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INTRODUCTION

In accordance with , Harry Diamond Laboratories Purchase Order No.
DAAG39-76-C-2OO2,~ Unidynainics/Phoenix, Inc. performed an evaluation

of large pyrotechnic arrays for nuclear burst simulation. This

investigation was an extension of previous studies conducted under

Purchase Order No. DAAC39—75-C--2006, during which the feasibili ty
of using pyrotechnics as high—radian t—flux  emitters had been
established . During the current program , the development of high-

radiant—output pyrotechnics was continued, and two of the more

energetic compositions were evaluated in large arrays. The fol-
lowing major tasks, identified by the number assigned to each in

the purchase order, were performed during this program .

0 Task 1 - Using motion pictures and other appropriate methods,

the smoke/plume characteristics of selected pyrotechnics were

recorded . -

o Task 2 — Methods of dispersing the smoke generated by the
• burning of large pyrotechnic arrays were investigated .

S Task 3 — Ignition aid techniques were developed for igniting
• all parts of large pyrotechnic surfaces nearly simultaneously.

• Task 4 — Pyrotechnic samples were provided to a designated

Government facility for radiant output testing .

• S Task 5 - Alternate pyrotechnic burning configurations,

particularly ignition on the opposite side from the target.
• were investigated .

S Task 7 — The state of the art in high temperature pyrotechnic

research was monitored to identify possible new radiant flux

sources . Laboratory irradiance tests were performed on all

compositions deemed to have special mer it.

• Task 8 — Three large arrays each of the two most promising

pyrotechnics were constructed and tested . These arrays

had an equivalent effective surface area of 28.3 square inches

and were configured to allow optimum smoke dispersal. The

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- 
plume , smoke , and other characteristics of the six burns were
recorded by still camera, television, and motion picture
photography. -

-

. This report describes the results obtained during performance of
the seven numbered tasks and presents Unidynamics ’ recommendations

• concerning the safe handling of pyrotechnic components used in
4 very large nuclear simulation arrays . In addition, a comparative

summary of pertinent laboratory irradiance data obtained dur ing
3 both the current program and the previous study is included .

•

_ _ _ _ _
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TASK 1 - SMO KE/PLUME CHARACTERIZATION

1
A series of six outdoor bur n tests was performed to observe and
photograph the smoke and plume effects  of selected pyrotechnics.

3 The materials evaluated were magnesium/Halon/Fluorel (1960 Mix ,
Lot EL 37070) , zirconium/molybdenum trioxide/Fluorel (Lot EL 37059),

1 
and two formulations of magnesium/zirconium/molybdenum trioxide/
Fluorel (Lots EL 40104 and EL 40105) . The constituents and major

1 combustion products of these materials are tabulated in Appendix A.
II

Both 35 mm black-and-white still photographs and 16 mm color

motion pictures were taken during each test. In addition, pellet

burn time was recorded . The data obtained and observations made

J during the six tests are listed in Table I. Figures 1 and 2

show typical smoke/plume effects from the two materials of greatest

I interest, 1960 Mix and Fluorel—bonded zirconium/molybdenum trioxide.
- 

As noted in Table I, 1960 Mix produced a small yellowish—white

plume and a relatively thin cloud of grayish—white smoke . The

yellow coloration in the plume can -be attributed to the presence

• i of incandescent carbon particles functioning as black body radiators.

The color of the smoke is proportional to the ratio of its two

1 major components , magnesium fluoride (white) and carbon (black) .
j When 1960 Mix is burned in excess air , as in the reported ser ies

of tests , most of the carbon particles are consumed as they leave
j the fuel-rich environment of the plume and mix with the surround ing

atmosphere. This causes the smoke to be grayish-white in color
• • J since its pr imary constituent is magnesium fluor ide . In addition,

removal of the carbon significantly reduces the density of the

smoke from 1960 Mix compared to that produced by compositions of

the zirconium/ molybdenum trioxide type . Of the four materials

evaluated, 1960 Mix produced by far the least obscuring smoke

• 4 cloud . An example of the smoke and plume effects from a pellet

of burn ing 1960 Mix is shown in Figure 1. This photograph was

taken approximately midway through the burn.

• I -
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The plumes produced by zirconium/molybdenum trioxide/Fluorel and 

Jthe two Fluorel-bonded magnesium/zirconium/molybdenum trioxide
.1 formulations were brilliant white in color . Plume size appeared

to be directly related to pellet burn rate. The plume from a

- • • I pellet of EL 37059 (all zirconium fuel) was moderately long and
expansive, reflecting the medium fast burn rate of this material.

J Also, as shown in Figure 2, EL 37059 produced a dense, obscuring
cloud of white smoke . The two magnesium-modified zirconium/• J molybdenum trioxide formulations both exhibited very fast burn
rates , resul t ing in the formation of long, broad jet plumes which I

i evolved into very dense clouds of white smoke. The combined size

and brilliance of the plumes from EL 40104 and EL 40105 resulted

1 in illumina tion so intense that the still photographs of these • I
J two materials were badly overexposed . The color motion pictures, j

which were taken from a greater distance, disclosed that these corn— I] positions burned very rapidly with much greater violence than -

that of the other materials evaluated .

H 
. -

In summary, the reported series of tests disclosed that 1960- Mix -
• 1 burned in excess air produces a concentrated plume and a relatively

thin cloud of grayish-white smoke. Under most conditions, this

1 smoke would not be expected to cause serious obscuration problems .
.1 By comparison, Fluorel—bonded zirconium/molybdenum trioxide and

magnesium/zir conium/molybdenum trioxide produce larger , brighter,
j more expansive plumes and very dense clouds of white smoke. The

smoke from these compo.~itions could easily cause severe obscuration
• J problems if not properly removed from the area of the plume .

j

k
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FIGURE 1 
•

I SMOKE/PLUME EFFECTS OF 1960 MIX
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T~~LSK 2 - SMO KE DISPERSAL METHODS

The primary smoke dispersal method evaluated during the current

program consisted of operating a large exhaust fan adjacent to] parallel panel s of burning pyrotechnic compri sing a test arr ay.
This techni que, which was employed during the two series of large

J array tests conducted late in the program, created a rapid air flow

over the parallel pyrotechnic surfaces, sweeping most of the solid

- 1  combustion products and residue away from the aperture . Pyrotechnic

materials evaluated dur ing these tests included magnesium/Halon/

1 Fluorel (1960 Mix , Lot EL 37070) and zirconium/mo lybdenum trioxide/
1 Fluorel (Lots EL 37059 and EL 40130) . Although both of these

compositions generate cons iderable smoke on combustion , the zir—

~SJ conium/molybdenum trioxide formulation produces a far more obscuring

cloud than 1960 Mix. For this reason, it was regarded as the most

I likely source of problems with respect to smoke dispersal .

During the first test series , in which a 2.5—inch diameter aperture
was used, a four—bladed Unidynarnics—supplied fan with a 20—inch

i diameter sweep was employed . During the second series of tests,
J in which a 6—inch diameter aperture was used, a four—bladod

Peerless fan with a 36—inch diameter sweep was utilized . The

j fan used in the latter test series was a Government—furnished

item supplied to Unidynamics specifically for this application.
‘ 1

•1
In both series of tests , the fan selected for use had suf f ic ien t
air flow capacity to remove a large percentage of the particulate

matter which woul d otherwi se hav e forme d a dense , obscuring cloud
of smoke in or near the aperture, thus blocking the rad iant flux
between the pyrotechnic emitter and the detector . The peak irra—

diance values recorded during these tests compared very favorably

with tho se obtained for the sam e composi tion s during earlier
laboratory tests, indica ting that the smoke removal t echni ques
employed in the large arr ay tests were highly effective . Thus,

• . it can be concluded that the use of a properly sized exhaust fan
is a sui tabl e method for d isper sing the smoke generated by the
burning of a large array of parallel pyrotechnic panels. 

