shape was retained through
the greater part of the flight.

Thus it is evident that compound A3-104 does not have a
sufficiently high modulus for this type of balloon.

The physical properties of compound A3-134 suggest that it should
be suitable for use in fast-rising balloons. Accordingly, thick-
walled balloons were manufactured from this compound.

At the same time, three thick-walled balloons were also manu-
factured from compound A3-102. This is a sulphur-bearing com-
pound, and experience has shown that the life of this compound
in a dipping tank is limited, a condition similar to that of
pre-cure in a natural latex compound developing upon storage
for two or three months.

It would seem that cross-linking occurs in the latex phase due
to the presence of the sulphur; and if good performance can be
obtained with balloons made from compound A3-134, this problem
would be eliminated.

On all of these balloons a tail, consisting of approximately
four-fifths of a thin-walled, 1000-gram balloon made from com-
pound A3-106, was affixed at a circle approximately 18 inches
below the equator of the thick-walled balloon.
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FACTUAL DAZ& (continued)

TASK C. Phase 3 (continued)

The balloons made from compound A3-102 were identified as
EX-2C-1151 through EX-2C-l153. The balloons made from compound
A3-134 were identified as EX-2C-ll61 through EX-2C-L167 and
EX-2C-1171 through EX-2C-1176. Seven of these balloons were
post-plasticized, six of which were flown at night and one
during the day. The post-plasticized balloons are EX-2C-1165
through EX-2C-1167, EX-2C-1171, EX-2C-1172, EX-2C-T174 and
EX-2C-?176.

All of these balloons were flown with a free lift of 2700
grams. Their characteristics and flight performance are given
in Table 209.

In order to evaluate the performance of these balloons more
realistically, the rate of ascent over 10,000-foot intervals
was calculated as well as the temperature at each 10,000-foot
level. The results of these calculations are given in Tables
210 through 212.

These calculations were performed only for balloons EX-2C-1151
through EX-2C-l153 and EX-2C-ll61 through EX-2C-l167, but may
be considered to be representative.

An examination of these flight data shows that in every case
the balloon accelerates until about the middle altitude attained
and then gradually decelerates for the remainder of the flight.
Balloons EX-2C-115 and EX-2C-1152 show curiously large
accelerations in the last stages of the flight, but it is felt
that these figures should be regarded with suspicion. This be-
havior is usual for this type of balloon and, in part, is
certainly due to the fact that as the balloon expands the tail
is drawn up around the lower part of the balloon thus destroying
the streamlined shape. This will tend to reduce the rate of
ascent of the balloon, but it is more than offset during the
latter part of the flight by the reduction in atmospheric density
and, therefore, the viscosity.

A closer examination of the flights of balloons EX-2C-1151,
EX-2C-1152, and EX-2C-1153, however, reveals another point.
Balloon EX-2C-1151 was the lightest and longest balloon and,
therefore, had the lowest wall thickness. Nevertheless, it
achieved the highest rate of ascent, and furthermore, the
minimum temperature encountered was the highest of the three
flights. Balloon EX-2C-I153 had the greatest wall thickness,
encountered the lowest temperature, and was the slowest of the
three balloons.
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FACTUAL DATA (continued)

TASK C. Phase 3 (continued)

TABLE 209

PLIGHT RESULTS - STREAMLINED BALLOONS MADE FROM COMPOUNDS A3-102 AND A3-134

D Balloon Balloon Assembly Assembly Altitude Ascensional
Experiment Balloon or Weight Length Weight Length at Burst Rate

No. No. N (grams) (inches) (grams) (inches) (feet) (feet/min.)

Compound A3-102

EX-2C-1151 M18-1AM D 1765 il1 2700 158 94,600 1736

EX-2C-1152 MI8-2AM D 2290 106 3205 155 102,600 1667

EX-2C-1153 MIS-3AM D 2410 106 3405 159 97,960 1523

Compound A3-134

EX-2C-1161 S14-3AM D 1815 105 2820 156 94,000 1646

EX-2C-1162 S14-4AM D 2145 103 3220 159 80,500 1779

EX-2C-1163 514-5AM D 2085 94 3065 147 91,300 1718

EX-2C-1164 S14-6AM D 2070 97 3070 156 92,400 1406

EX-2C-1165 S14-7AM N 2320 115 3320 159 90,960 1448

EX-2L-1166 S15-SAM N 2425 99 3390 149 68,100 1357

EX-2C-1167 US5-6AM N 2340 103 3200 147 83,000 1584

EX-2C-1171 T2-3TK N 1850 98 2845 156 85,900 1576

EX-2C-1172 T3-2TK N 1780 101 2790 155 88,400 1506

EX-2C-1173 T3-4TK .D 1515 89 2470 152 89,590 1566

EX-2C-1174 T3-5TK D 1825 87 2830 150 77,140 1819

EX-2C-1175 T4-2TK D 1580 89 2710 157 88,100 1653

EX-2C-1176 T4-3TK N 1915 99 2850 150 93,400 1578
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FACTUAL DATA (continued)

TASK C. Phase 3 (continued)

TABLE 210

FLIGHT ANALYSIS - BALLOONS EX-2C-1151 THROUGH EX-2C-1153

EX-2C-1151 EX-2C-1152 EX-2C-1153
Altitude
Interval Temp. Ascent Temp. Ascent Temp. Ascent
(feet) (6C) (ft/min) (C) (ft/min) (C) (ft/min)

0 - 10,000 29.0 1358 29.0 1467 30.0 1608

10,000 - 20,000 10.0 1736 6.0 1704 7.5 1694

20,000 - 30,000 - 4.5 1825 -1045 1952 - 7.5 2012

30,000 - 40,000 -28.0 2000 -33.5 2024 -27.5 1821

40,000 - 50,000 -55.0 2486 -58.5 1594 -52.5 1542

50,000 - 60,000 -66.0 1982 -68.0 1755 -73.0 2191

60,000 - 70,000 -58.5 2000 - 2052 -63.5 1120

70,000 - 80,000 -54.0 1727 - 1116 -54.5 1218

80,000 - 90,000 -44.5 1317 - 1072 -48.5 1571

90,000 -100,000 -42.5 2294 -48.5 3155 ? -42.0 1106

Temp. at Burst -38.5 -41.5 -41.0

Average Rate of
Ascent 1736 1667 1523
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TASK C. Phase 3 (continued)

