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thrd t -Azy 164 -_irnitt-H i- part aI i i Jilinnent of Cont~ract OA- 18-

03 5- AMC 11(A).

T he objectnve of thim progrmr ia tQ expevri-entaliy eval-iat chrriz-i
agent ditssemiatiort techniques arnd Loncepts as applied to prototype
rrinition systems, establish performance:. data and the technical feasibility
thereoif, and provide uptimized i~Vstenm design criteria for agen't
u ti liz at , on

S SUMMAR Y

The work performed to date Linder the contract includes efforts in the
following arcas:

a. Monitoring of tht: design of :eat £Ility which is being designed
and built with ccorporate funds fc:use in performnance of the
contract.

b Studies of intimate mix~es of high explosives and agents.

C. Production of small spherical particles of soli.d agents.

'The design of the facility is approximately 95% completed and preparations
are being made- to obtain contractors' bids for construction costs. The
facility is scheduled for completion by the end of September, with an
additional 30 days following that date to be used for chamber calibration
arid checkout. Thus far, the schedule outlined for the design, construction,
and checkout of the facility is being adhered to.

lntimate mixtures of high explosives and c-ni-iarnc acid (used as a simulant
for agent CS) have been prepared and tested to determine the optimum
mixture ratios. These tests have been completed and the results indicate
that agert-explosive ratios of approxi'mately 1: 1 produce 'ie best agent
recoveries. Mixtures of RDX and agent CS will be prepared in agent-
explosive ratios of 1: 1 and 3:2 (by weighti and will be shipped to CROL
for testing
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Thle tsplS~ create fi- ie l arg. 0 a ~th e dlesired S'Ize and

;Uracllh. i': e Pccted 0r..-i des rted b~e carl be achieved by
impr~in-,0-_ nd s-:pt b-ino akt.n to lexner4

mnentally invetigatt, the contrzoli ng parime ter: allfltctlrn& it crystal-
whisRcr grov.th.

3. PROGRESS DURING REPORT1 LIFRILID

3 . I FACILITY DESIGN

lrnmediately following contract go-ahead, the descnu tA he Munit1,on-
Evaluation Laboratory (tLoxic facility) was uziderta, en 1-y the Aerojet-
Downey Plant Engineering Department with des.in req~uiremnents being

supplied by projcct per sonnlel.

On 16 March 964, the responsibility for- comrpletion oi the design of the
facility w.as transferred to AETRON (the Aeromet division specializing in
architect engineering mraenn ~vcs

Shortly after undertaking the design of the facility, AETRON outlined a
schedule for completion I-f the fac-Aity, Figure i. It is estimrated that
approximately 30 days, foliovw'.ng the completion date of Sepzernber 208,
wxill be required for facility check out and chamrber calibration. Th IS
,will result in an operable facility by the end of Octo~ber.

AETRON has completed the design and drawings of the 20- ty 20-ft test
chamrber and requests for bids have been sent to several tank fabricators
in order that preprocurement of the test chamber can lbe made. These

bids are scheduled for open-ing on I I June i964, and contract award
will be made shortly thereafter.

On Mlay 3 !, AETRON estimiaced that the remiainder of the facility design
was 95% comrplete and that requests for blds for construction of the
facilitv are scheduled to be mailed on cor a'bout 8 June 1964. .At this
report peri~od the schedule shuv,%ri in Figui-v I -As being adshcrcd to.
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A phloto;graph of a m-i7-ol et the fic ilitv, mnade- i roryl the late St de Signf
tir a,, irgsi, Ii: S hown n £ r, : F 2. £he cx!-itin, Ch~erai Laoto yI
becrn -w-roatc ~rt hc,12'tv ae-s- V)i potvide naore c'-rcnc-t
facility Usci{e and to pr'sv~e conna t.1 i o laboratorvuy ~m t

One ., ratS- r

ure 2, wsIl ,,w utili::4d to t'1 p jr .t-ork it cttjrxectee with t" ofltre.CL

No contratct Lands are lit .n~ expesnded or thu disigr arid cojlr .tction1- of
the toxic faciitv oither than the tie requi red o(A~ec perEonnlel to
pr(,3vie des ign input and to monitoar the progrebs o--f the facility.

