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ABSTRACT

The microscopic planimetric analysis of the model grains aged six
months and sectioning and sampling of a 64 year old Hawk Motor were conducted
during this quarter, For the model grains, reaction site volume-aging temper-
ature curves after six months were different from those after three months,
This may make possible the calculation of a rate constant and activation
energy for the reaction occurring in this formulation for comparison with
similar parameters for the reactions observed in other formulations, It also
allows the investigation of the reaction under controlled conditions by intro-
ducing variables in the formulation and storage environments, and preselecting
temperatures and sampling periods that will yield information of the specific
reactions which occur,
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AFRPL-TR-67-228

MICROSCOPIC AND MICROCHEMICAL STUDY OF
AGED SOLID PROPELLANT GRAINS

I. INTRODUCTION

This is the fourth Quarterly Technical Report submitted in partial ful-
fillment of the requirements of Contract AF 04(611)-11637, The report covers
the period 1 May to 31 July 1967.

The objectives of this study are to determine the course of the chemical
aging process or processes in solid propellant formulations and to define the
effects of these degradative chemical processes or. the mechanical and ballistic
properties of the propellant,

In accordance with these general objectives, the studies have been
divided into two phases. The objectives in Phase I are to determine the
structure, size and distribution of microscopic reaction aites in solid pro-
pellants as a function of age, formulation and storage environments; and to
optically characterize and chemically analyze the reaction intermediates and
products, In Phase II the mechanistic course of the aging nrocess will be
defined,

Work during the fourth quarter consisted of acquiring samples from
full-scale, field-aged motors, monitoring changes in model prains, optical
microscopic studies, and chemical studies,

II. PROPELLANTS UNDER STUDY

The field-aged propellants on hand are reviewed in Table I, The age
reported is that at the time of sampling, because little change can be de-
tected in small (50-gm) propellant samples or thin sections after several
years storage. The 6§ year old Hawk Motor was obtained through the courtesy
of Hawk projects during this quarter and cut into several sections,

The model grains under study were tabulated in the previous quarterly
report (AFRPL-TR-67-136). Samples taken from these grains after nine months
of aging were microtomed and mounted on microscope slides for study during
the next quarter, The model frains were returned to their respective storage
environments,
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Table 1

REVIEW OF PROPELLANTS UNDER STUDY

Amount,, Age 2 Year
Motor - Years Sampled

Hawk 09692 or (5%L) ¢ 3¢ 1964
Hawk 0808L 5 Lg 1965
Hawk 15121 150 5% 1966
Hawk 09708 150 6% 1967
Minuteman 7601L 80 3 1967
Minuteman Igniter <1/ 1 1966
Polaris Cycling Unit 80 S& 1964
Polaris Cycling Unit 30 % 1966

8At time of sampling,

ITT. OPTICAL AND MICROSCOPIC STUDIES

A, MICROSCOPIC REACTION SITES
1. General

During this quarter microscopic studies continued on charac-
terization and volumetric determination of the refractive tyrne sites, The
colored sites illustrated and discussed in the previous renort do not have
sufficiently sharp boundaries to attempt a microscovic volumetric measurement;
consequently, chemical methods are being applied to determine possible concen-
tration gradients,

2, Refractive Type Reaction Sites

Soms general characteristics of refractive type sites were
illustrated in the second Quarterly Report (AFRPL-TR-67-L41, papes 6-7, Figures
la, 1b, 2a and 2b), At the time, no mechanism for the formation of the clear
halo shown in Figures la and 1b or of the surface swelling in Firures 2a and
2b was suggested, It was concluded from the map data in the third Quarterly
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Report (AFRPL-TR-67-136) that a liquid phase within the grain was migrating
to cause the concentration gradient, If this migrating material reacted and
built up the clear halo around the aluminum, there should be indications of

- what happened to the original propellant around the site, The area around the
site could not be seen in the previous igniter photomicrographs because of the
high density of opaque solids surrounding unaltered propellant matrix. To