TABLE 2

FLIGHT ANALYSIS - BALLOONS EX-2C-1161 THROUGH EX-2C-1164

EX-2C-1161 EX-2C-1162 EX-2C-1163 EX-2C-1164Altitude
Interval Temp. Ascent Temp. Ascent Temp. Ascent Temp. Ascent

(feet) (c) (ft/min) (c) (ft/min) (*C) (ft/min) (*C) (ft/min)

0- 10,000 26.5 1400 29.0 1430 24.0 1308 25.5 1177

10,000- 20,000 8.5 1559 6.5 1807 3.0 2312 6.5 1285

20,000- 30,000 - 7.0 1781 - 8.5 2089 - 9.0 2125 - 8.5 1397

30,000- 40,000 -30.5 2047 -34.0 2382 -32.0 1833 -30.5 1426

40,000- 50,000 -49.0 2212 -52.0 2315 -50.0 1553 -56.5 1561

50,000- 60,000 -67.5 1814 -63.5 1793 -56.5 1789 -68.0 1645

60,000- 70,000 -64.0 1711 -65.0 1677 -65.5 1854 -60.5 1677

70,000- 80,000 -59.0 1636 -58.0 1324 -59.5 1672 -56.5 1469

80,000- 90,000 -49.0 1216 -49.5 - -49.5 1520 -48.5 1196

90,000-100,000 -42.0 1320

Temp. at Burst -43.6 -49.5 -45.0 -43.0

Average Rate
of Ascent 1646 1779 1718 1406
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FACTUALDATA (continued) J
TASK C. Phase 3 (continued)

TABL E 212

PLIGHT ANALYSIS - BALLOONS EX-2C-1165 THROUGH EX-2C-1167

Altitude EX-2C-1165 EX-2C-1166 EX-2C-1167

Interval Temp. Ascent Temp. Ascent Temp. Ascent
(feet) (C) (ft/min) (C) (ft/min) ( 0C) (ft/min)

0 - 10,000 27.0 1446 28.0 1202 28.5 1494

10,000 - 20,000 5.5 1272 5.5 1406 9.0 1743

20,000 - 30,000 -14.0 1486 -10.5 1414 - 8.0 1829

30,000 - 40,000 -38.0 2362 -31.5 1539 -28.5 1828

40,000 - 50,000 -55.5 2291 -56,5 1500 -54.0 1782

50,000 - 60,000 -65.0 1701 -72.0 1380 -66.5 1508

60,000 - 70,000 -59.5 1210 -62.0 1137 -64.0 1522

70,000 - 80,000 -54.5 1247 -56.0 1244

80,000 - 90,000 -52.0 987 -50.0 1296

Temp. at Burst -46.5 -57.0 -51.0

Average Rate of
Ascent 1448 1357 1584
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FACTUAL DATA (continued)

TASK C. Phase 3 (continued)

Of the four balloons, EX-2C-1161 through EX-2C-1.164, the latter
encountered the lowest temperature and was the slowest balloon.
It also had a relatively high wall thickness. Balloons
EX-2C-1161 and EX-2C-1162 had lower wall thicknesses than either
of the other two and were both faster than EX-2C-1164.

The minimum temperatures encountered by EX-2C-1161 and EX-2C-1162
were also higher than that encountered by EX-2C-1164. Balloon
EX-2C-1163 encountered about the same minimum temperature as did
EX-2C-1162 but had a greater wall thickness and was somewhat
slower.

The internal pressure developed in a balloon depends on the
modulus of the film and the wall thickness. For a given compound,
the modulus increases as the temperature decreases. Now, an
increase in internal pressure will have the effect of increasing
the density of the lifting gas, thereby reducing the total lift.
The fact that all the night flights were slower than the day
flights (the exception being EX-2C-1164) and that the balloon is
much colder and therefore liable to have a much higher modulus,
even though post-plasticized, suggest that compounds A3-102 and
A3-134 have too high a modulus.

The rate of ascent attained with balloon EX-2C-1174 which was
post-plasticized and flown in the daytime and which gave the
highest rate of ascent of any of the last group of flights
tends to confirm this.

The altitudes attained by these balloons agree rather well with
the forecast of the theoretical study presented in Task B, Phase
6, of this report.

An additional five balloons of this type were manufactured from
a compound designated A3-137 which was identical to A3-134 ex-
cept that the plasticizer content was increased to render the
balloons capable of flight by night. The balloons were fitted
with a tail section made from compound A3-106. The carrier
balloons were approximately 100 inches long and the assemblies
weighed approximately 3000 grams.

The balloons were identified as EX-2C-1181 through EX-2C-1185
and were flown with a free lift of 2700 grams. Their character-
istics and flight performance are recorded in Table 213.

Balloons of this size, according to theoretical calculations
(see Task B, Phase 6) should be capable of reaching altitudes of
approximately 80,000 to 85,000 feet. A study of the table shows
that the anticipated altitudes have been reached, and the rate of
ascent of three of the balloons is substantially in excess of
1700 feet per minute.
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FACTUAL DAA (continued)

TASK C. Phase 3 (continued)

TABLC 213

FLGHT RSUULTS - BLLOONS 0 MNUFACTURED FROM CONFOUND A3-137

D Balloon Balloon Assembly Asseeay Altitude Ascensional

Erperiment Balloon or Weight LengMi Weight Length at Burst Rate
No. No. N (grams) (inches) (grams) (inches) (feet) (feet/min.)

IX-2C-1181 T3-3AM N 1920 99 2960 151 92,500 1762

RX-2C-1182 T3-4dA N 1980 98 2950 152 8U,600 1796

11-2C-1183 T4-1AN D 1910 99 2935 153 90,200 1686

I1-2C-1184 T1-2AM N 2000 98 3070 153 88,600 1579

"a-2c-u85 T4-.AN D 1875 92 2870 149 86,300 1848
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FACTUAL DATA (continued)

T'_rSK C. Phase 3 (continued)

A fourth balloon failed to achieve this rate of ascent by only
14 feet per minute; but the fifth balloon was significantly slower
averaging only 1579 feet per minute.

In order to evaluate these flights in greater detail, the rate of
ascent was calculated over 10,000 foot intervals from release to
burst. The temperature at these same intervals was also de-
termined, and the results of these five flights analyzed in the
above manner are recorded in Tables 214 and 215.

