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PHOSPHORUS -8 & CHEIICAL “ARFLRE AGENT

the introduction of phosphorus es a "reapon in the ¥World
ﬁm‘ﬁar vas one ¢. the most effective of the various chemical innova-
" tions vhich have had such a merked influence on the methods of modern
" warfare, It 7as found to be hizhly useful as 2 defensive and of-
" fensive weepon, for the laying do*n of smoke secreens, end also 2s an
offensive ‘eapon against personnel. It found some use also as a
; filling for incendiary bonmbs. The 2bility of phosphorus to thus
iserve in o duasl capacity is due tc the fact that it readily takes
N iire spontaneously ~than exposed to the air and in the process of
L~cowbust10n produces = dense vhite snoie cloud which hes the highest
f obscurin. power of any smoke material yet discovered.

_fﬁﬁ The fact thet, pound for pound, phosphorus is the most
u effective of all smoke nr~duc1n materinls, besides being e f?&?t
:*:casualta producer, ‘(kes it appdrewt that v1th the enormous increrse
in the use of snoke vhich is bound to take place in future vars,
i there 7ill be 2 correspcndin; increase in the demand for phospheorus.
The extent of its nse ""ill undoubtedly be, as in the Vjorld Var,
linited only ©b; the suppl,.

There zre in the United States ample supplies ¢l the raw
| aterials req:ired for the production cf phecsphorus, ercd t'e methods
of manufacture nresent no serious difficulties. The peac: time re-
B quirscents of phosphorus are, however, relatively small ani the

Bl “crld's prod:ction is lar-ely contreolled by foreign interests. This

.\ situation mekes it apparent that the United states faces a scrious
shortege cf phosphorus in the event of an emergency. To nmeet this
situetion every effort shculd be rnede te foster the American manufecture
of phos;horus and detailed plans rust be prepared for the ersotion cf

sufficiert plants to meet the phosphorus war requirerents.

Propertics: Fhospheorus is o nonnetallic chenical clenent
which does not cceur free in nature, but always in conmbinaticn usually
as calcium phcosphate. It exists in several forms, but only the
white or ordinary yellow phes horus and the red phosphorus ere of
commercial importance.

Thite Phosphorus, also ¥ncwn &5 yelloew phospharus, which is

the form used to such a large extent in a":icnl varfare, is 2 seni-
transparent sclid nelting at QOU then heated in an atmosphere
free of oxygea it boils »t 277°¢. It is very active chemically

and takes fire spontaneously -‘hen expcsed to the air, due tc the ex-
othermic reaction betiveen oxygen and pho:ghcrus.

The brning < . .>herus res. 2.8 in the Jor ~iicn ¢f a
white smcke, phosphorug centoxide, vhich is hygrosecpic, and unites
with the weoistvre in the air to form phospheric neid. Te protect
B white phosphoris fiom the air it is kept under water in vhich it is in-

& scluble, It is readily dissolved by earbon disulphide snd certain
nils, 2nd is -gif htly soluble in alochol :ad ether. It is extremely
poisonous end tais ecomcined ‘“h the reacidess 'ith vhich it ignites
mekes it a dan 'r-vg raterisl to work “-ith.




Red phospiorus, ~hich is » solid,
\ horus b7 haatin, under pressurs. Tt (-:,
phOSP C~ainaw tEHan ‘ures and is not %

* no nivr ©

" 25 en ingrei; ¥t 1n the composition of the hes
tc its p-a - #0018 character this is no longer p
ltries .~ the vorld. It is, hovever, used in
hesns first converted into Dh’sphcrus sesquisu
Ncan replace the thite phospherus with e great
buth tc the verkers in mrtch frctories and te

is formed wron vhite
53 not take fire in
L .;0!’101.1 S

rorce-time Tses: Wwhite phosphorus was formerly used

ds of matches, but due
ernitted in most coun-
metches indirectly,
lphide (qu3) which
decrease in denger

the general public.

““hcsnhcrus is 21s0 used in the manufacture of phospnor ronze; £s £n

ingredient in ret poiscns; for the procuction o

f various chemicel

" compounds of phosphorus, and to » limited extent in medicine.

B safety match boxes, snd as a catalyst in t'e p
| compounds.

Method of lisnufacture: Fhos horu

" rcek is used 2lmost exclusively. In the cld
I maghed *ith -rater end sulphuric acid, folloved
B calcium meta-phesphete. To this is added ch
2 the mass cherged in clay retorts »nd heated tc
" phosphorus distills cver and is collected unde

At the present time this nethod hes

B placed by an electric furnace process hich enm
8§ A nmixture of phosphete rock, send snd carben i
8 furnace ond the current turned on. The proc

the phosphorus distilling over and is collecte

Scurces of Raw Laterials; Phosp

Red phosphorus is used on the scratching surface of

reparation of crganic

s used to be manufac-

tured almost entirely firom bone ash, but nc the natural phosphate

er method bone &sh is
by conversicn into
arcoal or ccke, and

a vhite heat. 7“hite
r —ater.

been larzely re-
plcys phosphate rock.
s charged intec the
ess is continucus,

d under water.

hates are distributed

throuzhout the erust ol the earth end are essential to all plaat end

fanimal lif's. The sineral matteg of bones is

phosphate and, 2s has been stnted, bone ssn wa
‘cipal raw paterial used for the prcduction of
introduction of the electric furnasce prccess,

has replaced bcne eshe.

principally calcium

s at one time the prin-
phospherus. With the
howrever, phosphate rock

Fnosphete rock is found in terkeble ouantities in five
of the Eastern states, Florida, Tennessee, Arkanses, South Carclina,
and Kentucky, and in four of the Western States, liontana, Idaho,

Utah, and YWyominge

By far the largest deposits .. the United states are found
in the western states. These deposits ore sco extensive thet if the
whole vorld depsnded upen thew for its trtal peace time supply, they

would not be exhausted for thousands of _Jears.

The total estimated

:available phosphete rock in the Trestern states is given by the Ceologz-

N ieal Survey as 5,367,000,000 long tons a3 age
for the eagtern states.

inst 345,000,000 lonr tons
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‘ﬁi But “hile the westerr :tates thus zontein :wch nore

osphete rock thoan the easterr states, the western deposits heve
en “'crked to only a small extent, due to isclaticn of nony of
fle derosits, the Yi~h freight rrtes and the distence from the
fBctories in the east where the phosphate rocl is “rorked up.

: *t the present tire Plorida preduces by Tar the largest
@Bcunt ci nicsphate reck, as is shovn by the Geolegical Survey
stotistics published for 1921. In thet year Florida mined
;%088 251 1onz tons out of o total for the country o7 2,426,174
_anh tons, “hile the vesternd si~tes nined only 4,961 long tons.
o
t? Precticelly ~ll of this phosphrte roc' is used for
igrtlllzer in peecce time. The quantity required ror the produc-
on of phosphorus bein:z a wary sill perconteze of the total

'“fﬁined.

:.'“ The Tmited Stetes nor::2lly pro.uces =bout one helf the
Tfﬁbrld production. G*qer countries wvhich are irportant producers
of phosphete rock <re funis, ~hich procduces over a million tons

er yeer or sbout one quarter of the vorld's production and stands
'gaxt to i'lorida 25 a producer. Bext in order follow Algeria

" Belziun, France snd Japen.

%

: The hichest ;rade of phosphate rock yet found ocours

dn deposits located in severcl islands of the Paciric #nd Indien
Qceans. The principal producers of this hich grade naterial are
Pfeon Islend (English), Tehiti and Mehatea (irench), lawvu (Jepan),
Christnas Island and several islends hich belonged to Gerneny,

but 'hich have been confiscated by Jepan 2nd Engsland. The total
Procuction of these islends in 1912 was 600,C00 tons. No cemplete
$i-ures Yor later years are ovaileble.

Produecticn of White Phosnhorus:

There are only two .iris in the United [tates *-hich pro-

@ice “hite phosphorus, The [:2rican Thosphorus Compeny of Philadel-
phia, Pa., end the Oldbury 3lectrochemical Company of Niagara I'alls,
Ne~ York. In 1914 the combined production of these tvo companies
grounted to c¢hbout €58 tons, about one~hall oI “hich was made into
other products beforr oeinz sold. puring the 'mr, the capacity
of these plants was meterially increased so that at the tine of the
Arnistice the meximun capaclty of the Arerican Phosphorus Company
%as asbout 250 tons per year and the 0ldbu 'y ilectrochemicnrl Compeny
% ,340 tons per year. Since the var ths business of these con-
‘panles hes becn at a standstill duc to the fact thot such small
‘quantities os cre nﬁﬁde1 com:cioinlly ere imported at much lower
icost than the cost ¢ production in the United States. Unless
isorie steps ere taken *o protect this industry, it would appear
Flilely *ret those no engaged in the business vill di scontinue per-
B -onently.

“-l S




;-1 This circumstance presents a rether serious situation
the event of #n emergency, pﬂrti”V1'P1j since even if the plants

ﬁﬁnt1o ned “rere operated mt maxizmm capacity they coul” procfuce only

dﬁout 65 ner cent of the present war “equ1r3 .ants of nhospﬁorus

#0r the first yecr of » <rar end these reguirements ~ill undoubtedly
$hcreese with the incressing developuent of the use of vhite phos-
phorue. This situation is further complicated by the fect that

$he Olcdbury -lectrochemical Company is an English oned company «nd
@lecording to -ood arthority is controlled by Albright end :ilson,

' sphorus menufacturers at O0ldbury, neer Birminchen, jnwl nd. This
g&gp(ny tozether "7ith the Qldbury Zlectrochemical Company's pl@nts
8t Niegara Fa 111s, 1lsY., 2nd Ovebec, Canada, and Cognet end Sons, in
@Qons, Frence, nnnu?“oture 90 ver cent ol the world's supply of phos-

i Since the beginning of the world Jar, Japan has begun
=ufnufacturinb phosphorus. In 1917 there were three Japenese com-
‘penies producing phosphorus with a reportet total production of about
600 tons yeerly. This is over twice i1 productive cepacity of
‘the srerican Phosphorus Compeny, vhich is tie only strictly American
@Gompeny in the United 3tates.

This fact that the ranufacture of phosphorus is prac-
fically controlled by Boreign cepital is significant, particulerly,
‘since the United States is the largest producer of the necessary raw
material, phosphate rock. Japen and severel of the ”u"opaen coun-
®ries have, hovever, sdequate resources of phosphate rock for very
18rce scele production of phosphorus.

The Chenical “srfere Service is making every effort
TO meet the situntion but hes not yet basan zble to complete a detail-
ed plan for the development of phosphorus production facilities be-
yord those in existance.

A mumber of menufecturers have been interviewed on
the suvbiect and the concensus of opinion appears to be that a cheap
source of electric power »nd rn advantageous position in regard to
freicht rete of raw materials are essentisl manufacturing require-
ment s. It is also essentinl, of course, that there bs an adequate
merket for phosphorus. At the present time the peace-tine require-
ments of phosphorus are relatively smell and this combined with the
keen competition from abroad does not make the manufocture of phos-
phorus partic:lorly alluring.

There is, hovever, one company, the Federal Phosphorus
Oompany of Anniston, Ala., 1ho are seriously considering the nenu-
facture of phosphorus. They are lerge producers of other phosphate
products and d Ting the var were given ccst plus $1.00 contract to
produce phosphorus for the Govi.nment, Lut :ccording to their state-
ment this contract was cancelled due to .he in luence o spposing
.~ interests.

My
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o Further study of the phospheorus manufacturing situetion
will be underteken and every effort mede to encourage at lesst

& menufacturing nucleus in this country vhich may ©> expanded

in the event of war,

J

;gg Use of Phosphorus in ''arfare:

ke hite pho sphorus was first used in warfare during the
#orld i2r for the production of smoke screens snd socon provéd to
b@ the nost effective of 211 meterials used Zor this purpose. This
38 not surprising wher it is realized that for every pound of
osphorug burned, over three pounds of smoke ere produced. Thus
®¥hen one pound of rhosphorus burns, 1.33 pounds of oxygen are taken
Wp in the foraation of phosphorus pentoxide and this phosphorus
fﬁ@ntoxide in turn takes up .9 pounds of moisture from the air in
#tho formation of phosphoric ncid, which constitutes the particles
" of the smoke cloud. Phosphoric acid, itself, is very hygroscopic
and ill continve to take up additional water from the atmosphere.

oy In addition to being the best smoke producing material,
ii&ite phosphorus is especially adapted for use in warfare. It
‘een be stored for long periods of time without deterioration, so
long 2s it is protected from the eir, preforably, by covering with
‘water. It is only essential that the ccntainer for i'hite phos-
Pphorus shell be sulficiently tight to prevent leakage.

Phosphorus is used as & fillir; for creneades, Stokes nor-
ta&r bombs, Artillery shell, ezeroplrne drop bombs. It can also
B8 filled in cens {or use as smo''e canc’ss.

The projectiles are provided —ith boosters conteining
gui table explosives vhich hen fired ignite wnd scetter the phosphor-
U§ in burning frazments. These burning fragments produce the dense
white smoke.

The vhite phosphorus grenade contains cbout 6 pounds of
‘phosphorus. It is used by troops in trench ond field warfare
where it is desired to throw up a dense smole screen 2t comparstive-
1y short distences in fiznt of the line. The renge of the hand
grencde is about thirty yards and the rifle grenade about tire hun-
dred thirty yards.

Stokes juortar phosphorus shell .uraish 2 .ieans cof main-
t&ining the best possible smoke screen at long renges by neans of
an easily portsble -un. A three inch Stokes shell hich contains
@bout 2.38 pounds of phosphorus is for use by the infartry and pro-
Wides 2 means iv'or forming sroke berrages at a greater distance
fron the lines than is possible vith the rifle grensde. This shell.

‘8lso has »n incendiary and casuslty producing effect. The 4"
Stokes mortar shell holds aboui eight (8) pounds of pho sphorus
‘8nd is used only by Chemical : rfere service troops. It proved

. ﬁa be a very effective “reapon $: the orld jar, &8 is sho'm by
General Fries' descripticn ol its use by .inerisan gas troops.

-9-




*- "The First Gas Re~iment proved its “orthend won. ever-
gting glory by using the Sto'-es mortars of the British with °
"thelr phosphorus bombs for attacking machine gun nests. The
THite phosphoru: in that case had a2 double efxect. It mede & per-
fect sioke screen, thereby meking the German mechine gun shots
simply shots in the dark, vhile at the same time the burning phos-
phorus forcad the zunners to abendon the1r suns and surrender.

i Phosphorus is much the best of the various smoke produc-
ng materials vhich hove beent ried in Artillery shell. The fol-
nz table gives an approximation to the relative values of these

ﬂh&erlals.

i;"" White phosphorus = = = = = = = - = = 100%

BN Sulphur trioxide - = - = = -~ = - - - 60-76%

A Stannic chloride - ~ = = = = = - - - 407
Titanium Tetrachloride - = = - - - = 25-35%

AE Phosphorus can be used in every caliber of Artillery shell
_iﬁﬂ it is thus possible to establish and maintain an effective bar-
rage over 2 wide front et any desired range.

White phosphorus aeroplane bombs are 2 post war develop-
ment vhich has interesting possibilities. Tests “thich "ere carried
out on the battleship "Alebame" sho'r that with 100 pound pho sphorus
bambs a single plene might completely smother a bettleship in 2 dense
gloud of smoke. In addit1on burning fragments of phosphorus scat-
téred over the ship have a serious casualty producing effect on eny

exposed personnel.

Phosphorus has nlso been used in tracer bullets and 2s an
ineendis:y, either elone or in mixtures. These uses are, however,
insignificant wren compnred to the value of phosphorus &s 2 snoke and
gasue 1ty producer. The incidental. incendiary effect produced by
phosphorus is, hovever, not te be ignored. The burning fragzments
of phosphorus produced by bombs or shells are very difficult to ex-
tinguish and can only be put out by completely submerging in water.

If these fragments alight amongst troops severe casualties will result.

In the ferecoing peragraphs, the attempt has been made to
ghow that phosphorus h~s proven to be a very effective weapon. It
48 not only the peer ol all smoke producing meterials, but will prob-
ably heve no serious rival for a long tine to come. It would appear,
however, that phosphorus has far pgreater possibilities for use in
warfare than have been realized. These possibilities are concerned
not only with the increased use of phosphorus in the adopted types of
projectiles, but 2lso 'vith the development of new types of containers
and improved devices for the dispersion of phosphorus.

* "Che:ical Warfere”, by Fries and Vest




All zrmies have come to re2lize the value of smoke
a;g protective screern and in future wars the : rmy vhich has the
most ndequate supply of projectiles filled v th phosphorus, tne mest
effective smoke producer, =nd strong cesuzlt) proiucer, will heve 2
decided 2dvantage in the protection afforded its troops.

=1l=




Post War Developments in the lanufzcture of Phosgene

-

I.  Introduction

In spite of the fact that large quantities of phos-
gene were manufactured by various countries during the war, there is
very little reliesble data available showing the most effxczent pro-
cedure. This was due in part to the fact that fairly efficient
progésses vere knovn and 2lso to the necessity of immediete manu-
faot;!u-e .

In view of- the unsatisfactory war time data, a small
sanan plant was built at Edgewood Arsenal, and experiments carried
out for the purpose of determining the most efficient process. These
date make it appear thet a basis has been established for the devel-
opment of a more practical method for the manufacture of phosgene.

II. Resume of Processes for the lanufacture of Phosrcene
- ' .

The manufacture of phosgene is based on the reaction
between carbon monoxide and chlorine

co / cl, = €0 cCl,

are

in the presence of some forn of charcoal cetalyst. There/a number
of methods by which this fundanental process is carried out. These
methods may be classified as (a) thcse which use relatively concen-
trated carbon monoxide, and (b) those vhich use a dilute carbon
monoxide.

A. Phosgene Processes Using Concentrated Carbon Monoxide.

By far the nreater part of the phosrene produced dur-
ing the var was made using relatively pure carbon moncxide contain-
‘ing but a snall percentaze of other gases. This use of practically
pure carbon monoxide with pure chlorine results in the procuction
of & concentrated phosgane gas vhich is readily condensed 7ith suit-
eble re’rizerating equipment.

The processes using concentrated carbon monoxide
difrer a:ong themselves chiefly in the mode of manufeccture of carbon
nonoxide. The chief methods of manufacture of concentrated carbon
monoxide are based on one of the following reactions.

l, The reaction between jood coke (low in hydro-
carbons), _cerbon diexide and pure oxygen. This was the process used
at'nﬁgewooa Lrsenal.

2+ The partial oxidation of carbon by pure oxygengy
Thia wrs used at the plant of Frank Hemingway, Bound Brook, N.J., by
the French at Lyons using red hot birch charcoal, at the Plant of Ste.
l’ﬁoqnmulateur e2lcalin and Vitry where charcoal or foundry coke was

employed.




e . The reduction oI c2rbon dioxide -ith carbon. The
"British plant at _iddlevich used this process and two German factor-
'§es, Bcyer and Hochst establishments.

BAR Y & The absorption of dilute carbon monoxide under pres-

"SUre in emroniacal cuprous chloricde end subsequent regemeration of
“goncentrated carbon monoxide by relecse of pressure. This schene
\¥ms used by the Gernans at Imdirigshafen Works of the Badische

Corp-=ny.
4f¢g_ 5e Cerbon nonoxide from phosphorus furneces. This

source "'as utilized by the Oldbury Electro-Chemical Com any, Niegare

Falls, NeYe

Y

. B. Phosgene Processes Using Dilute jarbon Monoxide

i/hen & dilute carbon nonoxide is used, the resulting

‘phosgene gzos is lorgely diluted with nitrogen from the air. It

8 therefore, irmpracticable to remove the phosgene by direct refrig-
aretion. This difliculty is, however, overcome by ebsorbing the
" phosgene in a suiteble absorbent cnd recovering the pure phoszene
by distillstion.
o A British plent ot Gateshead produced phosgene by
this nethod. The carbon nonoxide ‘s produced by blowing =ir
through hot coke and scrubbing out the carbon dioxide and sulphur
dioxide. This gnve © snall percentnge of cerbon ronoxide in o
larce rnount of nitrogen. This dilute grs vhen nixed "ith chlor-
dne ond p=ssed through the catalysers produced = dilute phosgene -
the phoszene was cbsorbed in tetrachlorethane, from vhich it wes
recovered by distillriion. 7

III. Outline of Processes Investimcdcdi in The Present
. Hesearci:.

From the brief discussion of the processes used dur-
ing the ver, it will be seen that there was uw wide diversity in
the menufecture of carbon monoxide and considerable difference of
opinion exists as to vhether the use of diluted or concsentrated
carbon monoxide is the most satisfactcry. For the purpose of com-

paring these two nethods an experirental study of each was under-
taken. ?

(2) Outline of Concentrated Crroon ‘onoxide Process

The process employed is quite siniler to var time
procedure used at Edgewvood Arsenal, the only difference being thet
90% instend of (97-90) carbon monoxide woc used. To produce 98%
ecarbon nonoxide recuired the manufacture of OXYgen, Due to the 1lagk
of funds it wes not desired to opernte the oxyzen plent in the present
work, as it was believed that the use of 90% carbon nonoxide was o
sufficiently close rnalogy to the war tirme process.




A M In the manufacture of sarbon nonoxide it was first neces-

sary to mrke carbon dioxide. This o5 obt2ined by burninz coke and

serubbin; the products of combustion ~ith potessium carboncte solution
=] b ]

thereby, forcing potassium bicarbonote. Heating this solution gave

corbon ledee iree fron nitrogen. The carbon dioxide was then dried
“ith Sulrhuric ~eid ~nd p“ssed throuzh gas producers containinz coke

+hi hed Jjust becn heated to incondescence, after a brief purging per-
the resulting carbon monoxide 'os run 1n to & gas holder. The ‘gas
en scrubved "7ith crustic soda to reiove any residual carbon dioxide.

The carbon wonoxide was then nmixed writh chlorinc ond passed
thyhhgh cetalyzer boxes containin- chcreonl, ~nd the resulting phosgene
was condensed by direct refrigeration.

B. OQutline of D llte Pﬂrhon Honoxicde T"~ocess

_ Dilute czrbon :onox*ﬁ "ts obtained by continuously burn-
ing goke ith a deficiency o ~ir in ¢ 578 producer. The resulting
ga8 contrined ~bout ZEmcrr%on 'cnoxlde the rem~inder being chiefly
nitrogen. The dilute carbon “ono,lde after dryinz rith sulphuric
gedd Wrs nixed “ith chloriie and B sso“ into the catalyzer boxes fillesd
*ith ehercoal. The resulting pnoq;ene wixed .ith nitrogen was passed
into refricertted silica gzel - “hich at this tempervture readily ebsorbed
phogzenc but not nitrozen. After the *ﬂl beenie saturnted ith phos-
genes it s nented. This expelled the phoszene ‘hich was then lique-

f38d By cirect refriperction.,

Jenclusions
1, The yields snd cost of phoszene by either the dilute or
ooncentr t2d onrbon nonoxide process appear to be 2bout the sane.,

2¢ The chief cost in either eccse is the cost of the chlorine.

3» The dilute carbon ..onoxide process, hovever, possesses the
advantage of using standerd squiv._snt thile the concentrated carbon
=~oneoxide process -equires sracizal ﬂouipule hich recessitatos more hizh-
1> tredined opereto:s. For this reason, *"e dilute carbon monoxide
P:ocess rppe~rs the rore practiocel for -dOpticn in the event of on amer-
Zency.

wlde




Thgﬁﬁﬁvelopment of the Manuiacture of exac srethans

. Hexachlorethene is ene of the impor'ent ingredients of smoke
mitﬁﬁths used for the production of screening smokes., In view of this
and the feoct thet laborecory investigations had shovm that it could be
easily made, a szall scale plant was erected in order to develop a manu-
facturing process. It wvas felt that the proposed method of manufacture
could be developed to produce hexachlerethene ot a cost less than the
pre ;fling narket price.

- The process employed involves the reduction of carbon tetra-
ehloride with metallic ~luminun at 70-80C, using 2luminum chleride as

6 0014/ 2AL = 3C,01,/ 2 AL clq

The products of this reaction are aluminum chloride and hexa-
chlerethane. Under laboratory conditions yields of 65% hexachlorethane
based on the carbon teirachloride not recovered are obtoined. Aluninum
chloride yields amount to 80%.

In the experimental runs carried out in the snall scale plent
no attempt "2s made to recover the aluminun chloride. It had been sho'm
in the laboratory investigation that the recovery of aluminum chloride
was feasivie, but in the plant the equipment needed to carry this out
w28 net available and the needs for hexachlorethane were so urgent that
this phase of the production was abandoned.

2s 2 result attention was given only “o the production of hexa-
chlorethene. ‘'hen the resction beti'een cnicon tetrachloride and alum-
inum 18 completed, the charge, consisting oi hexachlorethene, excess
carben tetrachloride, aluminum chloride and socme chlorinated by-préducts,
i8, dro*ned in water "ith the loss of the sluminum chloride. This was
done because it had bec- found thet ths excess carbon tetrachloride nnd
the hexachlorethone couid not be distilled from the reaction mass "rith-
out considerable decomposition due to the action of aluminum chloridas.

In the drowning tank the solutions separate inte two liquid
layers. The water layer vhich contains the aluminum chloride in solu-
tion is not soluble in the carbon tetrachloride in vhich the hexachlor-
ethene is dissolved. These te layers are separated by siphoning off
the wvater solution. The carbon tetrachleride solution is then weshed
to remove as much aluminum chloride &s possible; again separated fronm
the water solution snd distilled in steam. The carbon tetrachloride
i8 recovered nnd the distilled hexachlorethane after filtering, is
dried in vacuum dryers.

There was produced in the small ple-ti 33,094 pounds of hexa-
ghlorethane which conformed - to the specifications required for hexa-
chlorethane snoke nixture.

~ The overall yield was 36.3;; based on carbor tetrachloride un-
agcounted for, after standard operating practices were adopted, the




‘average yield for one series of 14 runs wrs <..67%. The sverage cost
was $0,91 per pound. The costs "ere gredually reduced curing pro-
. duction end reached a 1o point of $0.554 pe: pound.

The method ol manufacture used was thus net successful
from an eperating ond cost standpoint ''ith the equipnent avsilable. How-
ever, Wth suitably cdesigned equipment, it is believed that the process
vould be procticel.

Development of a lanufacturing Process for Hitrogen Peroxide

The problem of finding a suitable method for the prepara-
tion of fairly large quantities of nitrogen peroxide, arose at the Amer-
iecan University Experiment Statien in conneection '+ith the war time in-
vestigations on the higl explosive anilite, a mixture of liquid nitro-
gen peroxide and certain hydrocarbons. Later additional demands for
nitro peroxide were made in the development of & process for the
manufacture of picric acid from benzene, nitrogen pcroxide, nitric 2ecid
and mercury.

litrogen peroxide, althouzh well known in the laboratory,
has seldom, if ever been manufactured commcreielly. It is ordinarily
obtained by reducing nitric acid with some suitable reducing agent. It
ag guggested that if it could be obtained from sodium nitrate directly,
instead of from nitric acid, vhich is in turn meca from sodium nitrate,
the coBt might be considerebly reduced and the Lrocess simplified.

Laboratory research on the problem was begun at the Auacrican
_ University BExperinent 3tatibn ond after the Rcusearch Division of the
. Chemical Warfare Service -oved to Edgevood firsenal, an experimentel plnnt
' wag desipgned, built and prt into eperstion.

The leboratory research discloged thnt iron oxide -then
mixed With sodium nitrate ~nd hented to 400°C or higher, decomposed the
sodium nitrate :ith the formation of nitrogen peroxide cnd sodium fer-
rite,

2 Yallog £ Fe, O, = NapFe,0, £/ 2 NO, /£ O

The sodiun ferrite thus formed may be treated with water for
the recovery of the iron oxide. This results in the formation of sodiun
hydroxide which may be recovered as a by-product.

Nap Fep Oy f Hp0 = 21Ma QH f Fey04
Both of these reactions are readily carried out but on a

menufacturing scale the collection and liquifaction of the main product;
nitrogen peroxide, free from moisture is rather difficult.
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Nitrogen peroxide can be made in the laboratory from
ﬁorric oxide and sodium nitrate with yields of 957 or better, but
the results secured in the plant were far below this, hlthough 5 7
is felt that this could be definitely attrituted to faulty apparatus
and improper materials,

G Dry sodium nitrate and iron oxide were mixed end con-
tindously fed into a cylindrical nichrome rotary reector heated in
8 furnace mainteined ot about 900° ¢, The socdium ferrite formed
was discharged at the far end of the reactor while the nitrogen
peroxide was reroved in a current of air through the feed end and
passed through o dust tenk and coolede It was then absorbed in
8ilica gel - cooled to =10° C, The air sirean now freed of
nitrogen peroxide, was T)lovm back to the rotary reactor aftef
being preheated in the furnace.

£l The nitrogen peroxide ebeorbed in the silica gel was
!Uleased by gradually heating up to 120° Ce., using steem under
g;:ssure in the condenser during the latter part of the expulsion.,
Phe nitrogen peroxide wns then passed through suitable refrigerat-
ing apparatus end the liquid formed stored in steel cylinders.

