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The use of poison gases by the Germens at Ypres on
April 22, 1915, marked a new era in modern warfere. The popular
opinion is that this form of warfare was original with the Germans.
Such, however, is not the case. According to an articlg)in the
Candid Quarterly Reviei?’"All they can olaim is the inhuman adoption
of devices invented in England, and by England rejected as too
horrible to be entertained even for use against an enemy". The
use of poison gases is even earlier in origin than this article |
claims.

(1) Ccalled to my attention by Major C.J. West.
(2) Vol. 4, p.561(1915)

The first recorded sffort to overcome an enemy by the
generation of poisonous and suffocating gases seems to have been
in the wars of the Athenians and Spartana (451-404 B.C.) when the
Spartans besieged the cities of Platea and Belium.  They saturated
wood with pitch and sulphur and burned it under the walls of these
oities in the hope of chaking the defenders and rendering the
assauit less diffioult. Similar uses of poisonous gases are
recorded during the Middle Agea. In effect they were like our
modern stink balls, but were projected by squirts or in bottles
after the msnner of a hand grenade, The legend is told of Prester
John (abovt the eleventh century), that he stuffed copper fizures
with explosives and combustible materials which caused great havoo
when emi tted from the mouths and nostrils of the effiglea.

The idea referred to by the writer in the Candid Quarterly

is due to the English Admiral Lord Dundo
nald, and appeared i
publication entitled "The Panmure Papers". ppe n the
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"The great Admiral Lord Dundonald -~ perhaps the ablest
sea captain ever kmosn, not even excluding Lord lelson - wac also
a man of wide observation, and no mean chemist. He had been struck
in 1811 by the deadly character of the fumes of sulphur in Sieily;
and, hen the Crimean \.ar was being waged, he comnunicated to the
English Government, then presided over by Lord Palnerston, plan
for the reduction of Sebastorol by sulphur fumes. The plan was
imparted to Lord Panmuce and Lord Palmerston, and the way in which
it was received is so illustrativ: of the trickery and treachery
of the politician tha.t it is wworth -'nile to quote Lord Palmerston's
private communication upon it to Lord Panmure:-
LORD PALIERLANT 70 LOID PAITIRE.
"House of Comrnons, 7th lwust, 1850.
"] agree with yrou thal if Dundonald will go out
himsﬂg‘f to superinterd and direct the execution of hi:z scheme,
we ought to accent his offer and try nis plan. Tf it succeeds,
it =111, as ;.'ouk say, save a gre.t nwmber of .nglish and French
lives; if it fails iz his hands, we shall be exempt from blame,
and if wve cowu in fo. a smull share of the ridicule, we can bear
it, and tne :reuter part will fall on hinm. You hid best, there-
fore, mase ar-anseuents vith him without del.y, and with as mIen

secrocy as the nature of shings will admit of.”
w '

Imsmuoh}s Lord lundonald®s plarc have already beon

* deliberately published by the two jersont abovewrunes, thiere can

be no harm in no. republishing the... .hey wil. de found in the

firs, volume of The Panmurc ‘aperc pp.340-342) and are as folluss:
B P AP REREY

*BIIZF PUELILINARY 0BUZ V21O .

" 1: wus observed .rhen viewing the lulphu. dlng, in

*

“
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July in 1811, that the fumes which escaped in the rude process
of extracting the material, though first elevated by heat, soon
foll to the ground, destroying all vegetation, ard endangering
animal life to a great distance, as it was asscerted that an or-
dinance existed prohibiting percons from sleeping within the
distance of three miles durin: the meltin: season.

*An application of these facts was immediately mude
to lilitary and laval purposes, and after muture consideration,
a iemorial was p-esented on the subject to Hic Toyal Highness
tI{e ¥rince Jegent on the 12th of April, 1812, who was graciously
pleased to lay it before a Comrrission, consisting of Lo-sd [leith,
Lord Ezmouth, and Gereral and Colonel Conireve {aftervards Cir
~i1lian}, by ‘hom a favourable repert havine been given, Tis
Royrz! Zirhness was pleased to order that secreey should be main-
tained b; all parties.

(:1;;med) Dundonald.
7th ‘ugast, 1855" \

WLLIQUAI DU

".aterisls regquired for the expuision of the ~ussiaus
from Jebustopois
Bxperimental trizi: have shoum that .bout five partic of coke
efiectually vaporize ore part 0f culphur.
lixtures for land cervice, where weight 1s of importance, may,
hozever, rrobubly be suggested dy Frofessor Faraday, as to o:era-
tions on shore I have jaid litile attention. .Jour o+ five hundrod

tons of sulphur and two thousand touns of cox0 ‘rould be sufiicicnt,
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"Besides these materials, it .rould be necessury to have,
say, as mch bituminous coal, and a couple of thousand barrels, of
gas or other tar, for the purpose of masxking fortifications to be
attacked, or otherc that flank the assailing positions.

