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THY CHEWICAL COLPCSITICHS OF
GERiAN PYROTLCHIIIC E..CKL EIGNALS

I. SULL.ARY

As a result of the investigetion of a number of German pyro-
technic plants, informeiion concerning the chemical compositions of some
white, black and colored smoke mixtures has been cbtained.

It has been found that the colored smoke compositions were
mixtures of organic dyestuffs, potassium chlorate, kieselguhr and lac-
tose, which were granuleted by means of water and a water soluble bin-
der. These compositions are-given in cetail. The chemical formulae
of the organic dyestuffs used in these compositions were obteined from
the 1.G. Farbenindustrie snd are given in the a&ppendix of this report.

The white smoke compositions heve been found to be either
phosphorus phlegmatized with ten percent of paraffin, or mixtures of
hexachlorethane with zinc dust.

Two different types of black smoke compositions have been
found., The formulae of these compositions are given also,

II. SCURCES OF IiiFORWATION

4. Interrogation of Dr. Pehlke, formerly of the DLPYFAG
(Deutsche Pyrotechnische Fabrik) plant st lizlchow near Berlin. Place
of interview: Silberhutte/Harz on June 10, 1945.

B. Investigation of the I.G. Farbenindustrie plant at Lever-
kusen on 13 August 1945. Person interviewed: Dr. Beck.

C. Investigation of the I1.G. Farbenincustrie plent at Hochst
on 8 October 1945. Perscn interviewec: Dr. Huss.

D, Investigation of the 1.G. Farbenindusirie plant at Lud-
wigshafen on 5 Cctober 1945. Person interviewed: Dr. Schimmer.

E. Interrogation of Dr. Fischer, former.y Chief of Develop-
ment Section, Fabrik Deleu, at Schonhagen/irebbin. Place of interview:
Fabrik Koog at Ronscorf/Wuppertal on 1l August 1945.

F. Investigation of the Duetsche Pyrotechnische Fabrik (J.
F. Eisfeld G.m.b,H.) at Silberhutte/Anhalt during the period 7-12 June
1945. Persons interviewed: Director Schneider & Dr. Kirschener, Chem-
ist. !
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G. Investigetion of the Leutsche Pyrotechnische Fabrik zt
Funigunce/Gosicr on 12 Juiy 1945. Person interviewed: lir. Jacob Fran-
Zen.

H. Ilnvastigaticn of the Fanbskammer Versuchs rlatz near Un-
teriuss or 16 July 1945. Person intervieved: Oberst Hirech

I1I. olailhbl SL0FF Gl FOST . Iuiic

A. Genera.i introcuction:

In Gernany, development vork on the procuction of colored
smokes to be used as signalis curing cayiight begen at the tirme of the
first Torid ter. ihe firsi efforts were dirmctsc towerc the uvee of
culored vepors, e.g. viclet iocdine vepor, purple meéngenese fiuorice va-
por, brown rltrogon cioxide vepor, £né green nitrsobenzene veper (Cource
4). However, favoreble resulits were not obteined ar¢ work in this ci-
rection was Ciscontinued. 4 few experirents were @i:o carriec¢ out with
the ices oi scatiering colored cust clouds of inorgenic or organic dye-
stuffs by means of smell axial cherges of explosive insertec in the
containers. Iegstive r-sults were agein cbtained, since tie volume of
smoke produced was far too small vhen compareé vith the veiume ¢f Cre-
stuff necessery (Source 4). '‘ihis wes perticul rly true cof srall pistol
signels, vwhere only a small spece for Cyestuff was aveilable.

The first serviceeble coloredé smoke compositions vere devised
by thre amrericans, at the end of t'e firet .orlc ‘zr. Thev ccnsisted of
mixiures of potascium chicrete, lactose anc crgenic dyestuffs. 1re or-
canic Géyestuffs were vevcorized by meens cf the hect evelvec from the
corbustion of yotessium chlorete and .cctcse, the vepore then condene-
ed¢ in the sir to form lerge ciouGs conci:ting of Jinely cividec norti-
cles of condencecd c¢yestuff, “hese smoke gi, nele suilerec¢ fro- ithe cis-
acvantere (Source a) of using cyeriufe wkich vere nct nerticuscriy
suited¢ ic the purpcee. 'the ¢yes erpiuyed, e.g., incige, peranitroani-
line rec, chrysoicin, ete., prorucef cull =nc irpure cciors. At Cis-
tances of & few Fiiometers it ves no longer pcssible to cistinguish
blue, rec, enc yellov colored smokes (Source 4).