3. 2 1 ITI MATE M1,IX STJUDIr)ES

The purpoze of thi-s study was to produce-r Intimate mixtures of high explo -
sives and agent GS ini ratios wh,.ch w.ould co ntain the maximurn recoverable
quantity of CS, whit m-aintaining a detonable mnixture.

Transcinnarnic acid (CA) was used as a sinulant for CS in the ft.rst groups
of mnixtures in order tto avoid the more obvious handling problems which
would be encountered thro-ugh the us-e of CS.

The similarity betwkeen the various properties of the two materials isi
shown below:

C;nHarnicAc

L N

Formula

Boiling Point 30VC 3 10 - 31 5'C
Melting Point 133"C 93 - 9 5 3C

Density 1 .25 gm/icc Not available
Solubility Slight in H 20 Insol. inl H 20
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3.2. 1 Mixture 1

Cinnamic acid and explosive Composition B were melted together in

various proportions and cast in glass tubeb, 1 ir.. in diarieoer by 6 in.

long, for ase in determining detonation velocites by means of streak
can-e ra techniques.

Drop sensitivity data (by the modified Bureau of Mines method) on the

various proportions of H-/simulant are shown in Table 1, along with

sensitivity data on RDX and Composition B (included for :eference

purposes).

Table i. Drop Sensitivity Values
for Mixture I Castings.

Sample Size 50% Point

Material (mg) (in.)

RDX 10 14.25

Composition B i0 21 10

Mixture Ratio
(HE 1 Sight lant, by
weight',

1:1 10 20.10

2:3 25 No Detonation

3:7 25 No Detonation

1:4 25 No Detonation

1:9 25 No Detonation

Detonation tests were ran on 3/4-in. diametcr by I-I/Z-in. long cylinders

of the 1:1 mixture of Composition B and Cinnamic acid. A number 6

detonator failed to detonate the mixture; however, a number 6 detonator

in combination with a 1/4 by 1/4-in. tetryl booster, or a DuPont number

83 detonator alone, caused detonation.

Differential thermal analysis records of the 1:1, 2:3, and 3:7 ratio mixture

castings indicate detonation temperatures ranging between 187 ° and 1970C.

Casting of the intimate mixes was abandoned because of he difficulty in

preventing the inclusion of voids in the mix during the c asting process.



O843- 01(01)QP

3, 2, 2 Mixture K

Crystalline explobsive RiDX viih 2% graphLite and cinnaimi.c a-Ci'd w_-rc l-
mixed in the same proportions listed in Table 1. The,5e were preti.ed
inlto 3/4-ir..-diaznerer by a-min.iczig c-yliiderb fci d aii ec~

tests. Str-eak-camera shots of the detonation of these mixtures showed
that the detonation vielocities were generaiiy in the range expected, hcwever,
this work was discontinued because oll lack of rerdzbhyof detonation
velocities between ';dentical :F.arrpies because of mixture Inhomogenities.

High-speed motion pictures ta--en of the detonation of mixes ranging fromt
50%/ CA '031 RDX through 801o CA -20% RDX showed that the 50j% CA -

50% RDX mnix appeared to produce the best results, based on cloud size
and geometry. Some of the higher agent- explosive inix ratios appeared
to flash after detonation.

Drop sensitivity tests resulted in no detonations for any of t'~e mixture
ratios. Various samples of these mixtures were also detonated in the
large aerosol chamber at the Chino Hills Laboratory in order to obtain
samples of the resulting aerosol cloud. Material balances were made by
collecting fallout samples at the floor of the chamber on tray s which had
a total area of 81 ft 2 . This is equivalent to 0,223 times the area of the
tank floor. Assays of the fallout samples were made spectrophotometri-
caily by comparing the optical absor-bance, at 271 mililmicrons wave-
length; of an ethanolic (95%) solution of the sample with that of standard
solutions of cirnnamic acid in ethanol. Figure 3 illustrates the absorption
spectrum of cinnamic acid in ethanol.