_ _ _  —---
~~ ------ ---- -— ---~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ -- - -- - -
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TASK 3 - IGNITION AID STUDIES

] Prior to testing large pyrotechnic arrays in the light tunnel, it

- •

- 

was necessary to develop a means of igniting these items rapidly

] and reliably over their entire burning surface . With this objective

in mind, a series of three tests was performed to evaluate the

1 combined use of a surface layer of titanium/boron/Fluorel as the
• pellet ignition material and a length of pyrotechnic flash cord

as the ignition transfer mechanism. The first two tests in this

- 
- J series were performed using pellets containing 1960 Mix as the

base charge and 68/30/2 titanium/boron/Fluorel as the ignitioh

] material . The third test was conducted using pellets containing

zirconium/molybdenum trioxide/Fluorel as the base charge and

j 65/30/5 titanium/boron/F luorel as the ignition material . The

pellets for all three tests were prepared by copressing the base

I charge and the ignition material at 5,000 psi (Tests 1 and 2) or
10,000 psi (Test 3). The composition of the ignition material

i was modified prior to the third test to improve its consolidation
• 

-~ characteristics . In all three tests the pellets were aligned in
- 

a linear array measuring approximately 16 inches in length and 
- -

j  one inch in width . Pellet thickness averaged 0.110 inch. The

individual pellets comprising the array were aligned end to end

J and bonded to a base board using nitrocellulose lacquer . The

ignition surface of the pellet array was also painted with a thin

j coating of nitrocellulose lacquer, and the assembly was allowed

to dry . A length of pyro technic ignition cord was then secured

• } 
to the top surface of the pellet array using a strip of aluminum

foil—backed tape. The tape was applied in a manner which held
-

~~ 

the cord firmly in place against the surface of the array while

leaving a space on each side of the cord to allow pressure to

build up on ignition. This configuration was designed to cause

J a rapid flash to propagate along the length of the assembly .

The general configuration of the three ignition aid test panels

J is shown in Figure 3.

I 

.-- -
~~~~~~~-- -
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P The three ignition aid assemblies were tested by igniting the

1 exposed end of the pyrotechnic cord and measuring the time re—

quired for the resultant flash to transmit the ignition stimulus

along the length of the pellet array . The ignition trans fer t ime
was monitored by means of two ionization probes located at a

measured interval above the surface of- the array . Pertinent com—

J ponent parameters and data obtained in the three ignition aid

tests are presented in Table II. As will be seen, the use of

1 0.125—inch diameter extended 50—4052 ignition cord resulted in

rapid propagation of the ignition stimulus with both 1960 Mix

1 and EL 37059. Based on the results of these tests, this type of

ignition cord was selected for use in the large array testing in

- the light tunnel.

- 

- 

- 

-
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p TASK 4 - PROVISION OF PYROTECHNIC SAMPLES TO BALLISTIC RESEARCH

LABORATORIES -

-

, 

At the request of HDL, 10 samples each of the two most promising

1 high—radiant-output pyrotechnics were provided to Ballistic

Research Laborator ies for evaluation. The two compositions pro—

vided were 1960 Mix (Lot EL 37070) and zirconium/molybdenum trioxide/

Fluorel (Lot EL 37059) . Ten 1.0—inch wide by 1.5—inch long pellets

of each formulation were fabricated and mounted on 2—inch square
ml t ransi te  panels using epoxy cement. The exposed surface  of each

1 pellet was then painted with a coating of nitrocellulose lacquer

J to reduce the probability of chipping and to enhance ignition

sensitivity .
- 

Ii ]
The consolidation pressure used for both groups of pellets was

• 10, 000 psi. The 1960 pellets contained 4 .0  grams of 1960 Mix as
the base charge and 0.5 gram of 65/30/5 titanium/boron/Fluorel

1 (Lot EL 40113) as a copressed ignition layer . These pellets

measured approximately 0.10 inch in thickness and had an average
-

~ 

- 

composite density of approximately 1.80 grams/cubic centimeter.

1 The zirconium/molybdenum trioxide/Fluorel pellets contained

17.5 grams of EL 37059 as the bas e charge and 1.0 gram of 65/30/5
j titanium/boron/Fluorel (Lot EL 40113) as a copressed ignition

layer . These pellets measured approximately 0 .20  inch in thickness
* J and had an average composite density of approximately 3 .65  grams/

cubic centimeter .

Complete dimens ional data for the 20 pellets supplied to BRL are
- : listed in Table I I I .

.1
t S

41
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TABLE III

DIMENSIONA L DATA FOR HIGH-RADIANT -FLUX PELLETS

-: -~~ SUPPLIED TO BRL

- - 
- • 

- 196 0 COMPOSITION
I
A

- pellet Weigh t Height Densi~~y
- No. _ (g~) _ (in) (gm/crn

— 0]. 4.45 0.101 1.79
1 02 4.46 

- 

0.102 1.78
03 4.44 0.102 1.77

1 04 4.46 0.101 1.80
.1 05 4.48 0. 100 1.82

- 06 4.46 0. 101 1.80

1 07 4.46 - 0.099 1.83
08 4.45 0.101 1.79

1 09 4.46 0. 100 1.81

- 
10 4.43 -

- 

0.102 1.77

- 

. 

-

I EL 37059

• 02 18.33 0.206 3 .62
• 04 18.30 0 .202 3.68

* 1 05 18.23 0.202 3.67

1 06 18.35 0 .202  3.69
• 07 18.37 0.205 3.64

08 18.31 0.202 3.68
09 18.31 0.204 3.64
10 lp.35 0.202 3.69
1]. 18.38 - 0.203 3.68
12 18. 33 - 0.204 3.65
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TASK 5 - INVESTIGATION OF ALTERNATE PYROTECHNIC BURNING CONFIGURATIONS

The initial screening of all candidate pyrotechnics as radiant

emitters was performed in a test fixture in which the pellets

I were oriented parallel to the viewing axis of the detector head .
S ince pellets tested in this configuration were viewed from the

1 side , the flame was observed at a point normal to the burning
surface . This frequently resulted in jartial obscuration of the

~~~ 

flame by condensed combustion products downstream from the pr imary

-i reaction zone. In addition, the output signatures of most pellets

tested in this setup appeared as irradiance plateaus which remained
} at -a relatively constant level for several seconds . Thus , the

output characteristics of these pellets were more typical of a

] flare than a high—intensity burst of short duration. For this

reason , in an e f fo r t  to s imulate the output signature of a nuclear

I 
- 

burst more closely , a modified test method was developed . This

test mode involved mounting a pellet directly over the viewing

1 aperture and igni t ing  the pellet from the back . Radiant  outpu t

was then monitored during the period while the reaction zone was

1 emerging through the front or viewing side of the pellet. This
j permitted direct observation of the unobscured flame for a short

period of time before the reaction products accumulated in the

J downstream plume . Prel iminary testing of 1960 Mix by this “back—

burn ” method was reported in Unidynamics Document No. ’ s MCD—23

* J and MCD-27 (Progress Report No. ‘ s 3 and 5 for HDL P0 No. DAAC39-

75-C—2006) . As stated in those reports , the maximum radiant outpu t
levels obtained by this method were somewhat lower and much less

• consistent than those obtained by the normal side—on test mode .

Subsequent investigations disclosed that the reaction zone which

.1 emerged from the front  of a burning 1960 pellet was hi ghly irregular
in shape . In addition , the reaction burn-through pat tern varied

J from pellet to pellet. For this reason , the observed emit t ing  area
was not consistent, and very erratic outpu t levels were obtained .

.4
During the current program , an e f f o r t  was made to e l iminate  the

1 inconsistencies associated with backhurn testing . A series of 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • •~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



• ~~~~~~~~~~~~~~~~~

I 
. 

—15-

I
10 tests was per formed in which the pellets were mounted directly
against the aperture plate to form a light—tight seal. The pellets

I were ignited from the back , and the flame front  emerg ing on burn—
through was monitored both by the radiant flux detector and a 16 mm

- -

- motion picture camera. In order to permit simultaneous observa-

tion by both the detector and the camera, an optical beam splitter

of 78.5 percent transmission was placed between the pellet holder
- - and the detector . The camera was positioned at an angle of

I 90 degrees to the optical bench and focused on the surface of the

beam splitter. This test setup is shown in Figure 4.

J The results of the 10 backburn tests are listed in Table IV, and

the flux—time traces from these tests are shown in Figures 5

• J through 9. - As will be seen , the output curves were all highly
erratic with the exception of- those from Test No. ‘ s 176 and 182 .

J In those two tests , the pellets burned out on the sides and generated
plumes much larger than the area of the viewing aperture. The

• 1 last four tests in the backburn series were photographed at
64 frames/second on color film. The resulting films were scru—

1 tinized for evidence of combustion characteristics peculiar to

.1 the backburn test mode . During initial study of these films, it

was observed that a high—intensity pulse of radiant energy of

J very short duration occurred immediately pr ior to pellet burnout .
The ful l  magnitude of this pulse was not delineated by the strip

J chart recorder due to the slow response time of this device . How—
* ever , the oscilloscope r eacted quickly enough to display the fu ll

I intensity of this pulse , demonstrating the necessity of using
this type of equipment to record the output of short—duration
radiant burst phenomena.

Observation of the films also disclosed that the pellet burn—through

j patterns were extremely erratic and inconsistent . Oscillating
• pulses of light alternating with periods of reduced flame activity

I were apparent in all tests which were filmed . This phenomenon is

illustrated by the series of photographs shown in Figure-b . These

1 • photographs were taken from the film record of Test No. 181 and 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .



—-
~ 

- - --~~ -—  -~~-~~~~~~

- —16—

- cover the time per iod during which the maximum irradiance level
of that test occurred . The radiant peak , which is shown in
Frame 612.4 , represents a measured output of 4 .4  mw/cm 2 and

-~ 
- occurred at the point indicated on the accompanying trace. As

can be seen from both the photographs and the outpu t trace , the
apparent irradiance of the pellet was at a very low level just

— 
prior to and following this peak. -

r In view of the erratic data generated during the backburn tests,

the significance of the result ing outpu t traces is considered

r questionable. However , based on the combined results  of the

I backburn tests conducted during both the current program and the

previous study, the use of this technique to achieve a simulated

I high—intensity radiant burst does not appear promising . For

this reason, further evaluation of the backburn combustion mode

is not recommended . Alternate pyrotechnic configur ations which
appear particular ly useful for generating high—intensity bursts

r include those in which the burning surface contains a number of

small concave indentations of some type (conical, inverted pyra—

midal , waffled , etc.) This type of surface geometry could be

combined with a thin pellet web to obtain a very large effective

burning area capable of yielding an output signature of very short

duration and extremely high intensity . it is recommended that

investigative efforts be pursued in this general area.

I
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- TABLE IV
- - PELLET PROPERTIES AND RADIANT EMITTANCE DATA

£ - FOR 1960 MIX TESTED IN THE BACI~~URN MODE

V
Maximum

Test Pellet Pellet Pellet Measured
No. Weight Thickness Density Irradiance

-

• 
(S/NI (gm) (in) (qm/cm ~J (rrrw/crn 2 ) Remarks

173 15.01 0.379 1.97 3.8 Very erratic trace

1 174 15.00 0.379 1.97 7.1 Very erratic trace

~ r 175 14.97 0.379 1.97 7.8 Very erratic trace

176 14.98 0.380 1.97 >20 Off—scale peak

177 15.00 0.379 1.97 4.4 Very erratic trace

* 178 15.00 0.378 1.97 9.8 Very erratic trace -

- 179 15.02 0.379 1.97 3.3 Very erratic trace

1 180 14.97 0.380 - 1.97 5.6 Very erratic trace

181 14.89 0.377 1.96 4.4 Very erratic trace
• 

I 182 15.01 0.379 1.97 >20 Off—scale peak

* Notes : -

1. Viewing aperture radius in all tests was 0.95 cm.
2. Distance bet~•;een pyrotechnic pellet and detector surface was 100 cm .• 3. In all tests, the pellet was positioned so that its surface was

directly against the viewing aperture.
- 4. Ignition was accomplished in all tests with 50—4052 ignition slurry .

]•
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TASK 7 - SELECTION AND EVALUATION OF CANDIDATE PYROTECHNICS

The two pyrotechnics of primary interest as high—radiant-flux

emitters were 40.0/52.5/7.5 magnesium/Halon/Fluorel (1960 Mix,

Lot EL 37070) and 48/50/2 zirconium/molybdenum trioxide/Fluorel

(Lot EL 37059) . Both of these compositions were developed prior
to the current program . Pyrotechnic research conducted during

the-. present study consisted primarily of efforts to improve the

-~ performance and/or reduce the cost of these two formulations .

4 In addition , at the request of HDL, a plastic—bonded photoflash
composition was prepared and evaluated . A total of seven pre—

viously untested formulations was evaluated during the current

program . The constituents and major combustion products of these

materials are tabulated in Appendix A. For comparison ,,the con-

stituents and major combustion products of 1960 Mix and EL 37059

are also, listed.

Composition EL 37080 was formulated to determine the effects of

-
~~ using zirconium in place of one—half of the magnesium in a

-
~ 

stoichiometric magnesium/Teflon mixture. It was anticipated that

the addition of zirconium mi ght significantly enhance the radiant
output of this system without increasing its cost prohibitively.

EL 37081 was prepared for the purpose of evaluating 19-micron

magnesium as a replacement for one—half of the zirconium in

* stoichiometric zirconium/molybdenum trioxide . It was anticipated

- 

- 

that magnesium could be substituted for a portion of the more -

• 1 
costly zirconium in this mixture without significantly reducing

its radiant output. Both EL 37080 and EL 37081 were formulated

with stoich iometr ic 0/F balances .

Based on the high radiant output of EL 37081, compositions EL 40104
and 40105 were formulated to determine the effects of varying the -

‘

ratio of magnesium to zirconium over a broad range in stoich io:netric

] magnesium/zjrconjum/mo1ybden~ 11. trioxide . Those compositions were

- 
eva luat ed  to determine the extent  to which magnesium could be used

- as a cos t—effec t ive  replacement for z i r con ium in the zi rcon ium/
mol y b d en u m  t r iox ido  reaction system . L!oth EL 40104 and EL 40 105
were formula ted  wi th  stoichj onietrj c 0/F’ balances -