It was observed in every case that the rate of ascent reaches a
maximum at between 30,000 and 60,000 feet, and above these
altitudes there is a more or less sharp deceleration. The rate
of ascent to 80,000 feet was calculated since this is the
altitude to which the balloon is designed to rise and it is to
this altitude that the rate of ascent can be most logically
measured.

It is obvious that in every case except that of EX-2C-1183 the
rate of ascent has now been increased and that three of the
flights have an average ascensional rate of 1800 feet per minute,
with the fourth still, however, at a rate less than 1700 feet per
minute. The rate of ascent of EX-2C-1183 is virtually unchanged.
These balloons may be considered to be meeting their theoretical
potential with fairly good consistency.

An additional group consisting of six balloons with increased
weight and length were submitted for flight testing. These
balloons were made from compound A3-137 and fitted with tails
made from compound A3-106. They were identified as EX-2C-1191
through EX-2C-1196 and were flown with a free lift of 2700 grams.
Their characteristics and flight performance are given in
Table 216.

A study of this table shows that the flights obtained are
generally disappointing. There has been little increase in the
altitude despite the increase in length of the carrying balloon,
and the rates of ascent are substantially slower than those
previously attained with the smaller balloons. An analysis of
four of these flights was, therefore, made and the results of
this analysis are given in Table 217.

This table shows that there is a distinctly different pattern
in ascensional rate over 10,000-foot intervals than was shown
by balloons EX-2C-1181 through EX-2C-1185.
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ECTUL pAU, (continued)

TASK C. Phage 3 (continued)

TABLB 214h

FLIGHT ANALYSIS - BALLOONS EX-2C-1181 THROUGH EX-2C-1183

A uX-2C-1181 EX-2C-1182 EX-2C-1183Altitude

Interval Temp. Ascent Temp. Ascent Temp. Ascent
(feet) (C) (ft/mmn) (C) (ft/min) (C) (ft/min)

0 - 10,000 10.0 1348 9.0 1405 17.1 1097

10,000 - 20,000 4.8 1650 1.1 1583 3.0 1084

20,000 - 30,000 -21.8 1914 -21.6 1888 -19.0 2340

30,000 - 40,000 -41.1 2226 -42.6 2290 -36.7 1841

40,000 - 50,000 -56.8 2702 -57.5 2288 -58.3 2272

50,000 - 60,000 -62.8 1903 -62.8 2130 -70.2 2090

60,000 - 70,000 -61.3 1765 -62.0 1611 -62.0 1938

70,000 - 80,000 -61.4 1716 -61.2 1634 -61.4 1824

80,000 - 90,000 -58.0 1416 -59.2 1741 * 1724

Temp. at Burst -52.0 -58.0 *

Average Rate of
Ascent 1762 1796 1686

Average Rate of

Ascent 1827 1800 1680
to 80,000 feet

* information not available
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FATUL DATA (continued)

TASK C. Phase 3-(continued)

TABLB 215

PLIGHT ANALYSIS - BALLOONS EX-2C-1184 AND EX-2C-1185

BX-2C-1184 BX-2C-1185Altitude
Interval Temps Ascent Temp. Ascent
(feet) (C) (ft/min) (C) (ft/min)

0 - 10,000 11.0 1283 12.0 1504

10,000 - 20,000 4.5 1557 - 0.2 1744

20,000 - 30,000 -20.8 1623 -18.5 1936

30,000 - 40,000 -40.2 2447 -40.3 2141

40,000 - 50,000 -54.8 1561 -56.3 2186

50,000 - 60,000 -63.2 2195 -62.7 2222

60,000 - 70,000 -63.0 1478 -61.5 1839

70,000 - 80,000 -60.8 1262 -60.4 1681

80,000 - 90,000 -58.3 1333 -59.3 1580

Temp. at Burst -56.7 -56.0

Average Rate of
Ascent 1579 1848

Average Rate of
Ascent 1600 1867

to 80,000 feet
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E&ACTUAL DATA (coatinued)

TASK C, Phase 3 (continued)

TABIT 216

FLGHT USULTS - B 0 MAMUFACTRD FROM COMNOUND A3-137

D Balloon Balloon Aseemb•y Assembly Altitude Asoensional
Experiment Balloon or Weight Length Weight Length at Buret Rate

No. No. I (grams) (inches) (grams) (inches) (feet) (feet/min.)

N'-2C-U91 W7-3 D 3275 135 4915 192 88,100 1454

M-2C-U192 W9-1 N 3290 131 4810 183 95,7o0 1348

EX-2C-I193 W9-2 N 3430 131 4890 190 96,100 1363

IX-2C-ul9 w9-3 D 324o 329 4865 188 88,000 1234

M-2C-I195 Wr10-3 N 3345 123 512o 189 79,000 952

EI-2C-f196 1iO-4 D 3290 123 4850 193 88,800 W52•
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TASK C. Phase 3 (continued)

TABLB 217

PLIGHT ANALYSIS - BALLOONS EX-2C-1192. EX-2C-1193. EX-2C-1195. AND EX-2C-1196

tEX-2C-1192 EX-2C-1193 EX-2C-1195 EX-2C-1196SAltitude
Interval Tempo Ascent Tempo Ascent Temp. Ascent Temp. Ascent
(feet) (°C) -(ft/min) (°C) (ft/min) (*C) (ft/nin) (*C) (ft/mtn)

0- 10,000 1.7 1047 3.0 1096 2,9 911 - 0,6 1106

10,000- 20,000 - 7.8 1248 -17.3 1314 - 8.0 935 - 7.5 1119

20,000- 30,000 -28.0 1280 -30.8 1327 -28,5 838 -25.2 1247

30,000- 40,000 -46.3 1552 -43.0 1547 -47,0 1000 -46.2 1392

40,000- 50,000 -54.3 1563 -51.8 1645 -55.0 990 -55,5 1412

50,000- 60,000 -57.8 1508 -51.7 1615 -58.7 1122 -56.6 1587

60,000- 70,000 -55.7 1565 -52,3 1306 -58.4 939 -54.6 1714

70,000- 80,000 -58.9 1579 -59.6 1337 -58,6 910 -56,6 2022

80,000- 90,000 -57.8 1311 -58.8 1089 -57.7 1796

90,000-100,000 -53.8 1000 -55.6 1958

Tempo at Burst -49.8 -54.0 -58.6 -53.7

Average Rate
of Ascent 1348 1363 952 1425
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FACTUALDATA (continued)

TASK C. Phase 3 (continued)

Balloons EX-.2C-1192 and EX-2C-l193 show an almost constant
rate of ascent from 30,000 to 80,000 feet. Balloon EX-2C-l196
accelerated slowly to an altitude of 80,000 feet, and balloon
EX-2C-1195 ascended fairly consistently at a rate less than
1000 feet per minute throughout the flight. These results are
so erratic and in such sharp contradiction to those obtained
with the EX-2C-1181 series that it was not possible to draw any
conclusions from them.