"A quantity of dry firevood, chips, shavings, stras, hay,
or other such combustible materials, would also be requisite auickly
to kindle the fires, which ought to be kert in readiness for tie

first favourable and stead;” breeze.”

]
.

Dundonald.
7th ‘ugust, 1855,

"llote.~ The objecis to be accomplished being crecially
stated the resronsibility of their accomplishment ought to rest
on those who direct thei.r execution.

"Cuppose that the llakoff ud ledu: are the objects to
be assailed it might be judicious merely to obscure tae edun
(by the smoite of coul and tur kindled ir 'The uarries'), so
that it could not annoy the ..awelon, 'here the sulpmuwr fire .could
be placed to expel tho garsison frow the lalakoff, .hica ougi:t
to have all the camion that can be turned tovards jti ramparis
employed in cverthroving its undofended ramparts.

“There is no doubt but tan.t the fumes will eunvelop ull
the defengse fron the .alakoff to the Barracks, and even to the
line of battlesnir, th: Jvolve .&posties. at arenor in the harbour.

"“he t. o oute:r battories, on each cide of the Port,
oughi to be smoxed, sulphured, and blom dowx: b;" ¢xplocion veccels,

and their destruction comrleted b a for shipr of “wur arghored

under cover of the croxo."
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"That was Lord Dundonald's plan in 1855, improperly
published in 1908, and by the Germans, vho thus learnt it, ruth-
lessly put into practice in 1518, |

"Lord Dundonald's memoranda, togetner writnh further
elucidatory notes, were subidtt.d by the .nislizh Covernment of
that day to 2 committee 2nd subsequently to anotner com.itten
in hich Lord Playfair toox leading parte “These committees -7ith
Lord Dundnonald's plans fully and in detail beforo them, both re-
ported thut the plans were perfectly feacilble; that the effects
expezted from them -rould ux;.dou'btet‘.l:r be produce.; tuat that those
effects werc co horrivle that no honoradble comb..iznt could use
the meuns required to produce thex. Jhe committeces therefore
recomended tnat the thene siould nobt be adonteu; thut Lot Lune
donald's account of it chould uve desiroyed. :los the records vrire
obtained wmd wreserscd b thore ho o impoo. erly publisihed taemw
in 1308 we do not ¥nov. Preswnibl: thery were found zmony; Lo
Pamumre': yapers. .dmical Los¢ bapGonnls hinself was certainly
no party to .Lheir nuvlication.

"Thus it i1l Le seen that th plan hlon .xngland had
rejectod ac bein : too harrible for uce i:n warfure hut beewn, Lirow:h
the deplorable conduct of thoco “710 80:6ho: obsuined .nd published
it, =2tolen from ug LY the Uermanrs, d £i.ot ured auiiil us. Thut
havir: boen done, e Curniob choote bas retaljate in Mni; fo- when
such methods of warfare are uwsod 2 alnst we must, - our oo
protection urd that of our soldlers, ourcelv: s ugse means similar

and as efficucicus. .uch moanc lic scady %0 our hund in dmisal
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Lord D@omld': plons; and i) ir Lo be precumed that they are
nov vworked out and perhape imp-oved upon by the modern cheristc
80 a: to enable uc effectually to give buek to the Germunc ac
good a Sat ar they cenc uc.”

The writer in the Candi¢ uarterly icwron: ir sarin:
th.t the Jermunc learued of the Britich sugpertiorn Lo uce poiconouc
gases in warfare from the wuulication of "The Iamace IPapers” in
1408, .hilc the comleotc det:ils first becwic :viilable thon, 2
reference to th. m._tt~> wus -ublicued in 1684, at which time
ga8 masit had beer. developed to protect shu 3-isich themscives
against poisonous jase.., ‘hic wsus invented by Lre J. oterhouse

and was described by iLr. Jeorse .usoz,."‘l'

{1) 2rans. loy. .cottish Bos. wrts, i, .yperdix O, p. 198 {1854).

