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DIGEST

The objective of this study was to devise a stable, efficient
intimate mizdure containing agent 0S for use in various type elastomeric
and small munitions. This is part of a continuing study to disseminate
chemical agents from pyrotechnic mixtures.

Several of the CS intimate mixtures evaluated for this study show
high vaporization efficiencies and excellent surveillance characteristics
with I1 and IiU (lactcse-kaolin mixtures) being two of the most promising
formulations.

The surveillance studies (160°F for 90 days) with the ILl-type pyro-
technic mixture indicate stability when stored in aluminum, Viton B
elastomer, and butyl elastomor and unsatisfactory storage conditions
when stored in natural latex containers.

Sugar-kaoclin mixtures (AAK and AAKU) show equally good returns;
howsver, only a limited mumber of tests were conducted with these
mixtures.,
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PYROTECENIC THERMAL GENERATION: CS3 MIXTURES

I, HISTCRICAL

Pyrotechnic mixtures have had a long history of useage in dissemi-
nating chemical agents. They are no¥ the standard or most efficient means
of disseminating certain standargt chemical agents as colored smokes (red,
yollow, green, and violet) CS, DM, CN, as well as certain experimental
c¢hemical agents.

The pyrotechnic mixture in use today consists of an oxidizing agent,
potassium chlorate; a reducing agent,, suger, lactoge, or sulfur; a burning
rate moderator or codlant, sodium bicarbonate, magnesium carbonate, or
Fuller's earth; and about L4OZ to 50% chemical agent.

The above mixture burns at temperatures between 300 and 800°C, and
transfers heat to the chemical agent that vaporizes. These vapors leave
the grenade and condense into & smoke in the relatively cool ambient
air.

The first standard pyrotechnic grenade used to disseminate CS was
the M7Al CS grenade which contained an intimate pyrotechnic mixture
based on thiourea and potassium chlorate as the burning mixture., This
composition was unsatisfactory in that it deteriorated on storage.

This grenade was replaced by the M742 CS grenade, which proved to be
extremely stable., The pyrotechnic mixture used in this item consisted
of potagsium chlorate, sugar, magnesium carbonate, cellulose nitrate,
and (5 in gelatlne wgpsiles.

Therefore at the time of initiation of these studies, there existed
no intimate mix which combined stebility on storage, high-agent « $ent
and high-vaporization efficiency. Since the completion of these studies,
the M7A3 CS grenade has replaced the M7A2 CS grenade. In easence, this
was only a transformation of *he agent form from a gelatine encapsulation
efficiency while maintaining good surveillancercharacteristics.

Although the above mixture is standard, it has several characteristics
which precludes its use in various experimental pyrotechnic items, such
as:
1. The difficulty in keeping the CS capsule or pellet uniformiy
digpersed in ther pyrotechnic mixture results in adverse functioning quali-
ties.

2. Loading procedure is .ifficult to apply to small munitions,
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3. 1% is impossible to gramulate suchk large pellets into 6,10
inoh or small granules which is the desirable pyrotechmic form for certain
axp- imontal sunitions.

In addition to thsse problems which had alrsady becoms apparent,
thers was the unknowmn problem of cempatibility with and efficiency of
pyrotesinic mixtures in elastomoric containers that were being proposed
a8 the basls of now and unique munitions.

II, FAPERIMENTAL

A. HNateridls

The 1ist of materials used is included in the appendix,
B. Procedures

1. Selsction of Mixtures to be Studied

A 1ipd ted nunber of preliminery experiments were conducted
w0 optinize the pyroteshnic nixtures studied. Some additional effort

wonld probably have resulied in an incresse in the e¥ficiencies of some
of the mixtures but was not coniucted since ths returns were excellent

and tho more pressing problens were degradaticn in surveillance and peor
copatibility with elastomeric natsrials.

Table I indicates formmlations used in this study.

2. Preparation of Intimate Agent CS-Pyrotechnic Mixtupes

Prior to the blending of the pyrotechnic mixtures, several
of the ingredients were scrosned. These materials and the siave sizes
are as follows: '

a., Lactose - tirough a 30-nesh US standard sieve.
b. Sugar - through a 30-mosh US standard sieve,.

¢. Potassiun chlorate ~ through a 60-mesh US standard

gleve,

The agent CS, kaolin and magnesium cardonsts were used as
roceived.

(1) Preparation of the dry mixtures AAKU, AAMU and
LIUs

The required amounts of CS, putassium chlorata,
sugar or lactose, kaolin or magnesiu carbonats were charged to a Houble

cone blender and blended for 20 to 30 mimmtes. The biend was then
socreoned, 8
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(2) Preparation of the granulated mixtures AA, AAK,
Il and LlA:

The required azounts of S, potassium chlorate,
sugar or lactose, kaolin or magnesium carbonate were charged to a Hobart
Vertical Mixzer where tho ingredients wore mixed for 8 to 10 minutes using
a flat boater. A nitrocellulose acetons soluticn (8 parts by weight in
92 parts by woight of acotons) was blended into the thoroughly mixed dry
ingredients in the ratio of approximately LS grams per 100 grams mixture.
This procedure ylelded, after drying, randomly sized granules in 8-to
20-z0sh range, US gtandard sieve size. A minimwm of materials was finer
than 20 mesh, The granules' size distribution varied slightly from batek
to batch,

3. Preparation and Loading of the 3-Inch Elastomeric Spheres

Four § inch exhaust veuts were spaced equally arcunu the
sphere, midway betwesn the neck and the equator of the sphere. A 5/8
inck blowout patch of 0.007 inch dental dam was then cemented over these
holes with rubber cement.