In order to further determine the effect of tension in the
balloon film upon the rate of ascent, another series of stream-
lined balloons was prepared. In all cases, the carrier balloon
was manufactured from compound A3-134. In order to provide
variations in modulus, these balloons were individually post-
plasticized to varying degrees, and two of them were not post-
plasticized at all. In addition, these balloons were fitted
with a double tail assembly.

It is possible to demonstrate that as the carrier balloon
expands, the tail is gradually drawn up around the balloon and
that the effective length of the tail becomes less and less
throughout the flight until a point is reached where the tail
virtually ceases to exist and the balloon becomes nominally
spherical.

For balloons of the size in question flown under the conditions
of lift being used, the tail will disappear at about 50,000 feet.
It was felt that by attaching a second tail to a point approxi-
mately half way down the first tail, the streamlined shape could
be preserved for a much greater part of the flight.

Eight balloons incorporating the double tail and the variations
in modulus described above were submitted for flight testing.
These balloons were identified as EX-2C-1201 through EX-2C-1208
and were flown with a free lift of 2700 grams. Characteristics
of these balloons and their flight performance are given in
Table 218.

A study of this table shows that the altitude reached and the
rate of ascent are generally unsatisfactory. The loss in
altitude is explained by the increased weight of the assembly
resulting from the additional tail section. Also, the low
altitudes of balloons EX-2C-1205 and EX-2C-1206 are probably
accountable to the extremely low temperatures encountered on
the night they were both flown.

The analysis of these flights is recorded in Tables 219 and
220.
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FACTUAL DATA (continued)

TASK C. Phase 3 (continued)

TABLE 218

FLIGHT RESULTS - BALLOONS NANUFACTURED FROM OOMP(XND A3-134
AND HAVING TWIN TAIL ASSIMBLIBS

Day or Post- Balloon Balloon No. 1 Tail No. I Tail

Experiment Balloon Night Plasticizer Weight Length Weight Length
No. No. Flight (% pickup) (grams) (inches) (grams) (inches)

EX-2C-1201 WlO-2AN Day 18.6 3275 124 985 106

EX-2C-1202 W29-1AM N Day 23.9 3280 129 955 101

EX-2C-1203 W29-3AM Night 18.8 3320 129 975 101

EX-2C-1204 W29-4AM Day none 2810 114 910 98

EX-2C-1205 W30-lAJ! Night 23.9 3290 128 955 104

BX-2C-1206 W30-2AM Night 18.6 3255 128 930 101

BX-2C-1207 Y1-4AM Day 10.0 2900 115 930 101

EX-2C-1208 YS-2AM Day none 2665 114 935 100

TABLE 218 (continued)

No. 2 Tail No. 2 Tail Assembly Assembly Altitude Rate of
Experiment' Balloon Weight Length Weight Length at Burst Ascent

No. No. (grams) (inches) (grams) (inches) (feet) (ft/mmn)

BX-2C-1201 Wl0-2AM 690 62 5205 244 83,800 1486

EX-2C-1202 W29-1AM 720 63 5230 248 90,000 1676

EX-2C-1203 W29-3AM 690 62 5175 244 63,300 1576

EX-2C-1204 W29-4AM 750 60 4680 238 90,000 1424

BX-2C-1205 W30-IAM 730 61 5225 249 58,000 1629

BX-2C-1206 W30-2AK 635 57 5000 239 50,300 1421

EX-2C-1207 Y1-4AM 775 66 4775 244 78,300 1529

EX-2C-1208 YS-2AM 825 68 4560 244 85,400 1743
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EAQUALJ~~&(continued)f

TASK CO Phase 3 (continued)

TABLE 219

FLIGHT ANALYSIS - BALLOONS EX-2C-1201 THROUGH EX-2C-1204

Altitude EX-2C-1201 EX-2C-1202 EX-2C-1203 EX-2C-1204

Interval Temp. Ascent Temp. Ascent Temp. Ascent Temp. Ascent
(feet) (C) (ft/min) (CC) (ft/min) (CC) (ft/min) (*C) (ft/min)

0 - 10,000 1100 1260 1175 1180

10,000 - 20,000 -42.5 1300 -38.5 1570 -37.0 1485 -32.5 1390

20,000 - 30,000 -57.0 1360 -50.0 1790 -51.2 1615 -45.8 1575

30,000 - 40,000 -70.2 1630 -64.0 1875 -66.7 1730 -63.6 1730

40,000 - 50,000 -73.5 1790 -69.0 1900 -73.0 1750 -68.7 1870

50,000 - 60,000 -77.0 2060 -73.5 2350 -76.5 2065 -75.6 1600

60,000 - 70,000 -78.5 1700 -77.8 1840 -80.3 1409 -77.6 1110

70,000 - 80,000 -77.8 1530 -77.8 1640 -73.8 1290

80,000 - 90,000 -77.0 1180 -70.5 1330 -73.0 1400

Temp. at Burst -73.0 -62.6 -79.0 -62.8

Average Rate I
of Ascent 1486 1676 1576 1424

-412-



F!
FACT-AL (continued)

TASK C, Phase 3 (continued)

TABLE20

PLIGHT ANALYSIS - BALLOONS BX-2C-1205 THROUGH EX-2C-1208

Altitude EX-2C-1205 EX-2C-1206 EX-2C-3 207 EX-2C-1208

Interval Temp. Ascent Temp. Ascent Temp. Ascent Temp. Ascent
(feet) (*C) (ft/min) (CC) (ft/min) (*C) (ft/min) (C) (ft/min)

0 - 10,000 1140 1110 1095 1270

10,000 - 20,000 -34.5 1490 -31.3 1230 -36.8 1230 -40.6 1960

20,000 - 30,000 -48.2 1655 -43.2 1550 -43.0 1300 -48.8 1900

30,000 - 40,000 -66.2 1920 -62.7 1665 -68.3 1615 -66.3 2475

40,000 - 50,000 -68.5 2150 -61.8 1550 -76.3 1680 -73.4 2215

50,000 - 60,000 -79.2 1900 -77.3 2400 -76.1 1760

60,000 - 70,000 -75.3 1870 -77.1 1615

70,000 - 80,000 -74.4 1800 -76.1 1830

80,000 - 90,000 -76.1

Temp. at Burst -79.2 -66.0 -73.4 -72.5

Average Rate
of Ascent 1629 1421 1529 1743
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ACTUAL (continued)

TASK C. Phase 3 (continued)

A study of these figures reveals that the temperatures aloft
were indeed unusually low for the Temperate Zone. On seven of
the eight flights temperatures below -75 0C were recorded; and
this, undoubtedly, is part of the reason why the night-flight
balloons reached such low altitudes.