Ir order to iImprove the colors procucec by smoke mixtures of
this type, the DErYFaG plant at iclchow cayriec cut an ertensive series
of lests vwith new cyestufis. <1he new c¢yes wers suy ccgled and furnished
by the 1,G. Farbenincustrie Lesearch Ctaff et uLChJ”Sh fen,

Unly those fyeﬂtuf”s vhich tossecrec r-oletively low venoriza-
tion terperztures and which were able to resict the process of vapori-
zation without chemical change were tested. Freomiring results vere ob-
teined vith cyes of the "Cucen" clzsc, By meane of € e of this tyve,
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called "Sucanbleu G", the firet reeziiy usecblc Lermen blue spoke composi-
ticn ves Ceveloned., 'he formula wes as follows:

Elue Smoke Compousiticn

Potascium chioretie E5
Lactose 25,
cuéerb.au G 3755
kieselrubr 12,54

1le cherical formule of ‘udenblau G, es well ac these of the other cye-
stuffs mentione¢ in thic repcrt, ere given in the snpendix,

The ltieseliuhr was addéeC to the corposition both in orcer to
rencer ii "lighter an¢ more porous and alro in order to economize in the
use of éyestuff (Sucanbieu cost e proxirmetesry thirty merk: per kilogrem
enc the repiecement of 17,5 of it by metns of the inexvensive lkiesel-

fuhr wes consicered & Very consicercble economy) (Source 4).

"he #bove compositicn wes usec¢ in the "Hendrsuchzeichen" cor
"Hand Smoke Cignel", which consistec of e cylindriczl paper cese with
a single smoke outiet in the base. The composition was .simply tamped
by hand into the conteiner.

Green ané violet colorec smokes vere also procucec &t the
sare time. Oince there were no single green or viclet cdyes avaiiabile
for the _urpoce, mixtures of Cyes were usec. lhe forrulze for the
smoke corpositions wers as follows:

Green Smoke Lomposition

Fotserium criorete 280

ectose 25.0-
anramine 31.7F
Sudenbugu G 12,55
:lesedgubr 3 %

Violet Smoke Corposition

rot: sgium chicrete 5.
actose ) 22
Fhodamine L%
fucarbleu G €%
ileseiruhr 3%

A very lerge number of teste were mace in order to procuce
reC¢ anc yeliov emove arerstors ir &n analsgons menner, uring pressed
corposiidion anc & ecingie swoke outlet in the sigmal container. Very
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poor results were cbtwined. Using yellow anc rec c¢yes of the "Sucen"
cless, in cuentities occesicnaiiy es high as €0 of the tote.i weight of
composition, it wes cobserved that the color of the smcle vwis rec or ye:-
low et the beginuin: cf the evoiution; hovever, after & chort time, the
color turnec wkite.

By vorkirg in conjuncticn vith the e*eff of 1., Ferben, it
ves finally found thet the ceuse of the writening of the smcke wes the
cztalytic decorposilicn of the cyestuff vapors due to cortezct vith hot
cerbonacecus resicues (slog) formed by t'e corbustion of the initiadisy
burneé smcke composition (Source 4). In the smcke zeneretor whick em-
ployed prescec corpositicn with only ¢ eirgle smoke cutlet, the vepor-
ized cyestuffs alweys haed to pasc hot cerlcnacecous recicues before
reaching the open e2ir. The Fellow anc reé¢ cyestuffs were not abie to
resiet this traatrent anc vere cateiytically corverted to coloriess
compounds.

Therefore, in order to cevelop satisfectory rec¢ anc yellow
colored smoke generators, & methed of leacirg the smoke out into the
open air without contacting the slag haecd to he ceveleved. 1Ive metihods
of accompiishing this task were devised: a) the vese of lo.seiy filled,
sreruleted smoke compositicn, an¢ b) the introcduction of "sieve tubes"
passing through the smwoke penerstor frem lop to bottom, connected to
the smoke outlets in the tops cf the generators.

The first of these,ie. the use of rramiated compositicn,
vrovec to be cuite vaineble., The process cof crenulseting the smcke com-
position involved mixing the corpositicn in the vresence cf weter with
the addéiticn of smell armcunte of eitrer re'hrl cerlulose or weter glue
binders. Lhe compositicne were mixed in apparestus vhich ves quite
similer toc thet shovn below.

after mizing, the corposition vhile stili moist, vas pagsed
threugh an ordinary meat grincer equipped with a disc having heies 4
rm in clameter. The long strands of moist er-oke corporiticr obteired
in tlis menner vere Cried at 30°C. 4&s 2 resuit of tre drying process,
the stréncs cisint-greted irto srall greins abtout 4mm in diameter znd
8 mm in lenith., The loecding of smoke ~cnerztors with loose, :renuisted
compogilicn provided a lerger voiume of free space threugh vhich the
smoke coulc pess without cont:cting the ususal emount of hot slap,

It wes
ihe first suveccess
corporiticn wes as

wi t% the sicd of ;ranuletec crole compositicn ihet
ful German rec srcle ener:ter vas trocuced. The
¢ folliovs:

T.ec_Sroke Compesition

Potessium chiorste <0
Lactose 204
cucanrot G - $5:
Iieselguhr 25
betfyl cerliilose 5
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LIKING B O1rnERT

Ceverel cifficu.ties ir the ranufsciure of :enerators con-
taining this co~pc:iiiin were cnccunterecd. Yhe {irst wee the very great
effect of meisture wpcen the burning rete. 1In orcder to vrocuce genere-
tors with a constart &nd reproducible burning time, it was Tound neces-
sery tc ary the corpositicn very cerefuuly, first at 3090, end then in
heated rooms, for ajuroxiretely one week, in order to obtsin a constant
moisture content.