The neck of the sphere was spread, using a rubber stretcher
tool and 100 grams of the gramulated CS-pyrotechnic mixture was poured
into the sphers. A 3-% inch length of quickmatch was centercd in the
pyro-zix and extended into the neck of the sphere. A metal fuze adaptsr
was then wired into place in the neck of the device.:

k. Preparation and Loading of the 3-Inch Alumimm Conister

Batwson 65 to 80 grams of mixture (depending on the mixture
used) was pressed into the alusdnun canisters in three increments ina
center burner configuration, Mixtures AA, AAK, L1, and L1A were pressed
at 3500 pounds deadload while mixtures AAKU, AAMU, end LiU were prossed
at 1500 pounds deadload. The % inch center hols was primed with a
slurry of starter mixture 557, The slurry was dried and the unit was
capped with an alumimun dish. Quicknatch was used for ign’tion,

C. Boguits
A suzary of results obtained is listed in tables II and III,
IfI. DISCUSSICH
Upon exsmining table II, it is spperent that:
1, Fyrotechnic mixturee containing cane sugar (the AA geries)
are mcre offective in the thermal dissemination of CS when kaolin is

present in the mixture (AAK and AAKU) thew when nsgnosium carbonate is
used (AA and AAMU),
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5 Teblo YII. Statistical Evaluation of Ll-Typs Pyrotechnic Mix
o Survaillance Date

an ————
———— ———e 2%

: Avevege veporization
. ] ‘ Material SwngMee Ho. of Sarples efficierey with variance

B e . Viton B 160 10 T8 *3

Control 10 80 +8

A 160 16 95 5
3 Conutrol 6 ol +8
Butyl 160 5 7T 45 ?
Gontrol 3 BB

FOTa: Applying the t test to the butyl survelllance data, the mull hypothesis
is accepted at the 95% confidence levei.,
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2, These sugar-kaolin mixtures show equally good agent returms
28 thoss mixtures containing lactose-kaolin (L1, 114, 11U),

Due to limitations in time and persomnsl, it was decided that the
work be concentrated on Ll and I1U,

A consideration of data presented in table III indicates that after
storege for approximately 90 days at 160°F, the Ll~-type mix showsd no
deterioration when stored in Viton B or in alwminum, The results of storage
of Il-type mix in butyl elastomer are not as clear ocut because of the lim.
ited number of samples evaluated; but if the control resulis can be considered
to bs the same Erom butyl as Viton B, vwhich seems likely as they are the
same slze and shaps units, or if one utilizes the statistical t test, there
is no degradation under these conditions either.

It should also be noted that Il mix stored in the 3 inch natural
rubber-latet spheres for approximately 90 days at 160OF gave returns
betwsen 35% to 55%, whichrare sharp decreases in veporisation efficiencies.
It is believed at this time that the CS permeated the latex sphores as
evidence by the appearance of CS crystals on theoouter surface of these
spheres. Tgowhat extent this diffusion of CS through the latex wall
occurs and its effect on the agent return is not kmown nor is it being
investigated because of availability of better elastomers.

Under Contract No, DA1R-035-AMC-289(A), United States Rubber Company
developed a butyl elastomeric capound (ccde designation 17701-CH) which
will not suppori cembustion and which has shown grest promise whem stored
with CS, The following table shows the stability of CS (by chemical
analysis) when stored for extended pericds of time at 1609F in a unit made
of this elastomer. The CS-pyrotechnic mix used was the 11U mixture,

Table IV

CS Determinsd After Aging in Owven
at 160°F in 17701-CN Elastonsy

Z
Start Lo.7
30 days 39.5
60 days 38.3
90 days 38.8

The data acquired in this study will allow the use of an intimate
pyrotechnic mixture in the relatively small submunition size listed in
table II, or smaller, as well as in butyl containers. Prior to these

studies, there were no completely satisfactory, i.e., smooth burning,
officient, stable mixtures for either of above devices.
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Iv, CCICLUSIRIS

Several of the CS-intimate mixtures evaluated for this study show
high-vaporization officiencies and excelilent surveillance characteristics
uith L1 and L1V (laotoze-kaclir mixtures) being two of the most promising
forclations,

The surveillence studies {160°F for 90 days) with the Ll-type pyro-
technic mixture indicate stability whenrbtored in aliminum, Viton B elastomer,
and batyl olastozer and unsatisfactory storage conditions when stored in
natural latex containers.

Suger~kaolin mixtures (AAK snd AAKU) show equally good returns s how-
ever, only a limited mmber of tests were conducted with these mixtures.
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APPEHDIX
Matarigls Used in this S

Acetons, technical grads

Chexical agent, CS
(orthochlerobenzalpslentirile)

Cherdcal agent, CS

Kaolin, K. ¥,

Lactose, technical

Magnesium carbonate
Nitrocellulose, grade D
Potaasium chlorate, technical,

grade B, class 3

Sugar, refined, cane
Quicknztch

Rabber Dental Dam, 0,007 inch
Rubber Sphere, butyl, 1/16 inch

thick, No. BA63A

Rubber sphere, Viton-B,
1/16 inch thick

Rubber sphare, latex, 1/8
inch thick
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