. overcome this difficulty, a propellant was obtained with a formulation similar
to the model igniter and which could be microtomed considerably thinner, The
photomicrographs of this propellant (Figures la and b of this report) show
that a ring of opaque solids has collected outside the lear area of the re-
action site. The aluminum particles in Figure 2a and 1igher magnification
in Figure 2b represent a slightly different state in the reaction. The alumi-
num has been corroded away until only a very fine network of aluminum mesh is
seen, At other reaction sites, such as in Figure 1, the aluminum surface is
highly serrated, indicating surface corrosion., Thus, the external opaque ring
probably includes copper chromite (Cu0202) and aluminum that was pushed aside
plus some corrosion fragments of the large central aluminum, To investigate
possible reasons for the variable corrosion process, aluminum particles were
embedded in an epoxy, polished and etched, In Figure 3, a large single alumi-
num particle is shown to consist of multiple grains, In general, some parti-
cles are composed of a few grains while others are multigranular and it is
probable that surface corrosion occurs where the particle has a few grains and
the network corrosive process occurs on those with the multiple grain structure,
The fine aluminum particles were observed to be mostly single grains, As
shown in Figure 3, there appear to be numerous impurities within the aluminum
particle which are exposed by the reaction,

A refractive type reaction site from the igniter model grain
aged six months is shown in Figure L in four types of transmitted light at the
same magnification; a) intense convergent light which shows the lack of opaque

; material, b) plane pirallel light which shows the multiple phase composition
of transparent material, c) dark field phase which shows the altered refractive
L 1 index of the transparent material, and d) doubly polarized light which shows
the presence of several birefringent crystals, which should be fine ammonium
perchlorate. Thus, the reaction halo contains little NH,C10, as well as metal-
lic solids, Numerous variations of these refractive sites occur; some are very
clear and others complex, but most have a well defined boundary which permits
an estimate of their area with a grid eyepiece, One unusual variation is shown
in Figures 5a and 5b at two magnifications, In Figure 5a the refractive site
is the small, round, clear area left of the large black aluminum particle and
. below the large white angular NH,C10, crystal. At higher magnification
(Figure 5b) a dendritic structure of opaque solids is seen in the right side
of the refractive site, A well defined dendrite is usually indicative of
precipitation and crystallization, The opaqueness and the environment suggest
a metallic sulfide but not an aluminum oxide, which would be transparent,
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3., Genesis of a Refractive Site in the Model Igniter Grain

The observations to date would suggest that the refractive
sites are formed by outward migration of a volatile component that leads to a
reaction with selected alumirum particles. The aluminum reaction may indicate
a slightly basic environment which would favor the attack on the aluminum oxide
coating, On the other hand, an acid enviromment will readily attack the alumi-
num along its grain boundaries, Some of the ammonium perchlorate crystals
apparently dissolve and some seem to react in the solid state to form ammonium
chloride. A reaction with the binder first breaks it (the binder) down suf-
ficiently to permit redistribution of one to five micron size particles, and
subsequently, a different binder reaction produces a new polymer with a con-
siderably different refractive index,

k. Planimetric Anélysis of Refractive Sites in Model Igniter
Grains Aged Six Months

In the previous Quarterly Report the procedures used for
planimetric analysis of reaction site concentrations were described and aonlied
to samples aged three months, The only change in the procedure has been to
maintain the isopleth interval a uniform 6% with the initial isopleth at 3%,
The analysis of the six-month samples has been limited to the ray tips. The
samples are further designated by a letter that indicates their axial distance
from the end of a grain; A samples being 14 inches and B samples, 24 inches
from the end, Figures 6, 7, 8, and 9 are isoplethic maps (volume concentration
contours) which express the relative concentration gradients, Maps of the
grain aged at 110°F are in both Positions A and B, while the others are in the
B position, The 120/5C°F sample was stored for the first 3 months at 120°F
and the next 3 months at 50°F, The results of the planimetric analyses for
the 3- and 6-month periods are shown in Table II and Figure 10. It is apparent
that the formation or growth of refractive tvpe reaction sites has continued
during the 3- to 6-month interval, but at a reduced rate from the first three-
month interval, Whether the difference between the 110A and B samples is due
to propellant variation (one thin section is not a random propellant sample),
or a possible axial gradient is unknown, Whether the volume concentration of
reaction sites has increased because of the formation of new sites or because
of growth of old sites was not determined, The percent increase between the
3- and 6-month periods is shown in Figure 11, The lower position of the 120°F
point reflects a possible retardation of the reaction by the SO°F storage for
part of the interval, At least, the point is about at a position of the maxi-
mum cumulative error; if the same retardation is found in the 9-month sample,
it is probable that 50°F storage is on the other side of a bell-shaped curve
(Figure 10), A bell curve is indicated on the basis that the reaction can be
stopoed by storage at high (180°F) temperature and by storage at some lower
unknown temperature,
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Table II

RELATIVE VOLUME PERCENT OF REFRACTIVE SITES IN MODEL IGNITER
AGED FCR 3 and 6 MONTHS

Storage 'I‘c.amp (:F) Aging Time, months Vol umeb
and Position 3 6 Increase, %

1108 52.5 38.5
no 37.9 L3.5
120B 38.9 2L.3
120A 31.3
130B 25.0 17.9
1304 21,2
150 5 est,
180a 1 est.