However, comparison of the ascensional-rate pattern of these
balloons with those recorded in Tables 214, 215 and 217 shows
that the flight pattern of the large balloons (3000 grams) with
the double tail section is substantially the same as that of the
smaller balloon with the single tail section.

Both of these balloons show an acceleration up to speeds in
excess of 2000 feet per minute which are generally reached by the
smaller balloons at 30,000 feet to 40,000 feet and by the larger
balloon at 50,000 feet to 60,000 feet. Only in the case of
EX-2C-1208 was an ancensional rate of over 2000 feet per minute
reached at 30,000 to 40,000 feet and this was the only balloon
to achieve an average ascensional rate in excess of 1700 feet
per minute.

The 3000-gram balloon with the shorter tail generally accelerated
to an altitude of about 40,000 feet and ascended at a fairly
constant rate for the next 40,000 feet. It can be shown that this
balloon virtually loses all of its relatively short tail at
40,000 feet and this evidently explains the reason for the
constant rate of ascent which occurs. It is, therefore, certain
that the 3000-gram balloon which is about 130 inches long, re-
quires a tail section of approximately the same length or
slightly greater.

In addition to these large balloons, four balloons in the 2000-
gram class were flown. These balloons were made from compound
A3-102 a high-modulus compound, and were fitted with a single
tail approximately the same length as the balloon. These balloons
were all made on a two-necked form, and the tail was attached
approximately 15 inches below the equator of the balloon.

The balloons were identified as EX-2C-1211 through EX-2C-1214
and were flown with a total lift of 5950 grams. Their
characteristics and flight performance are given in Table 221,
and an analysis of the flights is given in Table 222.

A study of these results shows that, although the altitudes are
somewhat erratic, the ascension rate is, in general, good and
in two instances it is excellent.
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E&CMAL DATA (continued)

TASK C. Phase 3 (continued)

TABIB 221

FLIGHT RESULTS - BALLOONS MANUFACTUMJ FROM OMCONUND A3-1O2

D Balloon Balloon Assembly Assembly Altitude Ascensional
Experiment Balloon or Weight Length Weight Length at Burst Rate

No. No. N (grams) (inches) (grams) (inches) (feet) (feet/mi.)

EX-2C-121 B 6-1kM D 1005 77 1895 137 84,000 1927

EI-20-1212 B13-1AM D 990 77 1900 127 65,000 1555

EU-2C-1213 B13-2AN D 975 77 2005 244 77,800 1652

31-2C-1214 B13-3AM D 1005 76 1950 143 61,500 2158

The flight of balloon EX-2C-1212 is of particular interest
in that the balloon was inadvertently flown inverted. This
meant that instead of the tail being attached 15 inches
below the equator, it was attached 15 inches above the
equator. Its effective length was thereby reduced by
approximately 30 inches.

It should be observed that this balloon was much slower over
the first 10,000 feet than any of the others. Furthermore,
as it expanded, the extremely short tail was very quickly
pulled up around the balloon with the result that the
assembly now rose at almost constant rate from 10,000 feet
to 50,000 feet.

This is exactly in accord with the behavior of the 3000-
gram balloon with the shorter tail which also rose at a
constant speed over a similar distance. In addition, the
rate of ascent of the 1000-gram balloon and the 3000-gram
balloon, once the tail has disappeared was almost identical.
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FACTUAL DATA (continued)

TASK C. Phase 3 (continued)

TABLE 222

FLIGHT ANALYSIS - BALLOONS EX-2C-1211 THROUGH EX-2C-1214

Altitude EX-2C-1211 BX-2C-1212 EX-2C-1213 BX-2C-1214

Interval Temp. Ascent Temp. Ascent Temp. Ascent Temp. Ascent
(feet) ('C) (ft/min) (*C) (ft/min) (°C) (ft/min) (*C) (ft/min)

0 - 10,000 1545 1160 1485 1360

10,000 - 20,000 -30.5 2250 -30.1 1570 -29.0 1765 -31.6 1840

20,000 - 30,000 -51.2 2385 -49.2 1510 -48.6 2300 -46.2 2975

30,000 - 40,000 -59.2 2010 -57.9 1640 -62.6 2240 -64.8 2490

40,000 - 50,000 -60.6 2020 -59.4 1645 -57.7 1900 -70.2 2550

50,000 - 60,000 -70.4 1980 -70.5 1980 -69.5 1400 -73.2 2115

60,000 - 70,000 -70.6 1790 -70.5 1715 -71.5 1164

70,000 - 80,000 -70.6 1580 -71.5 1950

80,000 - 90,000 -68.5 1550

Temp. a•t Burst -68.5 -72.5 -69.5 -73.2

Average Rate
of Ascent 1927 1555 1652 215•
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FACTUAL DATA (continued)

TASK C (continued)

Phase 4 Construction of Balloons having Selective Compound
Modulation

Some preliminary experiments were conducted with 100-gram
balloons in which a modulus differential was created by post-
plasticizing a part only of the balloon. It proved possible
to induce the balloon to adopt a streamlined shape on
inflation by this method.

However, the reduction in modulus induced by post-plasticizing
was accompanied by such a sharp loss of tensile strength that
the post-plasticized section reached the bursting strength
before the rest of the balloon showed virtually any elongation.
This, naturally, resulted in an impossibly large reduction in
bursting volume.
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CONCLUS IONS

, TASK A STUDY OF BALLOON FILMS AND THEIR EFFECT ON BALLOON FLIGHT
*PERFORMANCE

Phase 1: Study of the Literature

As a result of the study of the literature, samples of Tinuvin
'P', an agent for protection against ultra-violet radiation,
and Mobilsol 'L', a new plasticizer, were obtained. In addition,
B.T.N., a product of W. T. Henley was found to be identical to
N.B.C.