The experience geined in the operation of this ex-
perimental plant has made it possible to formulate the conditions
"required to obtain high yields of nitrogen peroxide.

The ferric oxide used must be of a high degree of
purity snd the sodium nitrate a. good commercial grade.

A mixture of three parts ferric oxide to nne part of
sodium nitrete gave the best results. It is alse essential that
this mixture be free of moisture as even a trace of water is very
detrimental to the yield of nitrogen peroxide end to the apparatus.
Water decomposes nitrogen peroxide with the formation of nitric
aeid which in turn seriously corrodes the plant equipment,

The plant equipment must be absolutely air tight. Leeks
in the part of the system sbove atrospheriec pressure result in loss
of nitrogen peroxide, whila leaks in the parts of the system below
atmo spheric pressure pernmit admission of moist air, which as has
been shown, is very detrimentals

If these conditions are met, it should be possible to
produce nitrogen peroxide free from nitriec acid and obtain yields
of 957,




e, RESEARCH ACTIITIES AT EDGEVOOD ARSENAL

Results of investigations, which heve been carried
qn'by the Chenical, lechanicrl and l'edical Resenrch Divisions
at Edcevood ﬁroenﬁl during the prst quarter, are summarized in
the following parnsrophs:

.ﬁ; CHELICLL AND MECH/NICLL UIVISIGHS

Wy

. The ork of tho Chc-::.icrl and l.echnnierl Divisions in-
g@ﬂﬂos the study cf serconing smokc ~nd its ~pplicrticn, the
‘developnent of lachrynrtory 1unitions for troining purposes, tosts
"of Cernen industricl conisters, narine piling ond "boll weevil in-
v#lti gations, and the develép: .ent of rechanical devicese

. mnin;: Snoke:

The screenin; soke investipgetions in which progress
h&; been reported are;

The fundrmental study of smoke.

llethods of smolte generation and dispersione.

Suoke cloud travels

The airplene sickes, both the smoke curtain and
exhaust snokes.,

The devzlopnent of the 50/ H,C. snoke candle,

Fundanentel Study of Screening Smoke:

This work was undertaken to study and devise satis-
feotory riethods of measuring the obscuring pover of siokes; to
. deternine the relntive inportcnce of the various factors influenc-
ing the totzl obscuring pover of smokes rnd to esteblish the re-
lative smoke producing values of suoke neterials vhen generated
by various methods,

This wwork is earried out in a room: with a capacity of
60,000 cublo feet which was especially constincted for the purpose,
Equipment is provided for circulating.the air or smole and for rmnine
taining the conditions of tempercture and hunmidity. An olserve=
tion roor is provided at one side of the btuilding fron hich neasure-
ments of the snokes ere mades Objects and lights pleced within
the concentration room ~t various distances fro.. the observation
window enzble the observer to determine the depth of snoke requir-
ed to cause total obscurance. Special spparatus connected with
the concentration room z2lse enable one to deternine the size and
number of particles in the smoke,




- Considerable difficuliy "=s experienced in the
pra!iminary work in maintaining the desired atmosvheric con-
d*ﬁtbns. This was found %o be dargeiyv dius to leaks in the
walls of the concentr:iioh room. This 3ifficulty has now
been overcome so thai it is possible to make szlisfactory quan-
Rative comparative tests of smoke producing materials.
e A study of the standard H.C. sroke was nace in the

phgent . stion reon to determine the effect of varying the rela-
ftive huridity and temperature. It was found that the tempera=
‘fUre had no cifect on ithe “otal obscuring power (T.0.P.) of the
;qﬂﬁ&a when the relative humidity was maintained constoat:at
B7 in successive runs and the temperature varied fron 82 to
0 F. Then the tempersture wAg nrintained constant at 100° F., ,
qn&-*ha reletive hunidity vas inereased in successive runs from
Gﬁursﬁ. there was a corresponding increase in the T.0.P. of the

8o

. Then these dnta were plotted, reletive humidity against
: cent light transmission, the latter varied in almost a straight
m relation from 3.5% at 76% relative humidity to 114757 trans-

migsion,

Experinents were also undertaken to determine the
amounts in ounces of various smoke materials, “hich it is neoes-
Sary to expend to obscure a cross sectional area of 1000 sq. ft,.
In these experiments epproximately uniform conditions of tempera-
ture and relative humidity were neintained.

Tests were carried out in this marner to compare the
standard Chemical Warfare Service H.C. smoke mixiure with the
* British Type S smoke mixture. It was found under the conditions
"~ of the tests, that tho 7,C4 smoke candle rmixture is two or three
times as effective os the British fype B mixture. Only 3:65
-ounces of the H.C. mixture are required vhen burned to obscure
- 1000 sq. ft. as against 11,07 ounces of the British nixture,

Similar experiments were undertaken with liquid smeke
producing materials, such as titaniunm tetrachloride, stannioc
~ chleride, and vh"orsu...phanic acidc In these experinents, it
~was first nececsary to determine the method of dispersal most
suitable for producing the most effectlve smoke cloud, sirce
liquid smoke meterials may be dispersed either by ator .zation
or thermal methods.




g The Travel of the Smoke Cloud:

In connection with the investigation of the travel

of smoke clcuds. meteoroiogical data are boing obtained in order
thet one nay nred’ot the behavior of smoke under varying condi-
lons b< ©cosotature and wind velocity. In particular 2 study
ng m~de of :nhe varintions of wind snd tenperature ai various
hma acove the ground, To this end a thermograph and anemo-
meter hove been instrciled on & flag pole at an elevation of about
50!9‘% and continuous records of wind veloci®y and temperature
aﬂ bei.ng taken. The records on the flag prie are teing com-

¥od wich correspending records near the grond by neans ef

o=

raphs.

Another investization with the same end in view, is
mtned ith vhether or not the t:avel o 5 sroke cloud con be
meagured by means of a puff of smoke. If this is pessible, the
behavior of smoke cloud 12id dovn in battle con be readily
predicted by first vatching the behavier of o smi.ll pulf of smoke,.
Various devices ore being tried ns o neans of producing a2 satise
factory puff of smoke fur this purpose,

Airplene Smokes - Smoke Curtaln:

The laying down of a smoke curtain by nn sirplane neces~
ait:\tas that the smoke producing liquid (titanivn tetrachloride) be
discharced from the plane at the sane speed as the plane but in the
opposite direction. Thus the pressure required for the discharge
of the titenium tetrachloride in the required time is 2 funciion of
the speed of the plane. In order to deterrine the pressures requir-
ed for varying airplene speeds, aground set up of the plane equip-
ment wes installed and water wes used in tests for speeds varying
from 60 to 120 niles per hour with nozzles of vorious diameterss
Freo the data obtained tables and curves are being prepored for
use £n the production of smoke curtains using either the D.H. planes
or lartin bomberse

Cylinders of carbon dioxide are used as a source of
pressure for dischaorging the titanium tetrachloride, This has
given satisfactory results but it has been fe ' that greater re-
finement of control and pressure regzulntion . ‘ht be obtained by
introducing the liquid carbon dioxide into the contesiner for the
titanium tetrachloride. Tvo highly succes-ful tests have bsen
condugted, sufficient pressure being meintained throughout the
test to ai scharge the liouid in about twentv seconds which is
within two seconds of the time calculated tc dischrrge the liquid
when the plane is traveling at maximun speed. These results de-
monstrate that this arrengement may possibly aiferd a weans of s0= .
SuUMng constant pressure, end at the same time completc.y dische rg=
ing the licuid within t.he required tinme,




Wy In this connection small quantities of liquid carbon
‘dioxide will be added to titanium tetrachloride and the resulting
pressures determined at temperatures of from 10° C. to 40° C.

= ip Denonstrations were conducted at Fort Benning, Georgis,
for the purpose of showing the use of smoke curteins in aetual war
mAReuvers. Altogether five curtains were dropped using a full
charge of 980 lbs. of FuM, (titanium tetrachloride) with a Martin
Bomber, Ilicse tests were as follews:

le Sereening e Company in Attack

2y Screening Bnttelion in Attaok

3+ Screening River Crossing

4, Soreening River Crossing

Se Screening River Crossing by dropping curtain
in three stages at varying altitudes of 1000,
600, and 300 feet. Tn this case the pilet
screened himself in the last two stages of the
operalion,

Tests Nos. 2, 4 and 5 were declared to be entirely
suocessful,

Tests 1 and 3 were conducted under most adverse wind
conditions, and while not entirely unsuccessful, clearly demon-
‘strated the impracticability of attempting to ley a smeke curtain
under such extreme weather conditions except with s sufficiently
ierge nunber of plenes to overcome the difficulties arising from
these conditions.

Screening Smoke from Alirplane Exhaust:

! In the procuction of screeninz smoke by discharging
& liguid smoke materinl through the neroplane engine exhaust
some difficulty has been experienced due to the corrosive aotion
of the smoke on the plane, To overcome thig a plane is being
partly retuilt, substituting ply weed on the fusilage Zor the
fabric and noking an allemetel tail assembly. In addition es-
peclally designed exhaust manifolds are being added to concuct
the smoke to.the rear of the tedl surfaoces.

Experimental 50 lb, H.C. Smoke Candle:

The 50 1bs HeCs smoke candle is similar to the smaller
HaCs smoke candles and was developed as the largest smoke produc-
ing unit which oould be readily handled by one man. In adapting
the regular HeCa smoke nmixture to this candle it was necessery to
make certain changes in order to provide quick means for delivere
4ng the full smoke volume from the candle. This was aocomplish-
ed by using one half pound of a fast burning smoke mixture on top
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of the regular mixture and using - slower sterting mixture,
This cendle congains zbout 50 peunds of the smoke mixture and
when fired emits a dense white cloud for from twelve to fifteen
minutes. The weight of the container in its present state ef
development is about five poundss

Develeopment. ¢f Lachrymetory lLunitions:

SR Lachrynatory runitions containing C.lNs (Chleraceto-
phenone ~ a tear gas) are being developed for use in the trein-
hig of troops.

A The Army 25# c.Na;Drop Bonb:

This bomb, vhich is for use in meb contrel ~nd the
tralning of troops, is a noh-explosive Lamb, the CoNe being
thermally dispersed as a smoke cloud,

, _The bomb uded is the old 1%k {1 25 1bs denslitien
bomb, which is now obsolete and of which thore 15 & supply aveile
eble,

]
_ The weight 6f the filling used is 5-1/2 pounds of vhich
8% is smbkbless powder, 407 C.N, and 27 megnesiua oxide, which
Bots as a stabilizer. :

The bomb functions on impact, is non-fragmenting and
gives off a cloud of lachrymatory smoke for about ten ninutess

Navy Training C.N. Flozting Bomb:

This bomb developed for Navy training purposes, is the
0ld HeC. reroplane screening smoke flesting bomb, which has been
adapted to the CeN.» fillings The weisht of the £illing used is

...Bbout 12.5 pounds, of vhich about 8 pounds is suokeless powder,
4-1/4 pounds C,N. and 1/3 pound magnesiun oxide.

The bomb functions on water irpact and flozting cn the
water gives off clouds of the tedr gas (C.N.) smoke for from 12
te 17 minutes.

Flat-shaped C.N. Candle:

The present C.N. lachrymatory candle is eylindrieal
in shepe, ¢ inches in diameter by 2-3/4 inches high, end is conse-
quentiy not an economicel shape for packing and further it is an
awkward shape to carry. For these reasons a flat sheped C.N.
- eandle has been developed, using the same contziner as the HeCo




=.§pggning smoke candle. This container is ~ tin can 5-1/4 inches
hizh with a rectangular cross section 3—5/." £ inches by 1-1/2 inches.,

The change in the shape of the C.N. candle has neces-
sitated o chenge n the composition of the C.N. mixture, since
the condltlions of burnin: are materially afiected by the burning
aree of the cendle =rd the ratio of the area te the depth, A
sudtable C.N, mixture for this flat sheped candle has been develop-
ed and the menner of londing worked outs, For loeding the candles
the €y N. mixture is first pressed into blocks of suitable sizes,
these dipped inte molten C. I'i (Chloracetophenone) and dropped
4nto the containers. The coating of C.N. thus provided between
the 0.V, nmixture end the container is for the purpose of prevent-
"I,g'g-.'&he turning from spreading dovn the sides of the mixture end
thus causing too rapid burhing, which ri ht result in explosions
Detalls for the large scale loading of these candles have not as
yeot been worked out,

Investigations of Gas liask Canlster Absorbents:

Ih conhheoction with the investigctions of gas nask
anister absorbents, a sanple of British activated charcoal and
ermen industrial cahisters have been tested.

_§rit1 sh Charcoal:

The British charcoal received, vhich is & stean acti-
vated nut charcoal, is about the same quality as the aversge
stean sctivated nut charceal nor being used in the typre 1919
Chenieal ‘arfare Service canister, The totel saturated and the
retentive adsorption of toluene correspond to our charceal of the
same grade,

Gernan Industirial Canisters:

A number ot German canisters fcr industrizal uses have
been exemined, The nature of the absorbents has been deternmined
ag well as the general charecteristics of each eanisters The
canisters are practically identical in mechanical construction ith
the war canister. The absorbents vary somevhat {m their nature
and composition according to the compounds against which protection
ig affordeds Hovever, the two prinecipal absorbents, the charceal
and the alkaline granules are very similar to the sarme absorbents
in the war canister,

The charcoal found in the canisters im a soft friable
%iood chaZooal of npproximately 8 to 20 mesh.s The moisture cone
tent of the chrrcoal in every conister was somewhat high (145 -
%0 26%). A small amount of sinc and iren wns generelly found




h ﬂw ch“rcoal this having been left efter rctivation. No
s were found in the cherrcozl which vould be intended to
1m_ae the absorption of asny gase

The alkaline gronules were compositions consisting
of un.ul“FI‘ such n0s potassium or sodium carbonate impregnated
on inurt, corrier such nas infusorisl earth, The alkali end
ml.Me content veried considersably. The granules caked to o
mﬁﬁr less degrees These gronules were used for the ob-

sorption of ccid vopors.

: The third closs of nbsorbents includes special
a‘h%nts for particular geses. These ambsorbents consisted
of an inert carrier, ~s above, “nd an nctive material vhioch vould
absorb parta.cd.’ar B8 For anmonia, ~cetates of iron cnd zino
_"ere used; for hydrogen sulphide, = mixture of the oxides of len g,
ifon, zinc and menganese; snd for hydrocyanie acid an alkali such
as Mbssiun carbonete nixed vith o compound of zinc.

The absorbent fillings of the crrnisters were ns follows:

Protection Afforded Azninst Filling
1 organic Vapors Charooenl,
2v Acid Vapors Chareonl
Some protection 2zeinst orgonic Alkrline Granules

vapors and anmonia.

3. Sulphur Dioxide Alkaline Granules
4, feid and organie vapors, hydrogem Alkeline Granules
sulphide, and amnonia Charcoal
5e Hydrocyanio acid Allaline Gronules con-
taining zino
6e Cyanmethyl Fornate Charcoal
Chlormethyl Fornate Alkaline Granules
T Armonie Carrier impregnated with
zinc and iron aocetates,
Charcoal
B, Amnonia Carrier irpregnated with
Hydrogen Sulphide ; zinc and iron acetates,

Carrier impregneted with
cxides of lend, iron, zine
and mrngenese.




4 Hydroger Sulphide Cerrier impregnated with
R Organic Vapors oxides of lead, iron, zinc
Vi and manganese.

E"..’ y Charcoal.

None of the sbsorbents, excep* the charcoal, sorpare
rably with Anericen absorbents for similar purposes. This
onsiderably due to the use of inert carriers.

The specinl absorbents for ammonis or hydrogen sulfide
slightly different from sinilar me‘san absorbents, but are
y mach inferior.

The canisters ="ill afford protecticn 2gainst noderate
centrations of the conpounds specified.

ine Piling Investigaiion:

This investigation is concerned with the developnent
methods for the protection of marine piling againsi narine
erss Test blocks, which have been irpregnated with various
ic materiels, are prepared and exposed to attacks of the bor-
in the ocean at Berufort, North Carolina, An inspection
nll test blocks so exposed showed thattwenty coripounds heve
en practically perfect protection for two complete semsonse

Arrangenents are being made to install inpregnated
piecds at several marine borer invested places on the coasts
e country, using the toxic naterials which have shown the
pronise Hr impregnation,

eevil Investization:

This investigntion was undertcken for the purpose of
veloping some means for the eradication or control of ire
tton boll weevil which each year destroys fren a quarter to
18 half of the uthern cotton orop.

Several mothods of attack heve beer pursued in this

k which is being carried on at Clemson College, South Crrolina
Briffin, Georgia, wte y ¢

(1) Experiments heve been undertaken vith the iden
finding a poison vhich the weevil vill eat, “hen dusted or
iprayed upon the cotten plant and vhieh would be rmore effective
an oalcium arsenate, the poison ot present used in the ttterpt
control the raveges of the bell “reevil. So far tetweer 250
A 300 toxic compounds hove been tried out, in each cnse tests
h calciun arsencte being made under comparative conditionse
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esult of this work over fori comp. :nds h:rve been found

| t.heae preliminary tests indicate to be of equal or greater
eity than cdlcium nrsenale. Of these about twelve show little

no plant injury. About 15,000 wsevils hove been used in this

No certnin conclusions can be drawn from the data so
* obtained, lioreover, in this phasse of the investigetion
little rttention is being peid st the present time to the cost
le various poisors used, or to the efiect upon the cotton plant,
dea is to determine first by the examination of many sub- -
pes the various classes of poisons which i1l kill the weevil,
it is hoped to find anong these classes of subgtences or fron
oted poisons, some poison hich mizht prove of prnctical values

(2) Another line of investigntion wns te deternine
lethal dose to the boll weevil of various gases, such as hydro-

nic ¢ #1d, hydrogen sulphide, chlorpicrin, and oyanogen chloride.

wes found that the weevil was not killed by any reasonable con-

itration rcnd tine of exposure, although most of these gases
alyzed the weevil after short exposure to high concentrations

pnger exposure to low concentrations. Renovel of these

@Vils to fresh air renecrally revives thems It would appear

;m this that the weevil stops breathing when exposed to these

s end is able to exist without breathing for o considerable

od of tines

(3) Another nethod of attack has been tc try to find

@ chenical which, in snall concentrations, would excite the

1 weevil sufii siently tof make hin fly the icea being chat if

were possible the weevils could be ccught in fly paper or

8 bther trap, by drawing a suitably covered device over the

on plents. To this end ntout seventy-five chemicals have

} tried, rmong then the various war gases vhich are the nost
ating to man. All efforts, hovever, fniled to make the

1 fly. The best compounds found thnt excited the weevil

at, in low concentrations, were fornmic acid, ncetic acid,

:lcrin, nnd titaniun tetrachleride smoke. It was found,

however, that the boll 'r2evil is exiremely deliberate in his

~ nmovenents under nll agents trieds It responds slovly nand enn

£ be blosm fron the cotton stalk -hen excited. This line of
vestigrtion seems, therefore, to have produced no results of
tical value.

fications:

: The status o specifications for chericols on
sember 1, 1924 , is jiven below:
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All fine inorganio nnd {ine orgrric chenieals in
revised procurement 1ist have been put into one of the six
owing groups:

1.Ds 4-502-U.3.P. Fine organic U.S.P. 8 items
eDe 4-502-340f Us Fine Orgenic S.of Me 5 items
teDs 4=502-Gen. - Fine Orgenic Genera. 1D itens
HeDs 4=-501-U,5.,P. = Fine Inorganic U.S.P, 8 items
lieDs 4=~501=Sc¢of li. = Fine Inorganic S.of Me 43 items
UeDe 4~501=Gene - Fine Inorganic General 73 itens

0f the ninety-six heavy chenicnl specifications re-
red by the revised procurement list, the technical data for
L8 95% complete. Five speeifiostions in approved forn have
» forwarded (10/24/24) for test spprovals It is not plenned
vrite the remainder until these five hnve been npproveds

0f the soven specifications for toxics required, none
ave been writtens

ens Pro;_gctor Fuze:

; Durir; September a few Bickford time fuse fror the
e Assembly, Bickford ik I for Chemical Shell, Livens Projector,
e prepared for cir burst.s Vhen fired during denonstration at
srdeen Proving Grounds, October 3, 1924, at least one shell pre-
ureds A few tests have been started to ~scortain the likeli-
od of the detonator or fuse and d etonato= being driven to the
ton of the well on set backs Tests of tho crimp employed in
sparing the fuses vhich were used in demonstration show that the
hod gives ot least n3 good tenreity ns original samples crimped
manufacture,

Stokes Mortar Clinoroter:

A 4" stokes mortar clinometer, modified to give barrel
evation and the complenentary base plate :f.n% gttt one setting of
‘the instrument, which was developed previously, Eeated by the First

8s Regiment, is being prepared for subnission for approval. This
nstrument is graduated in both degrees °nd milss

MEDICAL RESEARCH DIVISION

The medical research has included a study of the toxicity
" 1ead tetra ethyl; the treatment of phosphorus burns, and the
reatnent of acute respiratory diseases with chlorine.



~ The Toxicity of Lead Tetra Sthyl:

Lead tetra ethyl which is the chenical used in the so-

Jed ethyl gnsoline was studied for the purpose of deternine

oxicitys As a result it was found that the toxicity of this
il ns conpared to the more toxic war geses is lov and that
composes at 1200 o It is evident, however, that the menu-
ire, handling and distribution of lead tetra ethyl involves
derrble denger of acute lead poisoning in those instences
© considerrble material is splashed on the skin end of chronie
poisoning {rom the ebsorption of ame1l anouats by inhaletion
e skin or mouth, Tests by the Burecau of lMines appear to
thet the exhaust gases of sutorobiles using ethyl gas are
oxic, the lead tetra ethyl having been decomposed ond the
having been changed to unsoluble forms.

rt on the Trestment of (thite Phosphorus Burns:

In a nurber of cases accidentally burned by wvhite
phorus in the field rad in filllag plents gréat difficulty
experienced in trecting the cases owing to tue fact that
phosphorus ndhered to the flesh and continued to fume and
@sionally burst into flame again. This necessitated the plee-
g of such cases in a continuous beth, and inmediately upon re-
al from the bath the phosphorus would begin to fuue and

lder ageine This investigation was started in an attempt
find what ngents could be applied to the burns to noutrnlize
phosphorus following ihich the burn could be treated ag an
dinary hent burn, In the selection of an agent the strong
ibility of phosphorus poisoning due to abscrption hed to be
idered.

As a result of this investigation invelving tests

a large nunmber of chenieals, it was found that a solution of
er sulphate, between 17 and 3% will stop the fuming end turning
nps of phosphorus in the tissues, and renders their renoval
by forming a coating of copper phosphide on the phosphorus

i A 17 copper sulphete solution has been recormendsd as
broatnient for white phosphorus burns, end a 1% solution of cop-

F sulphate should be kept on heand at all shell and grennde filling
Ations, at Stokes mortar batteries when using wvhite phosphorus

11s and at first aid stetions. Large pands of absorbent cotton
should elso be at hands  ‘henever a phosphorus burn is received
darge sponge of absorbent cotton should be ssturated with a 1%

per sulphcte solution and opplied to the burning phosphorus, i/ith-
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% ‘or three minutes it vill beé possible to remove the sponges
i sper~coated phosphorus should then be removed by forceps
irrigation and the case then treated like any other burne

en of houboe Respiratory Discases with Chlorine:

The treatment cof acute respiratory diseases with
ne is being continuode Ton horses suffering from equine

onza were treatod and all recovered much more promptly then
nted animals would.
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B7__o AND PUBLICATIONS .

The following are swonz the books and pamphlsts in the
2l Reference Library, Office of the Chief of Cheuical Tarfare
« These publications are available for use of all officers
)loyees of the Che.nical Warfara Service, and mey be loaned to
uicel Varfare Officer outside of ¥ashington upon uritten re-
ron hinm., The conditions under which these loans are nade
of the Che.xcal ‘arfare Service 0ffice are as follows:

“ritten request should be made by the officer desiring

8 of any publication, giving the class nuaber, title and name
or. Upon receipt of this informetion, the publication

e loaned for & period of t.o weeks, 4 card is sent with
blication, which aust be signed and returned to the Library
ately uwpon receipt, <“hen the publication is returned to the
'y the receipt will be returned to the borrover, Wo publica=
can be “rithheld fro.. the library for a period grezter than
elcs ithout specicl peruission,

o - HNaic of Publicetion and luthor

— e

Abrehan Lincoln, the Boy and the nan,
Lorgan

Zccounting, Theory znd Practice, nanual Unit A,
Rittenhouse and Clapp

htircraft Yearbooi, 1921
“leohol, Hygiene and Legislation,
“illiems

#lcoholic Fermentation,
Harden

+1loys (Non=Ferrous)
Sexton

lterpeting Currents snd 1, C, Nachinery,
D. C, and J, P, Jac'son

..aerican Civil Engineers Pociket Bool,
merriman

suerican Highwey ingineer$' Handboou,
Blanchard

.nerican Industries in the Tar
B, ¥, Baruch

ierican Social Probleus,
Burch and =tterson
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:Y.m of Publication and Author

annu:l Tables of Constints and fiuneriesl Data,
Vol, &, pPort 1

innuel Tooles of Constants and punerical Date,
Vol. 4, Part II

Appiications of Electrolysis in Cheniecal

Industry, The
Hale

Applied Electric Che:dstry
Thoapson

Arenitects and Builders' Pocretbooi,
sidder

Arny end favy Uniforis 2nd Insignio
"illians

Are we Ready?
Theeler

Battle Psrticipation of Cr enization

best :tlas of ‘uericaz with Foreigp Supplenent,
Rand iciially

Business Z.uployuents,
Jlen

x Calculations of inslytical Che-istry,
ziller

Caleulus made fasy,
Thoupson

Cavour end the _o”ing of iodern Italy,
8 Orsi

Cerazics,
ialinovsicy
o AR Che.ic:1 Caleulations,
329 Bausor

Cheiiczl [ecture uxpe.i_snts,
penedict

2 Che istry of (owmu.on Things,
Sro nlee, Fuller;, rancos: 2nd “hitsit

(171l sngineers' Poclzetbool,
Treutirine
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W8 of Publication and suthor

——

Color ir Relantion to Chemical Constitution
“‘atson

Coaerci:l and Benlzing Lo,
villiston

Communication for AlLl Jurnos

Condensed Cheiiical Distionary, The
Turner

Coursc in iodern Production >ethods, Dusiness
Training Cerporation, 6 vols, per set

Dictionneire .iliteire, 3Supple.ent Cenerzl

Dircct Current :.achinery,
Jansizy

Barth Fectures and their :eaning,
Hobbs

Llec, Lighting ond .iscellaneous ‘pplication
of Jleectricity,
Franklin

&le..ents of Llectriccl Trans.d’ssion,
Ferguson

Lle..ents of Zlectricity,
Tiabie

Sngineer Field ianunl, 5th [dition
L.each

Snginsors Lianusl,
Hudson

anglisin of idlitary Co.unic.tion, The
Cano

~885uticls of Cheuiecal Physinloyy,
' HZalliburton

Ges Po.ex,
tirschfield «ad Uluricht

General jetallurpy,
Hofrnan
~32=
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Nane of Publiccotion and Auther

Gients of the Liarne, The . story of lic~
Alex nder ond his Regiient, 11nj, J.W.Woldridge

Governaent of Engloand, Vol, I
Lo.rell

Grophicol liethods, 1st Edition
" oGeusarshall

Great or; The

Hague Declaration oi 1899 Concerning
!sphyxiating Gases

Hondrook of Che.istry ~nd Physics, 9th Ldition
Hodgien

Hondbook of Chenistry and Physies, 9th Zdition
Hodgiian and Longe

Hondbook for Heating and Ventiloting nn.,.inaera
Hofaan and Hober

Handbook of Organioc .nnlysis, A
Clarke

Heoting ond Ventilation
sllen and Tlalker

Hirher Latheintics for Students of Che.istry
~nd Physics iellor

History of the United stntes,
Fiske

How :nerica Went to Vizr, Vol., 4, The irudes
of Industry,

How iierica “ent to Wer, Vol, &,
& The 4roiee sf Imiustey .