% - 1¢ inches and B = 24 inches from end of grain,

b(E value at 6 months - A value at 3 months)/A value at
3 months,

5. Colored Reaction Sites in Model Bipropellant Grains

Colored reaction sites appeared in the sample aged 3 months
as a gray-green diffuse precipitate; after 6 months of aging they were found
throughout most of the ray section and were partially condensed into definite
Iiesegang Ring (actually shells) structures, In the 9-month sample the red
gel center, similar to those in the L and 5¢ year old hawk motors, was
observed, The diffuse color boundaries do not permit a microscopic volumetric
analysis and a chemical method is being devised to determine if various in-
organic ions have migrated to form a concentration gradient. A microscopic
frequency plot of the colored reaction sites can be prepared and, in con-
Jjunction with the chemical analysis, an isopleth map can be constructed,

The schematic mup in Figure 12 illustrates recent obser-
vations on the general distribution of refractive and colored reaction sites
in a small 6- to 9-month old bipropellant grain stored at 120°F,
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v, CHEMICAL STUDIES

Chemical analysis of the degraded binder from a Polaris Cyeling Unit had
previously revealed that the ethylene dichloride soluble material was composed
of polyurethane fragments of varying molecular weights, Separation and identi-
fication was achieved by column chromatography and infrared spectroscopy, .
respectively., The emphasis in this quarter has been to define more accurately
the chemical componenis and environmental conditions required to produce the
high refractive index material and colored reaction sites that have been observed
microscopically. A stock polyurethane binder, with a composition similar to
that used in a Minuteman Igniter Propellant, was chosen as the reaction matrix,
The following were added, individually and in combination: Al, NH,C10,, FeAA,
copper chromite and TDI, Each of these samples (ca, 5-gm size) was placed in
a 110°F oven and removed and examined periodically. To date, no reactions have
been observed,

The high refractive index material present in the Polaris Unit is being
chemically analyzed. Because of the low solubility in common solvents and low
volatility of this material, analysis by conventional techniques such as infra-
red and chromatography is not feasible, More polar solvents such as dimethyl
sulfoxide and dimethylformamide dissolve this material, but the solvents them-
selves interfere with the analyses, Attempts to improve the analytical method
are continuing,

A propellant sample was taken from Hawk Motor 15121 that contains the
previously reported size gradient of colored reaction sites in the booster frain
between bipropellant interface and bore surface, Attempts are underway to
analyze any differences in FeAA concentration and total iron concentration in
different zones of the propellant grain,

V. FIRST YEAR REVIEW

(1)

This program was initiated to investigate observations reported earlier
on the occurrence of microscopic reaction sites in five vear old Polaris and
four year old Hawk polyurethane propellants with the objective of gaining from
these observations new knowledge on the general problem of chemical changes in ;
propellant aging,

In considering the technical approach to attaining program objectives,
the latest data shows that a significant advance in this area has been made.
The proposed approach was to obtain samples where possible from sufficient
field-aged motors and apply a statistical analysis to help solve the diffi-
culties inherent in nonperiodic random sampling, complex storapge histories,
variable formulations, and casting time. To overcome a possible deficiency

(1) J. L, McGurk, "Microscopic Determination of Near Solid State Changes
in Aged Propellant", A.A,I.A, Journal, 3, 1390-95 (1965).
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of field samples, model grains were cast and stored at various temperatures on
the probability that at least one would be useable after some time lapse that
was to be determined by periodic sampling. The data from the model grainrs
indicated that the aging reaction occurred at most of the storage temperatures
and at progressively reduced rates as the storage temperature increased, Fur-
thermore, the changes were quantitatively measurable within the discrimiuation
limits of the microscopic planimetric procedures at each of the selected sam-
pling periods, As a consequence, the reaction sites can now be produced in a
controlled manner, formulation variables introduced, and temperature and sam-
pling periods preselected to be within the discriminatory limits of the volu-
metric procedure using the optical microscope. Thus, reaction rates can be
determined for the observed processes. The reaction rates will be a signifi-
cant factor in obtaining a solution to the problem of whether the rapid rate
(months) in the small model grains can be extrapolated to the apparent rate
(as yet unproved) of several years in the larger field motors. Reaction rates
for the overall process will also permit comparison between formulations,