A novel acceleration system for curing neoprene latex at room
temperature was also revealed.

Phase 2: Study of Raw Materials

Part A: Neoprene Polymers

The evaluation of six experimental neoprene polymers and
four commercial neoprene polymers showed that although ECD-
307 has good elongation at -401C, its room-temperature modulus
is very low. However, further work is indicated with this
latex with a view to increasing its room-temperature modulus
characteristics.

Of the others only ECD-314, which has high ozone resistance,
and ECD-418 which cures at very low temperatures are worthy
of further investigation.

Neoprene 673 was the only commercial polymer which seemed to
be of interest because of its high room-temperature modulus
and generally good elongations at room temperature and -40 0 C.
It was subsequently demonstrated, however, that polymers which
develop high modulus by virtue of crystallization are unsuitable
for use in-meteorological balloons.

The use of Neoprene 571 as a means of increasing modulus was
shown to be ineffective if Butyl Oleate is the plasticizer.
Neoprene 400 is effect-ive even with Butyl Oleate.

A study of the effect of aging neoprene latex before compounding
and also of aging the compounded latax showed that no advantages
accrue from aging but that there is no loss in physical
characteristics after two to three months. There is, how-
ever, some variation between different lots of neoprene.
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CONCLUSIONS (continued)

TASK A. Phase 2 (continued)

Part B: Plasticizers

A study of the use of blends of plasticizers showed that
a mixture of Butyl Oleate and Dibutyl Sebacate was superior
to either by itself. Other blends, however, did not show
this property.

The examination of Mobilsol 'L' showed it to be of no value
as a low-temperature plasticizer in meteorological balloons.

Butoxy Ethyl Oleate from Kessler Chemical was shown to give
identical properties to Paraflux C-325 and may be considered
a satisfactory plasticizer for use in meteorological balloon
compounds.

Ohopex R-9 from Stoney-Mueller and Plasticizer SC from
Harwick Standard Chemical Company were both shown to have no
value.

Pa*rt C Antioxidants and Antiozonants

Agerite DPPD and Akroflex CD were both shown to be superior
antiozonants to N.B.C., with Agerite DPPD much better than
Akroflex CD.

Evaluation of Wingstay 'T' revealed that it is of little
value as an antioxidant but does increase the elongation of
balloon compounds both at room temperature and at -40 0 C.

It was shown that Lytron 615, a polystrene latex which
raises modulus but seriously reduces ozone resistance, can
be satisfactorily used in conjunction with Agerite DPPD.

B.T.N. from Henley Chemical Company was proved to be equal
to N.B.C. in every way and may be considered as an alternate
source of this material.

Part D: Acclrao

The accelerator Merac was shown to give extremely flat-
curing compounds and to be very suitable for use in meteoro-
logical balloon compounds. Also, the amount of Merac, if
0.5 parts is exceeded, has virtually no effect on the physical
characteristics.

Increasing the amount of Accelerator 833, however, increases
the elongation at both room temperature and at low temperatures.
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CONCLUSION (continued)

TASK A. Phase 2 (continued)

It was demonstrated that low-temperature cures can be
obtained with Thiocarbanilide. The posaibilities of¶ reater uniformity throughout a balloon merit further
nvestigation.

Part E: Polymers other than Neoprene

Poly-isoprene from Shell Chemical Company proved to be
unsuitable for use in meteorological balloon compounds in
its present latex form.

It was shown that even with the newly developed anti-
ozonants the ozone resistance of natural rubber is still
much inferior to that of neoprene.

Part F: Reinforcing Fillers

Mistron Vapor was proven to be an excellent reinforcing
filler, increasing modulus and tensile strength while
permitting the retention of high elongation.

The use of zinc resinate as a means of introducing zinc
in an emulsion form proved impractical.

Phase 3; Develooments of Formulations with Desirable Film

Properties

Part A: High-Altitude Balloon Compounds

Compounds were designed with improved ozone resistance
and which still had equal characteristics in other respects.
Neoprene 400 was shown to be of value as a means of
increasing modulus.

Based on the knowledge gained of the effect of varying
compounding materials on the physical properties of
neoprene latex, compounds were designed with significantly
higher elongations at room temperature and at -40 0C. This
is almost certainly the most promising method of reaching
higher altitudes with balloons of a given size. The
achievement of higher elongations of the magnitude attained
must be considered of major importance in the design of
meteorological balloon compounds.

420 -



CONCLUSIONS (continued)

TASK A. Phase 3 (continued)

Part B: Dual-Purpose Balloon Compounds

Several compounds were designed with physical character-
istics which indicated that they would produce balloons
which will perform satisfactorily by night and by day.
It may be concluded that the necessity for post-plasticizing
balloons in order to obtain satisfactory night-time performance
no longer exists.

Compounds were also designed which have significantly higher
elongation at -700C, than has hitherto been obtainable. The
development of such compounds must be considered a major
achievement irn the development of dual-purpose,,high-altitude
balloons.

S± Fast-Rise Balloon Compounds

A very satisfactory high-modulus compound for use in fast-
rise balloons was obtained by the use of Mistron Vapor and
the value of this material may be considered as established.

Phase 4: Correlation of Film Properties with Flight Data

Part A High-Altitude Balloons

Flight tests established that a day-flight balloon weigh-
ing about 2500 grams has now been developed, which is
capable of reaching altitudes of 130,000 feet at least 60%
of the time, and altitudes of 120,000 feet at least 80% of
the time. The development of consistently reliable vehicles
to such altitudes is of considerable significance.

Flights with larger balloons, however, demonstrated the need
for further research to produce reliable 140,000-foot +o
150,000-foot vehicles.

Preliminary flights with 1000-gram balloons made from one of
the high-elongation compounds developed in Phase 3, Part A,
clearly show the possibility of achievirLg consistent
performance at the 120,000-foot level with a balloon weigh-
ing little more than 1000 grams.

Part B Dual-Purpose Balloons

Flights proved that successful dual-purpose compounds have
been developed which will provide 1000-gram balloons
capable of reaching 100,000 feet by both day and night.
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CONCLUSIONS (continued)

TASK A. Pha5e 4 (continued)

In addition, 2500-gram balloons capable of consistent
performance to 120,000 feet were also developed.
Consistency at this altitude must be considered a sig-
nificant achievement.