How iumerica 7ent to '"ar, Vol, 6
Denobilization

Industricl /rts Index, 192-1921

Ioperirl England,
Lavell«pPuoyme

st“




Naize of Publication ~nd Author

Inorganic Chemical Preparations,
Longfeld

Interior Ballisties,
Ingalls

Introduction to Ceneral Cheuistry,
Copaux

Introduction to the Rarer Elements,
Brouning

Iron and Steel,
Hudson

Jiggs and Fixtwres,
Colvin and Hass

Journal of the Great Yar, 2 vols,
Daves

Leading Anerican Inventa s,
Iles

Lectures on Theoretical ~nd Physical Chenistry,
3 Vols, Parts 1, 2 and 3 Van Hoff

Life of Nopoleon Bonaparte with Sketch of Joaephina,
Empress of the French Tarbell

Logarithus,
Vega

liachine Guns,
Hatcher, Wilheln and iahoney

Makers of History: Nero,
. Abbott

lanual on Explosives, A
Ransay and T'e ston

¥anual of Surveying for Field and Oifice,
Devis

Manufacture of Internediate Produwots for Dyes,
Cain

rechanioal Engineers' Hand.ook, lLarks
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Narie of Publiecation and Author

dechanies of Materials,
lerrinan

Methods of Quantitative Organic Anclysis,
Kingscott and Knight

lilitary Topography,
Sherrill

liodern Accounting,
Hatfield

Hew Map of Eurppe, The
Gidbbons

Norway,
Sorenson

Official Railway Guide

Organizotion of the Services of Supply, A.E.F., G.S,

Ore Deposits of Useful lineral and Rocks, Vol. I & II;
Beyschlag Vogt and £rusch

Organic Chemistry for Advanced Students,
Coheh

Orgonic Compounds of Atrsenié and Antimony '
lofgun

Outlines of Generzl Chemistry,
Ostwld

Physical nnd Commereial Geography,
Gregory and Keller

Post Tar Ordnance

Practical Orgnnie Chemistry,
Cohen

Principles of the Transformer,
Bedell

Les Pouwdres et Explosifs,
L Vennin et C Chemeau

Qualitative Anclysis,
Baskerville ~nd Curtmon
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Readers' Guide to Periodical Litereture,
1919-21 and 1922

Respiratory Exchange of Animals and lan,
Krogh

Scientific Amsrican Encyclopedia of Formulae

Short History of %orld, A
H, G, “ells

Soldier's Geography of Europe,
Philips

Steam Power Plant Enginecsring,
‘ Gebhardt

Storaze Batteries,
Liorse

Supplement to The Creat Tar,
Allen

System of Physical Chemistry, 51 3 Vols,
Leris

TNT 2nd Cther uditro-toluenes,
Smith

Tables of Chemical and Physicel Constants,
Spieluann-"heeler

Testing sxplosives,
Bicel

Textbook oi Chemistry, 8th Fevised gdition,
' Sadtler and Coblents

Theory and Caloulations of Zlectric Circuits,
Steinuets

Treatise on Chenistry, Vol, 2,
Eoscoe 2nd Scherlecamer

Treatise on Che dstry, Vol., 1,
wosece ~nd .cherlemner

U, o, .rtillery famunition,
Tisll

Vecuur Tubes in “ireless Coamunicztion,
‘ Bucher Telsigraph Opsr=tion
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(Tear Gases)

~ The lachrymators are the most numerous of aii ¢hé
warfare compounds.  They are found in every dégfes;
A0sc which are merely anmnoying to those vhisch cause sevele
don and such o eopious flow of tears as to result in tem-
indness, Some of them else have an additional toxie
en breathed in higher oconcentrations, 21though ot these
Etrations there is such intense lachrymation ns to be ab-
_ unb::rable. In high concentrations they may also ir-
e 8skin,

- Practieally all the gases used during the war pes-
| lachrynmatory properties to o grenter or less extent, Thus
werful vesicant mustard gos, the toxic phosgene, and the
b gas diphenylohlerarsine, all irritate the eyes enough to
fears at high cencentfations, Chlorpicrin ond eyanogen
iide are pewerful lachrymaters even in low concentrations,
hey have been employed in dattle primarily for their toxie

Lachrymators were used by the Germans in the World
Irtly after the first gas wave attacks and were very offeeo=
n incapecitating men until the adoption of gas masks which
pded proteotion for the eyes., But even though there is ne

us difficulty in affording protection ogainst these compounds,
if use compels an Army te weor the mask indefinitely, with the
snditure of material far short of that required if the more

y gases are used. It has been estimated that one goed
atory shell will foroe wearing the mask over an area which
equire 500 to 1000 phosgene shell of equal size to produce
e effeot, -

This harassing volue of tear gases has resulted in
se by police for the contrel of mobs end for disledging
r}s from inaccessible retreats,

perties of Lachrymaters
All of the lachrymators in general wse are orgenic
ds containing one of the halegens - iodine, bromine, or
ne, . In general, those compounds containing iodine usually
the most strongly lachrymatory effeet, this effect decreasing
gh bromine to chlorine, Todine is, however, comparatively
ge and expensive so that it is desirable that compounds be dis-




_ m‘m will lechrymote effgetively without eontaining this
Uolt. of the lashrymatots used during the War were
ounds and hafly very effestive lashrymators were made
_ thlh eledent, The most effective of the b
b8 dévelopad duting the War was bromdenzyloyanide,
cture of this laanmsatul- did hst; however, get under
e for use before ®he end of the Wap, Evén dromire,
¢ expensive as ocempared to shlorine and further, the
nine lachrymators;, due to their corrowive cotion on
require special lead, gless or enamel shell linings,
ighly desirable, therefore, that a lachrymator be de-
gsing the relatively cheap and reedily evailaeble shlorine
| of bromine or {odine. This was accomplished toward the
of the Var in the develepment of chleracetophenone whioh is
1y as effective a lachrymator as brombenzylcyanide,
t indicates that it is not only the halegen which ine
| the lachrymatory power of & compound, but also the rest
plecule as well, In the ocase of the halogenation, how-
ere is & general rule concerning its influence on the
lachrymation of a compound. There is no such rule re-
the influence of the rest of the molecule. This must
ecase de determined by experiment.

maters used during the War

The principal substences used during the War primarily
r tear preducing properties, are given in the following
ich also gives the concentration ?milligram per liter of
ssary to produce lachrymation,

Uartonite (80% Bromacetone; '
zm cmor‘cm) (EE RN NN O'wla
Ethyl Iodocaetate .eseiavssacersasses 0,0014
Bromacetone ..cessscassasssesssesescs 0.0015
x’lyl BMd. ‘0.‘...0;..09..‘..'.'.. o.wla
um 1 Brm‘e ......Cl.l..“......... 00&89

Brmthyl@th’lmm Poessdprsnsevaan 0.011

Bromagetone was one of the first lachrymators used
‘the Wer, It ia a water-clear 1iquid which turns brown
sk on standing, It boils with decomposition at about
€, and the vapor pressure of the crude product is 9 mm. at
' - Its vaper is not quite five times os dense as air,

_ Bromicetone is not very stable but traees of water
ibilize the produyst somewhat and the addition of chloracetone
8 to have the same effect, It causes lachrymation at




per liter (0,21 parts per million) when pure, Its

ry asction is very quickly effective, It is olaimed

ate at 0,0011 mg, per liter when containing 20% chlor-

prtonite) although the chloracetone is a poorer

than bi'bmhbht’.o + It {s classed as a ron-per~

lechrymatot. Trodps can advahoe & few hours after
A 1144

 Both the charceal and the seda 1{de in the gas mask
stop bromacetone rendily.

Lonite

~ lartonite, so oalled by the French, is a mixture of
tone and 207 chloracetone. It was developed te re-
remacetons for the reason that it could be mnde without

- of one-half the bromine as in the case of bromncetone,
is more stable than dromacetone and {3 a somewhat bet-
mator,

omme thylethylketone

~  This lachrymotor was prepered as a substitute for

one solely on account of the shortage of acebtone. Brome
a3 it is sometimes orlled, is not as effective a lachry-
88 bromacetone,

~ The use of ethyliodoocetate was advecated by the
R at & time when the price of bromine seemed prohibitive,
of the relative price of bromine and iodine under ordine
nditions, it 18 net likely that it would be commenly used,
 he or, & slightly more effective lachrymator, and is
able than bremacetone. Ethyliodeascetate boils in air
compesition at 178+180° C, and has a density of 1.8,
much leass volatile than bromacetone, having o vapor prese

meyl B ronid

' Bensyl Bromide was used in the early part of the Var,
y mixed with xylyl bromide and often with bromacetone,

~ Pure Benzyl Bromide is & colorless ligquid boiling at

® ¢, with veper pressure of 20 mm, &t 20° C, "It lachry-
, +0039 mg, per liter (0.54 parts per million),  The
is probadly & mixture of mons and dibrom derivatives,

g at 210°.220° C, and having a density at 20° C. of 1.3,

wle
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Kkylyl Bromide as prepared is praotiuilyaaiwaya a
three isomeric compounds, It is'ph 0il boiling at
'€, with a density of cbout 1,38 It produces laghrye

gbodt ,0018 rg. per liter (0p2 ; 86 per mtllidn :
ts greatest application in tHe Uek '"Tastare",
o mixture of benzyl and xylyl b#dhideds "T-Stofe"
MEghly persistent material and may last, under favorable

8, for several dnys. VWhile it is relatively none
fench troops were rendered unconscious by it during

- Dombardments in the irgonne in the summer of 1915,

._.I_‘o "o'i ae

. Brombenzyleyanide is mueh more effeetive thon any
dachrymntors used during the Wer, llost people ccn de-

, ot 0,0015 mg, per liter (0.02) parte per million) and
Arymated at 0,0003 mg. per liter (Q.04 parts per millien).

~ The pure material is o colorless solid melting at

. The crystole soon turn pink owing to slight decomprai-
lich does not proceed far, however. The orude product

% 16°.22° C, and the arystals arc varying shades of dark

ten with a marked greenish tinge, The vapor pressure

as 0,0019 mn, at 0° C, and 0,062 rm. at 40° C,

. Bromdenzyloyanide is obout a3 toxic as phosgene, but
f value lies in its lochrymatory power. It is a very

at laehrymator, having been known to retain consideradble

tory power after thirty days exposure in the open. Like

er bromine lachrymators, hewever, it corrodes most metals

requires o speciel lining when loaded into projestiles.
ion against brorbenzylcysnide is readily afforded by the

£ M.

Bohrymators of the Future ond their Uses.

It has been pointed out that the lachrymaters used

the Var were far from satisfactory, due primarily to the

at they were bromine oompounds, Bremine is relatively

and expensive chemical, The laschrymators containing

e are not very stable and are generally corrosive, thus

ping special linings, Further, the question of pretection

st lachrymatory geses was neved a serious one, During

rst pa:'tl cg the ﬂatathu was anplyl::ppneddbyi?gh;.m

a ) roduc

! mﬁmﬁ was rﬁrﬂpiﬁaﬁﬁﬂn luhryn:tc’:rs. “fhcgr

pa)l vaelue was, therefore, against unprotected troops and
sing men to wear their masks over long periods of time,




In an attempt to dld8over, & 148hrymator which would

he disadvantages of tHs brbmiic bompounds, experiments
aken which led to the study of chloracetophenone as
Yo

hiorusetaphetibtie 1s Hot new Lo ehembcny saiehoe, Por
8t preprbel 1!\ 1687; tut unbil 1ts des wad developed

8l warfare, it was little more than & gab&t'at.bry plhy-
- At was investigated by the British durihg the Wéf, bt

@rded by them due to their failure to disperse {t efs

T

It was found to have o lashrymatory power and persise
_ to or slightly better than brombenzyleyanide, and fur-
~econtains the inexpensive halogen chlerine, instead of’
is very stable under normal conditionhs; does not corrode
nd so can be loaded directly in projectiles without any
Aining. Vhile these odvantages of chloracetophénone
} other lachrymetors were known and manufasturing methods
. developed prior to the end of the War, large scale pro+
did not get under way 4n time for its use at the Front.
W, however, the only lachrymator seriously considered by
cal Warfare Service, It mey well be, however, that
ghrymators may be discovered which will in turn result
Afng chlorascetophencne,

" Chloracetophenone is o colorless crystelline solid,
ot 580-590 C, and boiling at 2450-2470 C, - The vapor
is about .002 mm, et 0° C., 0,019 mm, at 250 0., and
at 379 C, . Iys density is 1,334 at 0° C, and 1,263
€. It is soluble in denzol and carbon tetrachloride,
e compeund cayses lachrymation in the magority of ceses
1 mg. per liter (.045 parts per million). Protection

2d by the Army gas mask,

Due to the fact that chlerncetophenone is o solid

pary tempeertuyres and is stoble at relatively high tems
e, there are e number of possibilities presented for its
ion as used in the field, It may be melted and ocast
pjectiles and dispersed by high explosive boosters; it
'dissolved in suiteble solvents and sprayed from notzles

~ by the use of high pressure gas cylinders; or it moy be dispers-
- ©d 88 a vapor by the use of suitable heating devices.

\ 0f these three methods of dispersion, the sccond and
have been Btilized in the development of a number of ef-
e lechrymatory weapons; the first method, however, thet eof
sing the solid lechrymator by explosion, is still in the
pment 3tﬂg0¢ ,
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Cuibiasetenhe one in Solution frem Cylinders

 For the purpeose of spraying solutions eof chloracetos
ere was developed a cylinder similer to the toxic gas
‘liprk I, This oylinder, a photograph of which is shown
pllowing page, is leoaded with about twenty-twoe pounds of
lution of chleracetophénone dissolved in equal parts of
2ne and cerbon tetrachloride and charged with carbon dioxide
a pressure of 150 pounds per square inch, In operation the
jutdon is forced out through a suitoble nozzle which produces
ind sproy or mist which is readily earried along by the wind,

. In tests mode to determine the efficacy of this weapon,
rs were released and observers were plased downwind from

of release at various points and a record obtained of

jree of lachrymation as well as its duration, As a result

¢ tests, it was found that with the simultaneous discharge

r cylinders, time of discharge about one and three-fourths

8, and wind veloeity 13,5 milea per hour, very severe lachry-

‘was experienced for four minutes ct a distance of one thousw

ds, width of :loud being about 150 yards at this distance.

istance of four hundred yards, there was experienced severe

g of the skin in addition to lachrymation,

These cylinders were for use primarily for the train-
' troops where the tear gns simulates a texiec cloud gas at-
Similar devices based on the same prineiple and using

e solution have been developed and are in use by police
for the control of mobs and subjestion of criminels,

sion of Chleracetophenone by Heat.

For the dispersion of chloracetophenone heat there

sen developed the se-called chloracetophenone (C.N.) smoke

e, This mixture consists of an intimate mixture of chlor-
phenone, ,30 calibre smokeleas powder, and magnesium oxide,
smokeless powder on burning generates heat for the volatilize.
of chloracetophenone, and magnesium oxide serves as & stabili-
or the mixture, The mixture is fired with a special igni-
powder, which in turn is ignited by a match head composi-

- Various kinds of containers such as grenades, oandles,
Btokes mortar shells have been developed for the dispersion
he lachrymatory smoke mixture, The chemical mixture used and

ods of heat dispersion used are the seme for ell containers,
each, of course, serves a special purpose for the distribue
of lachrymatory vapors,
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The grenade adopted is the standard light metcol

\de modified by drilling eight 5/32 inch holes at
bances apart eround the circumference slightly below

[ the grenede body. The holes are covered with ad-
be and coated with shellasy; which is blova off by gas
rhen the grenade functions, The grenade is loaded
C,N. mixture, a starter of meal powder and an ignition

The grennde funotions in about four seconds after the

8 fired ond burns for nbout 45 séconds producing a dense

- chloracetophenone vapors which are strongly lachrymatory.
fragmenting end is no great fire hazard,

- The oandie, which is a tin can loaded with thirty
the chémionl mixture functions the sahé as the grenede,
hat it s fired in position;

The Stokes moftar shell of the burning type fuhotions
ner similar to hand grenades: ~fret being fired, the
landing gives off lachrymatory vapors whith idsue through
rovided in the shell,

Chloracetophenone has found an interesting dnd useful
ion as a training material in the form of small geletine
€8, contoining a little less than & gram of the lachryma=-
. These capsules may be placed on &n slectric hot pleate,
disintegrates the capsule and vaporizes the chloraceto-
N One capsule will render 1000 cu. ft. of air intoler-
@chrymatory in two minutes,  These capsules when used in
. room or gassing chamber are very effective in training
he use of the gas mask,

RESEARCH ACTIVITIES AT EDGEVOCD ARSENAL

The results of investigations carried on at Edgewood
during the past quarter are summarized in the following

Uarine Piling Investigation

llarine barers, mainly limnoria lignorum, and shipwerms,

immense economic loss by their destrustion of wooden marinme

ures, While this fact has been known for eenturies, it
roibly brought to the attention of the Ameriean public by
cent invasion of San Francisco bay where property amounting
lions of dollers wos destroyed by these pests and the possi~
of the recurrensce of such an attack ot a new location
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8 an ever present menave so long as utréated tim-
» or until definite means for the prevention of suech
be Ifﬂuﬁ.

'he bai{ method of protecting piling aghinst marine

e past hes been to impregnate the piling with

'Thig 18, geHerally recognized as an efficient pro-
aiflst Mabine borers for a humbek of ybarsi THe velue
te is, however, less in warm waters than in cold ones
8reosotes scenm more efficient than others,

~ In en effort to provide some effeetive means for the
sation and protection of merine piling work was undertaken
hemical Warfare Service in vooperation with the Committee
@ Piling Investigations of the Division of Enginéering
strial Research of the Fatienal Research Council,
iy i The work of the Chemical Warfaere Service has been
ed along three lines:

1, Toxicologieal and physiological tests which
were undertaken to determine the poisons most
effective against marine berers,

2, Tethods fof the protection of existing
structures,

3. Uethods for the protection of new structurea,

1. Toxicologicel Investigations

Toxicological investigations were carried out at

%, North Caroline, during the summers of 1923 and 1824,
ory toxicity tests of different compounds were conducted on
a, shipworm embryos, exposed shipworme (Bankia removed frem
rrows), end shipworms in woéod blooks. -

Tt is of especinal riote that the order of texicities of

ounds tested was in general the same for all four series,

deoreasing order of resistivity ef the organisms was: embryoe,
shipworm, Limnoria, and shipworn in blooks, :

.~ Of the forty-five ccmpounds tested, the follewing
ut in the order named frem all the rest in all round

T ot



Chlorvinyl arseniour axide
Phenyl arsenious o:xice
Uereuric oxide

Udercuric chleride
lercuric arsenate
Cuprous cyznide

Cupric orthonitrobenzoate
Cuprous chioride
tercurie an{linate
dercuric benzoante
Crystal violet

~ Tt has been delinitely shotm that severcl of the come
re mony times as toxic as creobote to morine weod boring

e 24 Pmenuﬂ' of Mtasck dg" Exis.g_l_ég E tructures

~ In sccordance with the protedure p'h‘tﬂned by 'the ifventors,

‘Was Barried out ot Beaufopt; Ndrth Carbliha, July 1/ 1923,

- method of | genérating bhleripe tHe électrbysis of seh

'y and it il suffisdént te itb.té here that there was ne evidence
extremely beneficial effects elaimed By the sponsors of this

 Evidenoe of the toxic effect of mevallic copper and

nds formed by the action of sea water on metallic copper

| definite enough to warrant the triecl of cepper etudded

- pleces, Colonel Atwoed ef the National Research Couneil,

. #hat when seme of the test dloeks whioh were already at=-

| by teredine borers were wrapped with copper wire, not only
e no further attask, but the borers already in the dlock
led,

It was hoped thet, if the exigencies of the situation

g, the surface of the plles already in the water ceuld be
‘with oopper slugs or shot dy some sush means as an air

e gun, This work weuld, of course, necessitate the use
iver, and the expense would undoubtedly be teo great, except
most desperate case, as the bingle cost of the necessary

iz of the barnacles, slime, and other merine growtha fron

e would be prohibitive,

3« Pretection New Struetures

In the investigation to develop means tow the protee~
new structures, a number ef toxic pubstances were used to
pate sections of railroad ties ot Edgeweod Arsenn}, which
hen exposed tq the attack of marine berers in the harber
‘ort, lorth Carolina,



experimental work was conducted to determine the

impregnetion for given substances, and four adap=
standard methods were selected. Experiments were

) dévelop suitable impregnatin: mediums for different
88: Satisfactory impregnaticn was secured in prace

‘geses.,

fhe data from the service tests at Beaufbrt indicate
n tt'xles , ¥hen used as impreznants, give definite pre-
st marine boters for .a sho:t period of time. How
8 protestion will be; it is imposible to state on the
s Bade té 84fé, but when the sevice test data are
y oonjunctioti with the sflecific téxicity dsta, there is
pasia for the presumptiéfl that seversal of the materiels
) service tests will probably protect féf thirty yeers
' In fact, the results of the investigation of the 5a¥ ,.
ey Marine Piling Committee, as published in their Third
ess Report {8), show that protection for a period of
0 years can be secured by proper creosste impregnation
rows the problem of protection of new structures teo
finding a material which will give protection for a
od than ereosote, or of finding a cheaper materiel than
which will give equal protection, or of finding a material
an cFeosote which will give proteotion for a longer time,

‘There is no deubt that the addition of a specific toxie
e will give protection for a longer period than creosote

) is quite probable that with the use of some cheaper
bhen creesote, seversl of the spescifie toxics found, when
is vehiole, will give protection equal to creosote for

"It is pessible that when all the dats are evailable, ome
materials will be found which will give protection for a
 period then will oreosote, and at less costy

3 |
Ll

Conclusions

1. A1) of the jmpregnated pieces used gave much
Fotection againat marine borer attack than unimpregnated

2, . The addition of § per eent of specific toxics, such
jenylorsenious oxide, diphenylaminearsenibps oxide, phenyle
ous oxide, ete,, to creesote for impregnation purpeses

aem to afford definite protection for piling against
borers,

olde



A i ‘L“ tlflluﬂ,the length of expesure was not sufficfent
: optimistic conclusions, it {s believed that

g

4, TWhile severnl compounds of undotibtéd toxicity
found, the choice of the best all around toxie foi
ion work will eventunlly depend upon the c.mparative
f material and process cost in introducing the seme,

will stand up for 2 loi{ger period than
repneted piling, ,

.~ B+ The cost of the carrier for the toxic will pro-
bve the determining foctor in the choice of the best
id agent. Economioclly, the earriers used are as

. in order of cheapness:

2, Water

b. Fuel oil

8, Benzol (figuring reesvery)

4, ZJmmonia
‘@¢ Creosote

8, If o method oan be perfected for using texie
water solution which will obtain ihe desired depth of

! fon, and which are fast to sea water, they will probab-
the most economiocl of the sompounds used,
;fi..u i 7. 14 is believed that most of the impregnation
i an be duplicated on large senle apperaotus suffieiently
I prastical: purposes,
;:i 4 8+ The toxicity results indfoate thot Limmeria can
.t 28 n oriterin for the specific toxieity of any compound
' e types of marine borers studied,
:,!yz ..  Boll Veevi estigation
" l‘l‘ !
" ~ Congress apprepriated $25,000,00 for investigations
deprtaken townrd the eradieation of the cotten boll
~ Plans for this work have deen formmlated and five
{ - are now at werk in the Seouth earrying en toxiedty
g p determine the most effective poisons to be used,
d pm of a Hot lire /Anemometer for the
s _ Jeasurement of Fiuctuations gn ina Velesity,
r:,r i ~ The development of 2 hot wire anemometer for the in-
o 4 Bous measurement of flustuations in wind veloeity wos undere
! connection with the study of the travel of smoke and gas
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In this study considerable interest attmches to the

f the wind, becruse of its effect upon the rate of
ight, shape and generel behavior ¢ such cluuds, It
experience that no wind travels at a constant rate for
pericds, but changes its velocity more or less frequent-
effects of this gustiness of the wind upcn smoke or gas
but little known, beédeuse up tu the present time no co«
hgg. of determining ropid change: in wind velocity hos
wBle,

 The ihltrﬁmenis' most commonly employed for wind velocity
8 are avefaging instruments. sush as the vane or Robin-
nemometer, which irdicate ﬁiztar_we traveled, not vélocity.
ts are accurate to o redsohablé degree, but they afford
ire of the gustiness of the wind, but orly of general tens
' average incrense or decrease of distance traveled in unit

~ For use in the study of gas cloud travel, an instrument
pf cetual velocity measurement and of following the velo-
ages of the wind instantaneously is highly desirable.

From the nature of this demond, it is recdily seen that
ument deriving its nctuating energy from the wind is un-
» meet this requirement, Instruments 1ike the Robinson
wone anemometer seldom give instontanecus velocity, and
r o long eneugh time to provide ~ record becruse of the
ion or dissipatien of enmergy in the moving parts of the

Instruments which, like the Pitet tube, baolaonce a

tic pressure cgainst the kinetic pressure of the wind are
m this error but at lower velocities (below 12 miles on
velop so slight a hydrostotio pressure that their reading
*ding is hardly feasible,

The hot wire ancmometer is based on the fact that the
nl resistanoe of most metals and alloys varies with the
jure and this rote of change is linear or nearly so.
the cooling of heated metals is inorensed by the wind
on them, Thus the het wire anemometer derives neo
'rom the wind but measures the rate of energy loss from
£ wire due to the cooling action of the wind upen it and
measures the velocity of the wind causing the change in
e of loss, For this renson the het wire anemometer
. & solution of the problem and it is with the study ond
atdon of this prineciple to use in the field that this
ment §s conecerned.
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- The first experiments were based om the work of King,
atinum wire exposed Lo varinrble winds requires a
ourrent to maintain the wire at a constant temperature
tAnce, and the variation in current is a me: sure of
of wind velocity. Thes> experiments were aban=
avor of the method of Huguenard, llagnan, and Pianiel.
o this method current at a constant potential is
id the decrease in resistance of the hot wire when
© the wind, i,e., the increase in current, is a
‘the wind velecity, Rapid chinges in wind
§ over a range of 0-25 miles per hour were success-
pated and tentative recommendntlons for a recording
. have been turned over to the Signal Corps, who
struct one of these instrumeats,

The Development oit the H.C, Smoke Grenade

A grenade containing & smoke mixture which evolves a
thite screening smoke for about one minute has been

for the use of troops. The container is the stane

y or WePs light metal grenade bedy, modified by drilling
ar 5/32" holes neer the top and covering these holes
ips of gummed paper. The firing mechanism is the
ssembly with the W,P, detonating thimble sawed off

d with a celluleid disk, Four grams of the starter

s placed in the detonnting thimble. The grenade is

th either one of twe mixtures, 300 groms of E«l lix-

s powder 32,9883 Wexachlorethane 36.88%, e>ditn chlorate
pgnesium carbonate 7,91%) or 280 grams of mixture Ie5
der 38,03%, hexachlorethane 45,78%, and ammonium

te 16,19%). In preparing these smoke mixtures,
dients are mixed dry for & short tims, then 10-15%
achloride is added, and the mixing is continued for
ve minutes,

A numbet of smoke mixtures were studied, using zine
hlorethane as o base, using various ceoling agents, and
; the volume, density, color, temperature, and acidity ef
s. Surveillance tests showed that there is a certain

f deterioration in the adopted smoke mixture due to the
on of moisture, However, the deterioratien is not felt

rious within e year,

~ Although the finished grenade as described is not
successful frem a stability standpeint, it is fell that
@ better grenade be desired, little difficulty would be
enced in the development of such a grenade, in view of the
ence gained in the present investigation,
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Travel of Smeke. Gisud

fwo field tests were conducted during June, These
to test the relative effectiveness of white phosphorus
i in pans and B,ll, candle smokes, The B,ll. candle
one~third to one-fourth as effective as the white phos-

{5 AN
]

Blask Smoke llixtures

Considerable work has been dohe shecking up results ob-
rof’, *io Helbig's mixture for Qeveloping a black
Profs Helbig states that earben tetrnchloride and the
o Jém ‘Phast at o msh teémpetature, liberating

} gasebus HydrbeMlotie acidi '

‘Several experiments weré ebndiléted Usifig a nixture of
nd carbon tetrachloride, and attempting te eémbine u:
theoreticnl proportions. The 1liquids were absorbed i
ble absordbent mixture composed of sawdust, potassium
and sulphur, ' The cembustible mixture was used to pro-
icient heat to couse the follewing reaction:

3001, #2 Calg 215 C 412 HY

‘Several experiments were alse tried in which fuel oil
ituted for the benzene,

e
lam!
rke
Ml
n BN
atl

Results ebtained by the use ef both bengene and fuel oil
poor. The resulting clouds ebtained were very thin, did
together, the coler was brown rather than dlack, and in

ol were greatly inferior te those obtained from ixture using
’:: tachlorethane, anthracene, and potassium perchlorate,
o Thile results obtained from theuse of earbon tetraghleride

iquid hydroearbons were poor, results obtained from the
p1id hydrocarbons and o solid chlorinating agent in re-
nalogous to those employed by Prof. Helbig gave promise
faction,

Genera o of ane st Gas

The apparatus for producing ‘smoke screens frem cereplane
‘was installed on o llartin Bember from Quantice, Virgimia,
w allotion wae tested and gave o satisfactory smoke screem
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Sprinkling Smoke from ‘eroplane

e smoke screen equipment removed from the Hartin
ch was wrecked on Staten Island last f£all has been
0 Edgewood Arsenal and reconstructed in 2 stationary
in order to determine the required pressures necessary
18 wrtes of flow of liquids at different velecities equal
Ations in speeds of the plane for each size of nozzle
. for use,

- Compressed air and water are being used in place of
joxide ond F, I, in these colidbration tests oh nccount

P greater availcbility, About 100 tests were run with
leds of from 60-120 miles per hour with nozzles of 7/16
inch; 5/8 inch, and 3/4 ineh, diameter, Curves

ig drawn from the data obtained. A few experiments

- be made with titanium tetrachloride, - _

In addition to these tests, the smoke screen appara-
emoved from the D.H. plane for modifications. An
al outlet pipe has been welded to the forwerd and under
' the cylinder and conducted downward and backword in an
b lead the column of 1iquid out of the slip stream of the
It i8 nlso believed the coefficient of frictien ean be
materially by shortening the length of the pipe used
yre which ran the full length of the fusilege. This
uce the required pressure or permit a greater ocontrol of
sure factor. This modified apparatus wos tried out and
actory curtain wos dfépped, although the curtain was shorter
3 expected from the afiount of F.ll, in the conmtainer,

Fundamentnl Study of Charconl

'Atv complete study of charcoal with reference to its
2 use in the gas mask must include o knowledge of the re-
e o air flow of charcoals of various mesh, activity and

£feren’ methods of packing.