The reaction in model grains apparently requires a good part of a year
and use of the procedure in the coming year, along with the tasks currently in
progress will, at best, result in acquisition of only partial data, However,
since to date, the chemical analyses have given little information on the
specific chemical reactions that occur, consideration is being given to (1)
preparing model grains with formula variations and (2) using the data to deter-
ming the reacting species and, thus, obtain information on the chemistry in-
volved in the aging reactionms.,




REFRACTIVE SITE WITH RING OF OPAQUE SOLIDS

D aa i
.
-t e b AR ARV

320X
b
-8- !
Figure 1 |
i




REACTION OF ALUMINUM

a 125X

Figure 2




POLISHED AND ETCHED ALUMINUM PARTICLE

SHOWING GRAIN BOUNDARIES

500X

Figure 3




A REFRACTIVE SITE IN TRANSMITTIED LIGHT

a. Convergent 125X

c. Dark field d. Doubly polarized

«]]l-
Figure 4




OPAQUE DENDRITES IN A REFRACTIVE SITE

250X

b 500X

]2

Figure 5




MODOEL IGNITER GRAIN

6 Months 110

ISOPIETH MAP,

F, A

/3y

Figure 6

«l3-

R —_—




ISOPLETH MAP MO%EL IGNITER GRAIN
6 Months 110°F, B

3672

Figure 7




ISOPLETH MAP, MODElb IGNITER GRAIN
313 Months 120/50°F, B

Figure 8




T Y 1T T —— s T —— .

ISOPLETH MAP, M%DEL IGNITER GRAIN
6 Months 130°F, B

2 30 302418

29 '8l

-16-

Figure 9

.
<N




3, ‘asnjesadwal
00¢ 06T 08T 01 09T 0ST OVT OcT 02T OTT 00T 06 08 0L 09 OS
| I D D D
— 01
— 02
syjuou ¢
— 0¢
syyuow 9 .~ L7 cV
— O
~. — 06
I’IIIUI'.U \\L

WESERETL T CEY

i

Figure 10

-17-

SHINOW 9 (NV € @39V SNIVYO ¥3LINOI T3G0W NI
SALIS 3JALLIVY43Y 40 NOILVIINIONOD IWNTOA AUV




o St et A, et

“_o ‘aanjetadwaj
0el 01 011 001
_ ] I 0
— 01
. QN %
o
> o
—0€ S N
S
— 0F
— 06

SIIdWVYS SHINOW 9 ANV ¢ N3Imiig

JWNTOA LIS NOILJIYIY NI ISYIIONI

IN3Od3d

Figure 11




[1eM 3se)

Jauigsng

9uoZ a|s

)1}oB3Y Patojo?) 13)s00g

auoz 8yl
Uo1}oB3Y 9AI}0R.1J9Y

NOILJ3S SSO¥D INVIT3dO¥dI8 V NI S3LIS NOILOVIY 3ALLOVY43Y ANV
030103 30 NOILVIOT INIMOHS dYW HIIIdOSI IJILVWIHIS

=y

-19-

Figure 12




¢ rama

BT

[

‘§3- REPORT TITLE

VJ10- AVAILABILITY/LIMITATION NOTICES

UNCLASSIF IED
Soeudty_gllulﬁcation

N

DOCUMENT CONTROL DATA - R&D

(Security claseilication of tttte, body of ebstract and indexing annotation muet be entered when the overel! report le ¢lasetited)
1. ORIGINATIN G ACTIVITY (Corporete author) . 20. REPORT SECURITY C LASSIFICATION
Aerojet-General Corporati on Unclassified
P, 0, Box 15847 . 2b GROUP
Sacramento, California 95813

MICROSCOPIC AND MICROCHEMICAL STUDY OF AGED SOLID PROPELLANT GRAINS (U)

4. DESCRIPTIVE NOTES (Type of report and Inclusive detes)

Fourth Quarterly Report -~ 1 May to 31 July 1967

5. AUTHOR(S) (Laet name. firet name, initiel)

1 Di Milo, Anthony J,
McGurk, James L,

6. REPORT DATE . 74. TOTAL NO. OF PAGES 7b. NO. OF REFS

August 1967 21 1
§a. CONTRACT OR GRANT NO. . S4. ORIGINATOR'S REPORT NUMBRR(S)
AF 0L(611)-11637 K
5 PROJECT NO. AFRPL-TR-67-228
. 31"”8 : 9b. gr.u::o”noar NO(S) (Any other numbers thet may be seeigned
. 1082-81Q-4

This document is subject to special export controls and each transmittal to
- foreign govermnments or foreign nationals may be made only with prior approval
* of AFRPL (RPPR/STINFO), Edwards, Callf?rnla 193523