—-~ —~~ — - - - — -~~-— — — -~-----—~~
-
~~~ 
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~
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I Compositions EL 40124 and EL 40125 were formulated to determine

the effects  on performance of adding 5 percent Fluorel binder to
j stoichiometric zirconium/mol ybdenum tr ioxide and 1:2 magnesium/

• zirconium/molybdenum trioxide , respectively. These compositions
were of interest because of the very poor physical properties of

- - 

the corresponding mixtures formulated with only 2 percent Fluorel
(EL 37059 and EL 40104 , respectively) - It was ant icipated that
the additional Fluorel in EL 40124 and EL 40125 would enhance the
pelletized physical strength of these mater ia ls  without  sig n i f i c a n t l y
reducing their radiant output levels . Both EL 40124 and EL 40125
were formulated with stoichiometric 0/F balances .

At the request of HDL , Unidynamics prepared and evaluated a
plastic—bonded photoflash composition . The base formulat ion
selected for this study consisted of Type III , Clas s A , m i l i t a ry
photoflash powder having the following composition.

-

- 
Aluminum (20 ±5 micron)  - 40%

J Potassium Perchlorate (‘-‘-‘25 micron) — 30%

Bar ium Ni t ra te  (“150 micron) — 30%

This mixture  was blended with 1 percent Fluorel  binder to yield
EL 37089 , the formulation of which is listed in Appendix A.

The seven candidate h igh- rad ian t—flux  pyrotechnics were prepared
by manual ly blending the solid consti tuents into an acetone solution

a of Fluorel and allowin - the compositions to a i r—dry  in a fume
hood with intermit tent  s t i r r ing and/or kneading . When completely
dry, the mixtures were screened through a No. 20 sieve to break

up any agg lomerates and produce a uni form granula t ion  s ize .

p The reqi~ired number of test samples of each formulation were pre—
— J pared by consolidat ing 1.25-inch diameter  pellets at a pressure

of 10,000 psi and inhibiting their base and c i r cumfe ren t i a l  su r—
faces with a luminum foi l—backed tape . These samples were evaluated
by standardized techniques u sing the test setup shown in Figure 11.
This setup cons isteci of a Hewlett—Packard 8330A/8334A meter/detector 

-~~~~~~~~~~~~~~~~ 
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system used in conjunction with a Honeywell Electronik 19 recorder
and a Tektronix 535 oxcilloscope with an H type plug—in unit. A

‘I
UN—265E fi r ing  box and a UN—222C camera control for the Beattie
Oscillatron/Polaroid camera assembly completed the setup.

I -
r 

-For testing, each pellet was secured in a graphite holder and
positioned so that its surface was 0 .5  centimeter below and

a 2.0 centimeters away from the viewing aperture, which had a radius

of 0.95 centimeter. The distance between the edge of the pellet

-a and the surface of the detector was adjusted to 100 centimeters
in all tests . Ignition was accomplished using one gram of 430
ignition powder (equal parts of Si/CuO/Pb304) lightly tamped on

the surface of the pellet and an M—lOO electric match suspended

above the 430. The electric match was f i red  by a f ive—ampere
current from the UN-265E . The recorder and oscilloscope were
activated just prior to ignition .

Burn rate and radiant flux values obtained for the seven experi— -
mental formulations are listed in Table-V. In addition , this

table includes the radiant output data obtained for EL 40130.

This composition was prepared late in the program to replace the

depleted supply of EL 37059 and was identical to that material

in formulation. For comparison, the output values obtained for

four groups of 1960 control pellets tested at different times

during the program are also listed in Table V.

As will be seen in Table V , the calculated irradiance of EL 37080
— . (38.3 cal/crn2/sec) averaged approximately 20 percent less than

that of its parent compos i t ion , 1960 Mix (46 .1  cal/cm 2/sec in
tests conducted at the same time ) - In addition , the 18—micron

zirconiu;~i used in EL 37080 is potentially far more expensive than

the Granulation 16 magnesium which it replaces in 1960 Mix . For

these reasons , the evaluation of EL 37080 was discontinued after

the initial test series. The maximum calculated irradiance of

EL 37081 averaged 69.5 cal/cm2/sec in all tests and 73.3 cal/cm2!
sec if the low value from Test No. 160 is excluded . By comparison ,

- - •— -- - - - -

~

•

~
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I the max imum radiant  f lux of EL 37059 (48/50/2 zirconium/molybdenum
trioxide/Fluorel) averaged 88.4 cal/cm2/sec in initial tests con—

1 ducted during the previous program and typically exceeded 80 cal/

cm2/sec throughout its evaluation . Thus, the maximum calculated

] irradiance of EL 37081 was approximately 20 percent less than

that of its zirconium—based parent composition. However, the

I cost of EL 37081 should be approximately 30 percent less than that

of the all—zirconium formulation. For this reason, the use of

I 
EL 37081 or a similar composition appeared promising as a means

of increasing the cost effectiveness of the zirconium/molybdenum

trioxide system . According ly, investigations were continued in

I this area to determine the extent to which magnesium could be

substituted for zirconium without significantly reducing radiant

] Output. The compositions prepared in this study were EL 40104

(1:2 magnesium/zirconium molar ratio) and EL 40105 (2:1 magnesium/

} zirconium molar ratio) -

As shown in Table V , the maximum calcu-lated irradiance of EL 40 104
(1:2 magnesium/zirconium) averaged approximately 82 cal/cm2/sec

if-the results of Test No. 191 are excluded. This compares very

J favorably with the average maximum irradiance of the all—zirconium

parent composition, EL 37059 (80 cal/cm21’sec -or greater in most• ] tests). Additionally, because of its lower zirconium content,

the cost of EL 40104 should be considerably less than that of

* ] EL 37059. EL 40104 differs from EL 37059 principally in its much
faster burn rate (“-‘0.7 in/sec for EL 40104 compared to~~’ 0.1 in/

1 sec for EL 37059). Thus, EL 40104 appears very promising as a
• high—radiant—output pyrotechnic for applications requiring fast—

1 burning, peak—type flux—time si gnatures . By comparison, the

J average maximum radiant flux of EL 40105 (2:1 magnesium/zirconium)

was found to be considerably below that of EL 37059, and its

] evaluation was discontinued.

j As seen in Table V, the maximum calculated irradiance of EL 40124

(stoich iometric zirconium/molybdenum trioxide with 5 percent

j  
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Fluorel) and EL 40125 (1:2 magnesium/zirconium/molybdenum trioxide

with 5 percent Fluorel) averaged only 31.3 cal/cm
2/sec arid 45.8 cal/

cm2/sec , respectively. Both of these compositions yielded radiant

-

- outputs far below anticipated levels . Also, inexplicably, the

all—zirconium formulation generated a radiant flux level signifi—

F cantly below that of the magnesium—modified mixture . One explana—

tion for the low radiant outputs of EL 40124 and EL 40125 could

— be the relatively slow burn rates of these materials compared to

those of the corresponding formulations containing only 2 percent

Fluorel (EL 37059 and EL 40104, respectively) . Additional research

would be required to establish or disprove this relationship.

However, based on data obtained during the current program, it

can be concluded that neither EL 40124 or EL 40125 is especially

J useful in the HDL application .

Burn rate and radiant flux values obtained for the five plastic—

bonded photoflash pellets are also listed in Table V. As will be

seen , the peak calculated irradiance of these pellets averaged

slightly less than 33 cal/crn2/sec. 
- 
This is significantly below

the peak radiant output of 1960 Mix (40 to 50 cal/cm2/sec), the

j  material used as a minimum standard of performance . Thus, based

on the results of these tests, plastic—bonded photoflash composition
• (EL 37089) did not appear promising as a candidate high—radiant—

flux pyrotechnic , and its evaluation was not pursued .

The final series of laboratory irradiance tests during the current

I program was performed to establish the radiant output of a new lot

of stoichiometric zirconium/molybdenum trioxide (EL 40130). This

- ,  composition was prepared late in the program to replace the depleted

J supply of EL 37059. As will be seen in Table V, the irradiance

- 
values obtained for EL 40130 were somewhat inconsistent . Even if

the low value from Test No. 209 is disregarded , the maximum calcu—

lated irradiance of EL 40130 ranged from 55.6 to 82.1 cal/cm2/sec

j and averaged only 72 cal/cm2/sec. This average represents a

radiant output level 10 to 20 percent below that typically obtained

for EL 37059. However , the 82.1 cal/cm2/sec value confirmed the

potential of EL 40130 as a high flux emitter , and the material was

‘p~ 
accepted for use in the second series of large array tests . 
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TAS K 8 - TESTING OF L7~ORGE PYROTECI-INIC AR1~1~YS

~~ o series of large pyrotechnic arrays (nine tests total) were
assembled and burned in the light tunne l during the current pro—
gram . Each array contained three (Series 1) or four (Series 2)

transite panels with pyrotechnic pellets bonded to one side. The

panels were 2 inches wide by 9 inches long and held either two or

four rectangular pellets aligned end to end and secured in place

with epoxy resin. Each pellet contained a surface layer of co—

pressed titaniurn/boron/Fluorel as an ignition aid . The ignition

surface of each pellet was painted with a thin coating of nitro—
cellulose lacquer and allowed to dry . A length of 0.125—inch

diameter extruded 50—4052 pyrotechnic cord was then secured to

r the top surface of the pellet assembly using a strip of aluminum

foil—backed tape. As in the ignition aid studies, the tape was

applied in a manner which held the cord firmly in place against

the pellet surfaces while leaving a space on each side to cause
a rapid flash to propagate along the l1crigth of the assembly upon

ignition . The exposed ends of the ignition cords in each array
were ignited simultaneously by means of individual M—l00 electric

.L~ matches and small packets of 430 ignition powder.

For testing in- the light tunnel, each array in Series 1 was posi-

tioned approximately 1 inch away from a 1.25—inch radius viewing

aperture (4.9 square inches) in the closed end of the tunnel. The

three pane ls compr is ing the arr ay were oriented at right angles
to the aperture and secured in place with a wire harness. A smoke

removal fan with 20—inch blades located approximately 1 foot behind

the array was operated during each test to draw smoke away from

J the aperture. Radiant flux and total burn time were determined

by means of the Hewlett—Packard 8330A/8334A meter/detector system

J used in conjunction with a Tektronix 535 oscilloscope . The dis—
tancc between the pyrotechnic array and the surface of the detector

J was 5.’? meters in the Series 1 tests . In addition to physical

measurements, the visual effects of each test were recorded on

video tape. The general configurat ion of the pyrotechnic arrays 

— —~~~~~~~~~—
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J in the Series 1 tests is shown in Figure 12. Figure 13 illustrates

the overall setup used in these tests.

The first Series 1 test (S/N 183) was conducted primarily to check

the functioning of the light tunnel and auxiliary equipment . The

I panels used in this test each contained two pellets of 1960 Mix

(Lot EL 37070) measuring 1 inch wide by 2 inches long by 0.110 inch

I thick. Each pellet contained a surface layer of 68/30/2 titanium/

boron/Fluorel as an ignition aid . The pellets in this group were

I 
consolidated at 5,000 psi.

The second and third Series 1 tests (S/N’s 184 and 185) were con-
ducted to establish baseline irradiance values for large arrays
of 1960 Mix (Lot EL 37070) and Fluorel—bonded zirconium/molybdenum
trioxide (Lot EL 37059), respectively. Each panel used in these

tests contained four pyrotechnic pellets ’measuring 1 inch wide by

ii 1.5 inches long by 0.130 inch thick . These pellets were consoli—

dated at 10,000 psi. Each contained a surface layer of 65/30/5

titaniuni/boron/Fluorel as an ignition aid .

Pellet parameters and data obtained in the three Series 1 tests

axe presented in Table VI. As will be seen, the two tests of

1960 Nix yielded very consistent maximum calculated irradiance

values. However, the average of these values (36.1 cal/cm2/sec)

was approximately 20 percent below that typically obtained for

1960 Mix in small—scale laboratory testing . By comparison, the

maximum calculated irr~diance of Fluorel—bonded zirconium/
J molybdenum trioxide (108.3 cal/cm2/sec) was 20 to 30 percent

greater than that obtained during laboratory testing of this

J 
material.

j Based on the results of the Series 1 tests, it was concluded that
the use of large pyrotechnic arrays to produce h igh levels of

- radiant  f lux  was feasible, and a second series of tests was performed.

J
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j For testing in the light tunnel, each arr ay in Series 2 was posi—
tioned approximately 1 inch away from a 3.00—inch radius viewing
aperture (28.3 square inches) in the closed end of the tunnel.

The four panels comprising the array were oriented at right angles

to the aperture and secured in place with a wire harness. A smoke

-~ removal fan with 36—inch blades located approximately 1 foot behind

the array was operated during each test to draw smoke away from

the aperture. Radiant flux and total burn time were determined

by means of the Hewlett—Packard 8330A/8334A meter/detector system

used in conjunction with a Tektronix 535 oscilloscope . The dis-

tance between the pyrotechnic array and the surface of the detector

was 5.7 meters in the Series 2 tests. In addition to physical

measurements , the visual effects of each test were recorded on

video tape, color motion pictures, and black—and--white still

photographs. The general configuration of the pyrotechnic arrays

in the Series 2 tests is shown in Figure 12. Figure 13 illustrates

the overall setup used in these tests.

The six Series 2 tests (S,’N’s 213 through 218) were conducted to
determine the irradiance levels of large arrays of 1960 Mix

(Lot EL 37070) and Fluorel—bonded zirconium/molybdenum trioxide

(Lot EL 40130). Each panel used in these tests contained four

pyrotechnic pellets measuring 1 inch wide by 1.5 inches long by

“-‘0.110 inch thick . These pellets were consolidated at 10,000 psi.

Each pellet contained a copressed surface layer of 65/30/5 titanium/
• boron/Fluor el as an ignition aid.

Pellet parameters and data obtained in the six Series 2 tests are

listed in Table VII. As will be seen, the maximum irradiance

values obtained for both materials varied considerably (22.2 to

63.8 cal/cm2/sec for 1960 ~1ix and 32.3 to 65.9 cal/cm
2/sec for

j EL 40130) - Using th:e valu~’s, the average maximum outputs were
45.2 and 51.1 ‘zl]/cni ’/sec for 1960 Nix and EL 40130, respectively.

} 
If the plat eau irradiance values are compared , the variation is

16.1 to 32.9 cal/c:~’/sec for 1960 Mix and 32.3 to 55.1 cal/cm
2/sec

for EL 40130. The average maximum flux levels then become 25.7 