An investigation hos been undertaken to determine the re-
of charcoal to the passoge of oir ueing 6-8, 14-16, and 24-30
Aarcoal in 2,5, 5 and 10 om, depths with air velocities of
50, 500 and 1,000 cm/minute, The cir flow was carefully

A on o calibrated wet meter. The pressure drop was observe
n vertical menometer using e mognifying gless with a cross
Using the letter, o difference of .02 inch could be recd
seuracy. Considerable deviation was observed between cheok
inations, For instance, four observations of the resis-

i of o 2.5 om, depth of 24 to 3V mesh charcool of 28 minute
jty ot an air velocity of 125 em./min. varied detween ,32 ond
It is proboble that these deviations are due to differences
packing of the chorcoal., It is therefore necessary to make
e number of determinations to reduce thé probable error of

> reaistance of each mesh and depth,
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Sgda Lime from Czecho Slovakie

A sample of soda lime from C-echo Siovakia has been
inst phosgene, On the standvrd teast the service time
tea o 95% and 10 miruics at 90% officienny, DBoth the
nd capacity for the chscrption I phoszens by this

8 much lower than that of the iZ:my pinl: soda lime,

In hordness, the Czecho Slovakian soda lime compares
with pink soda lime,

Livens Projestor Expl~der

An investigation has been undertaken for the purvose of
meana of firing 500 Livens projecter shells simultancounsly,
firing 500 or more syuibbs with manually operated exploder
graded series porallel connection gove evidence of the

ty of this means of solving the problem. Ameliminary
ructed of materiels oa hand and weigring ninety pounds
equivalent of 750 squibbe; the energy input being well

ot developed by & man,

An improved model of the experimental expleder weighing
8 oz, was constructed, In a test it fired 550 squibbe
gimately 0,03 seconds. This time lag is believed to be
e ond on improved model is being prepared,

Surveillance on Cpemical Warfare Manitione

Teste have been made on the following munitions during
three mth.‘ .

C.N, Grenades

The surveillance of C,N, Gpenodee ot 60° C, has been
nued due to failure of grenades na reported in last Digest.
. surveillance teots ere, however, being continued, Re=
toined with grenades fired at the end of six, seven and
nthe respectively, are given below. It will be noted that
ng time of these grenades graduelly increaeed until the
onth when the burning time decreased - at the end of five
urning time was 40 seconds. _
6 months (Jvne 12, 1924 :
, satisfactorily, burning time 52 see.,
lachrymation fair.
#2 functioned sctisfostorily, burning time 49 see.,
lachrymation fair. :

7 hs (July 12, 19 s
: " Two grenndes were assembled and fired, Both function-

ed satisfactorily, one burning for 1 min, 5 see., end
the other burning 1 min, .
L3

One gre was asoembled and fired, and functioned
with o burning time of 45 secends,

Al



BOOKS AND PUBLICATIONS

following are among the books and pamphlets in the
ference Library, Office of the Chief of Chemical Warfare
hese publications are available for use of all officers
A s of the Chemicel Warfare Service, and may be loaned to
s | Warfare Officer outside of Weshingten upon written re-

: in. The conditions under which these loans are made
the Chenmical Werfare Service Office are as follows:

tten request should be made by the officer desiring

any publication, giving the class number, title and name
Upon receipt of this information, the publication

ed for a period of two weeks. A card is sent with
tion, which must be signed and returned to the Library
upon receipt. When the publication is returned to the
receipt will be returned to the borrower. No publice-
s withheld from the library for a period greater than
ithout special permission.

Name of Publiecation

Allen's Commercial Orgmia Analysis, 4th Edition
(9 vols)

Allies' Map of the Western Front, Y.M.C.A.

Alsace-Lorraine under German Rule, Hazen

Alternating Current Electrical Engineering, Kemp

American Chemistry, Hale

American Men of Science, Cattell & Brimhall

American Sulphuric Aecid Practice, De Wolf and

Larison, lst Edition

Ancient Times, Breasted

Applications of Eleotrolysis i.n Chemical
Industry, The Hale



Neme of Publication

Applied Colloid Chemistry, General Theory,
Wilder D. Bancroft.

Applied Mechanics, Rankine

Artillery Firing, W.P.D., General Staff
Association of British Chemical lienufacturers
Bacteriological & Enzyma Chemistry, Fowler
Behind the Scenes with the Kaiser, Von Larisch

Bombs and Hand Grenades, Captain Bertram Smith
Captains of Industry, Part I & II, Parten
Carbon Compounds, Weston

Chenical _I)l'loovory & Invention, Tilden

Chemiker Kalender, Bd., 1923

Chemists' Year Book, Atack

Chemistry of Familiar Things, Sadtler

Chenistry end its Relation to Daily Life,
Kahlenber and Hert

Chemistry of Colloids, The Taylor

Chemistry of Pulp and Peper Meking, Sutermeister

College Textbook of Chemistry,
Noyes

Colleid Chemistry,
Alexander

Colour in Relation to Chemical Constitution,
Vat son
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Nane of Publication

Corrosion of Ireon and Steel, The
Friend

Cyanogen Conpounds,
Willioms

Design in Theory and Practice,
Batchelder

Development Division, CoW. S,

Dictionary of Applied Chemistry, (5 Vols.)
Thorpe

Dictionnaire Militaire, 2 Vols.

Dyes and Dyeing

Pellew

Electricel Engineering,
Shew

Electrometallurgy,
Kershaw

Elements of Electrical Engineering,
Franklin and Esty

Elements of Fractional Distillation,lst Edition
Clark Shere Robinson

Eminent Chemists of our Time
Harrow

Engineers Transit Book, Nat. Bank Book Co.

Essays in Historical Chemistry,
Thorpe

Explosives,
Barnett

Fermentations,
Plimmer

First Course in Physics
Milliken & Gale

French-English iilitary Technical Dictionary,
Willcox
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Name of rub_liutha

(ages and Ouging Systens,
Voodworth

Gas Engine Ignition,
Norris, Winning and Weaver

.General Chemistry, Theoretiocal and Applied
Blakbd

h

Geology,
Geike

Graphical & liechsnical Computation,
Liplka

Greater Italy,
Wellace

Handbook of Chemistry and Physics (9th Edition,
Hodgnan

Handbook €f Modern Explosives,
Bissler

Higher Mathematics for Students of Chemistry &
Physies (2 vols.) Meller

How Americans are Governed,
Marriot

India~Rubber Laboratery Practioce,
Caspari

Introduction to Physiocal Chenistry,
Walker

Inventions of the Great War,
A. Russell Bond

laboratory Companion to Fats & Oils Industries,
Lewkowitsech

Leading Facts of American History

life of Woodrow Wilson, The
Josephus Daniels '
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¥ape of Ebli cation

laintenance.of Peace, The
Se Co V_ast.al

Manufacture of Artillery Ammunition,
Alford

Manufacture of Organic Dyestuffs
Wahl-Attack

Metallography, Desch

h’icroaeopio Analysis of letal.
Osmond and Stead

Kodern and Contemporary European History,
Schapiro.

Natural Orgenic Coloring lMatters,
Perkin & Bverest

New Ideas on Imorganic Chemistry,
Werner

Buove Dizionaire Inglese Italiano,
Melzi

Ordnance & Gunnery, Tschapat

Organic Agriocultural Chemistry,
Chamberlain

Oi'ganio Medicinal Chemicals,
Barrow-Cliff and Carr

Outlines of Chemistry,
Kahlenberg

Per-Acids and their Salts,
Price

Pharmaceutical Arithmetic, Sturner

Photo Chenistry,
Sheppard

Photography for Students of Physics and Chemistry
Dorr

Physical Chemistry of the Proteins, The
Robertson
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Néme of Publication

Polariscope in the Chemical Laboretory, The
Rolfe

Practical Methods ef organie Chemistry,
Gatternan

Prectical Orgasic Chemistry for Advanced Students
Cphen

Pringiples of Inorganic Chenistry,
Ostwald

Plant Alkaloids,
- Renry

Plantation Rabber & Testing of Rubber,
Whitney :

Qualitative Chemionl Analysis of Inorganic Sub-
stences,  Noyes

Richter’s Organic Chemistry, 2 Wila.
Smith

Sanstary and Applied Cheniedry,
‘Bailey ;

Students History of United States
Channing

Stwrmirnppen ugd Flaomenwerfer,
Theune '

Syathetic Use of mln
fHale

Tactieal rﬂ.nolplu l; Decksions, Yol: 1.

Testbeok of lmorganie ﬂhuutry, Vol. V¥,
fgarbon and its Allies”, Cavan )

Textiles,
Woolman and McGowan

Thermochami stry M !hmbdrndu
Sashur .




Hiame of Publication

U. S» mﬂpmlﬁtﬁw. 20th w’-tiﬂh.
Remington and Wood

Witeless Telegraphy
Zenneck

Zin¢ Industry, The
Smith

=

.
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R LANTERN  SLIDES

song these are the following:

_ Hunber
ride 3793
itish, One of the later types, with 3101 NYC
nose clip
itish, P.H. GSide view 3103 NYC
titigh, P.H. Helnet. Froni view 3106 NYC
itish Type H Helnmet 3107 NYC
anich A+RaS. 7816 NYC
rench Tissot Artillery. Back view 7802 NYC
issian 7703 NYC
eveloped since 1918 ' 3795
Various types developed previous to Armistice 3739
nister, Sectional wview, licdel 1919 682

nagk drill =«nd inspection.

is the latest set of slides showing the
roved method of adjusting the carrier and mask.
rill: Side carrier, To sling the mask, 1st 3316
ition.

Drill: Side carrier., To sling the nask, 2nd 3317
sitien :

Drill: Side earrier. To sling the mask, 3rd 3318
sition :
Drill: Side carrier. Mask in carrying posi- 3319
on, full pack.
 Drill: Side carrier. Adjusting the mask to the3320
ace., Helmet with strap under chin. Open-
ng flap end knocking off helnmet,
Drill: g§ide carrier, Bringing tight hand 3321
lown to level of opening, keeping forearn at

ght angles to upper arm. e
Drill: gide carrier. Taking the face piece 3322
of the satchel, showing the proper method
of grasping the face piete. - -

%k Drill: Side carrier. Bringing up face piece. 3323
Chin thrust out preparatory to putting on nask.

Drill: gSide carrier. Digging the chin into  332¢
the face piece and passing the harness over the
head.

Drill: Side earrier. Clearing the face piece 3325
of gas by closing the outlet valve with right hand
and breathing out, the exhaled air passing out
around the edzes of the face piece.
ask Drill: Side carrier. Paseing the flap of the 3326
satchel around the breathinz tube and fastening
on outer snap fastener.

=28~

3¥n slides are in the Tecnnical Division, Office of the
aical Warfare Service, and are avzilable for loam on

i1l U.S.Marines in Prance. Lined up for 2143 sC
11: Side carrier 3316-3335 in



B 3t | LiNTERN SLIDES

Lantorn slides are in the Tecanical Division, Office of the
of Chemieal Varfare Service, and are aveilable for loan en
+« Anmong these ere the following:

Sl
Nunber
sk, licBride 3793
sk, British, One of the later types, with 3101 NYC
nose clip
ask, British, P.He gSide view 3103 NYC
ask, British, P.H. Helnet. Front view 3106 NYC
ngk, British Type H Helmet 31C7 NYC
nsk, French A+R.S. 7816 NIC
ask, French Tissot Artillery. Back view 7802 NYC
esk, Russian 7703 NYC
jasks developed since 1918 3795
asks, Various types developed previous to Armistice 3739
ask Canister, Seotional view, licdel 1919 682

ask Drill. U.S.Marines in France. Lined up for 2143 SC
g2s nagk drill and ingpection.

Miask Drill: Side carrier 3316-3335 inecl.
This is the latest set of slides showing the

approved method of adjusting the carrier and mask.
Mask Drill: Side carriers To sling the mask, 1lst 3316
position.

Mask Drill: Side carrier, To sling the mask, 2nd 3317
positien :

Mask Drill: Side earrier. To sling the mask, 3rd 3318
position

liagk Drill: Side carrier. Magk in carrying posi- 3319
tion, full pack.

Magk Drill: Side carrier, Adjusting the mask to the3320
face. Helmet with strap under chin., Open-

ing flap end knocking off helmet,

Mask Drill: gSide carrier. Bringing tight hand 3321
down to level of opening, keeping forearn at

right angles to upper arm. .

s Mask Drill: Side carrier., Taking the face piece 3322
out of the satchel, showing the proper method

of grasping the face piete. - -

As Mask Drill: Side carrier. Bringing up face pieee. 33233
: Chin thrust out preparatery to putting on mask.

as Mask Drill: gSide carrier, Digging the chin into 3324
the face piece and passing the harness over the

head.

Mask Drill: Side earrier. Clearing the face piece 3325
of gas by closing the outlet valve with right hand

and breathing out, the exhaled air passing out

around the edgzes of the face piece.

jas Mask Drill: Side carrier. Passing the flap of the 3326
satchel around the breathing tube and fastening

on outer snap fastener.
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Number

11: side Carrier. Mask complstely 3327

11: Side carrier. Ad;justing the mask 3328
the face. Helmet with strap back of head.
rting position. :
'rill: = Side carrier. Bringing mask to level 3329
fece as in drill with helmet strap under chin.
Drill: Side carrier. Thrusting chin into 3330
ce piece, passing the head harness over head
e d knocking the helmet off backward. The rest
- of this drill is the same as in drill with hel-
e streap under chin.
E Drill: Side carrier. Testing Zor gas. 3331

k Drill: Side carrier. Removing mask frem face.3332

Drill: §8ide carrier. Proper method of fold- 3333
ing face piece preparatory to replacing in
- satchel.
Drill: §ide carrier, Replacing face piece 3334
gk Drill: Side carrier. Showing proper posi- 3335
tion of facepiece inside satchel.
sk Drill: §Side carrisr. Soldier at #ttention, 2963
. gas pask adjusted.

sk Drill: B8idde carrier. Pacsition at attention, 2964
- Gas Mask in side carrier.
isk Drill: Side carrier. First position,open- 2965
ing the carrier.
sk Drill: Side carrier. Another view of first 2968
position, showing the carrier open and the
soldier about to thrust his hand in to pull
: out the face piece.

ask Drill: Side carrier. Second pesition, pull- 2967
: ing out the face piece.

fask Drill: gSide carrier. Third position, fin- 2968
gers extended along the edges of the face
piece, and the chin projected outward ready
te slip the head harness over the head and
_ face into the facepiecs.
} Mask Drill: Side carrier. Third position, face 2969
piece in place; adjusting head harness.

Mask Drill: Side ecarrier. Position 2t attention, 2970
' mask adjusted.
Mask Drill: 2 position carrier. Soldier at atten- 2830
tion, gas mask adjusted.
Mask Drill: 2 position carrier. Soldier starting 2831
to remove gas mask.
Mask Drill: 2 position carrier. Note the manner 2832
of slipping body cord thru the carrying strap
when Illllk is adjusted.

-29-
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umber

i11: 2 pésition carrier. Alert position 2833
front views
r411{ 2 position carrier. Note position of 2834

rifle, sclier's helmet attached to cord and

menner of using both hands to =?just facepiece.

11: 2 position carrier. No'e thé forward 2835
- thrust of the chin prior to inscrting in mask.

)rill: 2 position carrier, Position of the 2836
. soldier at the command. "Prep.ie for Inspection”
d)rill: 2 position carrier. Position of the 2837
soldier and his equipment cc.inlete.

Drill: 2 position carrier. Alert position. 2838
Drill: 2 position carrier. Facepiece com- 2839
pletely adjusted and soldier clearing it of gas.
Drill: 2 position carrier. Proper adjustment 2840

of mask in the slung position. :
e Drill: . 2 position carrier. Correst position 2841
~  at the command "Gas". f
¢, @ekdan. American soldiers wearing captured 29487
German Gas liasks.
k, Horse. "fon" 2 U.S. Army truek horse ready 12433

for a gas attack,lst Div.,Bonvillers,France.
Inspection. Inspecting men for effect of gas 32203
end proper adjustment of mask -

facturing plant at Edgewood Arsenal.

5k Manufacture. Canister manufacturing roon. 3124
k Menufacture. Portable demonstration outfit 3135
showing each individual item that goes into

the new type gzas mask.

k, Telephone e 29436
sk for wounded. ‘ 24602
tient at Dressing Station 28304
roof Suit . 17635

s list wt.fl be continued in future issues of this Digest.

8

k Nanufacture. General view of gas mesk manu- 3119

8888



WAR DEPARTMENT 33 L~ | 4
OFFICE CHIEF CHEMICAL WARFARE SERVICE S l o

WASHINGTON, D. C.
Ni

Sept. 26, 1924,

FOR Commandant Army War College, Washington Bks., D.C.

A copy of the Digest of Technicel Activities of the

cal Warfare Service, dated June 30, 1924, was recently

d yous It has been found thot there are several serious

s in this publicction, and it is reguested that it be sent
k in the enclosed envelop for correction, after which it will
tly returned to you,

Por the Chief, Chemiocl Warfare Service:;

WILLIAM N, PORTER,
Hajor, C.W.8,
Executive Officer.

E ownd.
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CHEL{ICAL TARFARE SERVICE

ADVISORY COMMITTEE

, E, Hovc, Editor Journal of Industrizl & Engineering
Chenistry, Vashington, D, C,

, W, D, Baneroft, Dept, of Chemistry, Cormell University,
Ithoon, N,Y,

» V1, K, Lewis, Dept, of Chenienl Engineering, liass.
Institute of Technology, Boston, lasa,
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., L, C, Jones, National Aniline & Chemieal Co., New York,
H.T.

)r. Bradley Devey, Devey & Alry Chemioal Co,, Carmbridge,iess,
dr. L. T, Sutherland, Zinsser & Co., Hastings-on-Hudson,W.Y,

Dr. Julius Stleslits, Dept, of Chemistry, University of
hieago, Chicapo, I1l,

Dy, 4, 8, Loevenhart, Medical College, University of
Wisconsin, Madison, Tisconsin,

Dr. Reid Hynt, Dept, of Pharmccology, Harvard Medieal School,
Baston, llass,

Dy, B, P, Kohler, Dept, of Chenistry, Harvard University,
Conbridege, linss,

De, W, H, Welker, Consulting Chemist, Hotel Cormodore,
New York, N.Y.

De, F. Y. Dorsey, Nela Park Research Lnbs,, Cleveland, Ohlo,

Dr, A, B. Lanb, Dept, of Chemistry, Horverd University,
Corbridpe, Hasse

Dr, G. A, Richter, Brown Compeny, Derlin, N, H,
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Screening Smokes.

e nasking of moverents of attaecking troops is

the art of warfare, Tu.king advantege of natural
| to surnrise the enery or Lo eanceal the direction
8 fundoiintal knowledge, even anong saveges, Arti-
"his kind date back to at lcast as far as the use
rse at the siege of Troy, Shc.kespeare deseribes
ing of the advanee of an army in ' Haebeth in the
Birna wood to Dunsinane, "Let every aoldier hew hinm
d bear'*, before hin, thereby shall we shadow the
host, and nake discovery err in report of us",

Smoke soreens had been used to more or less advantege
operations at lecest as far back as the eivil war,
funners, to evade pursuit, took advantage of donse
yduced by using wood high in pitch end resin as fuel

» but no large seale intelligent use of sereening

e by military forces prior to the World Var, when its
th as en offensive and a defensive faetor, was
;ablished,

ition and Properties of Smoke Sereens.,

A snoke sereen consists of a cloud of very minute
id particles suspended in the air between the observer
in e sufficiently high concentration to completely

abject from the observer,

The screening effect of different smoke materials is
jportional to the quantity of nmoterial between the eye and
provided the mtoriah are in the same relative state of
A, and, if the term “volume" be substituted for "quantity",
g effect is probably direetly ~roportional to the totel
11 the particles between the sye and the object, regard-
ﬁaterin, if it is assumed that the naterial is in the
sub-div: - ion*, Ag a matter of faoct, the bulk of vis-
les which o to make up a smoke cloud are of  the order of
3:10~5 em, in dianeter, end under the average field condie

li.nding effeot of light superimposed upon the eye by refleection
clouds has alwoys been supposed to make white smokes more

than black smokes; but no quantitative data have been availe f
his point., Experiments are now under way which will determine
vely the relative efficiency of white, black, and intermediate

nokes,




icles oould be considered of the same degree of sube
yut the probability of very great error.

It should be pointed out that the particles of

© smok= cloud are usuelly different in chemical com-
he original compound in that they have combined with
the constituents of the air. Thus in the case of
osphorus pentoxide is formed first and then phosphorie
her words, one pound of phogphorus eorbined with the
er vapor from the air to produce 3.16 pounds of phos-
nd this phosphoric acid takes up still nore water wepor
e solution of phosphoric feid in the forn of ninute

h particles or droplets of dilute phosphoric acid are
sening material, Now the sanc nunber of the sane sized
dilute solution of sulphuric :cid, or of any other
produces a white, or nearly .hite, smoke*, will
obscuranceé equal to that given by the phosphoric acid
the initisl anount of 80,, or oleun, nesessary for the-
sulphuric 2c¢id solution droplets, is grentzr than the

it of phosrhorus required to nroduce the sane bulk of

id droplets, .

It does not necessarily natter vwhether or not the per-
» reflect, or refract the light, s long as the objeot
but. it is believed that by far the greatest factor is
ocking of the 1ight rays by the particles in line with

It follors from the chove that if therzs is a sufficient
lce particles detween the eye and the object to obscure
pakes practically no difference whether this volume of
ighly concentrated in a comparatively small depth, or is
ong the entire distance between the eye and the object.
borne out by experimental dote, exeept that these data

, possibly grenter obscuronce is obtained by spreading the
of partieles over a preater depth than by confining them
rely narrow linmits, : ;

In the case of practically ell substonces being con=
nilitary smoke sereens, the particlas of actuel snoke
terial are liquid, In the case of destroyer smoke

by the Navy, the actual smoke producing naterial is pro-
ination of liquid partiocles of oil ond moisture and solid
' finely divided carbon,.

note on pr-ceding pege.



d Travel,

_ Inasnuoh ns smoke is carried with the wind, in order
bjective for 2 given period of time, it is necessory
gencrate smoke fron o source which ray be either a

it, for the desired lemgth of time. It naturally
» is nocessary to understand the fundamental rathe-
> cloud travel. Observotions of a great mony dl ouds
e resultont of the upper boundary of a srnoke ¢loud
line for ot lenst the first 600 yards of its travel
ble dato on lonrer elouds indicote thet this straight
ntinues for procticelly the 1ifc of the cloud, It
ehere is a snell initicl rise in the first few yards,
tial thernal effect of sroke pgrneration, but vhat evi-
(8 seens to prove that this eff:ct is dissipated before
| troveled o hundred yards, It is also true thot the
ravels at approximately the same gpeed as the wind, and
tants of the laterol edzes of the eloud may be considercd
8. In other words, the cloud spreads more or less un-
Juptards and sideways as it travels alonp, The nein
8 spreod are the turbulence of the atmosphere and the
the terrain, The turbulence of the ntmosphere sezms
idon of the wind velocity and it hns been shown thnt for
id veloeity the rise per rinute of the cloud is equel to
imes the square root of the wind velooity in niles per
K v, This constant is reelly nade up ot two var-
constant, the voriables both being functions of the wind
>, cnlled the "pustiness" factpr, is obtained by di-
:rage wind velocity by the naxinun veriation of the ve-
dding one, ond the other is on arbitrary factor based
es in direction of the wind during the generation of the
If the wind is fairly steady both in velocity and di-
8 in the neirhborhood of 10, ond H in yards per ninute

Outside of the genernl effect on K, the laterinl spread
ance only in the case of frontal screens. That is,

ich the direction of the wind is either from the observer
3t, or viee versa, The lateral soread of the eloud

A distance from the source, - rovided the wind is fairly
direction, is approxinately equal to twiee the vertieal

e lateral sprend in yards per rinute = 2 H 3 20 VY,

While so far there is no d‘reot evidenoe to prove it,
ervotion seens to indieate that “here is no grandual de-
oncentration towards the edre of o smoke cloud - rather,
sharp transition fron 2 high concentration in the eloud,
oncentration of the snoke just ocutside the c¢loud, This
the foet that elouds in genernl show sharp, distinet edges
person near a c¢loud in o steady wind can be either in the

9



de it, These, and other observations, seen

» 0 given distance frorm the source, the average
loke throughout a cloud generated fron a single
diforn, regardless of whether the sample is taken
the niddle, or near the top of the eloud, provided,
€ distonce from the source is the same, It is
ure to definitely prove or disprove this as-

, analysis of sanples, It is evident fron the

t decrease in concentration or density of a smoke
10l to the squtre of the distanse or © 3 K 5

| L

meentration, K, o constant, and D, the distdnce
n yards,

) .
In addition to the oone ntration data desired above)
, analysis of samples of vorious smoke rateriols will
2 of the rmounts of water vapor that are taken up
pariouvs smoke agents under varying conditions,

_{:ies of Ideal Snoke Producing Material.

- The ideal agent for soreening snckes should produce
€ of actunl screening ratericl for a ninimun original
sharacteristics should be such thet the rate of snoke

d be readily controlled and little or no heat should

he formation of the finc) obscuring product, It

oxic and non=-irritating. It is obvious that it

1y aveiloble ond comrercislly econonieal, and should

8 to handle,

If it werc possible and practical, probably the ideal
ould te one in which the cloud was renufactured by the

ge of the water vapor in the air to particulate drope

ly if o mobile catelyst could be devised which could
henomenon in any particularly desired area or loeality,
if o nmethod could be devised for the catalytic oxide-
©sis of sulphur to ninute droplets of a dilute solu-

ic acid, using the oxygen ond water vapor of the air,
ibly be o more economieal ond prrctieal emoke thon

The possible atomization of water into minute droplets
* and 10'5cn. in dianeter by foreing through & nozzle
er nmeens, might produce scre.ns very economic:lly and

.
-

of Smoke Pispersion.