& seconu ¢ifficulty enccunterec in the procduction of sil 7ypes
of smoke gener: tors wes the infuizmrmabiiity of the colored smoke vhen it
ha¢ reescheé¢ the open cir. 1In certain ceses, merely the inecertion of a
gloving spiint intc the colorec smoke ctrecm sufficed to ipnite the
smoke an¢ cauce & fizme vhich destroyed the color. Accorcing tc actual
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meacsurements, the terpersture of the smoke incice the srereretors ronged
frorm L50° to 700°. Lherefcre ef orts vere made to cool the smcke to
some exient before it reacheé the open zir. Lhis wes zccorplished by
means of the wete L sieve tubes which were insertiec into the ;renulatec
smoke compositicn. These scted in the sare viey as the vell known miners
sefety lemp, in concueiling heet &avev frorm the smoke. fthese sieve iubes
also serveé to provide preths where' ' the smole coulc resch the onen zir
vithout coming in contect with tre hot sizg ir the interior of the ren-
eretors,

Sorme experiments hec a2lso been cerried out wilh emmenium
perchlorate es tre oxicant in plece of wotassium chlcrate in orcer to
reduce the tencency towerc the procuction of fleme (fource A). It wes
thought th:t the nitrogrn v!ichk would be procucec ac the resuit of tre
combnstior would act as &n inert zss encd prevent inlizmmetion. However,
it was reportec thet lerge cuentities of hycrochlcric acic were evolvecd
by the recuction of the a= onium perchlorate. The hycrochloric zcid to-
rether with the high tempesrature in the chember cmused the cdestruction
of the color of the dyestuff (Source 4A) ancd rencered the usce of ermonium
perchlorate impracticable.

The use of grenulatec¢ smoke compositicn in i'lace of nressed
compositicn was found to be uceful for the procuction of other smoke
signals with short burning times anc high retes of smoke evolution,
lhe lerge surface area and lerg= burning surf:ce of the rrenuletec cor-
position caused a very hich rate of smoke cvolution whkich coulc not pe
produce¢ in any other way. Indeed, efiorts to procduce fusti burning
colored smoke compositions by means of increeses in the pectascium chlo-
rate content had been triec, but were unsnccessful, . henever the aroun.
of rotassium chlorete wes increasea to more than 35:, the color of the
smoke became gray. This wes found to be true for eidi cciovs (Sowrce A)
enc ves thourht to be cue to oxnicztion of tre cdrestiuif by the increased
cuantitice ol poltassium chlorate. 4Lhis wes further exnisined Ly the
fact thet ¢ii colored smoke compositions rust conlein ¢ rather lcrge
excess of dyestuff., TFor example, rec¢ smoke compocitions tere szic to
Lecore uiiezble when the coniant ol cvestuff Teid below 45.. . Lliue com-
nositiuns vere lece cersitive, cdue to the ;rect coloring stzerglh of
Sulerbleu G; Lewever, if the content of dyestuff feii below 35, the
color wees seif to become very week eliso,

From the esbove discussion, it is erwer-nt thet the usc of
sranuictec compositicn wes very irporient in the procucticn of colored
smolie rerersters, perticuleriy those heving e "igh rete of smoke evolu-
ticn, & typical example of its useMiness v- = the Cevelo ment of a
smeke fenerator corntzinin. 200 jra=s of composiiion in & voiure of zbout
350 ce, heving e burning lime of from Z-5 seconds, Lhisg wes s7id te
reve been imros:ible using orcirary pressec ccrposilion.




Lome C(istvenieres which resusted Ifrom the ure of pranudiated
sroke corposition vere &) the rether leng tn¢ invelveo munufacturing
rrocecdures anc h) the fact thet the amount of ;ranuiated sroke composi-
tion vhich couid be vieced in a given volums wezs not &s large as the
amount of pressec¢ composition wrich coulc be inserted in the same vol-
ume,

For some tyves of smoke signels, the ucse of tabletec, pressed
composition wes found tc be more acvenitezecus. The teblets viere pressed
in sutcretic itebleting prasrfes, and were i{ormec as large cylincders vhose
outer cizmetlers were egual to the inner diameters of the signal contain-
ers. ‘“ke tabiets usuclly vossesced axial hoies threugh which the sieve
tubes of the smoke generators could pacs.

The tableted compositions viere guite simiiar to the usual com-
positicns, ané ¢ifcrec¢ only in tiet lalcum wes used in plice of kiesel-
fuhr. the talcur facilitetec the pres ing of the composition in the
tableting presses.