~~~~~~~~~~~~..
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and 45.7 cal/cm2/sec for 1960 Mix and EL 40130 , respectively. Test
No. ’s 217 and 218 yielded significantly lower radiant output levels
than the four preceding tests . If the results of these tests are

— excluded , the average maximum/plateau irradiance levels become
56.8/30.6 and 60.5/52.4 cal/cm 2/see for 1960 Mix and EL 40130,
respectively. Regardless of which set of values is compared, it

is apparent that the rad iant output levels achieved in the Series 2
tests were somewhat lower than those from the Series 1 tests .

However, many factors were different in the two series of tests,

including aperture size, pyrotechnic burning area, pellet thick-

nesses and total burn times, exhaust fan size, ambient environmental

conditions, etc. For these reasons, far more extensive testing

would be required to establish the true potential of 1960 Mix,

Fluorel—bonded stoichiometric zirconium/molybdenum trioxide, or
any other pyrotechnic as a radiant emitter in very large arrays .

However, based on the results of tests conducted to date, it can

be concluded that the application of large pyrotechnic arrays as

radiant flux generators is definitely feasible.

- It should be noted the initial maximum values with Series 2 testing

may be due to a large extent to the Ti/B ignition composition .

Fair ly high irradiance peaks were also noted with the Series 1 tests. —

Indeed it may be appropriate to further investigate Ti/B composi-

tions when short radiant pulses of moderate to upper level are 
—

required , e. g., superimposition of Ti/B emission on 1960 output

to arrive at a decay type irradiance curve.

I
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TABLE VII

I LARGE ARRAY TESTS

(SERIES 2)

Pellet Pellet Total Maximum Max imum
Test Base Ignition Array Measured Calculated
No. Material/ Material/ Burn Time Irradiance Source Irradiance

(s/N) Wei ght  weight (sec) (mw/cm 2 ) 
- 

(cal/cm 2/sec)

M 213 - 1960 Mix/ EL 40113/ 3.3 37.0 (1) 497 (1)

5 grams 0.5 gram

214 EL 40130/ EL 40113/ 1.1 49.0(2) 65.9 (2)

4 9 grams 0.5 gram

~~~~~‘ 215 1960 Mix/ EL 40113/ 3.7 47~ 5(3) ~~~~~~~S grams 0.5 gram -

216 EL 40130/ EL 40113/ 1.3 41.0 55.1
9 grams 0 . 5  gr am

217 1960 Mix/ EL 40113/ 3 .2  
— 

~~~~~~~ 

- 

~~~~~~~ 

—

5 grams 0.5 gram

218 EL 40130/ EL 40113/ 1.2 24 .0  32 .3
9 grams 0.5 gram

Notes :

(1) Maximum level on ign i t i on ; plateau level was 28 .2 cal/cm 2/sec .
1 (2) Maximum level on ignition; plateau level was 49.7 cal/cm2/sec.

(3) M a x i m u m  level on ianition; plateau level was 32.9 cal/cm2/sec .
(4) Maximum level on igni t ion ; plateau level was 16.1 cal/cm2/sec.

‘l 
-
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-
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P j CONCLUS IONS A~ D REC0~~-1E~~JAT IONS

I Based or. the data collected during both the current program and
the previous study, the following major conclusions can be formed .

1. Of all the formulations evaluated during both programs,

1 the material yielding the highest irradiance is 41/10/

J 47/2 zirconium/thorium/mo lybdenum trioxide/Fluorel.

This composition is capable of generating radiant flux

.1 levels in excess of 100 cal/cm2/sec . However , the

material is con~ iderod impractical and unsafe to use

because of the radioactivity of thorium; and its fur—

ther eva lua t ion  is not recommended .
J~ 

-

~~~

2 .  Of al l  the formulations evaluated during both programs ,

the m a t e r ia l  y i e ld ing  the second h i ghest i r radiance
- I is 48/50/2 zirconium/molybdenum trioxide/Fluorel. This

-
J 

composition i~; capable of generating radiant flux levelsI)

• in excess of 80 cal/cm /sec. This material is practical

and relatively safe to use , and its evaluation should

be continued. In order to improve its pelletized

physical properties , it is recommended that the mate—

I rial be conso~~ici:ited at very high pressures , i.e.
30,000 to ~0,0O0 n:;i. In addition , it is recommended

I that the fo r m u l~ t t i o n  be modified by the incorporation

of additio~ia1 Fluorel binder , i.e., 2 to 4 percent.

3. Of all the formuUtLion~; evaluated during both programs ,

- -  the mater  I d  -
,

- i e i d  i nq the n~o~ t consistent , moderately

J high i’acI i ;U)( - OU~ P~ t i~; 40 ,’52 . 5 / 7 . 5  magnesium,’I-Ialon/

- Flt or el  (U ~ I ~-~~~~ t: , i c~: 
] I ) ,~o t-: i x )  • This  composit ion is

J 
re1at-ive~ y i l 1 - : - ; - -n ~;~~v, ’ w~ , 1 r e l a ti ve l y  s a te  to use and
has e X c Y 1 l t ’ i 4 ~ L~ 1 I I ’~ ~~~ phySical properties. All con—
sL1tU-~flt~ 

I ( )  t -
~~~~ - : : ~. i t e l i  .il are r ead i l y  ava i l ab le .