10



teral classes of dispersion, all of
tha production of sereening smokés,

athods of dispersion ehemical or phy-
2 the finel obscuring product is formed,

¢ludes the dispersion of snoke by ertil-
vm projectors, hand and rifle gre=

 smoke raterial is loaded in the projece
sive charge set off by means of a tire

188 i8 included the production of lnoko
nrplnne exhaus®, snoke boxes, the stacks

neral prineiple is that the original

ins of heat into a forn whereby it acts

air chenieally and physiecally to produce

hod of smoke production includes the use of
3 1de, and tin tetrachlorides, released from oy-
funnel, and similar applisnces, In nost

d in the cylinder under pressure and upon

n atonizing nozzle, pesses through the vapor
the forn of small particles which react
the air to o greater or less degree, de-
o properties of the rateriol. In the case
type, two materials ore stored in cylinders
'uad sinultaneously to combine chemically to
reaots with the constituents of the eir to

"31'i. product.

gonsidered for Sereening Smokes,

_ u!.ldlﬂ.ng are the nain naterianls eonsidered for
oluding & brief deseription of cach:

1



ite Phosphorus,

Vhite phosphorus is a solid, nelting at 24°C,, and
290°C,, vhich oxidizes upon contact with air at ordinery
s, or upon burning in air, to form phosphorus pentoxide,
up water vapor to forn phosphoric ncid, and this phos-
cbsorbs still more water vapor from the air to form a
ption of phosphoric acid, One pound of phosphorus pro-
1bs. of phosphoric acid, It is cormerciclly available
iantities ond is compnratively reasonable in price, It
shell, Stokes bonbs, grenndes, drop borbs, and atterpts

de to use it in 2 candle. It is not corrosive when
iron or steel contoiners, andthe s-oke produced under
tions is not injurious to nen or equipnent,

Sulphur Trioxide and Oleun,

Oleur is a solution of sulphur trioxide in sulphurio
phur trioxide exists in two forms, the ordinary stnble
would be used for Chemioal Warfare work being the bete
;ion which melts at 50°C, The sulphyr trioxide reacts

roter vapor in the air to produce fine droplets of sulphurie
sh combines with still more water vapor to form droplets of
solution of sulphuric 2e¢id, which is the ultimate screening
Neither sulphur trioxide nor oleum is harmful to nan in
concentrations, although they are soncwhot irritating, and
readily veilable on o large scale conrereially, oan be

iron or steel containers, ond are econonical in price.

use for pure sulphur trioxide is in shell or bombs, but
also be used as a spray in the exhoust of aeroplanes

zh it is quite injurious to the present aeroplane fabrie), in
nd destroyers, and possibly may be used in aeroplane curtains,

« Titaniun Tetrachloride,

This meterial is a 1iquid boiling at 136°C,, which,
leased under pressure thmough & nozzle, forns e hydrate,

H 0, with the water vapor in the eir, which, upon further re-
h moisture, breaks up into titeniun hydroxide and hydro-

s acid. Under conditions of high humidity this hydrochloric
sndenses with water to form ninute droplets of dilute hydroO

> neid sélution, Titaniun tetrachloride smokes dissipnte
ckly than either phosphorus or oleun smokes, even under

ons of high humidity, possibly due to the difference in vapor
re of solutions of hydrochlorie ~cid as compared to ohosphoric
r sulphuric acid. The smoks produced is not injurious to
\der ordinary conditions, and is only slightly irriteting,
iquid titanium tetrachloride is corrosive to fabrics and the
skin, and is highly injurious to untrected aeroplane fabric,
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ride is not now available in large Quantities dome
soriparatively expensive,  Thile the smoke is ®fi-
" to white phosphorus or oleun in shell and bombs,
sent in the neroplane exhoust snoke and the deroe
ause it is the most desirchle for that purpose,

Tetrachloride, Ammonia, and Water,

proportions which give the best results are 2 of
iride to 1 o armonit by weight, This smoke is
1 @ smoke funnel, One cylinder is charged with silicon
ntaining about 10% corbon dioxide under a maximun
 pounds per square inch ot B5°C, The other cylinder
d armonia, Upon discharging the eylinders the silieon
id the ammonia renct to fornm ammonium chloride, which
p water vapor from the air to form the soreening pro-
smoke produced is harmless and stoble, Arnonia is
11y avei.lable in large quantities, and silicon tetra-
d readily be obtained in large quantities if there were
nd, It is used with the smoke funnel and smoke

xture and H.C, Mixture,
e B,Y, nixture was:

Zine 35.4%
Carbon tetrachloride 41,6%
Ammonium chloride 5.4%
Sodiun c¢hlorate 9,3%
Yngnesium carbonate  8,3%

} proved unstoble on storage and the present H.C, mixture
= The mein difference in this mixture is that solid
e is used in ploce of the liquid carbon tetrachloride
\ne carrier. This nmixture is stable on storage.
uced is the product of the gzine chloride with the
n the air. The product is harmless and is not
} low concentrations, but causes coughing and throat
28 the concentration increases, The mixture is safe and '
d, but the cost is comparatively high, although either
" the B,M, mixture could be supplicd on & large scale
jase of wor, when long time storage would not be neces-
{, mixture might prove more econcmical,

fhese nixtures are used in condles, the 4" Stokes more
rning type, and the H.C, grenades,

jdo 011,

dense, dark smoke screeﬁ can be set up by destroyers
13




raying oil belor the staek with an insufficient supply of air,
oke itself probably oconsists of particles of carbon and some
and oily motter, augmented by films of condensed water vapor,
r2*hod ~f smoke production cuts dovm the speed of the destroyer
fou2e ©7 . boiler tubes, but it is probebly one of the most econ-
1 : tlods for the production of naval screens by destroyers,
Brioke is harmless, but soils everything with whioh it comes in
ote The sroke producing naterinl is nlways aveilable, being
of the fuel supply necessary for the propulsion of the vessel.
he present time no feasible nethod of using crude oil screens on
hts been found, ond its use is linited to lerge scale naval
SNns.

G, Other YMaterials.

The above materials ore the main sources of snoke pro-
tion nowr being considersd. The disndvantoges of such materials
in tetrachloride, chlor sulphonic acid, amronia, and hydrochloric
d, the British Type S nixture, etc., ore such that no real use will
nde of thcr unless some new development in the nethod of their
be discovered,

Ho___ﬂt

Crude o0il, oleum, and phospho s will give maxinum ob-
ring power at minimum cost, in the order named, For obscuring
ter for a given weight of nmoterial, the order is just reversed,

d when it is remembered that the use of smoke at the front depends
on the total cost of the weapon, its use, its effiociency, its trans-
rtability and other factors, as well as the originnl cost of the

oke agent, it is likely that phosphorus, sulphur trioxide or oleum,
d crude oil will be the thrce smoke sgents of general use, except

i the oase of aeroplene distribution,

Tactical Use of Smoke.

A, GCeneral,

Aoccording to both the British and U.S, Gas lHanuals, }
noke sereens nay be employed with one or more of the following ob-
octs in view: '

A

e i sl 550

i s

1. To mask knoun enemy observation posts, to concenl and
protect the front and flenks of nttacking troops from enemy obser-
/ation, ond to blind hostile machine guns. !

2, As o feint to draw the enemy's attention to a front on vhich |
no attack is being made, so &s to hold his troops to their positions |
and prevent them fron rendering assistance to the sector attacked,

14
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m hi:n to expend smmunition neadlessly and to plt
im-age in the wrong place,

3, In the case of & Emoke oloud used ,offensively to sin-
ulate gas, with & view to lowering the eneny's mornle and foreing
hin to use his gas naska, It nay nlso be used to extend the front
of a gas attack,

To noke this effeotive, gns should occasionally be
mixed with snoke in order %o inr css upon the eneny the belief that
it is never scfe to remoin in ¢ snoke cloud without wearing his Fe®,

4, I, flat or open country to conceal formation of guns
and troops, and to screen ronds, forning up places, and lines of ad-
vance, To blind the flashes of n bnttery in action, 2and to hamper
observation fron the air,

5, To cover “he construction of bridgeas, trenches, eto.,
in the face of the enenmy, Ground and troops behind smoke soreens
eon geldor be concealed fron hostile aeroplanes or kite balloon ob-
servation,

In all of these onses except 3, three sereen should be
totally obscuring. Yihen it is desired to simulate gas, it is much
better to have just suffieient smoke to be distinctly visible to the
eneny o8 it drifts down wpon hinm, It should be mentioned, however,
that smoke is an aid to advancing troops, even when not totally ob-
scuring, o8 it cuts down the visibility of the target and so renders
eneny rifle firc less effective,

DBriefly stated, the easentizls of a smoke soreen are
thet it must give the desired obscuring effect for the total fromt
or object to be sereenzd from 211 eneny noints of observation for
the desired duration of the screen, with ninirun inpedance to one's
om observation, artillery fire, and general conrmnioations,

This neoeassitates a thorough knowledge of all phases
of the situation by the pas officer, who must determine whether these
conditions can be met by one of the materiel on hand under the pre-
veiling weather sonditions. Enovwing the kind and quentity of smoke
agents on hand, and the wecther conditions, he should be able to de-
termine how large &nd how effective o screen can be established at a
given locality, and how long it cen be maintained. It naturally
folloss thet he must make the ghoice of nmethod for establishing and
maintzininz the sereen and cccording to the situation, deside whether
artillery, Stokes, Livens, condles, ceroplanss, or other devices
should He used. 15
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Aeroplane Pos Sibilitieﬂo

The development of the peroplane exhaust and curtain
nce the war hos opened up new possibilities in putting down
cffective screens ot points that were hitherto nore or
ccssible for good screens end a study of seroplane smoke
jonstitutes o field in itself,

Nowol Possibilities.

Especinlly is this so in Naval warfare, where pre-

creens had to be maintained by the use of an excessive amount
for o very long period to enable destroyers to attack success-
Dy use of eeroplanes, ceffective and economical screens can
ished for ony desired sea aren, and the screen can be orig-

onparetively olose to the target or object instead of five

more away, 68 was previously necessary, In addition to

tor edo attacks by destroyers, these screens can be used

out part of the enemy fleet, ennbling & concentration of fire
ar desired number of enemy ships at a cost of very little
end the probability of loss of aeroplanes would be nuch less

probnbility of loss of one or more destroyers engoged in
ap such 4 screen.

16
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RESEARCH ACTIVITES AT EDGE: 00D ARSENAL

The research carried on ot Edgewood Arsenal during the past
s been eoncerned with the following studies ond investi-

clopment of Chemical Agents useful in Gas Warfare,
Studies of the chenicnl properties of standard
chenical wrarfore agents and of improvement in
nethods of ranufacture,

Investirations of nar conmpounds,
Studies of the theory of toricity,
clooment of Offensive Equipment useful in Gas Varfare,

Developnent of projectors and projectiles for both
land and air forces.,

dies of laterials and Methods for laying dovm Snoke Screens.
Tnvestigation of smoke candles and smoke camdle.
mixtures,

Smoke Generation by Airplane,
Airplone Exhaust Smoke.
Smoke Cyrtains,

eillance t2sts to determine the stability of Chenical
farz Munitions,

velopnent of the use of Chemical Warfare Agents in the Field
d ot Sen,

Studies of the travel of Snoke Clouds,

ralopment of Defensive Equipment and Supnlies,
as lfask Investigations,

Filters

Absorbents

Storoge Tests

feet of Chemicnl Tarfare Arents on Chemical Plant Equipment,

eparation of S»ecifications

vestigations of Viar Goases as Insecticides,

ip Dotton Paint Iﬂveatigntién
17
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of the C ra‘4ve Valuc of Toxie Agents

[ invesatipations shows the character of

8% Iapevcod, llany of these fnvestigae

scasiderable periodof time for the at-

. 80 that there is often Little t9 re-

m3 a* the ond of e throe month pericd,
numicr of investigations which have re=

able interest, = The resulces of these

L in the foliowing pareagrapns,

r
I

11 S udy of Scresninz Smokes

3th the fuvdamenial study cf socroening
ric B&g been .nde. ~Xkor .- estatlasa the re=-
PIBgNE.wer of gmcles when disperzed in a
88 <he cbrcariag nower of sackae when
om *he refults .vedined 3o fer, it has
1 faotor Tor couvesting sunses per
¥ for ohacuriig in ias smeke charber
for cut of deoors is eheui O.4, This
8d zocd for boi: B,ile ard W.P. smokes,

K thic facter Ly ths use of a {hird
ole, it is considercd justifiudle to
and make chember rins en a4 wuroer
uring which tuc effecis of diffcrent ,
be tesied, S¢me weric hes, toerefore,
n of & suitable generatur for a thermal

.

Sulrhur Tricxide in Place

e tc develop a cmoke g2nerator
(an excelient sorearnir; smoke
pspierus pents sulrhide is buined or
burned together, Ii was thought
he buraitg of sulrhver mizht b2 eci-
he catalyiic estica of phesohsrus
Air. 4« wes foard, however, iast
huvr dioxide, such asg wenid be ree
generator, the percentnge convercion
we This makes it appcar that the
in place is not practical and work
nded for the time being,

~ =18e
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{?ﬁ of Smoke uppuratus for ~irplanes

anifolds were removed “rom 2 D,II, plane
she supolementery exhaust pipe in place as an
guard ogainst the escape of F.M, fumes during

. endangers both the pilot and operator.

'-}w lincs leading to the exhaust amnifolds of
|80 removed and cleared of obstructions resuli-
ation of the hydrolysis products of F.M,.

yalves were placed in the pressurc gauge lines

in Bomber and the D H, in order to minimize

ng from a bursted gruge. The gauge traps were
: d wrere filled “ith chlorinated paraffin instead
l mercury as formerly used,

on the carbon dioxide cylinders were overe
ort to bring about o more rapid discharge of CO,.
ices of the valves were increased frorm 1/8 inch to

and the velve seat changed from flat to taper.

sonference was held at McCook Field betieen a represen=
@ Chemical Tprfare Service, and the ifr Service for

of :stoblishing 2 better understanding and cleser

ip botween the Engineering Division of the Ak

nd the Chemical Tarfare S,rvice. as a result of

an especially constructed tail assembly for e D.H.

3 promiseéd and also especially constructed manifolds

Navy Lechrymotor Drop Bomb

is bomb 1hich is loaded with a lachrymator, smokeless
nd o stebilizer is & floating borb of the burning
be used for Navy training purposes,

ests of this bomb were carried out in & bagrel
timately 65 gallons capecity) of vater at 16 C, 4
lson_of these tests ith those conducted in the river
0. during Februrery showed that there was very

, difference in burning ti e bet:een surncr and vinter
ions, The burning time for fvll volume b:ing iithin a
conds after ignition to about 12 minutes,

- It is considered that this bomb is now in its final
2 of completion, 19




Surycillonce on Chenical yar ‘ore Munitions,

Since Chemical “arfare runitions ' ve been in use only
since the recent war, no considerable ex—eriende has been
gained as to their stability on storage or their effectivencss
on use after such storage, It is, therafore, necessary to
conduct extended surveillance tests to determine the character-
istics of Chemical . arfrre munitions after standing and to
eventually forrmulate basic principles for the safe end effective
mid ng of Chemioal i/ rfarc agents with other materials,

Lach ry grenades have been held in storage at
50°C, and 60°C, to dct:rrine how long they may be so held
before becoming ineffective,

'm. Teﬂt.
& 4t the end of five months (¥ay 12, 1924) one grenade was
taken from the lot being held at 500C, and fired, It funotioned
satisfactorily giving a burning time of 40 seconds,

60°C, Test.

" It was found on examination of the lot being held at
60 C, that practiczlly all of the grenades in this lot had
deteriorated to the point where the mives would net ignite.
A1) of the grenades gave off a distinct acid odor “hen opeéned,
In many eases the cork stoppers had been brdly attacked by the
acid, The results of 18 grenades when fired were as follows:

B ﬁ‘lly tivo grenades ignited and burned, The first burmed
for two mimutes; the sccond for three rminutes ten seconds. In
both gases the lachrymatory power of the cloud was very poor,

.~ by In eleven grenades the starter functioned satis-
factorily but the mis failed to ignite,

8y In five cases the starter failed to function,

ds New starter was then poured on the sixteen grenades
that failed, In every case the new starter functioned properly
but the mix failed to igznite,

These tests are extremly severe and in spite of the
results obteined this grenade is satisfoctory for issue,

Lechrymatory 4" Stokes Mprtar Shell

One shell kept at room tempersture twentv-one months was
fired from the gun, It failed to function throuch deterioration
of the starter, Subsequent examination of the starter showed it
to be insentive to flame, probably due to contenination with the
lachrymator., The starter will be replaced and the shell tested
statieally at an early date,

20




B, C. Smoke 4 " Stokes lortor Shell

One shell kept at roon temperature one ond one helf
yeors was fired from the gun cnd funetioned normally,

SPEC IF ICAT IONS

Specificctions for all chemical wafere materiel wes being
prepored, 342 having been written of the total of 542,

LEDICAL RESEARCH

. Anong the verious resecrches being carried on by the lledical
Divisien, the experiment-tion undertoken to determine the curative
volue of vordous texics hos resulted in exceptionclly importent
developments and hos opened up o lorge munber of exceedingly inter-
esting possibilitiea, Among the developnents to date which have
resulted in pesitive results is the use of chlorine as a therapeutic
agent in reaspirctory disenses, dboth for humen beings and animals,

A brief statement showing the effectiveness of this treatment is
given here,

! The Use of Chlorine cs o Theropeutie Agont

in Certain Respiratery "iseases

Employees in plonts producing or u..ng chlorine have long

been supposed to be relatively free from respiratory diseases.
This wcs emphasized during the war vhen the chlorine plant et
Bdgewood Arscnol wos oooduding to capacity, especinlly with re-
ference te the epidenic of influcnie, It wes stoted thet no
soses eccurred crong its oper-tives while every other division
on the Arsenal hcd its full queta., During the rush of work ot
that time this arouscd only possing corment but, with the esteb-
1ishment of the i.dicnl Resecrch Dyvision in 1922, interest in
the pessible therapcutic utility ¢f wor geses led te the degin-
nings of real wark olongz thesc lines,

This work was guided by the physiolegical concentration
1imita for chlerine air mixture, which hed elready been establishe
ol, These are as follows:

g, per liter

Odor plninly percocived 0.01
Irritotion of throot in 3 minutes 0,048
Toleration for a fow scconds 0.3

Lethal, dogs, 30 minutes 3.0




e date it will be seen that the soncenmtrotions
breathed are far below the denger point, -

| o basis it was theinecessary to ascertain

roperties of these low conecentrations before

ion was justifieble,

:nd the concentration of chlorine in air re-

rious organisms growing in various cultures was

esult of extensive experimentation of this nature
tment of velunteers having colds ond other reas-

it wes found thrt concentrations of shlorine of

1. gave satisfoctory bnotericidal action and could
without discomfert.

Ling cases at Eggewood Araenal omly such patients ae
conditions in which the czauwel organisms are
urfece of the respiratery pasa..e2s were accepted;
' made as to the stage of the disease, but all petients
tment were taken and they steadily increased in
stroted theefficocy of the method., The
s of simple coryza., In order of frequency
acute dbronchitis, acute laryngitis and pharyngitise,
3, ~Aronic bronchitis, influenza, whooping cough,
yngitio, ' Tybles I and II show the number of cases
s treated, and the results obtained at Eggeweod Arsen-
ice of the Chief of Chemiocal Warfare Service, res=

TABLE I
CASES TREATED AT EDGEWOOD ARSENAL

otal ceses treated. - Number of cured, improved and
not improved with percent of each,

P Cured roved
f cases No. “No. —%
' 388 288 74,2 921
o and 127 99 78,0 24
jtio .
hitis © 24 | 182 80,0 | 47
nitio 1087 | 88 | 31,1 | 41 .
hitie | 47 84 f 72,131 127 | 25.8) 1 ‘26l
...| 1“' S T z,-y. aea z lw.ou-. . 5
ugh 9 8 | 88,8 1 1.1
A% 9 a8 2 18,1
$3) | 665 | 7.4 | 218 | 23,41 48 4 S.1




TABLE 11X

|
o CASES TREATED IN THE CHAIBER I THE OFFICE OF
CHIEF OF CHE!(ICAL WARRARE SERVICE
i
i Showing eases treated, number treated, cured, improved,
» and not improved, with percentages in cach case,
|
-
- St " . : —‘ —-—_-__
Diagnosis P [lo,treat-| Cvied [Ti:proved | ot improved |Tnkncwm
. SRl g8 i ments | No. % Jo. . % |No, W
o isi | ] o r
. m T 134 2] 0 | 8, 4| 13 5 | .8
¥ 4 ' Bronchitds { 118 | 380 54 |52 |45 | 42! 7 g!. 38
by Chron,Bronchitid [ 50 | 250 22 147 117 | 34, ® 19 3
. Bronchiectasis T 5 i
. Catarrh 58 | 201 12 |3 ]| "1 27 2
| Coryze | 465 | 882 234 |66 170 | 40! 19 65, 42
e Chronic colds BL | 178 20148 114 | 34| 7 17| 20
o Hey Fever 18 38 0 2 { 13} 13 87 1
- Laryngitis 19 44 3/26 | 8| 66/ 1 9 7
Pharyngitis 1 34 1{11 7 ”8{ 1 11 3
Pgoriasis , 2 5 2 _
Chronie rhinitis | 22 90 $/13{ 8| 38} 10 48 1
Sinus | ' 17 83 i 10 | 68 5 34 2
Whooping cough 45 | 231 19 67 | 19 | 47 2 | &6 6
Pikek ! { 1
Totals i 900 | 2510 360 369 100 01

While the resulis of the treatrsnt cbtained &n the chemb er in
the Office of the Ch.ef of Cheniocal Waria » Sevvice ave not so flattering
il as those published in Teble I, yei considering the nature of the cases,
the chronieity of the diseases and the fact vhat time allowanse prevents
ed any individual treatments, it 1s believed these results are highly

satisfactory.

Ascurate records not having boon kept of patieants treated in
the chamber at the OCapitol Building ancd elsewhere of which there
were over eluven hundred, these are not included,

In conducting the work 4n Washing!on, no attempt was made to
pake physical examfnations, nor were any laporatory tests utilized,
In a1l cases the patients came with their own diegnosis; the results of
treatment wore obtained from thenm,

\!%iﬁi :

=28

X




fzed that the muccess of the treatmemt
} Amportant factore, ae follewon:

stion of o sufficient amount of
15 of a concentration capable of pro-
: ic results,

ng of thie concentration constant
the period of treatment,

of treatment to consume at least

us releasing gmeeous chlorine in suitable
through a measuring device was devieed
yice and is a modification of an apparatue
‘during the war for the purpose of administering
erely affected with lung irritating gases, Thie

ed with marked success in administering ehlorine

ghambets established in the Capitel Building

ington where many Senators, Representatives
or Covernment officials were treated success-
or colds and other recniratory diseases.

' fice of the Attending Surgeon, Washington,
several hundred patients were treated, includ-
he President of the United States,

"Ofﬁoa of the Chief of Chemical Warfare Ser-
‘where over a thousand persons have received
ment for respiratory diseases of different kinds,

ivate homes where the treatment was administered
those not able to visit the chambere established
he purpose of giving the treatment,

ratus 18 9o constructed that the amount of chloarine

Lered can be seen before it is permitted to be re-

gas is ejected continuously and automatically in suit= |
ough a glass tube leading inte the chamber thus assure

‘and safe &incentration tzrmhout the éehtire period of

he apparatus is simple 4 ecnatmﬂ safe; duradble,

, inexpensive, and readily transpoftéble; By uuﬁ(,

as obtained frem the oylinders, it is e unit in {tseif

, of any outside influences.

n use, the apparatus is placed on a shelf on the out-

amber, and the gas permitted to seep inte the interior

ususly and automatically through e 5/18 inch glass

~24~




h isattached to th: apparatus, the other sr
chamber three feet above the floor and directly
1ving fan where the gas is taken up by the draft
end distributed equally throughout the chamber,

[ this apparatus to introduee chlorine gas has
ond satisfactory in every respect. By placing
outside of the ohamber it is not necessary for
» hile, by the continuous and automatic dis-
8, its constancy is assured at all times, Like-
consumes little time on the part of the eoperator,

Conclusions

alations of chlerine at a ncentration of approxi-
4 15 er liter for one or more hours have a distindiy

| r common colds, influenza, whooping cough, and other
es in which the infecting organisms are located
the mucous merbranes of the respiratory passages,

epplication of this method to army needs, especially
camp epidemics, is obvious,

{8 e outiook for con£r01 of meningitis, diptheria, and
‘@pidenics and the treatment of carriers by this method is

bl

-' .':'-I It is very impertant that the gas be given in suffi-
nzth. If too weak, it will not produce the desired ef-
Jere is practically no danger whatever in any rcasonable

e ctrical apparatuses are on the market for generating
48 directly by connecting the epr-ratus with the electrie
em, Ny sach apparatus has peen wested in this office, or,

known, by anyone in the Service,

‘The Cpemical Tarfare Service makes mo direct recommenda-
ny particuler apparatus; in fact, any apparatus that will
| known queantity of gas and will allow a steady flow inte
ser will produce resulis,




Bquine Influenza with Chlorine

Feb-uary, 1924, there ocecurred an
_ ﬂ'.he horses at Fort Hoyle, llaryland,
ten up by treating the enimals with

i'

8 (2) were discovered on February 8th,

of sporadic character until February
sre found with symptoms of influenza,

»f forty-one oases were on the register,

th ¢hlorine gas was commenccd and on

1 of animals on the register had

his date, however, twenty-one of the

7 had apparently recovered following:

gas, Fone of these cases display-

'of longer than five days prior to ap=

* lesser periods., A second treatment

s of this type from twenty-one to

eccived further treatment and within a
'rom the date of urigine: discovery of

first two, no cases whatsoever remained,

! intervention foll.wing the oourse of
no case, we believe, I'nve occurred ns rapidly;
Gsults obtained, ns nwnifested by the ime

2 aninals and the prompt disappecrance of

| in any other manner than as being cue to
ptment,

BOOKS AND PUBLICATIONS

ig are among the books and pamphlets in the
Library, Office of the Chief of Chemicel
Th:se publications are available for use of
lorecs of the Chemical Warfare Service, end
Chemicnl Tarfare Officer outside of Washe
request from him, The conditions under
e nade outside of the ChemicAl Warfare Ser-
ollows:
uest should be made by the officer desiring the
ion, giving the class number, title and name
eceipt of this 'i.nfomation, the publicetion will
od of two weeks, A card is sent with the
nmust be signed and returned to the litrary
§ ei,t. When the publication is rcturned to the
t wiu be returned to the borrower, Ho publi-
eld from the lidbrary for a period greater than
".rlal permissien,
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543,1
Sh 55

667.2
Sn 27

320
F 812

633.51
B 214

371
G 671

356
K™

341.1
Sea 99

Name of Publication

imerica in the “orld “ar, Bond & Sherrill
Anthracene and nthrequinone, Barnett
épplicat?on ;f Dyestuffs, Matthews

Arny of 1918, Thé Col, Robert R,

YeCormick
Building the Nation, Coffin
Catalysis and its Industrial Appli-
gations, Jobling

Challenge of the Country, Fiske

Chemical Reactions and their Equations,
Hack

Chemical Synthesei of Vital Products,
The Meldola

Chenistry of Photography, MNeldola

Chemistry of Essential Oils & irtificial

. “Perfumes, Parry, Vol. 1 & II

Chemistry of Food and Nutritien,
Shermen

Colorimetric .nalysis, 1921, Snell
Cyclopedia of Civil Government,
Foster

Dev2lopment and Properties of Raw
Cotton, Bells

Dominant Ideas, Core
Eclipse of Zmerican Ssapover, The
Cept. Dudley W, Knox

Experiments in Ipternationel Administration
es2yTe




Class No, Name of Publication

862.2 Explosives, Matches and Pyrotechny,

B 264 Barnett

385 Fleets at 7ar, Burd

H 932

941,3 Frontier of Germany, Sara Wanbaugh
Menece of Migratory Peoples, Dr.
Edw, ... Ross,

Two Practical Steps to the Restor-
ction of Our Cenmerce & Viorld Peacec -
% Survey of Present Day Burope, E.

A, Feliﬂgo

551.93 Gases of the Atmosphere, Ransey
R 148
662,2 Handbook of Explosivés, Du Pont de
D 927 Nemours

High Explosives, Colver
365 Historical Backgrounds of the Great
Ad 53 War fLigkins
370 History of Education, Painter
P 168 _
355 History of the War, Vol, 1 to 16
B 851 Nelson
356 HBistory of the World Wur, Vol. II,
515 Simonds
355 History of World Var (10 Vols)
H 165 Literary Digest
546,3 Intermetzllic Cormpounds, Desch
D 454
920 ' Life and Letters of Valter H, Page,
H 384 Vol. 1 missing 2 Vols,
651.5 Meterology, Milham
M 599
541,341 Osmotice Pressure, Findlay
F 493
533 Physics of the Air, Humphreys




Class No.

541.9
L 23

W 699

327
M 784

621.3
L 438

541,37
4 151

667,2
F 86

370,15
J 237

547
Lir 69

297
947

R 122
541,3411
G 862
535,84
B 219
541,9

Y 87

So 48

541,9
M1l

541,9
K ;03

Name of Publication

Physikalisch.Chenische Tabellen,
Landolt, Bornstein, Roth

Practical Shell Forging, Bower

President Tiilson's State Papers and
Addresses, tilsen

Principles of imerican Diplomacy, Moere
Principles of Alternating Current
Machinery, Lawrence

Principles of ipplied Electro~Chemis-
try, 4llmand

Principles of Dyeing, Fraps

Psycholegy (briefer course) James

Quantitative Laws 4n Biolegicel Chen-

istry, Sante Arrhenius

Rising Tide of Celer, The

Russia, its Trade and Cenmerce,

Raffalovich

Shert Introductien to the Theery

of Electrolytic Dissociation,
Gregory

Spectroscopy, Baly
Stoichicmetry, Young

Strategic Camouflage - S.J,Solomon
Tables Annuelles, International de

Constants, 4 vols.

Tables of Chemical and Physical Cone
stants, Kaye and Laby

Taectical Principles and Decisions,
The Schoel of the Line, Vol, II
3%29




Class Ny. Neme of Pyblication

609 Teaching of Science,Ttit* Woodhull
W 858
665.4 Technical Examinatien of Crude
H 186 Petroleun Products and Natural Gases,
' 1st Edition, 2nd Impression, Hamor
and Padgett
541,37 . Textbéok of Electro-Chemistry, LeBlanc
L 492
546 Textbeok of Inergante Chenistry,
F=lL 723 Vol. IV, "Aluminun and its Cergmra
imluding the Rare Earth letals,"”
Little

546 Textbook of Inorganic Chemistry,
F-F 915 VOL, IX, "Cobalt, Nickel and the Fle-
ey nents of the Platim Greup”, Frient

530 Textbeok of Physics, Duff

D 843 "

540 Textbooks en Science (Chemical Philos-
T 454 i ophy), Tilden

536.7 Textbeok of Thermodynanics, A

P 258 " Partington

541,368 Thermechenistry, Thensen

T 381

621.3 Theerctical Elements of Eleec, Eng,
St 36 Steinmets

541,3411 Theory of Electrelytic Dissociatioen,
J n? _ Jones

541.39 Theory of Valenoy, The Friend

F 915

973 | Unele Sam's Mgdern Miracles, Du Puy
D 929

973 PUnited States as a "orld Power,

c 777 Callidge

355 d " United Seates Official Pyctures of
4 787 Torld Tpr 1 set




Class "'. Neme of Publication.