Intact pieces of the undetcnated mixture were collected separately and
weighted in the cases where detonati-on was incomplete. Recoveries
from the various mixtures are shown in Table 2.

These experiments indicated that organic molecules, similar in structure
to CS, would survive the conditions encountered in detonation when
intimately mixed with the explosive RDX. The data in Table 2 shows that
the best recoveries and most complete detonations were obtained with
the 1:1 and 3:2 agent to explosive mass ratios. Dissemination efficiency
has not as yet been dletermined for the cinn-mit. acid because the
relatively large difference between the initiai si-ze range of the cirniamic
acid (MMD ca. 130 ji) and the CS which will be used in future experiments
(MMIID < 5 ji) mnakce ffficiency com parisons que sticabe

As a result of these preliminary experiments, intimate mixtures of RDX
and CS will be prepared in agent- to- explor ive ratios of 1: 1 and 3:2, and
shipped to CRDL for testing,
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Figure 3. UV Spectrum, CirM.-dc Acid.
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Table 2. Recovery of Cinnarnic Acid fro

A I A /B C I

Shot Maiterial
in Mixture A/B Ratio CA Recovered From

Detonated Undetonated

CA Expl. RDX Material Pragments

(igm) (gin)(g)gm

i0-74 10.74 1:] q.C7 --

iz. i8 8. 12 3:; 7. 83 2 Z2

16.24 6.96 7:3 59 5, 76

A 7,60 4.40 4-! 7.07 7,43



Intimate Mix Detonations.

C C+D C
A-D A A

1,CA in 1% CA
% Recovery Original Mix- ia Original

of CA initially 1 ture Recovered Mixture Foznd
in Mixture Fromr Det. and in Detonation

Vhich Detonited Undet. Mixture Products

8-t.45 84.45 84.45

77.07 80.87 64.40

56,61 71.86 .6.40

67.98 82.39 40.20

oS00
W

.= C#

C )
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3. 3 PREARAT ION OF MCROSPHELS$
OF ORG"-ANIC SOLIDS

T1he pupcc, of this work i s to Pr oduce sherliaa particles --f 53id
cigenti. with d~metars of 10 ;i or smaler Beffore iqarting_ the cxlperi-
mental work on this porta.on of the programn, a bz- ef Aiteratkre stuivev
was inakie to study the techniques prev-4ousl~y explored for producing
spher ical. pat.*uXs. The mnost promising approac h appeared to be that
of atomizing a molten m~aterial {assurning thcermal stabillity") to the desired
size range, followed by rapid cooling of the particles to cause
solidification before coalesen( e or bonding of particles could oc cur.

Several rough experimnents were conduf.ted us'.ng two techn-q-uei. The
first tezhriique employed a hot, liqu.id Carrier medffir at a ferp er atVur e
sufficient to melAt the organic material to be sphezsIdized. T1he hot
organic liquid was dispersed in tht carrier rrifd~urn uiiitg a blender
operated at a speed high enough to achice-e the desired paxi';e sIze.
The two phase systern was cooled rap-.d.y tby pourirg thc hor ci-sper sion
into additional c arrier med-larm which w~as mna:nedo at a low' temperature.

Paraffin was used as the oiganic material ~n ont test be -ause :-ts low
melting point WOL Id allow the L-se of hot water as the c:a - r rrimedirn. A
wetting agent (Aerosol 0. T.lI was also added to the mnixtu-re to ~d;
agglomeration. Observatior~s made with a nmi. ros o~pe -nd. --ated the
majority of particles were .p_;-ieriza! in shape and of the crder of 5 ji in
diameter. Attempts to lsit~the partli.es as a d-ry powdfer- resulted in
excessive agglomneration.

A similar test was conducted tusing cinnamit- a.- as the sol'od (xnp 133*C)
and mineral oil as the carrier mnedium. T he resultart. pax ticles exhibited
a great deal of crystal growth because of the apparent sc'iuto,.ity in hot
mineral oil.

