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~~s object of project £13 is to develop colored ~soke mixtures for
us~ La color.d smoko muni tions.

I •~~• -

-
~~~~~ 

- Tb. obje ct of thi s work is to develop a foimula for a red smoke hand
gre*M. in which the dye 2-aniaole-azo-beta-n&phthol , or a similar dye

~ - . sou3A be used.
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• • This preject is au thorized by the project specifications for the
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~ -: dye &-anisole-azo-beta- naphthol , Colour Index No. 113, was one of
the first to be tested wher e work was initiated on ~~dttication of the

9-. ~ oo3.or.d ~aoke Pot , ~~~. The results were promising enough to warran t an

~ 
. ent~~~jve end protiotsd study of this dye , but it never produced a colored

~~oka cloud as good as tha t tram 1-methylazaine anthzaquinone , the red dye
• 0. ~ . adapted for use in the colored &noke Grenade, ~16, and all colored smoke

~ Munitions aubSe4uently developed.
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• In co~~~n with other azo dye. this dye is theii~~lly unstable . Wh_en
mixed with a tue] and burned in a grenade , it has a lendency to burst into
flamed , and pioduc. a mixture of colorless , gaseous products and carbon ,
instead of a cloud of colored smoke. Ivan when this does not occur , the dye
undergoes appreciable decomposition in the process of volatilization, so
that the smoke varies in color from a light red , to whi te .

zt ~~. thought that the decolorization of the dye might be due to
the passage of dye vapors over the hot carbonaceous resides that ii always
found in coloxed smoke munitions. It was further thought tha t the gases
formed from the burning fuel , which act as a “carrier” for the dye vapors
In expelling them f ran th. grenade , might in themselves be inf l~~~sble.
Their combustion with the oxygen ‘of the air on eatasion from the grena de
might ignite the dye vapors intermixcd wi th them and cause the excessive
fleming of ten observed w~ th azo dyes .

Recent experiment., the obj ect of which was to prevent from flaming
a fast-burning colored smoke mixture containing beta-naphthol—azo- dimethylani—
h a,  led to the discove?y that certain a~anoniwn ealts also prevented the
decolori~~tion of azo dye.. Most aiimoniuin salts decompose at relatively
low temperature., and their products are wholly gaseous . It was
thought that the gaseals products formed on decomposition of these salts
might expel the dye vapors from the grenade before decomposition could occur
and dilut, the effluent gases sufficiently to prevent ignition . Such,
indeed , was the result , regardlea~ of whether this be the tine explanation.

The additi on of ainnoni~zi aulfate markedly improved the color , while
th* addition of am~~nium sultar~~te, NH4SO5NR2, produced a smoke whose
color eçu.alled and , under available oonditio~s, even surpassed that f rau
1—methyl amino entbra~uinone. The color, which was excellent initially
faded some as the burning- progressed . Thia was largel y effini nated by the
addi tion of an inert diluent such as kaolin , floated silica , or precipitated
trtce.lcitsn phosphate. The addition of a very bu lky substance such as
kieselguhr , asbestos shorts , magnesium carbonate , or sodi~mi or aiz~noni~a
lignin .ultouate , had the opposite effect. kumonium sulfate, when mixed
with potassium chlorate, was too uns table to be used in a colored smoke
munition wi thout deterioration in storage . Other salts . ‘ammonium oxalate ,
annoni urn thiosulfate, ammonium chloride , wmuoni~zu sulfate , an~ionium
phosphate, urea, diphenylanine , and aniline hydrochloride were found
unsatisfactory.

It was foun d tha t the intensity of the color produced was proportional
to the rate of burning , and thet the best color was produced ‘with a
burning time of as. than sixty aeconde. This dye would seem to be
especially suitable for use in such fast burning munitions as the streaming
type rifle grenade, 1123, ( T.D.M .B. No. 806), the 60 mm. mortar shell , T b ,
(T.D.LR. No. 357) , and the colored smoke trail bombs , N~ 7 and Z13R2,
(T .D.M.R . No . 861). It has also been found very satisfactor y in thd 4.2”
C.M . colored smoke shell , V2, in which the explosive tilling consists of
a mixture of ~C powder , 0.3. Ai,nl Specification No. 5O-13-8B, and dye , and
when the time of exposure of th . dye vapor to hi gh temperature is very
short.
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Zan ier experiments with other dyes showed that decreasing the
particle size of the ICl03ddecreaeed the burning time of colored smoke
munitions . It was found that with this dye decro~ieing the particle size
also improved the color. Ziperiments in which the efrect of tine particle
size in decreaei~~ the burning time was offset by decreasing the quantity
of chlorate by the addition of a “cooler” , such sa NSHCO3, KR~O3, Urea, or
Epsom Salt, resulted in an inferior smoke.

~~saoke mixture having the following composition was found to give
the bes t smoke in the 1118 grenade :

Parts by weight:
Dye, 2-nnisole—azo-beta-naphtbol 40
Potassi um Chlorate , LUeropulver ized 20
Sucrose , Micro , pulverized
Ammonium 5ulfam~te 10
Trlcalcii.mi phosphate, precipitated 10

The hue of the s’aoke produced by this dye differs trots that produoed
by l-methylaniino anthraquinone , being a yellowish rod , or scarlet , (BE ,
see No te on Munsel l Color System at end of Report) , instead of red (3R ) ,
Attempta to make the hue redder by the addition of ano ther dye to the
mixture met with little success , resulting ei ther in deterioration of the
color , or flaming . A more satisfactory method of changing the hue is to
alter the composition of the dye , by the addition of other substitu enta in
the aromatic rings. The dyes , 2,5-dimethoxy beuzeno -azo-beta-naphthol and
5—methyl—2—ant sole—azo-beta—naphthol , have been found to produce red smokes
of hues 3R and bR respec t ively.