623.4 United States Rifle and Mpchine Guns,
C 725 Colvin and Viall

Viscosity of Liquids, Dunstan

388 War Against Uiar, The Collins

War and Private Property, Bentwich

Viar Department Docunent 947, Military
Explosives
Vigodrow vilson and the Var, Gale

Werld Crisis, 2 Vols. 1 set

World War Issues and Ideals, Speare
and Norris

LANTERN SLIDES

~ Lantern slides are in the Technical Division, Office of the
Chief of Chemieal Warfare Service, and are available for loan on
request. 4mong these are the following.

Title Nurber
Edgewood Arsenal: Additional units of

~ Phosgene Mfg, plant, 2712
Edgewoed irsenal: Airplane view showing

_ Classified Magazinos, 2930
Bdgewoed Arsenal: Airplane view of Headquarters, 2932

Edgewood Arsenal: Airplane view ehoving Mfg.lirea, 2929
Edgewood irsenal: Airplane view showing south cdge
Mfg. Area; Barracks area and B,chelor's Ouarters,2931

Bdgewood Arsenal: alcohol Storage Tanks. 2866

Edgewood Apsensl: Bush River Dock. 2852

Edgewood Arscnal: Bush River Peower Plant, 2856

Edgewood Arsenal: Chemical Laberatory. 2780

Edgewood Arsenal; Chemical Lgber-tory, Interior. 60219

' Edgewood /Arsenal: Chemical Lagboratory, Interior. 60223

Edgewood Arsenal: Chlorine lfg. Plant, 2983

. Edgewood Arsenal: Chloropicrin Plant Intorior. 60473
o Bdgewood Arsenal: Carbon Diexide Generating Bldg.

‘ and scrubber towers ef Pposgene Plant, 2711

283/




Edgewood Areenal
Edgeood Arsenal
Eggevood /.rsenal
Edgewood Arsenal
Edgewood irsenal

w8 B m® A 8

Edgewood Arsenal
Edgewoed srsenal
Edgewood Arsenal

Edgewood Arsenel:
Edgewood Arsenal:

Lantern Slides Number
Day Roorm Co. D, 1st G,s Regt. 2997
Eunlisted Men's Barracks. 3173
Entrance to srsenal, 3145
Sxhaust Pyrification Towers and
Sulphur Chloride Plant, 2714
Enlisted Men's Barracks. 3174
Gas Mask Mfg, Plant. 3124
General View of Mg, irea near
Phosgene Plant, 2M3
Map of Rescrvation, 3102
Map showing relation to
«Jperdeen Proving Ground. 3410

Outline llap of the Plant Apea, 3103
Shell Filling Plant(155MM sholl) 2869
Phosgene Filling Plant (One ton

Containers) 80157
Power Plant and Mfg., Area, 2894
Service Club, 3171

Shell Filling Machine,
Shell Filling Plent (Livens Shel160474

60162-60166

Edgewood Arsenal: Shell Painting Pleant. 60160
Edgewood Arsenal: Phosgene plant catalyzer boxes
4nd condensers, 60155
Edgewood Apsenal: Sulphur Chloride Plant, 2715
Edgewood Arsenal: BEnlisted Men's Barracks, 2993
iArsenal: Gunpowder River Ngar Barracks, 2982
| Externination of Rgpts with Gas, 037-F
Inds - Extermination of Rgts, Gassing opcrations among
| gd rocks on const, 037-E

Externination of Rats. Filling of nobile oylinders 037-B
Extermination of Ryts. Releasing gas in rat heles in

walls, 037-D
fos Ext ermination eof R,ts. Sewer outlet and dump, 037-C
| Extemipam of R,ts, Anti-Rat campaign for
- . suppression of buboniec plegue in
b Porto Ricoe. 037-A
First 6,8 Regimont. Rcgimontal Review, Eggewood
i : Arsenal, 2984-2986
a Flame Projector, Lawrence. 1272
ial Flame Projector ipparatus, Rent View, 1273
A Flame Projcster ipperatus, Front View, 1274
Flame Projector .pparctus, Detail View, 1275

Flame Throwor (Smell Flarmmenwerfer on men's back) 2555
Flame Thrower, German. SC-29489

¥ Flame Thrower, German Small Model, 2563
E Fuse, German Deloycd A,tion. 5C-29465
|l Gas, Enemy G,s Bombardment, lch.31, 1918, 0113

Gas Alarm, 6th Regt, Marines responding to gas
f alarm, Verdun, France. SC-11370,5C=-11371
th ! SC-11369

| s Gas Adarm, Church bells use for gas alarm, SC=14268
Gas Alarm, iuto horns used to warn Americans of
a gos attack. s¢. 6127




wlnrn, Harine Gives gnas alarn by ring Bell,

iloscou, Fronce, SC-12148
s Yo, Corman, S3C=29490
s -Jdcrt station 5C-22111
o5 itock, Chomic ol Tarfare by Blshcvists 0105
as Ccsutlty Chart : 024
ag Casuclty Chart, ensvwitics in France, Hespitol
admissions. 3100
Gases Chort, Classifie~tion, persistcncy and physisloegi-
cel affects, 018
Gascs Chort, Combat gasos d vided according to their
~ agtion on thz humn orginism, 015
Goses, Chart, Facters which govern cIfcetiveness, 017
Gascs Chart, Rough comparative vrluczs for voriots
purposcss 016
Gas Cloud, Bursting of ¢ P.S, % inch Stokcs Mortar _
Borb, SC-29474
Gas Gun, !loBride Hoavy Type. 075
Gasn B‘."w Grr:nude. SC-29518
Gos ifosk, Intcorior of 1919 Model, 3008 ,3009
Gas Mesk, 0ld Stylc .meriecan, 077
Gas llusks, Typss of .meriecun Molels. 1531 NYC
Gas liaskg. Types of Forcign Models. 1532 YO
Gus Mask, R.F.K. 1501 MYC
Ges Hask, ..,T, ~djust:d on s ldier withpeck 1505 NYC
Gog sk, .. Ts Fromt vicw, Bcase eycepicccCs 1509 '
Gas ilaske K,T, % front vicw,. 1511 NYC
Gos Mosk, Negro Types 1529 NYC
Ges Hnsk, K,T,1. 1530 NYC

The above 1ist 7ill be continucd {n futuro issues of this
digest.
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April 12, 1924,

MEMORAIDUM for Commandant, Army \ar College, Vashington Barracks, DiCe

le There is enolosed herewith copy of the first
number of Digest of Activities of the Chemical Varfare Service
whioh it is planned to issue every three monthse In oase the
information contained is not of partiocular interest to you,
it is requested that you inform the office of the Chief of
Chemical Verfare Service, in order that we may make the issue

as small as possible,
For the Chief of Chemical Varfare Service:
CLAISSYTIONN

C. Eo BRIGHAM,
Lte Cols,; Chemioal Varfare Service,
Executive Nfficer.

Encl (1)
Digest

Rec'd, The Army War College APR 1| 1§24

AWC 106-14 1st Ind. Neaem

The Army War College, Washington Barracks, D.C., April 21, 1924, == Te
Chief of Chemical garfare Service.

The above mentioned Digest is of imterest to The Army War College.

For the Commandant:

HRMRY GIBBINS,
Bxegutive Officer.
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' CHEMICAL TARFAFE SERVICE COMMITTEE

(Consulting Scientits)

£ r Dwight Bancroft, Depts of Chemistry, Cornell Univers:.ty,
| Ithaca, New Yorke
r P. Kohler, Deptes of Organic Chemistry, Harvard University,
Cambridpge, Mosse
Beckett Lamb, Dept. of Ciemistry, Horvard University,
; ';: Cambridra, Masse
ank M- Dovsey, Nela Resecrch iﬂboratory, Cleveland, Ohioe
3! Kend:.ll Lewis, Depte of Chemical Engineering, Massachusetis
Tmetitute of Technology, Cambridge, Masss
glie T. Sutherland, Su‘heriland Industrial Research €oe,.New Yorlk Citye
_hy Dewey, Dewey & Almy Chemical Coe, Cambridge, Masse '
5 Cleveland Jones, National Aniline & Chemical Cegpany, Ince,
; New Yorik Citys - ‘
rles Le Reese, E+ I. Du Pont de Nemours.& Cos, Wilmimgton, Dels
Jiam Hultz Walker, Divisiom of Indusirial Cobperation and Research,
Massachusests Imstitute of Technology, Camtridge,lasse

d Hunt, Depts of Pharmacology, Harvard iledizol School, Uusion. Messe
Solomon Loevenhart, Depte of Pharmacology, Universily cf
] ‘Wisconsin, Madison, Wisconsine
irles He Herty, Editor, Journal of Industrial and Engineering
: Chemistry, Frw York City.

ison E. Howe, National Resepzch Council, Tashington, DeCe




'SHEKECAL AFFATE SERVICE

Office Directosy

hemisal Warfare Service o ® o ¢ o ¢ o o Brig-GensAmos AcFries
e Division

'unction: Premlgation and execution of general
pelicies of tha Chief of Chemical Wurfave
Servica and of the Wer Depariment, ard the
suparvision, acovdinetion, and cdminisira=
tion somnscted therewiths

gzocutive 0Pfices o « = « » « « o « « JLtsCol.Claude E-Brigham
seistant Ezecutive Officer « « « ¢ « Major William N. Porter
ief CieXk o« o @« o » o« ¢ o o = » o o oMro Ko Le Osborn

nel Branch

Function: Supervision and edministrotion of matters
pertaining to commissioned, rezsrva, sus
listed, and civiliin personnel; perso:nel
records; classifiocatione

Chief o » a ¢ = ¢ o ¢ o ¢ o = s + s @ -Oapt-Geoffreymarshan
1 Terfare Service Board

Function: Action on all matters referred to it by
the Executive Divisions Primorily out-
lining of broad policies and shaping them
in definite form for the approval of the
Chief of Chemical Warfare Services

Executive Officer, Office of the Chief of Chemical Warfare

Service

Assistant Executive Officer, Office of the Chief of Chemical

Tiarfare Service _

Chief of Operations, Training cnd War Plans Division,
Office of the Chief of Chemical Varfare Service

Chief of Technical Division, Office of the Chief of

Chemical Vorfare Service

Chief of Supply Division, Office of the Chief of Chemical
Warfare Service

Commanding Officer, Edgewood Arsenal, Maryland

Technical Director, Edgewood Arsenal, Meryland

fseistant Commandont, Chemical Wierfare School

Commanding Officer, First Gas Regiment
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tonsidoration of all tochnical questions

ornicg equipnont. ond supplios for the
mical Wogfaro Sorvicoe

e
-

: e Pficor, Fdgomood L:-soncl - 2
froctor, Edgowood Arsonal : .
aor,’Edgowuod Arsenal =3
ol Divicion, Offico - the Chiof of
Werfars Sorvicoe
hiof ; Tochnisal Divisic., Offico of tho'“‘
of Chomical Warfaro Sorvicos
rotjous ond Wor Plaps Division, Office . :
(Lulef of Cromiecal Warfare Servicas T
sal Division, Offico of the Chiof of ~~—.
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vos of various branchos: '
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Jigonce and Industrial Rolations Division

. Colloction ond d@issomination of military ine
formation of Chonical Werfaore Sorvieco; maine
tonanco of rolotione with chomical industrios;
educotional institutions, Govormmont duresus,
Military Intolligonco Doportmomt, and mainto-
nanco of rocords on location of tochnical porsone~
nol and monufacturing £:cilitics; procuromont

plﬁnning-
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ne Division

and the supervision of pube
pertaining thereto; preparation
of Organizatione

bl b1 e » Major Rs Fe Maddux
ol i are d b Capte Es Co Wallington

S pertaining to preeurement and
itions and eguiprent; transe
2dicoucrsement of funds; sctilew
eleins; @isposition of surplus Supe
ar requirements; estimatess

@ o e s s s s o Major Ae Le Rockwood
& s s e e s o @ Ca.pto Ga Fo Unnacht
.lﬁ €X¥Ke o ¢ o o » lire Ce Ce Coombds

on of ex; grimental and development

he Chemical Warfare Service;

on of all technical data pertaine
rvice; technieal reports; mnine
f technicel recordss

= ¢ « o o lnjor Ce Ro Allay
e o a » » Drre Ge Se Maxwrell
= = o o o [[J8e L. R. mll

ndy sor of the Chief of Chemical
Service; investigation of physioloe
fects of chemical warfare agents on
£9; preparation and supervision of
ahicnical warfare veports and stetise
aison with +lho Arny and Vavy Mediwal
nts, the Public Heulth Servies, urd
i Bureau

.', * s 2 0 0 e v Int. Cole He Lo Gilchrist
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e« » Colonel Ce. TWe Exton
e « Major Je We Lyon

e o Mojor Fred Seydel

e o Dre Jo Eo Mills

r, 1st Gns Regloe Major Time Ae Copthorne
Division «.e » » « Major A. M. Heritage

'- Chemical Warfare

::o a8 & 8 s 3 8 @ l(ajor Re Ce Ditto
ﬁBion s s s s s Hajor Ce Ee Te Lull
Research Division e Lte Cole E» Be Vedder
”Di.v:laion e * o @

Mre Je Fe We Schulze
1st Lts Le Me McBride
1st Lte Howard Stokes
Major Je Ae Baird
Captain Ce Re Insley
1st Lte E« Es« Hagan
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SOVME INTERESTING STATIST

CF _T7E CITMI

CAL WARFARE SERVICE.

Amount  [Strengsh | Per Capita National Per Capita National
OL A = Ammy Cust Cenizus of Cost of Chemical Warfare Service
Army oz G -WeDa 1679
PFiscal Yesr 1921 $2,000,000 | 174,313 £11.48 105,710,620 Loss than one and . )
Reaprropriation) : . nine-tenth cents. ($.01891) )
P . 8. A )
"< soal Year 1922 1,350,000 | 144,148 9,37 105,710,620 Less than one and , )
a six-tenths cenis. ($.01522) ) Includes
T — : ; | amounts
1923 4,37 105.710, 620 Less than one and ) spent on

58 ﬂ@_s Se —ﬂOOPﬂNH_ ) ..G-ﬂ-m.
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cal Agemts

» Labs Deve of Mfge Method

>tiveness as Warfare Agent

undementel Study of
£ Large Scale Flant for Manufe of

inufacture of

Study of Obscuring Power of
of Use in Field

ompounds

undementel Study of

ctor E'fFropeu?!.1mrl'.

» Puze for

o ‘BExploder

a, 4" - Fropellant
tar; 4° - Fuze
's 4" - Transportation Cart

Chloracetophenone = Burning Type

3" = Shell adapted to smoke

w Design of Body
te of non=splintering for liquid

syination Hand and Rifle, for Toxic Smoke
ichlorethane Smoke Grennde

011 (Gas Shell)
Pest of 76 mme Gas Shell (Straight

nt)e
evelopnent of Long'Type Boosters
Deve of Artillery 75 rme Smoke Shell

omparison of 75 mme with Maximum and

ters, White Fhosphorus Filling

38t - Chomienl Agents from
al, 40 1be, Mark I, Modification of

y 26=1be, Persistent Type

» 25=1be, Lochrymator, Burning Type
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DZey Baby
LY > 40"113.. Hark II’ Hnrk I
? 8"02'0, Baby

1lorethane, Copper-plated
orethane, 50=1b »
etophenone - Alter the shape of
FPhosphorus
ylominechlorarsine, 50=-1be
bard Gos
rk I - Medification of
1loracetophenone
tributing Brombenzyleyanide

hods of Distribution of Toxics

lcal Data
3 of Substances in Field
' Gos and Smoke Clouds
2 on the Use of Gos in the World War

. = Redesign of
nvestigation
and Absorbents
Tronsmitter for Gas Mask
fask with Diaphragm
? Gas lMasks
t = Test of ot High Tenmperature
Syepieces for Gas Mask
nt of a Submarine Gas Mask for Navy

' Gas Mask for Avistors
; Clothing
ctors
2ction
zation of Chemicol kgents

e Pastes ond Fowders




' Museum ond Information
of Exg:osivea ot Edgewocd Lrsenal
Publ: alth Service

ons for Chemiccl Tarfare Material
1es , kctivated Charcoal
omology = War Gases as Insecticides
| o:t‘ Locusts « Fhilippine Islands

n of Pests = Hawaiiian Sugar Planters'

System of Marking Chemical Warfare

vision of List of Chemicals

ore - Bureau of Standords
f Phosgene = Professor Germomn
ginating ot Edgewocd Arsenal
B liork = Chemical Division

Vork - Mechanical Division
ous Work = Navy Department

Point
1z Investigation
sau = Nocturnal Cooling
ns for Large Areas
e of Sulphur Chloride in the llanufacture
lorethane, Arsenic Trichloride, Aluminum
e, Titenium Tetrachloride, Stannic
etce
Battleships

the Chemical Tarfare Service has mede up its
(3decs which have originated during the préceding
£ron the using services obtained before its

0 the program new projects as the need for
e Hercafter it is plenned to prepare a tenta-
onner stated, furnishing & copy to each of
d and requesting suggéstions thereon for
‘final Project Programe
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. TIE GAS MASK*

wvolution of the gas mask, from the first

.te Soda Giycerine Peds, mode by the women

i in resporss to Lord Kitchener's S.0-Se
arman Chemical Surpriss at Ypres, April 22,

evelopments in the Navy Diaphragm, Submarine,

e masks, made by the Chemieal Warfars Sesvice

dn 1943, is aon interesting story roseuwbling
attle between armer and projectile, as ap=

s and protective eQGuipnmente

BRITISH MASKS

prinitive English type of cotton pads, im=
joals was superseded in lMay, 1915, by a
r nore effective contrivance, coclled the
or, which was worked out by Dre Haoldane ond

ient chemistse

e next step in mask development produced the

, of flonnel hocd, impregnated with the same

bton pad, and having @& celluloid film eyepiccoe

ing the whole head was suggesved by a Canadian
‘seen a German puliing a bag over his heed

k<" This idea was carried to England by Captain

Newfoundland Corps, and satisfactory tests having
Inti-Gas Laboratories (May, 1915) two and 2 haif

) of the Hypo-Helmet masks were manufdctured

mber, 1915

fube Helmet

Tre British, as early as July, 1915, discovered
the Germans intended using phosgene againsi
tor in December, 1915, and as the Hypo=Helmet
etion against the phosgene ohlorine mixture,
sessary to soak this helmet in a solution of
containing glycerines To prevent the deterioe
kali of the mask by the COy of the expired air,
ve or tube was added, and as the new chemical
i2forded protection against 300 parts of phosgena
rte of air, attacked flannel, two layers of

of the historical part of this article is con~
book "Chemical Warfare", by Fries and West, and
he Rhine", by Lefeburee

«l2=




3 ne- type was called the Pe Helmet
orm it cowntered the enemy phos=-
L

protection was afforded by the
amine, suggested by Russiap,re=-
ich increased the protection to
of the task of furnishing protec-
ged from the fact that two and 2

o Helmets, nine million (9,000,000)
on (14,000,000) PeHe Eelrets were

3r the lachrymatory compounds of ths
rubber sponge, were added, thus the
stences During 1916-1917 more than
(1,500,000) were issuede

rensing concentrction of gas from cylinder
tion of shell with such goses as chlore
.“_: de imperctive the production of a better
the wonderful British polyvalent respirator
ith nose clip and mouth piocce was producud.
3sult of experience with ihe oxygen appa=-
» ond was developed in Englend under
1 Colonel Harrison and Major Lambert
imentse. The respirator consisted of a
y foce piece by a flexible tube, and
d by tape or elastic bands which fit=-
:t‘noe piece ¥ns mode of twenty-Tour

sloth socked in a solution of sodium
and covered only the chin, mouth and
the issue with each respirator of a
P sponge rubber pads and glass eyepieces,
8s Uhen the mask was adjusted, all
o through a mouth picee of rubber ot=

p» 08 the nose was closed by means of the
‘with rubber jaws covered with gauzes) An
ve ond an elbow tube was connected to the
viece, the elbow tube being also con=
by a corrugeted rubber tubinge This
e passing of all air breathed through

«lG=



ter was large and heavy and was filled
sal, soda lime and potassium permanzanates
1 8pite of its nose clip and mouth piecs,

1 in the face piece, was the best proe-
inst gas from Fesrury, 1916, to Bugust,
placed by the SeBoRe

- Box Respirator did not afford protection
.ond in addition was uncomfortable, heavy
] box respivnto= was devised, in which

" Pubber cloth, covered the whole facees
h & rubber mouth piece, nose clip, an%
omposition of celluloids A corrogated
oined the carister to the face piece

€, to which was attached the mouth piece;
Blso attached to the eclbow tubse An
the elbow tube was the baffle, which
from running down into the chemicals
_iono

anister, only about half the size of the
ior, contaired the same chemienls with &
filtering out the smokes und toxic

ily detached from the canister and often
, in incorporating the smokec attachmernts and
to one canister called th2 N.Ce, or New
eter much filtering material was added
ncrease the efficiency in filtering oub

or sixteen million (15,000,000) of “ho
efore the hkrmistice and at one tima over
on of the SisBeRs were produced weeklya

y million (50,000,000) masks anl respira=
inds were manufactured by the British Antie

heir own and the Allied hArmies. (Sece
hine" , page 122.)

FRENCH MASES

serly protection of the French Army against

‘means of a mask consisting of a number of

impregnoted with greasene and complexene

each.) The mesk fitted the face tightly with
e exhcled air eseaping through the fabrice

~ld=




. of speédal non-dimming celluloide A
50f fabric protected the mask ard absorbent
ioratione

mask was the next step in Fronch
This mask, while resembling the British
and rubber face piece) lackel the
ip, making it more corfortables The
h a highly hygrossopie chemical abe-
g scdivm hydrcxidee The uso cf czustie
3 made possible by the inter-mixing of
mules of enustic, 2 layer of absorbsmi
being placed on tope It was ghaped like a
8" x 62", and was carried against the body,
) piece with f£lexible rubber tubda: The
but the mask was too delicate and com=
was ecsily torn end the bz added much

s pack

sReSe Mask, closely resembling the German
Jatest types of French proicctive develope=
8 mask made from well rubterizel balloon
piled or waxed linen, fitteld wiith a
The eye pieces, of cellophons, ara fashoned
ubber goggles, sewed in the mask. & motal
omewhot higher than in the Geimsn mesk, is
1 tapees An inlet valve of mica; and ca
or are placed in the mouth ringe On *he
in front of the valves, a baffls is sewad in,
is forced to pass in front of the cye-
iming and, at the same time, condensed vapor
fering the velves. The mask has two heald
8, one across the top of the head, and one in
Jjoined by an elastic as in M~2« The drunm
ilar in shape to the Germen drum, fits in
__ ATIS Or a tm. It i’ mda tisht bY a
shread differs from the German mask, making
nisters impossiblee

GERMAN MASKS

srotect her men against their own use of phos=
Iready adopted the cartridge mask in the autumn

-15-
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of 1918, which was conclusive evidonco of Gormonmy's planm f&r
furthep uso of gos. Sho ovidontly held un tho use of phosgeme -
until hor ownm protoction ageinst i% wae complotoly developeds -

Tho carteidgo mask consistod of an impormoablo
fabrie holmat, tho cartridge or filtoring box bdeing sttached in
%ho form of & snovi: Tho faco pioco of leathor, troated with
oils %o mako it =.' and pliadlo, and imporvious to gae, was
roughly shaped tc tho <faco by seams at tho chine A oircular
stcol plaks throoc inchee in diemovor wae sob into tho faca
pioco, opposito tho wonrow's noec and mouth, with a throsdod
800kes into which tho drum conteining tho absorbonde was scrowe
o8e A rubdor gaslkct socurcd e gos-sight joint botwoon tho
@ron and faoo piocce Tloroc woro no valves, both inhaled end
exhalod eir paseing turough tho canistore Tho oyopiocos, with
rotal rime and loathor washors, woro in two parte: () s pore
zonont oxSorior shoat of collon, end (D) an innor romoveblo
diso « an anki-dirming dovicoe

Tho ocanistor, @ shoré thick oylinder (10 cme x
5 oris) slightly taporod, with a throodod protrusion or nock, wae
sorowod in $he nocke Within woro $hroo layors of absorbonte of
unoquel thicknoss, soparatod by é&isce of fino wotal soroon wirce
Tho 1915 oanistor containod somo such matorial ae powdorod
punico stono snturatod with a solution of potash to protecs
againet organic irritemés and phosgonos Tha throo layor drum
was indroducod in 1916. The middle layor consisscd gram-
latod chorconle This wonmd through cl1 sarts of changes os
pubstancos with acid proportics (chlorino) foll into disuse
and chlorpicrin goined in importance in gas warfarce In 1917
$ho layor of charcoal was incrcased and ia 1918 tho othor layors
woro done eway with altogethor and tho cntire throo sote wore
£illod with "A" chnrconle The capncity of ebsori$ion of "A"
shorcoal was never oqualled by any foroign production.

ITALIAN AND RUSSIAN MASES

The Itolions used o mask similar to the Fronch
M=2 until 1918, whon it was discordod for the British Snall

Rospirator.

The Rpssinn mnsk consisted of & box canister
£1lled with chemicols, cttached directly to the face pieces
The hood pioce covered the entire head and hed no fisuth plece
oF noso elip. It offered a very low degree of protection.

The eanister included a botton screen, springs,
and wire screen between the three layers, being cleeed by a pere

elfe




fao ated bottoms Top leyor of absa bents, cotton, central layer
‘ charconl (& little finer thon in the Germen), lower leyer, soda
lime mixed with charcocl ond zinc oxide, and moistened with
gw@eﬁm.

AMERTCAN MASK

Tihen America entersd the wer, Professor George A
Bulett of Princeton University, Professor Ames of Johna Hopkins,
and Major James Re Church of the United States Army Medical
Department, were sent to England, France and the Western Front
to investigate and report on mnsk developrente After careful
study of the three types of illied mesks (PaHs Helmet; M-2, and
SeBaRe) it was found that tho S:B.Re offered the greatest develop=
ment and wee edopted as the hmerican Standorde. The first 25,000
were built along lines of the 5.B<Ks, hastily cescubled without
definite specifications ond cccurate knowledge; end, of courss,
proved to be poorly constructed and inefficients They were
M::'ﬂed. end the First Division was equipped with British
mosks e

The Training Mask

, . After more nccurate information was cbinined as'
to the methed of manufacture by the British, a so-called Train=-
ing ij_ﬁa'ed only for training, was issued, while dssigns and
specifications of on unimproved gas rask for large scale manu=

ring wete being completed.

The C.E. Mask scorrected English)

The C.E. Mask appeared in October, 1917, with
its impermeable fabric face piece, longer and wider flntter
valve, wider mouth piece, eye lenses held inm plecs by a coiled
spring, and its ecanister of activated coceoanut charcoale
1,684,000 of this type were producede

The R.F«Ke (Richardson, Fleury, Kops) Mask

The R.F.Ks Mask, incorporating some minor changes
("spun in" eluminum oyepieces) and a change in the binder frame,
superseded the C.E. masks From February, 1918, to Noverber 11,

1918, 3,080,000 of the R.F.Ke masks were produced, montliv ouiput
being 500,000,

The £.T. Mask gmon Tissot)

In the summer of 1918 orders were received by
the Gas Defense Production Division to increase the comfort and

=l7=



nce of the K.F.K. maske This necessitatad

P a new type faece piece, and the French Tis-

9se clip or mouth piece, was reecognized as the

88ign ror experimsnts Parallel designs, one

) of fabric, were started simuitencuusly, re=

+T+ maske The A.T. mask had for its ¢is-

res a moulded rubber stockinette corersd face=
3ge rubber chin rest and selZ-sentsring ad-

arnssse Incoming eir {rom the corrigetéd rubber
ggh en enpgla tube somevhat similar bu' dise

o the old gtyle maskse Production of this

June, 1918, the total being about 157,000

' il Tissot)

. ,‘ mila® in principle to the A.T» mnak, but
tmf}tion was the K.Te moeke The R.FKe
|3 used in this mosk, but the matericl was a

pic of semi-flexible construction, ccmplicated
rationse There was no angla tubee The inzoming

m the corrugated rubber tubing through a simple
a8 flutter valve was otueched to a similer bud

out an inch below the inlets A& buhierfly sheved
bber functioned instead of the "¥" gheved blari-
. elastic chin strap took the place of thz rubber
juction started in September, 19i8es 357,000
? the Armistices

‘hese Tissot mesks had the edvantage over the
ere was no nose c¢lip nor mouth piece« The none
38 were a decided improvemsnt. Thoa dis".lvmtages
E focepiece (which became brittle ond stif?,
a) and the possibilily of reversing ths poai-
hmea of the A.T. mesk (buiging in instead of
anted and the best feotures of both macks come
3 9 Mcdel American macke

o endard 1919.