™

In the lest yeer of the wer, the lactose necessary for the
menufzcture of emcke compositions became criticel, and wes therefore re-
pleced pertially by woocmeel. L typices composition smploying woodmeal
toyether mith talecum is the following:

tableted Oranpge Smoke Composition
Usec for liauchsichtzeichen Crange 80

Potessium chlorete 295
lactose 13%
Voodmes 1 %
(rence 1584 P
Talcum 10%
Fauchorenge 165

Jost of the viclet s~cke compositions contained Thodarine B,

the ic, &nC possessed a vHE ol appronimately 2,

conc: rnin~ the usge of this cdyestuff
_ & lurce number of tests
cut with & viev towercé the development cf chlo-
ret, eiZoris wore male to replace
rerchtorste, then with potasrium

nitritea,

crate, tnu finsualy
6 Cettiwed revuid: o the effvet cof the substitution of
vehaorete (1e availsable, Lovever, it wes stated (Source &)

color cf the eroke wee either .roy or white when armonium

o e oewrilyed, &nc it was supposec that the hycrochioric acid

iiberetec by the arropnium perchlorate causec the decompesition of tke

cvestuft,

210-



Cermregiiiens cortodning soles- v rerehacriie ifce of

cloecbopi o dersts Yefe nrenctdes: :1¢ tectnre of [T ale
L tizu Toeet~e tievs vre not & evd Gcoler iy 3
¥ le viih chenrig ir tie corocilion t curce a), GLosncediiers
- uetaesium nivete exbibited tle sire I vite or tlise cortelin-
coinm cerchaorzte, but fo an even [resisr entent.

Liztures of (vestuffs viik héic' uvovder vere tlso ried. It
1ot tke bozed wwwior vonde behave in the gave v g8 mixXe
ascium choorete rnd dlectese, snd mErELY cupody heat fur the

v o Lhe ¢re. lovever, it was found thaet the colored
rne¢ Irom rixtivres of Huck povcer enc urestuifs vere e lvays
0 in color,

firiher efTeris to develop clilorcte-free smole corzorliions

In orier iuv aveic ithe danger of seli i:rniticn of vicieu cclor-
groke corwposiiions conts ining both peics ium chilorote end the ecidice
mhoCemine b, the [lodimine L wers renlecec Ly ke veally elicliine (re=-
stuff, hedermine Tace U Ixtrz. However, the color ol ihe viciued qmcke
oht:;;cc eg & regsust ¢f tlhe substiwticn ves protl as geod ar thet pro-
¢ucef by tre ori' inal compositicn. It w s stited (“ource &) tlit tests
to find & setisfoctery cpestuff or miniure of cyeciufls for = viosiet

srexe corrcosivion vere etils in groyressz, 2nc hac nct been corpieted.

it wce also statec (fourve Z; 1hri yellow s-ok: ccrpositions
nri“ting of wotasgiuw- clicrote, lzctese, =nd gursrine ceunsec & censi-
¢

sotasgiw

abie amount of cifliculity cdue to heet eve_viicen ene seif-icnition in
pregence ¢f muicture. ire regson for t/is vas not lrown celinite.y;
it ves theuskt o bc cue to ¢n initicl resclion vetvern egurarire
irctogse., It wae reverteé (Tource 1) thes the difficunity wves eiiri-
netad by wizing tle rocrl“Pd amcunts of .zetose ¢nd zvra~ire in the ab-
cence of rctas:ium cIlcraLe, cnd then storirs this credii~inary miniure
for = period ci aporox1vaip;y one ve 1 in order to allov tke rececllion
to corplete iteslf

Yedllovw imoke ifuff Cecrpositicn
T-ie is an interestiny exermple cf ¢ fect burainy inorgaric
smoke ccmposition. “he comoositicn was es foilovs:

Cacmium metzl 12,3
Cacrium sulfice 20, 4.
Zirconium 16.5.
adurminun 4,00
Berium nitreate 2
Potazcium cerchlorate
Synthetic resin £ O
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Thie composition was locge loecded inlo the
Gelb" or Yeller Zmoke Fuff tipmel Certricge. .hen ithe cartvidie ves

fired, en inrer conteincr hoicinr the smoke corpositic exnellec,

enc at the sarme tire, & delay in its basc ijmited, conteiner
reached the zpex of its trejectory, the orcke corposit irnitec

by meens cf en axiel inner tube filled with bsick powcer. ‘the color
of the puff was procuced by the yellow cacrmium sulficde perticles. Zir-
cenium wes usec in orcer e confer £ hish cegree of i mitebility ana

a very rapic rate of explosicn uson the cerporiticn,

B. Incivicuel Colored Emoke Lorpositions
Note: All of the compositions siven belor heve bern taken

frem "Herstellungsberichten", or Eesorts of ilenmufccture cf the ¢. I.
lisfele Co, Source I,
H

mnel Wo, €0
DI[)

1) Orange Smoke Recognition lig
("auchsichtzeichen Crenge

(#27)

Tabletedc Composition {June 1944)
Smoke Composition;

Fotassium chiorste 26,
iectose 18%
i-lcur 10%
Orange 1524 135
Zpuchorsnge 355
Nauchsrelb o
irniter:

Quickmetceh with

EBleck vovder (mezl) 155
Seechwoo¢ charcoal 255

Teb.etine Prassiure:

25000 kilogrerms per iablet

Tebleted Composition (iiov 1944)
Smuve Lompositions

Fotassiur chlorste 295
lactose 185
Yo leum 107
Orange 15¢4 27
feznuchorance 165

Yzbleted with ¢ force of 25000 kilorrams ver tablet.