M SUPFLEMENTARV NOTES . * “TINSORING MILITARY ACTIVITY

; Y -+ Force Rocket Propulsion Laboratory
Research and Technology Division
Edwards, California

e

13. ABSTRACT ‘ Kir Force Systems Command,
3 United States Air Force

. The microscopic planimetric analysis of the model. grains aged six months and
sectioning and sampling of a 6§ryear old Hawk Motor were conducted during this
quarter. For the model grains, reaction site volume-aging temperature curves
after’ six months were different from those after three months, This may make
possibae the calculation of a rate.constant and activation energy for the reaction
occurring in this formulation for comparison with similar parameters for the
reactions observed in other formulations, It also allows the investigation of the
reaction. under controlled conditions by introducing variables in the formulation
and storage environments, and preselecting temperatures and sampling periods that
will yield information of the specific reactions which occur,

DD "o 1473 | UNCLASS IFIED

Security Classification




prrg R

UNCILASSIFIED

Security Classification.

14
KEY WORDS -

LINK A LINK 8 LINK C

ROLE wT ROLE wT ROLE wT

Grain, Aging

Propellant Aging

Microscopic Techniques

Hawk Aging

Polyurethane Aging

Polaris aging

Minuteman Igniter Propellant Aglng
Aging Reaction Sites

Accelerated Aging

Mechanism of Aging of Polyurethane Propellants

Aluminum Reactions in Aging of Propellants

Ay

—"

P 513V i SR T 3

e

e —

R

e

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, aubcontractor, grantee, Department of De-
fenae activity or other organization ( corporate author) issuing
the repott.

2a. REPORT SECURITY CLASSIFICATION: Enter the over-
all security ciassification of the report. Indicate whether
“*Reatricted Data’’ is included. Marking ia to be in accord-
ance with appropriate security regulationa.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200. 10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 ‘as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital lettera. Titles in ali cases ahould be unclassified.
If a meaningful title cannot be aelected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following the title.

4. DESCR'PTIVE NOTES: If sppropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

S. AUTHOR(S): Enter the name(s) of author(s) aa shown on
or in the report. Enter last name, first name, middle initial,
If military, show rank #nd branch of service. The name of
the principal a0thor is an absolute minimum requirement.

6. REPORT DATZ: Enter the date of the report as day,
month, year; or month, year. If more than one date appears

on the report, uae date of publication. 1

7a. TOTAL NUMBER OF PAGES: The total page count
ahouid follow normal pagination procedures, i e., enter the
number of pagea containing information.

7b. 'NUMBER OF REFERENCES: Enter the total number of
referencea cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written,

8b, 8¢, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, auch aa project number,
aubproject number, aystem numbera, task number, etc.

9as. ORIGINATOR'’S REPORT NUMBER(S): Enter the offi-
cial repo-t number by which the document will be identified
and controlled by the originating activity. Thia number muat
be unique to thls report.

95. OTHER REPORT NUMBER(S): If the report haa been
aaalgned any other report numbera (either by the originator

or by the aponsor), also enter thia number(a).

10, AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further diasemination of the report, other than thoae

imposed by security clasaification, using standard statements
such as:

(D) *“*Qualified requesters may obtain copies of thia
report from DDC.”’

(2) ‘**Foreign announcement and diasemination of this
report by DDC is not authorized.’’

(3) ‘‘U. 8. Government agencies may obtain copies of
this report directly from DDC. Other qual med DDC
users shall request through

”
.

(4) ‘*U. S. military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall request through

(5) *“*All distribution of this report is controlled Qual-
ified DDC users shall request through

If the r'epon has been furnished tc the Office of Technica:
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known

I, SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12. SPONSORING MILITARY ACT!VITY: Enter the name of
the departmental project office or laboratory sponsoring (pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the ‘document indicative of the report, even though
it may also appear elsewhere in the body of the technical re-

port. If additional space is required, 2 continuation sheet ahall’
be attached.

It is highly desirable that the abstract of classified reports
be unclasaified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (TS). (S). (C). or (U).

. There is no limitation cn the length of the abstract. How-
ever, the suggeated length is from 150 to 225 words.

I4. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selec'ted ao that no security classification is required. Identi-
fiers, such aa equipment model designation, trade name, military
project code name, geographic location, may be used as key
words but will be followed by an indication of technical con-
text. The assignment of links, rules, and weights is optional.

@O §86-95°

w

UNCLASSIFIED

Security Classification

R

st~