- The face piece is struck ovh as a single flat
Bpecial rubber compound which comes in chaels, one
ith stockinette, a single seam under the ckin
£ with rubber cement) producing the proper shape
ace. This face piece, as punched out, eontains

1ly shaped holes, in which the eyepieces are ine
oval or circular eyepiece orenings (smaller then
are stretched to give the necessary bulge to keep
‘metal eway from the face and make & smug fit et
he eyepieces are triplex glass in metal frames

=18«
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with rubber gaskets. The rings are pressed home so there is
no possibility of pulling thom oute The harness has threo
straps on each Side, enforced when stitched on the face

pieces Two leed from directly over the eyes, pressing the
ecloth egainst temples, and tho lovar strap, just avove the
chin, insures gas tightness in thet vicinity, L4l1 six

straps are brought together eround a pad 25" x 3%" ot back

of head, making the hcrness much more comi‘ortab.l.e. The

straps ere fastened by means of buckles, and are, therefore,
capoble of perfect 2djustmente The 24-inch angle tube, cone
taining outlet valve and the connection to the corrugated
tube connecting with the caonister is the same as the latest
moded of the R.F.Ke moske Connectéd:to the angle tube on in=-
side of face piece is & butterfly baffle of rubber, so arraonge-
ed thot the incoming eir is thrown upward end over the eye=-
pieces keeping them clear in spite of exertion end temperature,
except at 26° below zero Fe or lowers

Canister

Radically different from the R.F.K. and earlier
types, the canister is eight inches long with two inlet velves
at the top and protected by a tin cover instead of the single
inlet valve ot bottome These valvesc are 5/8" in diameter and
are made up of square flat valves on the end of e short rubber
tube fitted over 2 short metal tubs. These veclves, though
delicate, work satisfactorily, end while not vital, help to
keep the eyepieces from bteing fogged and the dsed 2ir space
from being inereased by that held in the inlet tubee Ths
canister consisted of two parts « an outer solid, and an inner
perforated tin casinge The inner perfornied casing is fitted

with o filter of wool felt 3/16" in thickness so tkat no air

ean get into the chemical without passing throurh the filter.
The air coming through the inlet valves at the top circalates
through all parts of the filter, through the perforations of
tin, into The charcorl and soda granulese. The chemicals are
packed around o wedge-shoped tube extending about {wo-thirda
the length of the cone The wedge made of perforated tin is en-
larged end eircular, passes through the top of the can to con-
nect with the eorrugated tubee It is covered with & thin
ecloth to keep dust from the chemieals from entering through
the tube to the lungs. The cens are filled from the bottom
and are subjected to two mechanical jerring operations to
sottle the chemicals thoroughly, before the spring which
holde them in plece is added. The outer tin can protecting
the inlet valves has two openings on each side, but none ot
the ends of canistere The mixture used in the &merican
canister during the last nine monthg of the war contained

60%Z of 6 to 14 mesh cocoarut shell chareonl, and 40% of 8

to 14 mesh sada lime permangonete granules, commonly called
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nt mixture, which was considered superior to
ny foreign countrys A new combination fourd
icient which was to heve been put into produc-
ixture of 75% specinl impregnated cocoanub
5% soda lime contnining mo permanganatee

 The cerrier is a simple canvas case sbout 12"
wo straps, one passing over the right shoulder and
around the bodye The flep, closing the case,opens

does not interfere with peck or with anything in
bodye. It has been tried out by the Infantry,
jllery, and Chemieal Warfare Troops and ndopted
satisfactorye

2 ﬁﬂf&l‘

- While the stendard 1919 &rmy and Navy mosk

ive in combatting cll lmown war gases, it wos found
it to protect ogeinst the decdly corbon monoxide,
‘neid gases, which so often occur, through acei-
fire, on shipboard, in mines, and in refrigerating
nts. To meet this imperntive need, the All-Pure
er mosk was developede

Segii The Research Division of the Chemical Tarfare
ter mony experiments and diligent investigections,

ul in discovering a chemical combination called

which when placed in the ccnister, cotalytically

 deadly carbon monoxide to carbon diozids, which

sathed to the extent of 20 to 307% without herdful

he discovery of Silica Gel, which gives prolsction

onioc ges, solved the serious problen of 2utering

en atmosphere to repair leasky valves which so ofben

frigerating, food preserving ond ice plantse

While the AllePurpose gas mask protects
rbon monoxide, ammonis, organic vapors and acid
joes not furnish oxygen as in the oxygen breathing
‘and if the oxygen content is below 13% in the eir
mask is worn, the oxygen breathing apparatus, or

The gasoline mak consists of the regulation
I with an Atmos check valve attached at the
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27% flexible hosss 7. the opposite stem of the
ttachad a 50-foot iercth of wire~bonnd nen=cole
pnrdan hose, withh a 6" “uanel inseriel I i%s onde

B> ic similor in principl: to the Jevsier Vark II,

bhe rear cunister compartuent porticn ~mittal, *+he

i foce piecs compartmont being beoxesesmad- —ith a

2t ths tppe» correr therocf fow tho prssaga of the
Be; near walsh, within the cprriev;, 2ra u pai~ cf

ps secured by "Liftethe-Dot" fazueqers wiox sauzly
both hose on opposite sides of Lle chack-vulrs, inere=-
ing any pull by the 80-foct Losc on whe fiwcinle hose
| face piccee If necessgry, “he latter may bo cis-
from the corrier by unfastening these cirups, Hulle
neck-valve forward, and disconneciing the 50~foob
2irome

This service has recently menufoctured some hose

' the Air Service, for use in connecctisnn wiin gasoline
the Penamn Cancl Zonee The Air Scitice ars gasciine
anks of about forty thousand gellen: 2cpacity, whsre
essary to enter underground pit: whers the control

® locatede These pits contain o high concemtration
e fumes, ogainst which the ordinary mask gives in-
protections It is clso necessary at times to enter
tonk for inspection and repaird, in which case these
will be usede

' Mask

~ The Navy Department required a mask which could
n board ship for the operation of ronge finding in-
s binoculars, etce, and this service has developed a
¢ with the lenses so arranged that the gas mosk cen
ctorily used with the cbove mentioned instrumentse

shrogm Mosk

- The fincl design of diaphragm mask has been com=-
| adopt ed for a Navy order which is now in course of
The @iophragnm {eature of thnis mask is now made
p-piece aluminum die casting, with o sszewed-in
‘holder of ‘aluminume This mesk has on enlarged flut-
eck, in order to fit the peculiar design of the
e

.
0 ¢

_i-s. ;

i The design of submerine mask hes been completed
©de The submorine masks consists of a drum type
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attached diréctly to the face piece, similar
an type of mask, cnd gives protection only ag t
ecurring on board submarines, including earbon

GAS EASK DEVELCPLENT

intals of Charcoanl Absorption:

The Bureau of Mines is cooperating with the

al Tarfoere Service in developing & more highly activate
retentive chercoel in order to reduce the size of the
e

The ebsorption of chlorpicrin by charcoels of
g "activity" at veorious rates of flow has been in-
iotede

Apparctus for the measurement of the total abe

jon and the retentive absorption of gases has been set

he absorption and retentivity of toluene by the char-

ectiveted in studying the manufacture of charcoal will

termineds The same data will be obtained on the charcoals
n studying chlorpicrin absorption. This will help to tie

her data obtanined bY a standard static method with that

lorpicrin absorption cbtained dynamicallye It will also
hdther or not the size of particles hos eny influence on

or retentive absorptione

In addition to increasing general knowledge of
rties of activated charconl, these investigations will
some of the necessary deta for a redesign of the canistere

'acture of Charcoal:

The latest work on manufacture of charcoal has

ed in meking runs on the activation of Jeddo anthracite
The highest nctivation so far obtained has been eighteen
o8 against the accelerated chlorpicrin teste :

: Data from reports on the work done at &storia,
Island, during the war are being collected as 2 means of
yrminghg the best design for a rotary furnace. Letters aske

for descriptive liierature on the properties of various

h temperature metals have been sent out in order to decide
n the proper material from which to construct the furnace
consideratione
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Work on the activation of coeomaut charcoal
continued in order to get the activation unit in

s and to develop operating prectices. It has been
it about 1 ge of water per hour for each gram of
gives the best results. The temperature of activae
the length of activation must very with the initial
density of the meterial used.

The work done by the Burzou of Mines st

gh, Pennsylvania, on the preparation and activation
n from coal is Leing studiede. The laboratory set up
put together duplicating the arrangement of the
Mines repo: ..

ted Tharconl:

& charcoal impregneted with copper sulfete
b developed whidh compares favorably with the charconl
d with copper nitrate.

When the amount of copper put into a charcozl
certain value, which probably depends somewhat on the
of the charcoal, the absorption of cyanogen chloride
- than that for charcoals carrying & lower copper con=
1is optimum copper content for cyanogen chloride abe
-i.a less than 10%e However, ever a heavier impregna=
sases absorption as compared with the base o, -*rcoale

r en impregnation tends to clog the pores whiol de-
the rate of diffusion, and consequently, the absorption
ten chloridee

Careful econsideration was given to the exact
f the causes of gaessing of Chemical Varfare Service
L during a field demonstration on lecember 11, 1923.
ations were made directed toward the pe rfection of
ece fittings in the Regiment. Ad¢ -ioral recommendations
mede regarding fittings by troops ot other stationse.

e In acoorﬂanoe with instructions from the
Chemical Varfare Servirs, Mechenical Division Progress
16 has been compiled covering detailsd deseription of
one gas mosks developed during the war and since
Mask:
- Mask for use by Nevy with range finding snd
ical instruments has been satisfactorily developede
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srder that the lenses mev £it sithin the eye socket of the
r and thereby permit o the proper use of the various
tision optical instrumenis on ship board, a satisfactory ree
gn of the eyepiece was accomplished, wherein aleven of the
lve components heretofore used have besn elirinated, resulie
 in a one=piece assembly of maximum compactness and ccrres-
ding efficiencye

The deflector; which is a one-piece tube cast integrel
h the angle tube body, is 100% efficient at <5 dege Fe which
ninates the necessity for the use of anti~dim compound with
: attendam detrimental results with optical instrumantse

: In order to ovetrcomt interference of the mask with cer-
in of the instruments, the chin rest was eliminatcd ard the
gle tube to face piece nssemblyperi-rmed iun & roverse nazmer;
h the former projecting imward in lieu of outwarde -

An eyapme bridge forming jig wee designed for the
pcular liask assembly. One hundred - these masks were mede
and delivered at Baltimore on Deeember 31, 1923, for transshipe-
it to the lNorfolk Navy Yard to be delivered to the fleet for
during its winter maneuverse.

vy Submarine Mag:

q In preparation for an order for 35,000 NS Mark I masks,

e angle tube was redesigned for die-casting in lieu of sande
inge The inverted flutter stem principle of the M Mark I
gle tube wes applied thereto, thus shortening the flutter valve
ttension 1-7/8" or 66% of its lengthe  New drawings and speci=
ations have been prepared.

. The caustic pumice which was used in the Public Health
ervice canister was found to be too coarse for use in the sube
merine canister. A mixture of the fine znd coarse material and
‘8n increase in the volume of the caustic pumice filling from 180
~ec. to 210 cc. gave a satisfactory fillinge
- A oonbninor which followed the design of the experi-

3 ntal model has been received and found to give satisfactory

rotection when fillede .

d Wound Mask:

Model A of Head Wound Mask was constructed by insert-

z regulation cyepieces, angle tubes, deflector, etce, in the
nt of an HP Helmetelike mask with a reclation stockinette
oraf; rubber fronte The rear was of . 'K fabric to facilitate
hering with & drawstring about the necke Additional models




fat
¥ 5

11 permit of additional gathering of the ontire mask by
awst#ings, thereby reducing deadeeir space to o minimum while
intaining ample sizo for adjusimont over a turban bandagoe

s Mask Facopiece:

It has been found that in the German mask, the faco=
oce of leather treatod with oils to make it soft and pliadle

e 1?1'010& to gas, is still in excellent condition whilo
bor mask of same age is pnctieall,y worthlesse

Rubber readily absorbs mutard ges, and is of short

e in the tropicse Experimonts have shown that under ordine
y atmospherio conditions in the tropics, rubber in gas masks
comos practically worthless after eight or ten nmthn-

Cotton linters felt impregnated with rubber from

ubber latex solution produces a tougl fibrous material not
nlike leathor in gemeral physical characteristicse The inme
;m't-od cotton linters felt is boing tosted as a base in

: up materials that would be satisfoctory to take the place
: the rubbor facepiccose To give high rosistanco against gas
has beon considered nececssary to furthor impregnete the cot=
on linter-rubber pad with materiels to £ill up the pores of the
cated materiale.  The rosistance of this mateorial against

ard vepor was greator than that of the rubber facepioccees

Othor imprognating agents along tho lino of rubber
nbstitutes and watorproofing compounds are boing triede

Leathor imprognatod with & carnauba wax-castor oil
ixture wgs penetratod by chlorpicrin vapor in four hours at

5% Co Leather imprognated with the oilewax mixture is too
tiff for facepiece material. Groater flexibility can bo obe
eined by using & softer and thimnor leathor. Howevor, the
oint to whieh the thickmess of the loather can be reduced will
> doterminod by its resistance to chlorpicrine

i N v
Two semples of artificial loather kmown on the market
"Textiloatha were 'gsgtod against chlorpicrin end mustard
vaporse Neither sample gevo any protection ageinst chlorpiecrin
nd only threo hours ageinst mustard vapor at 26° Ce

. Gutta Porcha has the physical edvantago thet it can
noldod into any form at tho temporature of hot watere

One shoet .04 inches thiek was penetratod by saturate
chlorpicrin at 26° Ce in four hours. This.is good protece
on considering tho thickness of the sample. A sample «07
shes thick gave twontyefour hours protoction ageinst mustard.
compared with sixteen hours for rubber <08 inches thicke
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Samples of vegeteble phrchment ' wve boen tested egainst
orpicrin ard mustard vaporse Iwo & »>les showed equally
h resistance against gas. Samplos werc not penetrated by

uratad chlorpicrin up to twehty hours or saturated mustard
or up to five deys whon test8 were ciscontinuedd

' Vegotable parchment is we.t.erproof in the sense that it
1.L hold water without allowing it to drop from the under sure
so0. Water pormeates every fiber of the parchment without dee
reasing the toughnesse Vhen dried not under tension the parche
ent wrinkles. Vegetable parchewht redricd after being wet
~offérs the same high rosistanco against gas as the original

- matoriale.

Both "Amyloid" and vernish coatings are floxiblo

mough 80 thot sharp eroasing docs not orack the surface and al-
or tho rosistanco to gass Vegotable parchment coated with
par varnish was triod out as & diaphragm in the audible maske
he voico was transmitted elearly and the diaphragm soomed satise
ctory in every respocte

It may bo possible to find application for the parche
nt in tho facepioces During the parchmentizing process when
ho sheets are coatod with tho gelatinous colloid it is possible
o ply up the shoots and press thom togother botween rolls so

- that they camnot be separated by an ~vdinary meanse It should

~ be possible to go a step further and ..eve the pressed shoets
take the form of a mask. While one sheet of the parchmemt ocan
be torn fairly readily, the plied up matorial should be very
toughe The chiof difficulty with a mes™: molded from tho metor-
ial would be in gotting it to fil propo>..ve

Facopioco Aging Tosts:

Specificci*ons for storage rooms for gas masks in Hawaii,
Philippines and Fanama havo been completod, approved and forwarde
ods Accelerated naging tests in carbon dioxide aro being made at
Edgewood Arsenal. ; _

A now 1ot of 1919 facepicce samplos has been propared
for aging tosts. Accoloratod aging tosts on throo samples of

- 1919 facepioco matorial have boon complotcde Tho samples come

~ prised one lot of Goodrich, which was received in partisl shipe

~ ments in August and September, 1921; one lot of Goodyear receive

. ed from March to July, 1923; and one lot of Goodyear received in
~ October, 1923. It was noted that the ultimate 3trengh and alon-
gation were low om all samples, e marked falling off

in the older sampless The aging followed the normal eum.
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oe Jackets

Models A and B of kopoe Navy 13 = jeckets were con-
‘structed and delivered to Commanding Of  -or, Neval Unit, Edge-
wood Arsenal, for transmittal te the Navy Departmente

Model A consisted of a carrier Mark II with harness
omitted, assembled within the interlining of the jacket in a
position corresponding to its normal one, bcueath the left arme
The flap was slightiy modified, and adapted to be secured by
means of lift-the-dot fastemers, to the adj.cent portion of the
Jaokete Tho kapoc romoved to facilitate this location of the
carrier was insertcd within the jacket linings about Zts meck,
beneath the collare

: Model B consisted of o flap-like pocket of grey Keapos
Jacket materinl attoached beneath the left armhole by stliching
the bottom and rear sides to the outside of tho jacket so thel
the contour‘corresaponded to that of Carrier Mark IT. The diagon=
ally opposite corner wes provided with tapes adaptad to be tied
after insertion of the carrier within the jacket. This design
is considered the more advantagoous on account of i“s enabling
. the wearer to insort or remove tho reguictiion carwier even though

over=board; also it simplifies stowago of jackcts and maskse

STOKES MORTAR

Cne stoendard barrel was rcinioreed with steol clamps
. in-the first reduction of the sectioca forward from the breach,
and hos boen usod for experimental firinpg-.

&t e . The Stokes mortar barrel equip... with a relief valve:
in the broech to allow the use of ‘a she'l 1'ith reducod clearance
has been triod outs The valve was the . redosigned and ten nd-
ditionel rounds werc “irod using variable weights of propsllunts
. and with pressure- u- 10 4760 poundse  No diffi-ulty from foule
- ing has been:cncouniored since iredesigne Un the basis of the
- few rounds fired sor.: indisation of increesing the range is given.
. The average range fof two rounds fired with :tcrvice chorgo and ot
an elevation of 45° was 1140 yardss This is nol taken us con=

- clusive evidence, howover, due to the ‘erratic results obtained

- with BHivel powders -

2 Further firings with increased chaorges up to the point
~ of bulging the gun gave satisfastory functioning of this valve.
While this device gives every promise of functioning satisfac-
torily in so far ae giving a smoother flight to the shell, a
greater range, aond a decided increase in the volumc of the shell
capacity, and though it is recommendod for use with the mobile,

B '. t b ] .2'.
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its adoption as an icrrcxwent of the present Stokes is not
advcecated, due to the ract that the Ftokes used as a trench
mortar would at times be set up in wth mud and water which
would enter the poris and defeat . 3 eius of the devices

Working drewings fa a proposed light mortar (Brade
ford), with recoil mecharisn, have been coupleteds These

light of their experience with guu doi n, aal the commonle
together with & design of their own ard saveral other designs,
ge now under consideration at Edgswoc’ L-sonale periments

ve been made to determine the sizo cf oi’ ports and shape of
throttling bars required by the Bradford designe

. The recoil muchenism comsists of an oil chamber and
piston with ports for the pessage of oii, to take up the re-
¢oil, ond a spring for counter-rocoils

- Thie mechenisn, with the presemt barrel, was tested
at vorious times, with pressures up to 10,000 1bse The pres=
sure on the base plate with the presont gun is ebout 70,000
1bss, while with the new gun it is expected that it will be

, 30,000 lbss, which will allow material reduction in
woight bose plates During the firings numerous modifica-
tions end replacements were madee Port areas and throttle
profiles were changede Due to the fact that on recuperation
on some rounds the inertia of the forward moving barrel caus~
ed the piece to move forward from its cuplacement; tie rods
wore added to prevent this motione These rods further re-
moved a portion of the bending moment on the piston rode The
recuperation of presont mechanism was extremely rapid but has

. been overcomes :

.-Shell:

Forged shell have been made from 4.7 shrapnel forgings,
twenty rounds .ith double service pressure wore fired with no
feilurese In firing forty-two experiiental rounds, it wes
found: ; ' eyl

i) That the seemless steel shell lacks ductilitye
' Normalizing the steel, eliminatos this objoctione

“ (b) That the normalized sholl suocossfully withstood
the prossure of any firings to date.

(c) That with the smooth type seamloss shell, greater

: clearancoe between shell and barrel is roquimd. A
maxinum outside diameter of 4e170" is now being
used with apparent succeosse
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(d) That the Ameiican smoke shell .ark I reinforsed
by shrinking = 1=1/4" baid on the base of tho :.
body eand -t.u.miag to the guide diamster withstands
successfully greatly incre- od gun pressures
when eoncrste filleds T limit has not yet
been determincde

(@) That Zncreasing the chargs and pressure bevénd .
a ceri-in point for each propellant, results in
redustioh, or at least no increecse, in rangee
The ceuse has not beon definitely establishede

In September and Ootober it was found that about 1700

s was the maximun range obtainable with tumbling shell and powe
£ 8hed. Picotinuy .rsencl is endeavoring to develop bet=

- powdet, but it is believod that it will be. mceaat:y to obtain
flight in order to rease tlie ranges

At Edgewood Arsenal the attempt to inorease the range of

e mortar is now confined to experiments with stabilizers ard

with the ogival head until the development of a slower burning
owder by Picatinny Arsennle

A detailed study of results obtained on stabilizer fire

g to date is being mnde. It appears that three main features
itribute to the non-uniformity of flight observed with a given
of stabilizer« These features are:

(1) The "hop" of the shell os it l-aves the muzzle,
which is caused by the large shell clearance and
the recess back of the fromt guide, in addition
t.o factors normally associated with projectile

"hon" e

(2) The failure of the stabilizer while within the
boree

(3) The o pellant, t at is Hivel Noe 2, is some=
what erratic in its ballistic >roperties. Cone
siderable evidence in the form of wide variations
in renge with equal charge bears out this supe
positione The mechanism being that due to a
varying rate of burning that excessive turbulence
with eonsequent resonance effects in chamber
onuse a deformation of the stabilizere

LN A project is being written up for the development of 2

' ctice shell for the 4" Stokes Mortar to be used in training of
ops in the hendling of Chemical Warfare Service weapons and

: tiona.
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Yortar Cart:

Detailed drewings for the Stokes mortar cart are nearly
ed, and the carts tortest at Fort Benning are now being
acturede '

The carts have standard Ford wheels and machine gun cart
afts, in order to standardize the parts as far as possible with
5l '“ obtained materiale

3" STOKES MORTAR SMOKE SHELL, BURNING TYPE, EXPERIMENTAL

' Several 3" Stokes shell were loade? by pressing in%o
‘the shell a hot plastic mixture of Colle an’ 30 caliber smokoless

It wes found that when loaded by this method,; mixtures
ning 30% or more -7 Csla buruod too 8°owly, while those cone
ning only 28% CeNe exploded in Zifieen seco ds- i R

An ottempt will be made to socure a sotisfactory shell
ding blocks of CeNe and smckeless powder to a size which will
e shell loosely, dipping these biocks in molten CeNe, and
nserting the block in the snclioe

It has also been found that the full echarge of black
contained in the Mark Vi fuse, bocause of tho smallar
pece in the 3" shell, is tco sovere and therefors inter~
th the proper functioning of the starter applied to the 3"
e By redueing the echargs of black powder Iun he ¥ark VI
to five grams, proper functioning of the starter is oblainede

Five portable chemical cylinders Mark I wore modified
ng the bottom head cut out and reessembled with the hsad
instead of concave as viswed from the be'iom enu: The
as then gas butt welded to the bod; of ths cylindere
eylinders were tested hydrostatically to ascsitain safe
z pressure. It was found that the cyl‘ndors would stand
d pressure of 775 1lbse per square inc: sefcre the metel be=
o distorte At approximately 950 1bs . 'er squaxe inch the

ors began to bulge along the sides and chey would eventutlie
ure before 1250 1bs. pressure had boen appliede

A total of thirty cylinders have been reconditioned

he above manner end tested to destruotion, end in no cese
welded joint faile It is planned to recondition om ade
al £ifty eylinders for further testa and observations be=-
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The three types of alves for the eylinder, the Mark
the McBride and the Bradford, having been modified so as to
y approximately the same fiow of gas, ore tested to deter=.
the best type %o prevenl leakages . @ Mark III valve has
gid steel chank fitiing on she conionl ~teel seats In the
ford volve the end of the shank is siveiled, eand the McBride
e 48 similar exec ot thot the seal is formed of soft metal
.’mg a.g:.inat & rin, shaped serte A fourth valve has been proe
or Fe S. Seydel similar to tihe Yeiride valve bub doe
avmy wi h the rot:-tiontl fricticn vstween the valve and its

» Which it is thought may reduce the chance of leakage end
eage the life of the valves One of these valves has been
afactured and will be tested with the othors.

LIVERS PROJECTCR

Three springs were niede from Novo crucible cast steel
ected grode FF for watcoh #prings, for use in a modified spring
lodar- Theso were hardened and the draw temperatures variede
h the first spring drawn &t 900° Fe two squibs ware fired through
D ohns resistances This spring fired 99 out of 100 squibs in
©1d test. Tho second spring drown ot 850° Fe fired two squibs
ough 280 ohms and in the ficld fired 107 out of 198 squibse
he third spring drown at 4300 Fe with the two ends drewn at 1066°
Z broka while winding to place ia the spring retainere It iz ap-

rert that the maximun cepcéity which etn be attaired with this
ing will be with the spring drawn s-mewherc between <£0° Fe and
O Fe The lower the draw temperature, the greater the strengthe
e 1init ploced on this strongth will, however, be that with which
fficient endurance ccn be obtaineds The normal dndurance life
spring stcel decrensee rapidly with fibecr stress above a definite
:ﬁimlue. This con best be deterri.ed by firing springs to
One

C. N. CANDLES

Experinonts werc conducted to adapt “he CaNs «30 calibre
koless powder mixture to the 2 lbe HeCe candle container. Dry
uros of CeNe and «30 cclibre smokeless povder did nob give satise«
fectory results in this conteiners Fairly satisfactory results

re obteined when these dry mixtures were moistened with acetone
d the resulting amell lurps allowed to dry befors being pecked
o the candley but this method of loading was discontinued on ace
ant of the difficulty of drying the mixtures

An attempt was made to produce a plastic mixture which
1d be packed into the conmtainer in small lumpse. On account of
small amount of mixture which could be packed in the candles
the length of time required for preparing the mixture, this

ethod was considered impractical and was abandonede
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The standard Celle cordle mixture brrned too slowly in
type of container. Very good result: were obtained by make
the orifice of the candle smalier arxc 8ing a mixture compose

€ 31% CoNs and 69% c&w L'alitire hmmless. er w
sontinued using smaller ardunts or G.Ne powdere Work is be=

Very satisfeclory eandles have lgen obtained by molting

Ne, odding ragnesiua oxide and warming; \e, aiding -30 calibre
der and mixing thoroughlye The plostic nas is thon placed in

51d so the cake will fit the HeCo condlee Tle cake yamovea Irom

' mold when eooled, immersed to within one n212 geh irem s *ap

polten CoNe The block is then placed in the cunginer with the
pated end up &nd et..ter moured over the cxposed €3 of the

3oke This method ronuires dies for pressing the miXuwme ard @

shanical mothod of mixing lorge quantitiese The fact Tuat the

‘mixture sete quickly, even in elevated tempcratures mekes the mane

cture of the mixer a difficult onee

In view of tho fact thit ome of the biggest items of
C in lgoding CeNe cardles is the cost of mixing by hand, the
problem of ¢ mechoniec) mixer has received comsiderchble attentione

5 A smnll mixer, with o woter jocket was tried out, using
ieam instead of woter in the jooket. Several methods were tried
with this mochine, but without successs

A careful survey of catologs wos mnde and sevorel patent
journnls were recde Complete spesificctions for two potents cover=
dng moehines which look promising hove been orderede

Mo Po CLIDIES

One huhdred eleoven 2 1be double secmed ecandles were

hite Phosphorus filled, hot woter tested to 80° Ce and subjected

%0 an endurance test o determine the resistonse of the doudble
somed joints agoirst sprendinge

Of these eleven were tested for twenty-four hours, ree

m:i 448,000 jolts eache The £iml hot woter test shoved that
dne of the hod withstood the test while two candles were

eaking , due to the candles hoving come in contact with a noil
hecd 4n the bottom of the sy curing’ the bolting teste The Te=
icining one hundred candles were tested in hot water to 60° C.,
nd then jolted for one hour, receiving 20,400 jolts ecsh. No

eaks deve after the finnl hot woter teste The comtoiner
B now ered to be satisfretory.
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60 1bs Dela Candles

Two erimental 50 lbae DeMe condles have been testede
eandle wos looded with 21 1bse of suokeless powder and 15 1bs.
fo This candle burned over o pericd of 12 minutes 50 seconds,
i gave off a uniform volume of canmary yele smokee However,
bsequent examination showed thot 6 lbse . De u. hod not been
plvede

The second candle was loaded with 20 lbse of cmmonium
trate-charcoal fue) and 14 lbse of DeMs This condle gave off
cloud of Dele smolu for 11 mintes. The fuel continued to burn
r on odditionnl 5 minutes, showing thot o considerable excess of
51 hod been useds The color of the smoke voried from conary yele
w ot first to white and finally to brown. It is not known de=
nitoly to what extont decomposition can be judged by color, but
the past color hes been eonsidered as giving a rcmgh ideo of
ocomposition. .