Granul-tec Corposition (Sept 1944)
Spgke Lompositions:
Foteszium chlorete 205




Lactocse 15%
.ootmeel 5.
fucanorange il 35
Hauckgelb ndis
irethyl cellulose 1%

hixed anc¢ grenulatec by
35° ¢.

reans of wster, anc then criecé at

laebietec Compositior (Jen 1945)

Smoke Composition:

Potasesium chlorete 257
lactose 13
TooGmer 1 g
aleum 10
Crange 1584 poaf 5
s.euchorznge 1€, :
Irnition Corpusition:
Black Powvder 85%
Berium sulfete 5%

Loading rfressure per Tsblct:

25000 kilo:aerns

r

2) Orenge “mcke lecoznition Sirmal llo. 1€0

("Rauchsichtzeichen

Crence 160")

Granulatec Corposition (r'eb 1943)
Potassium chlorate 18
Lactose 22
Rauchgelb 27
Orange 1584 32
ilethyl cellulose 1%

The above composition wes eixed ana rrenusrted wi-h weter, and
The followins ignition syevem was employed:

then dried at 35° C,

Quickmateh with
Elack vowder (meedl)
Beech charcoal

75z

e
ﬁ.E‘;ﬂ

3) Orange Smoke Lecognition Zigmal lLo. 350
("feuchsichizeichen Crange 2°0")

o



Crenulated Composition (rFeb 1943)

Potassium chlorate 18%
Lactose 225
Rauchgeib 245
Orange 1584 3554
Nethyl ceilulose 1%

Granulated Composition (Mar 1944)

Potassinm chlorate 20%
lactose o 15%
W.oodmea 1 5};
Sucanorange RiEl 35%
rauchgelb 2L%
wethyl cellulose 1%

The ebove compositions were mixed and granulated with the aid
of wzter, and cried at 35° C.

Tebleted Composition (Oct 1944)

Potassium chlorzte 33%
lactose 18%
Kieselguhr 3%
Orange 1584 12%
Rauchorange 31%
Rsuchgelb 3%

Tebleting pressure 25,000 kilograms per tablet.

4) Hand Smoke Signal, Green
("=zndrauchzeichen grun")

liand Pressed Composition (1940)

Potascium chlorate 22,665
laatose 28,10%
Auramin O 31,04
Sudanblau 12,30%
Kieselpuhr 5.50%

lote: Although the sbove composition, anc also Nos. 5,6,7 and 8 below,
are listed without any bincers, they were ususliy granuletec with the
aid of water znc a wster soluble glue krown as "Glutofix", &fter granu-
lation they were criec at 35°C, and then poundec by hené intc the con-
tairers.

5) Eené Smoke Signal, Vioiet
("sendreuchzeichen Violett")

=1z



4 4l LI X ploe L Era e 3
End Praseac Cormoopiticn (AUAU,

rolees-iur c¢hioreie S
wactose A
-ucsnbisw G /
hofemine Lece & Ixtra i3
lilesel: ubr 5

Eenc Cmoke “irres, lled
("lendreuchzeicken fot")

Hend Freseec Cerpositivn (1940

Potessism chliorete ar

actose 18
‘ud-nrot G 55.,
Lieseizuhr 538

Henc Smoke fignel, nlue
("Hancrsuchzeichen lisu")

Hené Fresse¢ Corposition (1939)

Fotessium chlorate 25,5
lzctore 22,1
fudanblau S8,
Incigo RECTRIT T

hend Tmoke Zignal, Yellow
("Hendreuchzeichen, Gelb")

Hand Pressec¢ Corposition

rotassium chicrete 224
Lactose 235
‘ucangeib I 50
hieselyuhr 55

llesse;
("i.eicebuchse rend")

Fressca Corpesition (Apr 1943)

Potgesium chlorate 30.8
Lectose 2885
fdurzmine O 3%.,5;
Rhocamine E) 20 . cve

804 cexntlrin 8,75
Stecric Acid 4..0%

-15-

‘esezre Conteiner, dir-iend, with Yellow

Lmroke Lrece




Pressed Composition (Jun 1936)

FPotassium chlorate 29.0%
lactose 18.7%
Sudangelb 13.3%
Auramine 28.7%
Chryscidine 9.3

The above compositions were pressed into the cogtsiners by
means of hydraulic presses, using & force of 25,000 kg.

10) Adrcraft Smoke Signal, Red
("Abwurfrauchzeichen Rot")

Two granulzted compositions wer ervloyed .0 the ilaing of
this device (1939):

Compeesition Composition
lio, 2 lio. 1
Potassium chlorate 185 2L
lactose 215 23%
Sudanrot G 55% 180
Kieselguhr 5% 0%
llethyl Cellulose 1% 1%

The above compositions were mixed anc cranulated with the aid
of water-alcohol mixture, end then dried at 30°C., The loading of the
generator was as follows:

a) Chamber No. 3 (Lower): 155 g of Comp. lo. 2
b) Chember Ho 2 : 155 g of Comp. No. 2
¢) Chamber Ho., 1 (Upper): 200 g of Comp. lio. 2
d) " 60 g of Comp. No. 1
e) i 10 g of Comp. Lo, 1

The compositions employed in steps a, b,c, anc d were pressed
with a force of 1000 kilograms.