A 3000-gram balloon established a new world's record
for a night-flight balloon, but the consistency of
performance at this level still leaves something to be
desired.

Flights conducted in the Tropical Zone proved that a
balloon capable of flight at night in the Tropics has
been developed.

Part C: Fast-Rise Balloons.

No significant developments were recorded in this
section.

TASK B: EFFECT OF FLIGHT CONDITIONS ON BALLOON FILM PERFORMANCE

Phase l- Effect of Pre-elongation

The effect of pre-elongation was shown to explain the some-
what anomalous behavior of day-flight and dual-purpose balloons,
and this explanation is a significant contribution to the under-
standing of balloon flights.

Phase 2: Effect of Ozone

A Bush Ozonator was purchased and shown to be eminently satis-
factory for testing of balloon films. A series of tests showed
that, whereas day-flight compounds areýimore rapidly attacked as
the elongation increases, dual-purpose compounds are more
rapidly attacked at low elongations. This conclusion applies to
tests conducted on dumbbell test pieces. The same conclusion is
true for inflated patches made from day-flight compounds, but
the rate of attack of ozone on patches made from dual-purpose
compounds is independent of the elongation.

Phase 3: Effect of Infra-Red Radiation

A comprehensive study of the effect of infra-red radiation was
made. It was shown that the theory correctly explains the be-
havior of balloons in sunlight and at night, and that changes
in physical characteristics can be effectively used as a measure
of the infra-red absorption.
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OONCLUSIONS (continued)

TASK BL (continued)

Phase 4: Effect of Ultra-Violet and Other Short-Wave Radiation

It may be concluded that, apart from the creation of ozone
ultra-violet radiation has no adverse effect on meteorological
balloon films.

Phase 5: Correlation of Physical Properties with Flight
Performance

Flights were conducted with balloons having high infra-red
absorption and also with balloons havirg high infra-red
reflectance. The theoretical conclusions were confirmed. It
was established that high infra-red absorption reduces the
altitude performance in the day-time by as much as 30,000 feet
while having little effect at night. High reflectance also
appears to slightly reduce day-time altitudes.

Phase 6: Prediction of Balloon Performance

Part A: Determination of Burst Altitude from Residual

Elongation

A method of predicting balloon performance from the
residual elongation at a given point in the flight was
devised and proved to be simple and accurate. A series
of nomograms is used.

Part B Determination of Dimensions of Fast-Rising
Balloons

A theoretical study of the dimensions of fast-rise
balloons was made. It was demonstrated that, given the
performance of a standard thin-walled, spherical sounding
balloon, it is possible to predict accurately the perform-
ance of fast-rise balloons of varying dimensions made from
the same compound.

Part C: Determination of Physical Properties of Constant-
Level Balloon Films

The physical properties of balloon films necessary to
provide balloons capable of constant-level flight were
theoretically determined. It appears that such balloons
can be made from existing elastomers.
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CONCLUSIONS (continued)

TASK B. Phase 6 (continued)

Part D: Analysis of Stress in Sounding Balloons

A method of determining the point of origin of balloon
bursts by photographic means was successfully developed.
It was shown to be perfectly feasible to photograph a
balloon at the moment of rupture.

Part E: Effect of the Modulus-Eloraation Characteristics
on the Shape of Inflating Balloons

The significance of the modulus-elongation characteristics
of balloon films on the shape of the inflating balloon was
proven. It was clearly demonstrated that the slope of the
curve rather than intrinsic modulus values is the controlling
factor, and this offers another important criterion in the
compound selection.

TASK C: STUDY OF BALLOON CONFIGURATION

Phase 1: Design and Construction of Equipment

The difficulties attendant on designing a form and obtaining
therefrom a one--piece, streamlined balloon which would maintain
its shape during flight were concluded to be too great and this
line of attack was abandoned.

Phase 2: Construction of One-Piece Balloons for Flight Testing

A series of flights with tubular balloons led to the conclusion
that this type of construction does not produce the desired results
in ascensional rate.

Phase 3: Construction of Balloons havinz Mechanical Attachments
to Improve Rate of Ascent

Attaching tails to tubular balloons was shown to be ineffective,
and it was clearly demonstrated that the best ascensional rates
are obtained using spherical balloons with attached tails. There
are strong indications that the shape of the modulus-elongation
curve is an important factor in obtaining consistently high rates
of ascent, and the dimensions and location of the tail section
were also shown to be of vital importance.

Phase 4 Construction of Balloons having Selective Compound
Modulation

It was shown that inducing a streamtlined shape in a spherical
balloon by partial post-plasticizing was accompanied by an un-
acceptably large loss in bursting volume.
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OVERALL CONCLUSIONS

As a result of the study of literature, B.T.N., a product of
Henley Chemical, was evaluated as a replacement for N.B.C. and
a low-temperature curin• system based on Thiocarbanilide was also
investigated. In addition, various other compounding ingredients
were obtained and examined.

Ten different types of neoprene latex were evaluated, six being
experimental; and this investigation, coupled with the evaluation
of new plasticizers, accelerators, antioxidants, antiozonants and
reinforcing fillers resulted in some significant advances. It was
learned that aging of neoprene latex before compounding has no
deleterious effect up to three months. Merac was shown to be a
very desirable accelerator. Agerite DPPD proved to be a very effect-
ive antiozonant but its value is offset due to the darkening of
the film which results in lower day-time altitudes because of
higher infra-red absorption.

It was shown that by careful selection from the range of compound-
ing ingredients and latices now available, it is possible to
increase significantly the elongation obtainable at room temperature
and at low temperatures, without reducing room-temperature modulus
to a level at which a balloon cannot be handled on the ground.

Flight tests with balloons made from compounds developed during
this study resulted in the following achievements:

1. The consistent performance of balloons to 100,000
feet by both day and night has been amply confirmed.

2. Consistent performance to altitudes of at least
120,000 feet has been established. These altitudes
can be reached by both day and night.

3. A new altitude record was established at night and
the possibilities of reaching altitudes in excess
of 140,000 feet at night has beer. clearly shown.