A Both of the condles tested wore covered with o 1/4 inch
nyer of asbostos to prevent excossive loss of heat by rodiatione

Two additional experimental candlos are boing constructe
ide One will have the fucl containor mnde longer co as to hold
bout onoethird moro powders Twenty gouge instead of fourteen
nuge metal will be used in the construction of this candle in
excor to roduco the woight of tho containere The socond eandle

S iag constructed is a duplicate of those alreody tested and will
'bo loaded with ammoniun nitrato-charcoal fuele

He Co SHOKE MIXTURF

d Some of the bluo powder zinc on hand at Edgewood Arsenal
hos becomo hord and lumpy due to oxidation in storagee An ine
vestigation is being conducted to determin- whother this zinc ccn
bo used to produco satisfactory smoke ean .ose Results to date

ndicate that it will be possible to make good candles from this
inc by drying, grinding, meshing, and reducing the usual amount
zine ¢ used in the formula to allow for the higher oxide
ntont of the blue yc.dere

= If o zine containing @ higher percentnge of zinc oxide
found to be satisfactory for smoke candles, it is possible that
the future some money can be saved by changing the specifications
zine in rogard to oxide contont e

50 1be. He Co. CANDLES
Aftor preliminory tests on various smoke mixtures in
‘the 2 1bs HeCe candles, two 50 lbe. 6" x 6" x 18" candles were
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ssted in November of 1923 L4 17" can wos mode next and tested
atisfoetorily, except that the ctorter had to be changed to give
ecs violent results and one or tio ninor changeé in the mixture

container were found desircblee  Full volume of smoke cloud

minutes, total time of burning 143 minutess

Three 50 lbe HeCe smoke condles of the same design

but of different moteriols were thon mnde ond testede The same
 oportion of smoke outlet to horizontal cerossesection as in the
2 1be HeCe smoke condle was useds In all cases the burning was
too fact and the cloud dissioated ropidlye

Candles with varicus mixtures wero next tested with the
ratio of smoke outlet to horizomtol croer-section reduced, and re=
~ sults wore much better than those pgoviocusiy obtoineds It is hop=
ed to control the burning ti:c and keep a highor porcentaoge of

smoke producing materials in the nixturce

RED PHCSPHORUS CANDLES

This now project was started on account of tho danger
in tho uso of whito phosphorus. Red phosphorus is non-poisonous
ond offers no danger of firee It is apparontly converted to
. white phosphorus in burning. Mixtures of red phosphorus ard
. various oxidizing ogents were tried in 2 1be HeCe smoke candle

container with encouraging results. A nixture of 26% sodium
. nitrote and 757 red phoas rus wos found too sencitive. Sonsi-
tivity 1s decreased by 20% glycerine addede

A comparison of the obscuring power of o red phosphorus
 condle (glycerine 1646%, red phosphorus 6257, sodium nitrote 20497%)
~ ond the HeCo candle Bas beon mndee The results were considerably

~ in fover of the red phosphorus eandle, but the experiment will be
repeated for more conclusive dotce

MANUFACTURE CF MUNITIONS FOR MILITIA BUREAU

Six thousand seven hundred twunty assembled CeNe candles
ctlled for on the order have been delivered to the Plamts Division
for peintinge

_ Loading and assembling 9660 H«.C. cmoke candles is ape
. proximately 50% completce

The loading of 1781 C.Ne rifle grenndes and 1790 C.Ne
hand grencdes called “or on this order has been completed, all of
these grenades having been delivered to the Flants Division for
painting in Januarye




(a) Two HeCo ocondles assenbled with 37+B=10 starter

5, aftimony, ond potasaium perchlorate as used in the HeCa
¥ork I), and one candle with the boud modified matoheheod
rter in eontoet with the smoke mixture .05 used in the E«Ce :
tokes shell) were tested after fifteen monvhs storage, ard funce

i 4 nomn_y. :

{b) 1Two ca:dles londed with service HeCe smoke mixe
weore fired after two years storage, and found to funetion
oronlly when the old 57-B=l4 starter had been replaced by the
wBel0 startere

(e) aster boing in an oven for one month, one Cele
from those being held ai 60° Ce ond one from those being

- ot 50° Co were firede Both grenades functioned in a normal

o (8) Surveillance testes are being comtimued om the fole
~ lowing additionnl munitions:

Shell, 4" Stokes mortar, Smoke Mark I, Mel,
HeCe Burning Type, Experimental

Shell, 4" Stokes nortar, Smoke Vark I, Mel,
CeNe Burning Type, Experimentcl

Alunirum Ophorite

Gronnde, Rifle Cele

Gronnde, Training

Crenade, Rifle for Toxic Smoke

Boub, Smoke 8 oze (Boby Smoke Bozmb)

Bond, Incendiary, 8 ose (Baby Incend Bomb)

HeCe Smoke Condle (Starters and Binders
cﬁ!ﬂh. c.u’

AVIATION MATERIFL

A number of testo with the experimental spraying ape
~ parctus on o Martin dombdor at Abardesn Frovin: Groaad, using FaMe,
have fairly well eotablished the following poiats:

: l. When liguid F.Me is ctomized by allowing it to rum
out of a pivo ot an augic to tha ellp atrsr.»m'yof on a:'i\p‘!.uta it
produces only about one-sixth os much smoke a5 when vaporized in
the engine oxhoustge :
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_ 2o When F. o is sprayci as a rain from an seroplane
4% produces & _screen nbout 500 to 600 feet deer when sprayed at
B8 rote of 13 galions per sesord from a plane traveling about

6 milee per hour or i25 feet per seconrds

3e Considereble detailed data with regard to opparfe

requirements, preccu.es nscessary for discharge, methods of

l}ing, etc., were ootained and used as a basis for the design
, lorger sproying spparatuse

Apparatus was designed, sonstructed and installed on
aeroplanes ot Aberdeen Proving Ground to be used in bombarde
it tests against dattleshipse A test of one apparatus ot
docen, uping FelMs, gove an excellent screen acrose the wind
e mile long ond nbout 800 feet deep, which offercd cboour=
for obout ten minutee in & wind of about 5 miles per houre
“highe? wind the life of the cloud will probably be shorters
agemente were mnde to operate this apparatus in bombardment

H N1

® Seroen 1aid by Aeroplane during *sibimg of Bebtleships Mew
psey and the Virginia, Soptvembsy Tife .2 :

"Flying into the wind which was bl-wing about two miles
* hour, the ceroplame, ot on elsvation c. from 500 to 600 feet,
gon laying the smoke sereen at 9:30 Alls

“"The aky was entirely overcast tt that hour and the
ght wos entirely uniform without shodewss The plane, approache
from a distance of about 3/4 of a mile, left in its woke o tiny
pering cloud, which descending in rogged jo_ged rifts of broken
recks of smoke, beeccre diffused in a cunmulous moss of cloud,
rming a veritable curtaine Thore wos a grodudl settling, ond
8t the expirction of fifteen minutes the whole mass had sprecd

to o sufficient uniformity to completly abscure both battleshipse

i "Ultimetely, the screen drifting with the wind, passed
%::Bbattloaup. and from stern to bow the entire ship stocd sile
houetted ageinst the sky. The complete concealment lasted about
‘ten minutes, the battloship becoming visible only when the cloud
. hod drifted past. It required about twenty-five minutes for the
- 8loud to drift about o mile, showing thot the wind velocity wos exe
- eeptionnlly low, and 2lfo demonstrating that under that eondition
this type of soreen will prove most effectives" (Report of observer)

It oshould be moted 4in this comnection that the sereen

in this case wos not laid in the manner in which it would de used
tastically, but i» o woy coloulated to show it to ndvantoge to the
observers presomte In octunl worfare on the sec it would ip moot
oages be laid from o hgher altitude for the purpose of sereening
the approach of borbing planes from the observatiom of ships,
fathor than for the purpose of sereening ome ship from another.
Thetest, however, wos sufficient to demonstrate its effeetiveness
for this purpose.

P i
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BOMBING (7 BATTLESHIFS

Extrusion tubes of waricus lengths were locded with
ptTyl to be uséd for proof test of bombs by the Ordnance Deperte-
pnte This test showed thot on cxtrusion would not provide for
arst ocbove woter and demonstrated the need of o super-sensitive
rimer detonator cesembly for water impacte. Therefore, the pre=-
ect to use chemical bombs in the bombing of the New Jersey ond

e Virginic had to be given upe

FUNDAMENTAL STUDY OF SCREENING SMOKE

Reeent work has consisted in mcking several duplicoto
8 of 200 gran charges of whito phosphorus, counting smoke
pertieles, ond obtoining data on HeCe smoko clouds ond groy smoko
elouds (produced by mixing nashtholene with HeCe smoko mixture)e
he lattor dota was used to test out ¢ formula developed for ecls
leting the point of dispppecrance of che non-luminous torget from
e obsorption (or pemetration) of light nmocsuremcnts In genoral
it hos been found that the sgroement of the eclculated ~nd observed
distonce of dispppecronce of the torget ore goode In the ecse of
thite phosphorus the agreement is excelle: e It is believed that
“this formulo will be very velucble since it will allow us to ccle
culate the distonce at which the target will disappecr with lower
concentrationg of smc}e such as are used in the ficlds. Concon-
tration of smoke is .: importoncc since it has been found thcot with
chorges of 50 to 400 grams of white phos horus & higher cbscuring
power per unit weight is shown by the lower concentrotione

A0

It has clso been f~rumd thct over tho range tested, this
- variation of obseurirg power with coneentration is reogulor, iece,
. tho relationship betwocn T.0.Pe and concontrotion coan be expresscd
- by nn empiricnrl formuiae

Ae yet no entirely satisfactory nmethod of neecsuring
the reflection of light by smoke hes been founde The methods
suggested for use in ploce of the nonelaminous target measurcmont
have not proved practicale However, by o nmore aceuratc econtrol
of operating conditions ard by chonging the torget used, it has
been found possible to obtcoin much botter checks with the none
luminous target thon were formerly obtcineds

FUNDAYENTAL STUDY OF TOXIC SI'OKE

The epperatus for the counting of smoke particles ot
the concentrotion loboratory has been :>dified by the substitution
of o scmpling line cbout one ineh in diimetor for the “rovious linc
of 1/4 inch gless tubing. Since the length of this tubing woe cbout
fourtcen foet it cpneered nrebeble thot the Harticulate mumber might
hove beon reduced by the porticlos stickin, to the wnlls of the
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™ tube. Several runs were then mrde during Which the two

dng systems were clternated in order to get 2 corzarison of
esults with the smell and the lar_s tubec. Although these

8 justified the recsoning which led us to substitute the large
3p the difference was not as great as was anticipnted, and

ted to not more than 5% during the ecr’y stages of the clouds
the lorge tube obviously gives more ccurate results its

n8 been odopted as a permanent part of the apparatuse

TRAVEL OF GAS CLOUD

L In connection with the study ~f the relctive eoncen=

idon of clouds, with varictions in height, o number of whito
s shoots have boen completed in which semplee woro token
gar the ground and ot an elevation of 50 to 60 foet. Rosulte
ndicated that ot points two or threo hundred ycrde from the fir-
point, clouds vary considercbly in concentrction with variection
pight, but ot a distance of 500 to 600 yards from tho firing
D, the density is gonerally uniform from the ground up to a
ght of 60 feet,the highest point ncasureds

el White phosphorus shocts have been/‘kﬂlshich height,
t-h ond obscurence moasurcmente werc mode, in an effort to do-

‘termine relationship between the rote of rise of the cloud and

- the dif.‘l'eranee between air oand surfece temperotures

In connection with tho study of wind cddies ond tur-
ance o number of white phosphorus shosts were completede In
dying the deta collected grophs hove boen prepared with the
bject of determining the relntionship »f the effect of terrain cnd
anges in wind volocity ond direction cd cloud travela

2 recnhrding hot wire anemomster is being developed for
btnining a picture of the finer structure of the air currents fer
se in colculating the travel of smoke clovice

4 Effort is boing mado to find a ..ethod of dotermining
 tho viseosity of smoke by work in the lﬂb'\ratory end new methed

~ of determining viseosity of air by use of a dolicate manometer,

- wtilizing interference “ringes formod when monochromatic light
‘folls on very thin glcss diaphragm on the surfoce of which rests
@ thin glass plate. Advantage - very ropid reodings may be
token on a very smcll passage of smoke through the eapillary tube
thus decreasing the clogging effoct of amokoe

DISPERSION OF SMOKE FROM SHIFS

o
[l
)

On Jamuary S5th a thorough inspeetion of the beiler
M-up on the destroyer Bruce was made ot the 'Phj.ladalphin Navy

w30




80 a8 to be amble o ~lon methods of introdueing material
the stacke

A dispersion plont has beon set up at Edgewood Ar-
1 for use in connection with the study of dispersion of
e. fron shipse

SHIP PROTECTION

Calculations have beon made on different types of

tors for the romcval of gases nnd emokos from tho aire Theed

eulations indicato that a multitubular filtor having tubes 1

~1/8" insido dismoter ond @ 3/4" layor of chareonl is emallet

'8 given flow.of eir than tho other typcs etudicds It was

ind that filtore gave excese resistsncc, probably duc to a

golatincus eubstance found botween the -ibors after formation of
8 filtere A different grode of matorial wae secured and file

ters mode from it show no indicatioh of the gelatinous film ob-
30rvod on other grodosé :

NEUTRALIZAPION OF GAUES

Bleaching powder and liquid mustard wore placed in a
diun sizod desiceaior, the blecching powder resting on the bote
m of the desiccator, and the mustard, which wng plaeed in e
Btri dish, resting on the perforated porcelnin plate. Weighed
Bt piocos of tho metala of equal area wore susocended from glase
oks, tho metals hanging scveral inches above tho petri dishe
¢ top of tho desiccator was replaced and tho metals were allow-
- Lo be exposed for forty-sight houre, after which they woro re-
'ved ond washod. Thoy were then dried ond reweigheds From the
foa ond 1oss in weight, the inches ponetration of metal per
nth wag calculetede In proctice the quantity of bleaching
wder usod will be in oxcess of the gquantity of mustard which
to be dostroycd, hence, the corrosive aetion will not be exact-
comparcble to the nbovee

GAS DETECTORS
Deteoction of H.Se

4 quantitative methed for the detoection of HeSe has
:':o;:loped end ie satisfactory for the dotermination of H.Se
boratory or in the field when butyl rersaptan ..
sélonide are not presents Oncsthousand:h fg/l. orpm':.“s.?ﬁ :::tﬁ:
be detected, which is below the point whore it con be deteoted by
(0028 mg/1.) The tect dopends on the fact that chlorine in
to water solution reccts with rustard -nd will clse decolorize
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in dyebe Consequently if mustard is presenmt it rezcis with
orine ond the dye is not decoclorizede

The test is very delicate for n'. tard, which gives &

. color, diethyl selenide (brown) ond M-l (white or pole

g%)e The following substconces do not interfere with the
butyl mercapton; hydrogen sulphide, phosgene, chlorpicrine

PROTECTIVE CLOTHING

It is found that light increcses the decomposition of
gnito "B". High rolative hunidity increases the rate of de-
pcitione High temmorcturc nlonc does not matericlly inerecse

ate but whon the moterial is oxnosed to light, high humidity
high tomperature the rote of decomposition is guite highe

lopmont of Nevy Protective Suit

Sevorcl model suits hove beon medee Chnnges in dee
A ATOC NOCOBSATY e

octive Clothing (Ventileted Type)

Proliminary work on moteriels for such a suit has becn
ode

ANTI-FOULING PAINT FOR SHIP BOTTOMS

Exporimontal onti-fouling pcints have been made up for
A different cnti-corrosive pedsh must be used to offset
corrosive properties of each anti-fouling pcinte These have
o been preparede

-y Experimental work on the Edgewood (plastic) type of
3aint is vroctically completed, as f£or os new formulas ore conoern=

- ed. Secvercl samples “nve been mode cnd sent to Becufort for ex-

~ posure tests A numbor of these ;oints are being tested ot Edgee-
wood by suspending printéd plates in secewaters

MBRIIE PILING INVESTICATION

The rosults from the test of the toxieity of chlorino
norated near piling by electrolysie of secewater have shown that




Complete report of .ri to date has bden prepcred and
o be included in the report of the Commitiee on Marine Piling
nvestigotions, National Research Councile

SFECITICATIONS

Specifications for noll Chemical Viarfare Service ma-
sial aro being prepared, 155 romoining to be writton out of o
bel of 535e

PREVENTION CF ACCIDENTS BY ILLUMINATING GAS

Cn Noverdor 22, 1923, a conforence was held ot Edge=-
Arsoncl botween the Chomical Varfa:e C£fierg, Pub...c Heelth
cinls of Baltimore and Philadelphia, ond representatives of o
pza~ of gae companies, for the purpose of discussing the pos-
3Ly of finding o methed for preventing cccidents and suicides
£ filuminating gos, end finding loaks i'. ges roinse It was
1824 that the moet difficult part of tli problen was to ob-
in o mothod for mointoining the chemical agente in suspension in
¢ zns, ond thot capscisin was the most oromising materiel for
puipoees The result of the conference was that the Chemical
Faro Service is to be informod when a suitoble place fop ex+
mente is found end notified of the amount of raterial nec-
ary to eonduct experiments when action will be tcken to de-
nino in what ronner the materiel will be oltained, and in what
the Chemical Vierfare Service con aesist in making the ox-
rimentse

MEDICAL RESELRCH

An investigation of the cction of rustard within the
- body is being mode ot Edgewood Arsencle Difference was found

b:':'.-aaan rustord and ECl in onimels but no difference on plonts.
Thic is ancther item of proof that the toxicity of mustard is due
to the cotion of the entire molecules

Chlorine apparatue for trootront of colds has boen

doveloped and tested with good resultse. Report E.A.M.R.De Noe
21 shows very largo percentage of curcse
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BOOKS AN, FUBLICATIONS

The following are among the books ond pomphlets in
® Technical Reference Library, Office of the Chief of Chemicnl
fare Services These publications are aveilcble for use of
officers and employees of the Chemical Warfare Service ,

. and may be lonned to any Chemical Werfare officer outaide of
Bhington u-on written request from hime The condiil-ns under
ich tmiloans cre mode outside of Lhe Chexiecanl Varfaore
rvice 88 follows:

aah Written request should be made %y the officer de~
dring the use of any publicrtion, givin: the class number,
title ond name of cuthore Upon receipt oi this informatjion,

© publication will be loaned for a period of two weekss. &
ird is sent with the publiocction,which must be signed and ree
irned to the library immedictelv upom receipt. When the
blication is returned to the library vhe receipt will de re-
rned to the borrower. No publicotions can be withheld from

library for o period grecter thon two weoks without special
niesione

Name of Publicotion

fmerican Campaigns, Volse. I ond II, by Steels

American Guns in the War with Germany, by
Farros

Chemicol Viarfaro, by Friee ond West

Coal and its Scientifio Uses, by Bone

Creative Chemistry, by Slosson

3566 Development of Tactics, World Wer, by Balck
B 188

662 .2 Dictionnnire des ctieres Explosives,

D 222 by Donjel

66742 Dyes Clessified by Intermedintes, by Shreve
Sh 84




CGlass Noe
e e i

682.2
M 355

543.7
D 423

543 .5
B 458

355
L 966

356
F 249

365
Fla7

- 368
T 038

620.2
L 619

860
R 631
356
D 278

662.2
E 87

_B‘I_gmo of Publiection

8 |

Explosives, Volse I ond II, by Marshall
Gas Analysis, by Dennis
Gases used in Warfars, by Berolziemer
Ceneral Staff ond its Problems, Vols. I and 1I,
oy Ludendnvf
Gos Warfore, by Rarrow
(The) German Generel Staff, by voh Falkenhaysd
Guide to !ilitary History of the Wear ld War
by Frothingham
Hondbook of Chemieal Engineering, by Luddell
How Amewicn.ilert to Var, Volse I, II ond III,
by Crowell and Wilson *© -
Industrial Chemistry Organic, by Mertin
Industrial Gases, by Greenwood
Lethal Tiap Cases, by Urderhill
Ludbndbrf's Own Story, Volss % vhd i!,
by Ludendort ;

“inual of Irdustrﬁnl Chemistty; by Rogbhs

Modical Department, U.S. Army, in World Var,
by Davenport and Love, Part 1, Vole XX

Modern High Explosive, by Eissler



Cless No.

3214
B &43

353
Og 8

299
St €.

356.
Ir 9

366
Cc 673

660
T 3%8

543.5
W 735

643.5
H 119

641.9
K 182

356
N 236

3566
F 681

356

L gt by

621.3842
84 26

368
F 958

356
B 999

386
N 289

Neme of Publioatl_%

Modern '«mcaracies, by Bryce
National Governments end the World Var,
by Cgg and Beard
(The) New Vorld of Islm, by Stodderd
(The) Next Wer, by Irwin
Cn T7ar, by von Clausewits
Cutlines of Industrial Chemistry, dy Thorp
Fatholégy of Watr Ges “oiséning
Potam:mua Gas in Varfare, Part 1I, by

Haférkorn
Fhysical and Chemical Constante, by
Eaye and Laby
Principlos of Stratogy, bty Naylor
Prineiple of War) by Fosh

(The) Riddle of tho Rhine; by Letobute

" Redie; by the Bignal Cerpe

Roformation of Var, by Fulloe
Sea Povor in the Pacific, by Bywater

Solution of Tacticcl Problems, by Needhem
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543
G 876

355
Se 95

Si 58

The following motion picture films are in the mmm:n;
Division, Office of the Chief of Chemical Varfare Service-
are avuilcble for loan when there will be no interference m.t.h
glnm for their use by the Office of the -

Services

Newe of *ublicotion

Studies in Mep Reading ori Field Sketching,

by Shaw

Technical Methods of Anclysis, by Briffin

(Die) Technit im Weltkriege, by

(The) Victory ot Sea, by Sims

Schwarte

Wor of the Future, by von Bernhardi

What ubout Chemica]. Varfaro, by Zuick

Wy b
By La.ngez R L

MOTION PICTURE FILB AND
LANTERN SLIDES

Activitics of the Chemical Varfare Service

The Chemical Warfare Service in the Viorld Vare.

Lontorn slides cre in the Technica? Division, Office
of the Chicf of Chomical arfare Service, and ere aveilecble for

loan on requoste Anong these are the following:

Title Nurber

Alabama, Battleship: before bormbing, 3193
October, 1921

‘ Aloboma, Borbing; Effect of H.Es. bomb 3189
containing 135 lbse. of T.N.T» drop=
ped from 3000 ft. cltitude. _

Alabama, Boniai.ngz = H.E« bomb burating 3195
on bow

Alabame, Bombing = 100=1b.WsFs« borb 3196
bursting on bowe Dropred from
about 3000 fte

Alcbarma, Bombing = Smoke cloud from 3397
100=1be WePs bomb in 3196

Alabama, Bombing - Smoke cloud from WePe 3199

bornb e

See 3196 cnd 3197
46
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Title Nurber
Alabama, Bombing: Showing wreckage on 3221

Alobama, Bombing: Bombing planes on 3223
their way to carry out tests
agoinst the Alabame. .
Llobama, Bombing: A good hit amidship s229

with 2 26-1bs WePes bombe

Alobama, Bombing: Showing hole under 3235
bridgees

Alcbama, Bombing: 100=1be WePe bomb 3246

equipped with water impact fuze
, bursting about 25 ft. astern
Alabama, Bormbing: Airplcne ocbove battlow- 3252
ship dropping four 100=1be WePs borbs,
one of which struck in the fighting
tore

Alobama, Bombing: View token 13 mine 3208
after 3252

Alebomn, Borbing: View token 3 to 5 3254
mine after 5262

Alobamn, Borbing: Result of HeEes bormbe 3238

Alobamn, Borbing: Showing deck and guns 3226
ofter tombardmont with ePe ond HeEs

Alcbama, Bombing: Showing marks on dock, 3263
turret, ond equipment from burning

pho sphorus«

Aloboma, Borbing: Officers on board 3248
wearing gas masks ofter bombing
with CeNe

Alobamn, Bombing: Navy type smoke bomb , 3249
floatinge

Alabora, Borbing: Smoke scroen devolopod 3250
around ship by Nary type smoke bombe

Alaboze, Bombing: Stoke sereen from Navy 3251
typo smoke borbs e

Amrunition Charte = Ammunition re.. irod 020
to cause wearing of respirators
Ammunition Chart = Ammunition required 021

to cause fatol offects.
Airplane Glider - special German glic'r 0100.

£rom photogravuree.

Airplane Glider = spoeinl German glider 0101
from another view of 0100.

Bombe ard Darts 1940

Condle, DeMe, Tost - Smoke cloud from 2004

roars Cloud not at moxirume -

Candle, D.M., Tests = Berlin, Md. Smoke 2005
¢loud, close view, from rears

Chart, Chomical Viarfare Service Orgenizo- 013
tione Plate le
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Title

Chart, Chemicel Warfore Service, Fiold
Scrvices Plate 2.

cnlﬂlo. Smke, B.u.

Cendles, D.Me = Development of & cloud
from eight DeMs condles. Pictures
nede ot intervals of one scconde

Chlorinee View showing boat equipped
with apparatus for chlorination of
woter in Tidal Basin, 7ashington,D«Ce

Chlorination {seme)

Chlorines View showing instollotion of
chlorine cylinders cnd regulctore I r
chlorination of water sup~lye

Chlorination (same)

Chart: Comparative volues of gnascte

Chart: Markings of Artillery Shell

Chart: Relotive ronges of Artillery ond
comparativo quontities of ges projoctede

Chemiccl Werforo Scrvice Dinmer: Third
Annucl Dimner of tho C.i7.S. at Woshe
ington, D.C»

Chemical ¥arfarc Scrvice Insignia

Chemical tiarfare Sorvice School: C.WeSe
officers playing baseball in gos
masks

Corl tar treo

Dorts and Bormbe

D<M« Candle Toste Berlin, Md. Smoke
cloud from rcare Cloud not 2t

% Jaximumne

DiMs Candle Toste Berlin, Md. Smoke
cloud, close view, from rear.

D.M. Condles: Development of cloud from
from eight experimental L.Me candlese

Demonstrotion of C.lV.S. Munitions: Smoke
socreen at Camp Mende, lMde., to permit
advance of tankse

Demonstrotion of C.Wi.S.: Infontry ccrecn.
Noto mon in foreground awaiting order
to ndvence behind smoke cloude

Demonstrotion of Cei'eSe: Infentry scr.cne
Mcn rondy to cdvonce thru smoke sercens

Dirigiblo: American non-rigid typee
Cruising rcdiuc 4000 miles; lifting
eapacity 10 nc--engers cnd 1000 1bs. of
bombe« Overall height 66 fte; dicootor
42 ft.; overell longth 192 ft.; cir
ecnacity 172,000 cuefte; 2 300 H.Pe
engines. Teight of envolope 4700 1bs.
Car 3000 Ibs.; ballast 950 lbe

=G

Number

014

2229
2943

030
031

031
2685

2692
2693
3109

2678
3132

3390
1940

2004

2005
2943

2893

2935

2936
3190
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Title

Dirigible: &notuer view of Amerie

desceribed ander 3190.

Drop Bombs, Ineendiary: Showing lack

of core in storogee

Drop Bombs, Smoke: Smoke ciusid on
right 'ptﬂdmd by o 50=1be .Ps bombe
Oanter, bursting of 100=1bs bombs
Left shows cloud immediately formed

fron 100-1bs bombe

Drop Borb Tower: 75-ft. tower ot
Edgowood Arsenal for testing drop

bombs«

Drop M. HePes = mo-lb. TiePe bomb
dropped fron test tower ot Edgewood

Arsennle

Drop Borb, WePe = 100«lbe TeF. boch
dropped from test tower at Edgowood

Arsonale

Drop Bomb, VePe = 100=1bs W.Ps bomb
looded to give on upward burste.

DI'D‘P Bﬂﬂh’ WaPe = 100=1be ¥ePe bo b
1looded with 126 drome of tetryl
designed to give a lateral burste

Drop Bomb, WePe =« 100=1lbs W.Pe bomb

about 1 minmute after burste

DI"OP BOI*, HePes = 100=1b. TePs bomb
locded with 168 drens of tetryle

Sco 3289

Drop Bomb, Inccndiary: JAssorbly,

laborotory viowe

Drop Bomb, Incendicry: Detailc,

laboratory viewe

Drop Bomb, Incondiory: Explosion

of intensive incendicry drop

bomb ot Fort Foote, Mde
Drop Borbs ond Dorts

The above list will bo continucd in future issucs of this

digest.

4 9=

3198
2918
3168

3179

3177

3269

3148

3289

3270
329

1012
1013

1059

1940



-
-,

w

i X

3
“

The following lecturcs are on file in the Technical

Reforence licray and ere cvailable for issve for a period of
W wnks £ Cihnricel Torfare Seyvicas officars, for use in in=-
Bl Lion of Rescrvo 05 icors, Re0.TeCe Unils and C.MeToCe

Conps:

"The Velus of a Chemical Werfrre Service",
articls by Priradiex Tonsral Ands Ae
Fries. Chie? of Clasical VWarfore
Servic2, March 21, 1%a

"The Peccetime Value of Chemical Warfare”,
evecch by Brigodier Gencval Amod Ae
Fries. Chief of Chemic .1 Viariere
Servico, for broadca:c 'ng, January
8, 1923,

“Chemical Agents in Bettle”, address
Jelivored by Major E.J.Atkisson, C.W.Se,

et tho U.S. Nawval Acudemy, March 11,
1922,

"puturo Armed Conflicts", lecture rewrittien
from "What the next wor will be like",
dolivered by Brigadier General Amoe Ae
Fries, Chief of Chemical Warfare
Service, before the Philadelphia Forume

-50~
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