11) Aircraft Smoke Signal Violet
("howurfrauchzeichen, Vialett")

Two granulated compositions were employed in the same manner
as has been described for the "Hand Smoke Generstor Red", except thet
90 g of Comp. Ho. 2 and 100 g of Comp. Lo, 1 were used in the upper cham-
ber.

-16-



Corposiiion Compositicn
e P e L
Fotceeium chicrite i¢ =0
iacteore 54 L5
* EhoCarine Fare 1z 10
Tucenpasu G 9 T
ciesessubr G 7

cethyl cellulose I o

12} Ajrera®t Sroke Cignel, ! iue
("&bwurir: uckzeichen -iau")

In the manufzcture of this cevice in 19/1, Iour ceve

chambers were lozdec in eoch eignsi. The icwer threc c urmbers were

filled with Compositicin lies 1. The upver crarber wes Zilied vith tvo

leyerss a layer of 150 greps of Corp, llo, 1, enc & lop dever o 100
o o - b 4
grams of Comp. Iic. 2., & loacing force of Z.5 tons wes used. ‘ile

cormpositicns were as follows:

Compeeition o, 2
Fotesgium chlorate 2
lactose 25
Zudanbleu G £3,
Fieseiguhr 9,3
nethyi cellulose il

This coirposition was mixec and rrenulated vith the zic of
or

water. Lhe verticles were formec by .acss: e “hroug & meat crinc
having hoies 5 mm in cdianeter.

This was a mixture of two sem rote comperibicrne:

C

rart a:
Comp. ic. 2 (deccribel ~bove, but reducec in iriici
size by passare trrouw k¢ & My dn; rosl :

5¢. cm) 7% 54

Pert B:
Sudanblau G €0 )
iethyl ceriulose =0




Fart I of Compositiion o, 1 wes mixe€ enc granulsted with the
aié of veter and pacs:ec throuzh a sicve having 9 mesh per eq. em.

13) Airereft rancinz Smoke Cirnal
("Lancungsrauchzeicken")

Irniter:
Barium nitrate 67.55
Culrnhur S5
Elack powder (met i) 15,05
Charcoel 5.0
ilethyl'CeLlulosge 3.0%

Smoke Composition:
Rhocamine E 80% dextrin)

205 ¢ye ) G. 1%
sauramine C J&a 30
lLactose g e S
Petessium chlorete 325

This composition was prescec ucin: & force of 25,000 kilo-
grams for each conteiner,.

14) Violet Smoke rarachute Zignel Cartridge
("Feiischirmranchnatirone Violett")

Igniter:
Eleck powder (meal) €5.0;:
Potessium nitreate 11.0.
Earium nitrete 17,35 \
Sulphur £e9

Glutofix (L.ater Solude Giue) 0.8

Smoke Corposition:

Fotessium chlorate 266
lactose £40%
Kieselruhr or tsicum 10;5
Sudenvisu G 9%
Lhocarine Base b Ixtra 15%

The above compocition wes pressed into the smoke cortainer
using a force of 5000 kilograms.

15) Smoke Trace Signal Cartricdge, Red
("Reuchspurpatrone rot'")

Smoke Compositioun:
Sudanrot 32.5%
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Parstoner B 29.15
lactose 13 .80
Potassium chlorate 24 .65

The above composition was mixed and granulcted with the aid
of a fluid binder known as "Zapponbincemittel"., 'The nature of this
substance is not knovm.

The granulated composition was loose loaded into the signes
conteiner,

16) Smoke irace Signel Cartridee, Blue
("Rauchspurpatrone, Elau")

Emoke Conposgition:

Sudanbian G 35-40..
Incigo 1z=-1/%
Lactose 1/-185%
Potazssium chlorate 32-35 .

Glutofix (Wizter Solubie Eircer) U.5-1s

17) Smoke irace Signal Cartric:e, lellow
("auchspurpstrone” Gelb)

Smoke Corpeosiiicn:

Chryscicine

suramine

fucangedtb
Foteseium Chiorele
lactose

This coppusition wes jranuieted ny weans of
adcition of 1% of & weter solubie bincer, cor Ly metne
mitted",

e

128) EBlue Smoke Inciecting “rece Sipne
Foroye 1rigod
{"Lentpztrone Z mit blsuem such®)

Smoize Corvositicns:

Fetuszinr chicretie 30
Lactosa =0
friGuanbuau G £0.:

This cormposition weas pressed inte ithe cignel cace vilh &

1
ioadin presrure of 500 kg/sg cr.



http://nbir.de-
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19) Yeliow Smoke Trace Indiceting Signal Cartricge for
Rifled Flere Fistol
("Deutpatrone Z mit gelbern “auch")

Smoke Composition:

Potassium chlorate 25,5%
lactose 21.5%
Sudenorange R 36.0%
Auremine IL 17.0%

A loeding pressure of 500 kg/sg cm was ermployed to load the
composition.