It is customary to oil the dyes used In colored smoke munitions to
decrease dustiness during mixing and tilling. The addi tion of Petroleum
Oil , C.~~.S ~pec. No. l~6—l~l- lG8 , i~ero~;ene, or 1~alowax oil #1000. a
chlorinated hydrocarbon , to the colored smoke mixtures containing this
dye produced smoke of inferior color and increased the tendency to flame.
This tendency can be largely eliminated by insulating the e:~oke fillin g
fran the ends of the grenade body with washers of fibre board or asbestos .
Lsaving a email air space , one—f xirth to one—half inch , between the s~~ke
filling and the top of the grenade bo*Ir, ‘4ras also found beneficial .
Promising results in eliminating flaming were obtained by addi ng to the
smoke mix a cold— setting plastic such as Resinous products Co. ’s Ufoinilte,
( urea , - formaldehyde) or Pittsburgh Plate Glass Company ’. Selection
( alkyd-type) . The semi-fluid mix thus formed is poured into the grenade
body and all owed to set . However , acidic constituents of the resin
react wi th components of this smoke mix resulting in the evolution of
gases and causing the mix to swell and become porous .

The tables appende d to this report contain a list of the experiments
involving the use of this dye in burni ng type colored smoke munition per-
formed by the undersigned . ton each experiment the notebook and experiment
or page number of the original entry I. listed for refe rence purposes .
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Tables I and $ list the experiments in which ainnonium .ulf aj nate ~~sused. Table 3 aurmuani zes experiments in which other dyes were added to
colored smoke su tures containing this dy. in an atte mpt to alter the hue.
Table 4 lists experiments wi th othe r azo dyes similar in structure to
2-aniaols-azo-beta-naphtho l.

Tabl es 5 6, and 7 summarize early experi ments with a potassium
chlorate-sugar f uel, and those wi th a potassi um chlorate-sul fu r fuel. A
colored smoke mixture containing dye, po tassium chlorate, sulfur, .nd sodium
bicarbonate produces excellent clouds with anthraquinone dyes , but is
unsatisfactory wi th dyes of othe r types .

ZC Powder , U.S . Army Specifi cation No. 50-13-88, cons isting essentiall y
of a mixture of n~troeellulose, barum ni trate and po tassium nitrate, was
tried as a fuel. It gave satisfactory results in the Aerial Smoke puff
(T.D.I.ft. No 679 ) and 4 .2” G.M. 8hell , 172 , but not in a burning—type
munition. Other fuels-lead dioxide and sulfur or lactose, potassium chlorate
and charcoal , potassium nitrate with sulfur, sugar , or charcoal - were
tried without success.

The Germans and Italians use azo dyes , and this dye in parti cular
(~~TR 40), in colored smok. munitions , but only in the form of small pellets,
which burn in 10 to 12 seconds , or extruded granules. When the filling is
In this form , the dye vapors are in contact a very short time with the hot
carbonaceous residue which may catalyze ther*al decomposition of the dye .
Colored smoke mixtures containing dye, chlorate and lactose were pressed
to a depth of only one inch into grenades having diameters of 3-1/4 to
5-1/2 inches , to give a greater burning surface and more rapid burning .
The result s were not promising . This type of construction has apparentl y ,
enabled the Bi~itisb to use this dye in the colored smoke Generator, No. 26.

Samples have been received from several different nutacturwrs under
different trade names . Most of the experiments were made with lots of dye
from Caloo Designated as Oil Scarlet 0BN , end from Federal Qolor Lsboratonies,
designated as Signal Red.

Since the characteri stics and perto rma nces of the various samples
differed slightly , the particular sample used in each exper iment is sta ted
in the’ tables .

IV. Recommendations:

It is r.oonsnended that:

(1) This dye be considered for use in the Grenade , ~ aoke , Colored
(Fast Burning) ~8, in the event tha t a grenade burning faster tha n the M18
grenade is desired.

• (2 ) The performance of thi s dye in other burning-type munitions be

~~ investigated .
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RESTRICTED

3. That because of the special composition in which this dye is
to be used , and the extra precautions necessary in mixing and filling,
it be considered not to replace, or as a substitute for the two dyes
specified at present , l-methylamino anthraquinone and 9—dithylamino rosindone,
but only to supplement them in the even t of a shortage of these two latter-
usned dyes .
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A No te on the *une.11 System of Color

• Color can be described in terms of three attribut es , or Characteristics :
(1) lu.; (2) Value , al so called lightness , intensity , or bri lliance ; and

- 

- (
~

) Ch~rcsi~ , also called stre ngth or saturatio n. The Muneell System of
~~lce’ rep resents these attributes as the dimensions of a color sphere .

- 
‘ - 

~he central vertical axis of the color solid repre sents the neutral value
scale with black at th, bottom and increasing in brightness through ten
readily distinguished steps to white at the top . Colors in this central
axis possess neithe r Hue nor Chrons . Chrome is represented by a radial
4istance ewey from the neutral axis, while bus corresponds to angular
distan essajeund the axis. The hue circle is divided into five prin cipal
hues - red , yellow, green , blue , and purple — and five inte rm ediate hues
evenly spaced between each two of these — yellow-red , green—yellow , blue-
green, purple—blue , and red—purple. To facilitat e identifica tion of hues

• j ntermsdtate betwsen these ten major hues, each is divided into ten
numerical divisions , with the ni~~ber 5 falling directly on the hue itself.
In daicribj ng a color b~r Munsell notation , the hue is g iven first and is
followed by a symbo L written in fraction form, the numerator indicating

• the value and the denc.inator indicating the chrasa . Zxamplea are given
on the tables appended to this report.
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