4. A balloon capable of reaching altitudes of 100,000
feet at night in the Tropical Zone has been
developed.

5. New compounds have been developed which indicate the
possibilities of reaching much higher altitudes than
hitherto attainable. Preliminary flights suggest that
1000-gram balloons capable of reaching altitudes of
120,000 feet are now feasible. Similar gains in
altitude at higher levels render flights to above
150,000 feet quite possible.
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OVERALL CONCLUSIONS (continued)

In addition to the foregoing, a much clearer understanding of

the effects of physical characteristics of the balloon film on
the flight performance has been obtained. It is now known that
films which show high infra-red ansorption are unsatisfactory
for day-flight balloons. Any dark-colored compounding ingredients
must, therefore9 be avoided. The theory of pre-elongation has
been used to explain logically why a dual-pitrpose compound with
an elongation at -40 0 C substantially greater than that ol a day-
flight compound does not produce balloons capable of higher
altitudes in the day-time. Similarly it explains why dual-
purpose balloons of a given size reach the same altitudes by day
and by night, although low-temperature physicals suggest that the
day-flights should be occasionally higher.

The behavior of both day-flight and dual-purpose compounds upon
exposure to ozone has been determined and the differences in
behavior established.

A series of theoretical calculations were performed and as a
result it is now possible to:

1. Predict balloon flight performance using a group
of nomograms based on residual elongation of the
film.

2. Predict the performance of all types of balloons,
including fast-rise balloons, made from any given
compound, knowing the flight performance of one
type of balloon made from that compound.

3. Determine the physical properties necessary to
have constant-level balloons.

A means of photographing a balloon at the moment of rupture
was developed, and it is now possible to determine at what
point in a balloon the burst starts.

Also, the significance of the slope of the modulus-elongation
curve on the shape and ultimate bursting dimensions of balloons
was established and it was shown that measurement of the modulus
itself is no criterion.

It was shown that the construction of balloons having an in-
herent streamlined shape which will be maintained throughout
flight is impractical and of questionable value. That a spherical
balloon having a conical tail is the most desirable construction
for fast-rise balloons was established. The dimensions of such
balloons were also determined, and analysis of ascensional rate
throughout a flight provided valuable criteria for the design of
this type of balloon.
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RECOMMENDATIONS

The literature study should be continued. On at least two occasions
during the past contracts, valuable information was obtained from
this source.

Since DuPont has shown such a cooperative attitude with regard to
the development of new polymers designed specifically for meteoro-
logical balloons, this phase should be pursued to the maximum. The
new polymer samples obtained thus far have substantially added to
our knowledge as to what constitutes the most desirable properties
in a polymer. Some of the samples already submitted warrant further
investigation, and DuPont is now in a much better position to provide
latices which produce balloons having higher performance levels.

At the same time, this evaluation should not be restricted to poly-
chlorodrene polymers. Poly-isoprene, butyl, acrylo-nitrile and
acrylic latices, both individually and in blends, should be
investigated.

Similarly, newly-developed compounding ingredients should be con-
tinually sampled and evaluated. In addition, certain materials
which proved unsuitable for neoprene may be advantageous when
used with other types of latex, and re-evaluation of some of these
should be undertaken where indicated.

The failure of Neoprene 673, despite its apparently satisfactory
physical properties, suggests that the molecular structure of poly-
mers is of importance. Film structure, as determined by X-ray
diffraction studies, should therefore be carried out as a potential
means of screening polymers.

Associated with this study, the photcgraphic study of bursting
balloons should also be continued. Furthermore, the behavior of
small prototypes should also be determined in the cold box when
the atmospheric pressure is reduced.

Additional balloons made from the high-elongation compounds already
developed should be manufactured and submitted for flight testing.

Raising the bursting altitude of relatively small balloons by in-
creasing the low-temperature elongation of the compound offers one
of the most certain methods of producing balloons capable of reach-
ing 150,000 feet.

Balloons weighing 2500 grams have been developed during this contract
which consistently reach 130,000 feet, and a 4000-gram balloon from
a similar compound should stand a very good chance of reaching at
least 150,000 feet.
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RECO•MENDATIONS (continued)

The development of similar dual-purpose compounds to the
foregoing should also be undertaken.

The studies of pre-elongation, resistance to ozone, infra-red
radiation, ultra-violet radiation, and related atmospheric
conditions should be extended to any new types of polymer which
appear to have interesting properties. It cannot be assumed that
the findings which apply to neoprene will necessarily apply to,
for exanple, poly-isoprene.

The design of compounds for fast-rising balloons should be
continued, but the development of balloons themselves is presently
being undertaken under another research contract.' It is not
recommended, therefore, that the design of fast-rise balloons be
continued as part of this type of research, except insofar as it
is necessary to evaluate any compounds developed.
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IDENTIFICION OF KEY TECHNICAL PERSONNEL

Number
Name Title of Hours

SEric Nelson Chief Chemist 2344

Nicholas Sisco Senior Chemist 1239

James Mayes Senior Chemist 173

Harding Wing Senior Chemist 1933

Alvin Jampole Senior Chemist 528

Frederick McWilliams Junior Chemist 3345

Martin Krentcil Junior Chemist 2846

Murray Miner Design Engineer 79
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Signal Corps Contract No. DA-36-039-SC-84925 Contract Nos.
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Work was conducted on the following tasks:
(A) - STUDY OF BALLOON FILMS AND THEIR EFFECT
ON BALLOON FLIGHT PERFORMLANCE. The literature
was reviewed and several new and experimental
neoprene polymers were evaluated. Further
evaluation of plasticizers, antioxidants, ant-
ozonants, accelerators was conducted, and
polymers other than neoprene plus reinforcing
fillers were also examined. Numerous formula-
tions with desirable properties were designed
and film characteristics were correlated with
flight performance, particularly with dual-
purpose compounds. (B) - EFFECT OF FLIGHT
CONDITIONS ON BALLOON FILM1 PERFORMANCE. The
effect of pre-elongation, ozone, infra-red
and ultra-violet radiation on balloon films
was determined, and the results were correla-
ted with flight performance. By utilizing all
information acquired in (A) and •B) it was
shown possible to predict balloon performance
based on laboratory tests much more accurately
than heretofore. (C) - STUDY OF BALLOON CON-
FIGURATION. Balloons having shapes other than
spherical were manufactured both in prototype
and production sizes, and the flight perform-
ance of such balloons was determined. Both
the altitudes achieved and ascensional rates
were studied.
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