~~~~. F u rt her  ( V ~~ I ~~~~1 01  t hit ; I (-rmui,~ t ion and m i n o r  modi—

~ f i ci  t: i ( ) f l ’  t h~ ‘r I -e l  t1’Ofl q I y recom m ended due to the
— pract_ iC.1 1I , ( ) l  ~h.. Sy : . $

~~~ifl ~ - - , ,
~~~~~

c- 
~~~

- —- - •-—-—- --------—~~~~~-_ 
- - ‘ ‘- c- ~~~~~~~~~~~~~~~~~~ 
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1 4. The smoke from burning pellets of 40/52.5/7.5 magnesium/

l ia lon/Fluorel  (1960 Nix )  is not excessive under atmos—

I pheric condit ions , and its dispers al shou ld not be a

serious problem. By comparison , the smoke from burning

j pellets of 48/50/2 zirconium/molybdenum trioxide/

Fluorcl or related formulations is very dense, and

j its dispersal could be a very serious problem.

5. Effective ignition aids for use with any high—radiant—

flux formulation of interest have been developed . The

ign it ion a id  components consist of layers of fast—

- j burninc~ pyrot echn ic copressed into the pellet surfaces
comb ined wi th  high—ra te pyrotechnic flash cords cx—

J tended across the pellet sur faces .

,j 6. The use of an exhaust fan is a feas ible method for
d isp er sing the smoke from properly configur ed large
pyrotechnic arrays . However , this method would not
be e f f e c t i v e  fo r all types of large arrays .

7. The b ack b u rn  pellet  combustion mode is not an e f f ec t ive

- means of achieving short—duration , high—intensity

I radiant b u r s t s .  Other potent ia l ly  more e f fec t ive
method~; include the USC of pellets containing various

J types of concave surface indentations .

I 
8. GraPhite p t n -is  should be employed in the construction

J of Jar (T (’ tv . ’r otechnic  arrays to avoid the problems
-~ associat - t-ml  ‘~- :it h  t h er m a l  spall ing of t rans ite  or other
j  hy di’ou~ ce:~~~t T U C L i O n  m a t e r i a l s .  

-~~- -- ~~~ -
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- I PYROTE~ JINI C FORMULATIONS

I
I I
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I
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~~~ 1
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CANDIDATE IiIGiI -RADIANT -FLtJX PYROTECh NICS

.1 1 Major
Combustion

I I  
Composit iOn 

- 
Ingredient Ratio Products

- -
‘ EL 37059 Z i r con ium (18 micron)  — 48.0% Zr0 2

I and Mol ybdenum Trioxide — 5 0 . 0 %  Mo

I ,L 40130 (C ity Che:~iica1)Fl uore], }~F 2140 — 2.0% *
p

1-L 37070 M a g n e s i u m  (200 /32 5  mesh) — 40.0% MgF2
( 1960 M ix) Halon G— 80 — 52 . 5% C

Fluorel .  Kr 2140 — 7.5% *

1 EL 37080 Magn es iu m  ( 2 0 0 / 3 2 5  mesh)  — 19.0% MgF 2Z i r c o n i u m  (18 m i c r o n )  — 19.0% ZrF4Tef lon  7A — 60.0% C
Fluorel Kr 2140 — 2 .0% *

p EL 37081 M a g n e s i um  ( 1 9  ~: i c ron)  — 19.0% MgO
Zirconium (18 inic~on) — 19.0% Zr02
Mol ybdenum Tr io:~. ide  — 60.0% Mo

(C i ty  C hem i ca l
Fluorel.  K]? 2140 — 2 .0% *

EL 40104 Magnes ium (19 m ic ron )  — 16.0% MgO
Z i r c o n i um  ( 18  m i c r o n )  — 24.0% Zr02

-‘ Molybdenum f r i  ox ide — 58. 0% Mo
(C i t y  C h e m i c a l )

_________  

Fluorel KF 2140 — 2 . 0%  *

1:1. 60105 Magnesium (19 micron) — 24.0% MgO
• Zirconium (1$ micron) — 14.0% Zr02

Molybdenum Tr iox ide — 60.0% Mo
(City Chemical)

Fluorel KY 2140 — 2.0% *

LI , 40124 Zirconium (18 micron) — 47 .0% Zr02Molybdonuru Tr iox ide  — 48.0% Mo
(Ci-ty C h e m i c a l )

-~ Fluor el i-a’ 2140 — 5 0%  *

1 ~~~~ ~~~~~~~~~~~~~ MagneC;i um (1~~~~~i c r on  — 15.0% MgOj Z i r c o ni u :~ ( I  ~ m i c r o n )  — 24.0% Zr02Molybdenum -~~~~ io:-: i d e  — 56.0% Mo
( C ity  (‘~~em i c~t ]

F luo rci  ~~ :~1: o  — 5.0% *

‘ Aluminum (?O t i  ~ on)  — 39.6% A1 2o3-~ H 1 • 1 - ‘‘~dc’d Po tassium il , r e h I o r , 4 t : e — 29 .7 % xci
- - -~

) ( 3 5  micro:1)
Barium ~~i t i ~~1l  ( ‘  — 29.7% BaO

1 (200 miC ron ) N2
Fluorc ’l Ri-’ 2140 — 1.0% *

r 1e  combustion pro ducL s  i am ILI- 1-’ iuorcl  binder.

A —.~—-—- —— — ----—--‘ -——--- 
~
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J COMPARATIVE StP-~-~A}~Y OF PELLET TEST DATA

The data traces from all tests performed during both the current
program and the previous study were reviewed , and all useful

- - 

J 
compositions were arranged in two groups in decreasing order of

effectiveness a:; radiant emitters . This comparative summary of
- data is contained in the tables at the conclusion of this appendix .

From the data summary ,  it is apparent that the compositions wh ich
y ielded the hiqh -:;t rad ian t  f l ux  levels were all of the metal/
metal oxide type . Specifically, the best composition in this
respect was 4l/ 1r)/ 17/2 zirconium/thorium/molybdenum trioxide/
Fluorel. Based on four  tests , the maximum calculated irradiance

j of this material av -raged 105.9 cal/cm2/sec . However , this

composition is not usable in the IIDL application because of its
thorium content , which is regarded as a serious health hazard

due to its r ad i oac t i v i t y .  The second—ranked formulation with

-- respect to maximum calculated irradiance was 48/50/2 zirconium/

• k molybdenum tric:-:idl - / - -luorel . This material emitted an average

-- maximum of 88.4 c &1/c:a 2/sec in initial tests during the first

• J program and ty p i c a l l y  y ie lded  i r rad iance  values in excess of

80 cal/cm2/sec thron-rhout both programs . Although its performance

was somewhat erratLic dlr inq large array testing, this formula t ion
— 

is considered t h- optimum pyrotechnic system developed during

J 
both programs .

) Other metal/r,:-t .ll ox i d e  f o r m u l a t i o n s  which yielded high radiant
— flux levels includ-’d 1 ’ I/2-1/Sfl/2 and 19/19/60/2 magnesium/zirconium/

1 molybdenum trio:-~~ t - “: 1 ~~~r -l (~~ 80 and 70 cal/cm 2/sec , respectively)

- J 64/34/2 1 i a f n i u : ’~ I -d ld -xum t rioxidcs/F iuorcl (~ ‘80 cal/cm
2/sec)

and 3 6 / 62 / 2  x i  -~-r. i:: - : - t u : ; ~ - ; t. -n t r iox ic le /F luor el  (var iable  but
capable oI r I - .~~~ ’ m .  ‘~-‘ I ” I e - i l .’cru /sec) . The f ir s t  two mixtures
are considerl l ‘ I ~~~~~~~ :j  n L~r 1L1~~ I IDL appl ication , especially
where s h o v t — ~H r .  1 , ..  •~~~~I :~~l~~~ i~~ a (x : i t  y radiant pulses are required .
However , t~~k U I  F - I l t  i~ r-~tlr ac~- I cal due to the excessive

— cost of h~ i~ 
x i u 1  • I ~ ~ .I .i 1 I ~~ t- m i t  eri ii has yielded inconsistent

radiant cu rt - 
-

~ 

~~~ c---c--  ~~ .c - 



None of the other metal/metal oxide formulations evaluated during
either progr am appear promi sing for the HDL application . -

~

From the standpoint of radiant output, the second—ranking class

of pyrotechnics evaluated was the metal/polyfluorocarbon system. - -

Useful formulations of this type all consisted of magnesium/

polytetrafluoroethylene (Teflon 7A or Halon G-80) mixtures in—

corporating Fluorel as an auxiliary binder . The most effective -;
radiant emit ter  among the metal/polyfluorocarbon mixtures evaluated

¶ 
was 40/52 .2 /7.5  magnes ium/Halon/Fluore l.  This near —stoich ionietric -

formu lation , which is designated 1960 Mix , has been used by -

Unidynamics on numerous occasions as a pyrotechnic ignition I

material. In 24 tests, this mixture yielded an average max imum -

calculated irradiance of 46.1 cal/cm2/sec and demonstrated a

high degree of consistency . 
- 

-

None of the other metal/polyfluorocarbon compositions evaluated

appear to offer any significant advantage over 1960 Mix . - -

Formulation types which wer e evaluated and shown to offer little

or no promise for use in the IIDL application include metal/ 
—

perchiorate, metal/sulfate, and metal/nitrate.