20) Smoke Cluster Cignel Cartridge, Red
("Rauchbunc elpe trone, Fot")

Smoke Composition:

Potassium chlorste 17%
lactose 10%
FKitrocellulose (124 1) 12%
Kieselsuhr 15%
Sudanrot 34%
Rhocamine 1%

21) Smoke Ciuster Signel Cartridge, Elue
("Rauchbundelpatrone, Elsu")

Smoke Composition:

Potzegium chlorate 22
lactose 12
Nitrocellulose (12% ) 6
Eieselzuhr 1550
fydanblau 33%
Incigo 124

This composition was mixed c¢ry by hard, and was then molstened
with a two percent glue solution (200 cc per kilogram). The compocition
was then pressed into ring pellets, 1ith 2 loacing force of 1000 kilo-
grams, vhile still moist. The pellets wer~ driedé at 30 to 50°C for two
to four cays. lioisi igniter composition wae then applied on both sides
of the pell:t, which was egain dried.

IV. PIRCTICHNIC UHIYE SIIORL CUwFGSITICHS

Accordirg to Scurce F, it iad been found that the sroke pro-
duce¢ by burning phosghorous noscessec the greztest cencity, anc hidin:
pover of any white smoke composition eveivec by a pyrotechnic reaction,

=20



rhos-Lorous smekes were saicd to bte foilovwed in efiiciency by the srmokes
orocucet by the so cu¢¢cc "Cercrer [lixtures", which consisted of zinc

¢uet with chlcrinatec hydroczrbons.

Phosphorous was rether wicdely uced f
snoke pufis in artillery shell. ror this ur;
phlegratized with ebout ten percent ol zereffi
crical tubeg winileh were then pleced in: the sne

*hen the shell exploded, a wiite puff of smoke
i vey formed,

Cne of the more impor ent white smok
ing & rerger dxture wes the "lebelkerzen 39n"
ihis wees not & uarc¢e, but consisted of a ecylii
holcing e s;igie lerge cylinéricel block of em
device hes teen describec in F.ha. Zechnical ie

emplcoyed when Lhe cevice was firs

Eexachliorethane 5

‘or
0se 1Tec

nreduction of white

:hosphorous,

tne

L
n, ves loaced inte cylin-
11 with the ll.5. charge.

cule to phosphorous pent=

2

¢ gif cevices, erploy-
, cr "Croke Lendle 39E",
ndriczl retel container

oke compositicns. This
port. The folloving com-
t menutzctured (Source G).

7_ i

aine cust Lo

lzgnesiur powder in
The magnesium powicer vag acied ‘n order to incrcase the ig-
nitability ol the composition. Nowever, cue tu 2 subseguent shortage

e
W

o' magnesium, efforts were mece 1O vonserve &
barium nitrzte was then employec in vlzce of 1
siticn wes the

tion of hestilities:

Zinc cust
Hexachlorethane
Barium nitrate

=

It wes recognized tnet this conposition yves

cre wizich was being employed at the

much @ poscible, ané
1. e following compo-
time of the cessa-

ih

b2
550

i
T

+le unsteble

Gl

enc possecsecd 2 lendency toward v:lf-ignlzan irn the vresence cf molis-
ture (fource G). Un severe. occasicns, when looge corpogition viag gl
loved to stanc in very humic stmos L*reu, the composizicn became very
hot (“ource L), nn entire sicrepe wagszine conteining thousands of
these generators was completery burned becaure rain fell uvron a few
Fenelralors anc penetreiec to the combosition. aiter ot-uTerue,
Very great care ves teken in order tou protect the corporiticn from
moisture. Lhe generators were therefore alweys packed @ nc chipped in
carefully sealed boxes which were equipped with rubber gaskets.

The methoc usec¢ to press the cylindricel biock of comiosition
for this renerator is cuite in eresting, The compusition was pressed
directly in & steel mold without any peper liner, rhotogrepns cf the

mold sn¢ vress which were used &t the LEFYFAG
Zource (), are shovn below.

-2]1.
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e USEL TU PRESH CYLINDRICAL BLOCKS
OF SkOKE CC.POSITICIH FOR WEBLOIERZEN 39B



TING Lt TTend
V10 LAY BL
1l

iy

wOLD IWSIFE FRICO £HC
SLIDIHG ELCCKS (i, &, ©)
SLID IWT0 POSITICL O !
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The mold consiste of a steel frare which rides on roisers
leacing directly intc the press. ‘here are four cylindrical cavities
for the smoke composition. 1In the bare of each of the four cavities
there is fitted & steel rem (see etieched photocreih,. The four rams
are &ll 2tt ched 1o the same bese plete XX, fThese iams rise into the
cavities wren the base plate is pushed upward. The actual pressing
operation involved plecing the loose corposition into the cavities,
plecing the ste-l discs 4, B, C and T on top of the loose composition,
roliing the mold into the vress, leterally sliding the steel blocks
into position so that they coverec the [ille¢ cavities, and then al-
lowing the mein rem of the resc to rise anc precs egainst the bese
plete XX. In order to recrmove the prescec¢ blocks of smoke compesition
fror the mold, all thet was necessery wes to move the steel blocks
laterally a few inches to the positicn shovn in the photosraph, and
then sllow the main press ram to rise end precs ageinst the base plzte
XX. 'the frame of the mold wes helé¢ in position, and the blocks of
smoke cormposition were forced upward ancd ouwerd by the rising rams
ancd base plate.