The second technique consisted of atomizing the molter. material in the
air at ambient temperatures. Tkhe first exper~rnents usin~g this procedure
were rnade by atomizing molten paraffin with d paint spray~ appartus,
and collecting the spray in liquid nitrogen. Figre 4 Ehuws the resulting
particles after evaporation of the liquid nitrogen. The r. su'ting

sphericity and particle size range irdiates thlat tIs pr o-edure nigl-
be used satisfactorily.

Base~d on the resuLIts of the paraffin experiments, a crude dev--ce was
fabricated to melt the organic material and c. spense it from a hypodermic
needle i-nto a coid gas stream to produ4ce the desired atomnization. Calcu_
lations indicated that the expermmrental paramneters c Gilld be varied to
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Figure 4. Atomized Paraffin.
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assure reasonabIe success ,n the prod...rl.cn! c,, eart: -ear the. d(ISlredt
zite range. Thew 9az;strcarn a diee4 t a t -- 4 nate7v2 t

in diaxzeter lby 9) ft in length Pn ordet to per-mat thOItL s to $:efttle onI
=.crocopvslide ;. uiace-d alonw the bottomn --f the -s-,de of tOw tu;btl

Cinnarznc acid was Used in the ftr-st te sts wa-th the- ' Ppptratus be, ddisc- I is

nonirritating anfl Is srnmalar to ageilt CS .n rna7-y of its prope rtes, Fg -
ure 5 shown the resultan t part-icles to hbe geriera_ iy sphei,~ hwvr

the appearance of the sartaece ot the sphm res -s 2crnlew.hat rch A'he:
spheres, when dispersed in a hqt.,d mted; 'n dsar -egrated -Into partacles
s-naller than Z 4, many oi 'ih-.cn appea: ed 'r- ' cL vsta;_1:Ve st rtUre.

This suggests t'hat thie cirnnamric ik id c'. vsta .:-. -, .qt and that the spheres con-
tamned an unstable grain struc'-turc, posn:o '; strcs td Agent ICS was then
atomized in the stimen apparatzsh u'nder eseta dnt;:ccduions.

The reaultmng particles were genreraly idax act ~Iz than lor the cznlarrutc
ac id. Tis was attributed to a relatively tiagbreeze: whI--h <_aus!ed the

molten-liquid filamnt to enter the gas stre am efi- en'.ta whre the azr
velocities were iow er, resiulng .n les:s break,:p.

Alt hough the pa r t icle s a ppea red s p her t:ab1 the y' h ad gioxr nezedle ! like

crystals simi-lar t.,1 thorns oni a ca tu Figzcr, £ hw6' xm~ of
the resulting partic le S.

From microsc opic observation of -11des -eer seivera hoaIt s. no .vi:,ibl e
additional crystal growth was dete,_tcd. Th s tas xp,: red bt as
agent CS is reported to have a low vapor presh.-rt 15 o i at 65D-;.
Therefore, it Was conclI uded that the tormat iof of the - C vsta.z, u, .,r red
daring the atomnization and _ooing treatment. T'his problem may be
minimized by either using mnore rapid ( o~gsystem-s or adi;qsto
prevent crystallization.

From the work conducted thus far, a:appears that spher Icat part.. ic

can be produced, in s-izes bc-low 10 '. by atomnzat on -f tht moh0't-n
material and close- co'ntrol- oA the extmndappa; at <S Addatilonal
rough experiments, orlen~ed -.n thit5 dace !!Or. %k, be .- ad!., ted.
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Figure 5. Atomnized Cinnamnic Acid.
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Figure 6. Atomized CS Showing Crystal Whiskers.
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4. FUTURE WORK

4. 1 MUNITION EVALUATION LABORATORY

Project personnel wali continue to monitor the progress on the corn-

pletion of the design of the faLciiity and the construction ua rk which is

expected to begin before July 1.

4. 2 INTIMATE MIX STUDIES

Mixtures of RDX and agent CS will be prepared in agent-explosive ratios
of 1:1 and 3:2 (by weight), and wil1 be shipped to CRDL for testing,

4. 3 PREPARATION OF MICROSPHERES

Experiments will be continued to further reduce the particle size and to
learn more about the parameters affectlng crystal- whisker growth on

the surface of the CS particles.