I - ~~~~~~~~—-~~~~~ -~~~~~~ —— --   _ _ _
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CAPIDII2ATE PYSI’TEC3OICS IS JLCRFc-’- 6 2 2 7  014059 OF

EFFEC’rI-25101Ss AS 9A 0 u0.c-r !IF-IETF ERS I 
-

Test 
- Pellet Pe llo t Pellet Pel le t M op o or, - ) Ca1c u lat ed

No . Wei ght ‘l75-.ickness Decl ity Burn Rate i r r , , , 3 , . - .-,,’-- Soorce I r ~~e -3;ance
(S034 ) CompositIon 1gm) ( i n )  (go,’eo ) (in /eec)  (~ -., ‘cr - 2 3 ( p f l !r-~~ ’ ! r p ,’ i  ‘.e,’arkn

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ ,
~~~~~~~ 4 ,_, c-

l B 3  O1 
~4 ‘MoO’’Fl OrC1 L9.9S 0.3-16 ‘. 2 .0 7  0 . 6 9  3,2.8 8 1 . 5  pooh t,’,-.- - r.,—c - a  - r or l

— 

Lot EL 40104 ~~ 1 0 tr cc Ca  I

22 01 0 374 2 
~~~~~~ j

1 7 3 7  2 7 2  ~ i s  T7a6 typ e r l
160 Mg/Zr/M.103 PIp-opel 2 2 . 83  0 .43 3  - 

1 0 .6 7  2 2 . 1! 5 8 . 2  - Peak 0 . -pc t I p O ” , rap14 3 11- 0
161 Lot EL 370 91 2 0 . 1 3  0 408 2 ,90 ‘ 0 .5 8  2 9 . 0  1 7 6 .4  pr -a k t~-pe t r ace . r~~ i t o
1s2 2 1 . 9 1  0 .4 0 3  200  0.61 2 / . 1 7  - 7 10’ Peak t .17’o tr,,,’~~. C o O ’ . )  0.10

209 1 .  

~~~~~~~ 
0 .13 X

’ ” t c - ’ 
4 3 .4  Fain ’- c ocrri)o-)t t r p 2 -

210 Zr/Mo0 3/Fluorel 23 .00 0.296 - 3 . 6 4 ,  0 . 1 1  2 9 . 6  7 8 .4  - F a e r l -,- c,0-r,pr- - ’ t I F — c
211 jot EL 40130 2 3 . 19  0 .2 9 8  1 3 . 8 7  0 . 1 0  2L0 - 5 5 .6  F a o t - l - -  C Ot t O l P I -  71 tr ,’ ’
2 12 

_____

~~~

,

~~

3 .6 6  
- 

0 . 30 t ~~~~ 3 .91 820

192 FI ’ ’Z )  -“ 00 ,‘F lu Orel 19 .84  0 .387  2 . 4 9  0 , 7 9  2 4 0  6 3 . 5  i . -~~- t p e  ‘r i ’ . raC: - ) L-n r.
031 EL -10105 2 0 . 0 7  0 . 40 3  2 .3 6 0 , 0 1  2 2 . 3  59 .0  pp- ,~1 7 . - ,’— trace . ral’ Ol I c - c

I- . I 2 0 . 0 0  0 . 3 9 8  - 2 , . . 1  0 .80 230  6 1 .9  £‘ o,O 1 - 0  Or ~ . . . 10300 5 .,, r, 
—-— — — —  — — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .  ________ — —  -~~~~~~~~~ — — - —  — . — - ~~~~~~~~~~~~~~ — . -3

170 1 s ,  !;l. -o ’) l  ~1~~e 1 1 1 5 . 2 4  0.397 - 1 .36 0 . 0 3  16.8 4 4 . 5  V r r - c t c - S l o  , r - , t  t i- l op
3 3 5  0.0 OIL 2 7 0 7 6  15.21 0099 L94 0 . 0 3  1 6 2  4 2 . 9  - 5 , 0 /  000 1 -.
172 (1960 1-lix) ‘ 1 5.17  0 . 3 9 5  L96 0.13 1 9 2  5 0 .8  V r - r y  r o t  10.0 ,’ ’. tOO ’

1116 15 . 0 8  0090 1 .9 2  0 .03  17 .1  I ~~~~~ FOr 2 - . 0 0- 1 0 0 0 0 .  Iran,
187 1 1 5 .1 0  0 . 3 91  1 .9 2 3 0 . 0 3  17.0 4 5 . 0 , 5 0 , 0 1  r0’,,I.ICO t
188 55.06 0,390 1.92 I 0 .0 3  160 4 2 . 6  5 c - 1 I’ i .  070.1 ; , 0 0 0t  1000

15 03 0 .3 81  1.93 0 .03 3 4 . 0  3 7 . 1  Very  eoaa,ooco t rac e
2 2 4  i 15.04 0087 1 . 9 3  0.03 16 .2 4 2 . 9  Very c,~~. c- ‘O l p o l .  0.401

2 0 5  
- I 15 09 0091 1.92 0 .03 15 .6  4 1 . 3  Fo r : - . - r0’til t o c - I  t r a cE-

2176 15 .03 0.385 1.94 0 .03  18 .6  4 9 . 2  1 4 ) 1 . - p0d b 
207 15.06 0 .3 8 6  . 1.94 ‘ 0 0 3  1 5 . 6  4 1 0  - F , ; r l -  p - r . p~~~

,- . ’ . .~ t p01 r
208 3 15 . 15  0 .3 9 1  1 .92  0 .03  , 1 7.4  46 . 1  , F a I r 0 .  p 0001,1 - ct

199 2 3 . 0 0  0.3P2 1 z o o  1 0 .20  18.1 4 7 0 ’  ‘ 
-- 0 1 0 0 ) 1 3 1 1 0  0. op

200 Piq /7r  ‘$ 0 13 F’luOrel 23 .01  0 .3 92  2 . -oS , 0 .113 ‘ 11.4 460  - -..-~~
-,- ~~~~ - -- - ¶ 0 0 1 1 ,

2 2 1  Lot Cl. 4 0 1 2 5  2 3 . 02  0 3 81 ‘ 3 0 0  0.27 1 11.3 4 5 . 8  - C ’ . 0 0 1  
22 2  22 . 7 - 1  0080 2 . 9 a  0 . 2 2  ; 16 . 5  _,j, , 

3 3 . 7 ‘.7~1y c-W~ ,’1 °0 ’’ t~~ app

I 17 16 0 364 2 3  0 C 2 ~~~~~~ 3 8  F ~~~~~~~~~~~~~~~~~~ 

—

156 ‘ Mg /Zr ~~Te f 1 o r i 1F 1 : o r e i  17 .05  . 2 . 3 4  7 .32 I 1 5 0  ‘ 3901  ‘ S c-’i c- ’ at  , I . . , 0 . c  OI iO
lo t  EL 3 7 3 2 1 7  2 7 . 4 0  ( 0 3 7 1  2 . 3 3  0 ( 0  j 15 .6  4 1 . 3  7013 0001110 0 0 0 1 1°

1~~1’ - 17.23 0 .366 2 . 3 4  0 ,22  13 . 5  35 . 7 F O r t y or’~~. -

1(3 - 
- 

15 . 29  0 ,31 2 . 2 7  0 .0 2  - 1 4 . 0  , 3 7 , 1  5 1 1 , 5 ’ . c c- ’ -  -. 1 1- c - -c-
04  15 . 1 6  I 0 . 1 72  2 . 2 ’  ‘ 0 0 3  1 3 . 8  - ‘ . c- - , ...- .t

6 A l  4 0 1 2  ( ‘~0 3 0 5 27 •, 38 2 2 0 03 10 8 21, ~ a s  p
1(0 1.17 Ii ,,o~l-3 , 15 - 2 1 ‘ 0 . 3 3 7  2 . 2 5  - 0 .03 1 4 . 4  - 37 - . I I o ,r 1 ,  co”i  c - t I ’ . ,.- —