The white smoke comnosition used¢ in the "Reuchbal.patrone
Veiss" or ".hite Smoke Puff Signel Certricdge" wes as follovs (lource

Black powder (mezl) €05
zinc dust YA

This composition wae loose loacded into a&n inner metsl con-
tainer which was pleced incide the outer case of the signal certridge.
vhen the car ridge wss firec, tire inner contcirer v s expellec, and a
delay ir Zts bace ignitec. T hen the celay burned through, the fieme
was communicated tc a sirené of guickmeteh which massed axlally thrcugh
the locse smoke corozition, the loose compesiticn then expiooded, pro-
cucing e puff of vhite smoke.

V. BiraCk SHOIT CO P L T0:D

Only two examples cf itle use of bileck smoke corpositions
heve been founc., The first irveived ire une of lavge numbers ,of “el-
Llete vhicr vere vleced in ro 15 cm RECG &nti-Prthiirder Zockel, see
CIO" keport "German Firotechric antie-baihfind.r Levices". The oedusets
vhich were emrloyec posserce:r tiwe foddoviny corvociiions:

I sciur n tr te <L .G
Lexachicrethe ne 2LLEL



tetraniircearbezodl
Anthracene
fephthaiene
&lurminurm novcer
Lagnesiur powdar

Black “~clke Co-iogition

Hexzohlorethane
sagnssiur
tnthrecere
avhtiasene

The peilets eroleving the aheve

Cirectiy in steel mcids witkout any aper
The seconc exarpic cf the use of =
was in & generster ernleying the Zolloving

Inforrmaticn concerning the manner
wes lozded inteo the senerster was not
steted (“ource =) thet sermiles of the
the Britieh C.L.0.0. &t sorton,
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ATTEIDLX #4%

THE CHEMICAL CONSTITUTICNS OF THE DYESTUFFS ELPLOYED IN
COILQORED SKCOKE COMPOSITIONS

A) Sudenrot G
This was an azo dye, menufactured by coupling o-enisidige with
beta naphthol, {Source B). The formula is as follows:

~OCHg oH

.—.’N =N —

SUPANROT G”

B) Sudanrot R

This was also an azo dye manufactured by coupling 3 amino,
l} methoxXy toluene with beta naphthol. Its formule is as follows;
(Source D):

CHg
oH
N=N-—

OC Hy

3

SUDANROT “R



C) Sudanbleu G, Sudenblau GN
These were anthraquinone derivetives, which were synthesized
by the following steps (Scurce B).

T 0 s0,K O NcHy
m [I:\O
AN / N
O " 9] Io)
H
O O .
" 'CH3 n N-CHy SUDANBLAU
uG”
—_— ___>
3 é?‘ " N‘< CHz
) g H
) NH CH3
5UDAN5LA“ (
\ g /CH3

QOrange 15814

This dyestuff (phthaloperinonezlwas the result of condensing
52 parts of phthalic enhydride with 57 perts of 1,8 naphthylene
diamine (Source D):

1 He
_0 n I\ o -
SN TS
Q/\ /
*o ¢ = N___/

ORANGE 158%




Rauchgelb
This dyestuff (9.10 dianilido anthracene) was prepered by heet=
ing aniline and anthraquinone. It possessed the following formula

(Source D): O

N
H

RAVCHGELD

0

Suden Orenge RIEW
Sudan Orange R

These were exactly the seme substence, namely, an azo dye
prepaered by coupling aniline with bete naphthol (Source C):

SUDAN BRANGE R
SUDAN ORANGE RLEW



Sudangelb GG
. This was ean azo dye with a structure similar to sudan orange.
However, resorcinol was employed in place of beta naphthol (Source D):

C>N N/~_—\

SUDANGELR GG "

Rauchgelb R:
This was simply aminoazobenzene,{Sources C and D):

om=niom

RAUVCHGELR R

Rauchorzngs G:

This substance was meanufactured in laerge quantities as an
intermediate in the menufacture of other dyestuffs (Sources B
and C). However, it is not known whether "Reuchorenge" was the
saze substance as "Reuchorange G*. The formule for "Rauchorenge"
is therefore not known with certainty: that of "Rauchorange G" is
as follows: 0

@\/ RAUCHORANGE "G




Rauchbardeau BN
This dyestuff was an anthraquinone derivative having the follow-
ing formmula (Source B):

6
" oH

RAUCH BORDEAV BN ”

-
1 NH?\ '

RHCDAMINE B

AURAMINE

RHWLMINE BASE B EXTRA
LITHOL ECHT GELB
PARATONIR B

These are all well known dyes whose structures are to be found
in the stendaerd trestises desling with dyestuffs. .

Rauchvioclett RN

This dyestuff was a mixture of tiwo substances which were pre-
pared from anthraguinone by the following reactions (Source B):

S so,Na q L
/
Na O, S 6 N3 6
" \! N‘\Ds S OaNg 1t cR
—>
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Rauchblau .
This substance was produced only experilientsllr.
The total quantity which was manufactured was orly
one hundred kilograms. The synthesis o1 ihe Gre
from anthragquinone was as follows. (3ource 3)

? ¥ S0, i " Nhz
m -7
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RAUCH BLAL "R