I 1500 3 . 3 3 6  , 2 . 2 7  0.03 - 9 . 9  - 2 3 . 4  Fa l r i ’ 7  5 ,’c I i .- t, ‘1. t r a c e  
- ~~~~~~-~~~~~~~~~~--. . -~~~~~~~~~~ -,~~~~~~~~~~-—---.. . -- . -- . , 

- -

015 2 3 ,3 0  3 . 2 7 3  4 . 17 0 . 0 7  12 . 1  1(00 V e r y  cOo - . : -  10’ ’ 0 0 0 0

:.‘, ;t~~” 7 3 O l : o - r ’ , 21 .2 7  ( . 2 - 71 ’ 0.14 0. 07 1 1 . 7  2 9 . 7  1. 11 7 5 ’  0 0 0 ’ l ’ -
. 9 7  l Ot  0.2 .3 ’ 11 4 2 5 ,23  0 0 0 1  3 , 06 - 0 0 7  1 2 . 6  3 3 . 4  0 , 1 1 , 1 :  per. - , ti c- ’ 1 2 . 1 0 0

3-/ ~~i . 44  0 . 2 2 3 . 5 6  - 0 0 7  , 11.4 3 0 .2  50 . 1 7  1100000rl ’ 10100

100

7’ ,’- o,nq aperture r . n l i u s  in al l  tr o t s was 0.45 cm.

0~ stan ce 1.. O w - r n  pyrot e chnic - ‘ -I 1.-’ an -F - l e t .  v l r r  or l ice wa r 300 cm.

• In al l o v . c l s , 13. - -  polle t - a, - V’I i j 1 . 1110 1 50 ¶ 4 3 0  I t S  b U r ! , c ~ was 0 .5  err. 6-1mw and 2 . 0  crc away Cro p 1’ . . I C W I i i I  a p a - r t u , r .

1 - i l l , , ’ , ,  w ,  o - c o - - p l i s t , r d in  ru  t o O . - w 1 .  430 io ’ i l  - ‘n 3~~:1. ’ p pnd an r - — I ~~ ’1 r i - - t r i p

o . r l r : ;  s- t - . - a C 3 1 a . 1 2 0 3 , lIe plattes w ere lf l - i  O e r t .  - ‘ ly i 1,1 -4 away I rot , the epettor n -

-

I - — - —~~~~~~~~~—
—--—-——- —
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Mart i rt ’ . rr Max imum
‘lest Pellet Pellet Pel let Pel le t Mea suted Calculated
210. 

- 
Wer.rjht Thickness DCr,s i tv  Burn Rate IrCa ,Ciar ,ce S.1urce 1r~ adiaoee

(I ’ll) C0mr~~s i7  lii i, oat ( , c l  lpr - /crt3i ) iII ’r .ecl (r-11,0/c)n2~ ( p c i / cm  /5cc) Remarks

(23 M4 ’Te ll.3r F O r i o r e l  15 .00 0 . 4 06  1 .42 0 . 0 7  8 . 0  2 1 . 1  Fairly con sis trr rr t tra ce
124 1 34:3 10,11 30 M IX :  1 5 .10  0 . 4 1 3 1 1 . 5 2  0 . 0 8  8.8 23.3 E a rn - - cons ,,‘ t e - , ’. t - ~°c-125 .L.,t N 3 9 0 1 - 1— 8  1 5 . 1 4  0 . 4 5 0  1.82  0 ,0 7  7 . 1  20.4 Very con sistent trace

117 Ti ’33003 ’3loorol 19.64 0.313 3 (19 0 . 0 5  6.8 18.0  V e r y  e rr a t i c trace
118 tOt  IL 37005 19 . 7 3  0 . 3 1 3  3 11 0 . 0 5  7 .8 20.6 Very erratic trace
119 19.67 0.311 3 1 2  3.06 7.8 20.6 1r-rv  e r r s r  IC 0 0 . 1 0 0

5 1 Al  CaS.7 - 213 ,1’ CO ol 0.311 1.70 0.15 9.2 24.4 Somewhat ere ct ,- , r r ’,cr,
52 Lot CL 37:330 c- 

9 . 7 0  0.279 1 , 0 0  0 . 14  6 . 4  1 6 .9  Pock typ e O r a t e
53 10.35 0.302 1 7 . 1  0 , 1 4  4 . 3  11.4 V o r . ’ e r r a t , c  t r a ce

120 1-t o 5 3 0 10 ,  F l u o r e C  ‘ 54 94 0 .4 0 2  1 . 8 3  0 . 0 5  5 . 1  1 3 . 5  ‘‘ c r y  COl lS iS t ett t O r a e c
1 21  P0 3 70 14 .9 2  0 402  1 .83 0 - 0 5  7 . 0  1 9 _ S  500 ., .1oat E r r a t I c  t r c - C 0
122 : “ 3 c - Z ’ 7 - 2  1 o . It j o s  ‘100 ’ 14 . 9 1  7 . 4 0 1 7  1 , 8 3  0 . 0 5  7 .4 19.6 Fa i rly con sIstent Ir a -c

1,00 1 3 7 : 7

28 A1’KCIO ‘Flu ore l 12 .34 0.290 2.10 0.04 6.9 1 9 3  00,,’ erratic 01,00
29 Lot EL 10013 12.33 2 ’(3 2.10 0.04 6.4 1 69 very errat i c
30 12.34 1 . 2 7 /  2 1 0  0 ,0 4  6 . 5  1 7 . 2  ‘ cr-, e r r a t i c  0 1 4 0 1

134 Zr C~~S2- , - 211 20 16 55 2 27 0 - 0 9  2 , 9  7 . 7  hOe, pea ’ 0, - r e I r a - r e
135 0.11 Li. 3 7 0 7 5  19 .89  1 .4 7 7  2. 27 0 . 08  5 . 7  15 .1 t o - ,, n.c-al I -or
134 2 0 . 3 2  0 41/  2.29 0.08 4.0, 12.2 hOc. o, ri— a- ,. Zr ,  1,- ace

98 Ta $1003 3 ’l’ i I O r o l  2 4 , 9 1  0 . 2 7 2  5 , 5 3  0 . 0 5  5 . 1  1 3 _ S  100 ,3  pea l 1.-rn t r a c e
149 1,,t El. 01739 2 4 ,8 9  0 . 2 2 2  5 . 01 0 . 0 3  4 . 0  10 . 6  I’o’ i . 2-0 ’, ‘ :20 ‘c - r O l e

3 1 917 hu l l  
~ 

‘s - I  ,l(1ro l 11.04  0 .2 9 9  2 - 8 2  0 . 1 1  4 . 2  1 1 , 1  ‘ 0 1 7 . - c o - c )  0001 tO.,,”.
32 Out CL j 7 0 1 5  15 . 0 0  0 .2 9 8  1 - 8 2  0 - 1 1  4.8 1 2 . 7 F a i r l y  , 0 0 n l l tr - - i l  ‘ 1 7 0
33 10.98 0. 297 1.82 0.11 4.9 33.0 F a I r l y  c o n s ,s l e , t  I c - a c - c
42 10.77 0.294 1.81 0,11 4,5 11.9 very cu,,o r . r’ ’  I~~ O . 2 0
.17 11 . 96  0 . 3 1 3  1 . 8 2  0. 11 4 . 5  11 . 9 PattI 5’ ouns , S I P - - I:.-

9 01 ° Ci0 .~~’F0, 0~~
’ 1 4 . 9 9  0 , 7 2 7  2 . 3 0  0 . 0 3  3 . 1  8 . 2  ‘:,r-,- e rratic trace

10 - . 0,2 ‘i3~~ to c- . 111,0001 1 7 . 0 4  - 3 . 3 1 9  2 . 3 3  0 0 3  2 . 5  - 6 , 6  ‘ cr 3 O rr A t iC Irace
13 tOt EL 3., ‘6 14.80 0.315 2.32 0.03 3 0  7.9 Ver y erra tI C ‘r.O,r
16 1 4 . 7 8  0 .3 1 5  2 . 3 5  0. 03 2 , 9  7 . 7 I/cry p 1 1 3 1 : 0  t r a c e
85 1 4 . 9 1  0 .3 15  2 . 3 3  0 0 3  3 . 9  1 0 . 3  Very erratic I t a t o  

J

MOTtO

I .  II all tests, the pyrotechnic pellet diar -eter was 1.25 I -ohes.

2 2. j r . e istaoc e between t1,e 3~/rOtechnic pellet and the deEec tor suy face was 100 cm it. all tpsts except S 0 59. -Or, S 2 59 t~~r s
3 5 1 .1 . cc -W as 550  c ,t1 .

3. In all P r-ro n . the vicwjn.3 aperture raulus was 0 .9 5  cm.

4 I-I all ~ c - s t s , t I e  p e llet was pos itrorlell so that  i ts su r face  was O S  cm below and 2 0cm  away from the o: apert :’ro

5 -  I.Ir.)lloo wan acconp lishei , :s l o ,  either  3 grams of .3 3 71 I .-, r , 1 t 0 1 r ,  powder or 3 - c -  - - of 4 3 0  .g, . it ,oo pow-Icr pi u s  1 01-a c of S P c - 2 I .1,
p . r  ~s - - - c l ; ,  was req - iro l tO i - .r000 A 1 ’Ca30 4 - 231 20. Zr C~~I0 - 2ll

~
0. and TO ~t-to7 ’ , 1 Iuo re I  -

— 6- A ref lon t or cOO11i St - ,1 c-f t t r ’c - l shim stock (0.010 i r&rh) affixed to a, asl’-estos ,-c- a oi was plac e beh ,r,d to,’ -.fle t ‘~~~l d e r
a s s e c- 1 - 1 y 113 5 1~ s 1.7 , 53 .7,3.1 04 .

7 -  A 2 m c :  0-,- 2 inch 0, 1 3 3  inch protective quartz p late was placed over t Ie  detector fielci’stop apert ure i n S  ‘;- s c-~ 3 3 .  0 , ~~~ 7 5 .

_ _  _ _ _ _ _  
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