“Dr. .ilson corrmenced b stasin., thul aavin swag with
mush interest the actount of s, otenhouge's cesc uche® on She
deodorizir: and disinfectiin; 1 roperties of cthuscoul, g the ap: lica-
tion of thiece %o the sorctruction of 4 re.: and importaint idnd of
respiritos, he hald reaucsted t .. .ccom-lished cherist te terd
one of hi: inctrwants fo- ecdbtltion to th woclety, ‘hich he had
Kindly dornce 2o of tae Instrwneris were no: on the tubie, difrering
h~gres, ro clightly In construetion, tha. It wrouid be rurfisient
10 exrlain the acsangement of or- 0 taer.  ‘Liternally, it had
the arjearance 0f 2 crull fencin =it of *ire Jnize, COVOS'hL - the
fuoe £00: thc chir uprande %o thoe b idoe of th nore, bud loavi:.:

the e'e¢ i forchod frce. it congicted essortiully, of 'we ri-tes
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of 7ire gauze, separated from each other by a space of .~ _at 1/4

or 1/8 of ar inch, so as to form a omall cag: filled ith smll
fragrments of chiurcorl. The f1r-nme of the cage wac of coprer, but
: the edgee were nmude of soft leud, and were 1linec¢ rith velvets, so
as 0 admit of their bein: nude to fit the checkec tightly und
incloce the mouth axnd roetrile. 3y thit arrawement, no air
could enter tne lun;s without p:assing tarough tuc wire gunze and

traverciyg the charcoal. .. a.;crf:ure 1 :covided with u sc e

e 4

or slidin; valve for the removul and replenitiuzerc of the conte: is
of wood caarcoal. he a;paratus ic attached to the face by an
elactic band pascirg over th: crom of th. ne & and ctriu o tyir:
pehind, ac ix the cuse of th. ordinary rer:liratcre JThe lmportant
a:ent ir this Instruoens it the charcoal, <hich hat o remariable
a sover of absosbir:; and Jdestroryir; irritatin: a:d otierrice ir-
sespirable and . oigomour gasec od wayoust thoal, armea ccitic the

' respirator, spirits of hu-.sherr, fulphwretted hyircopern, hyd.o-
tulphwrfs of am.oniz, and chlarine mu be brrathed throuj. it
with jpurity, thouzh bus elighsls diluted wish uir.e thic re-
sult, fir-st obtained b’ Ur. Jtennouse, has becn verified b thote
who hLave repeated tac Srial, aron: otners by iir. ilison, tho

has tried the vopours named above on hlrzelf and four of his pzq;i‘.s.
who have breathed then with fmpunits,  Tac e lamation oy thle
rexarkable property of ch.rcoal §: two-fold. I han lon; been
xno.m t0 yossess the ~over or cordemsing Into it pores gucce
andvaponr:. £0 thaut if freehly preparod uni cxoved 0 ihore, it

absorbs anc retaint ‘hem. 3ut it hac scarcely bLeen sucpocted until
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recently, when Dr. Jtenhouse pbinted out the faet, that if charcoal
be allowed to absorb simltaneously such gases ac culphuretted
hydrogen ané aie, _'che oxygen of thie absorbed and condensed air
raridly oxidizes and desuvroys tho accompanying gas. ©o marked is
this action, that if dead arnimals be imbedded in a layer of charcozl
a few inches deep, insiead of being prevented from decarin: as it
has hitherto been supposed that they would be by the supposed anti~-
septic powers of charcoal, they are found by Dr. Jtenhouse to decay
mach faster, whilst at the same time, no offens.yré/i‘fluvia a0e evolved.
se deodorizing powers of charcoasl are thuc establiched in a way
they never have been before; but at the rame time it ic chown that
the addition of charcoal to sewage refuse lessens its agricultural
value contemporanecusly with the lessering of ~dor. rrom these
obeerv.:tions, which have been fully verified, It aprears thot b;."
strewin:: charcoal éoarsel::r pordered to the extent of a few inches,
over church-yards, or by rlacin; it inside tue coffins of the de=xd,
the escape of noicome and poiconouc exhalationc may be totally pre-
venteds The charcoal resrirator embodies thir important discovery.
It is certai: that many of the miasmata, malaria, and inrfectious
mafters vwhich rropazate dicense in the human subjecut, enter the

body by the lungs, and irmpregnatirg; tlhic blood there, are carried

“with it throughout the entire body, wthich the;” thur roison. ‘Thece

piasns are either gases aud varow:, or bodies which, like finu
light dust, are re.dily carried ilwrou,n the .iry moreover, they

are roadily destroyed by oxidizing egeuls, nici convert the.. into

harmlecs, or at least non-polcomous substaicec, si'ch as wutor,




carbonic acid and nitrogen. There is every reason, therefore, for
belisving that charcoal will oxidize and destroy such miasmata as
effectually as it does sulphuretied hydrogen or hydrosulyhuret of

ammonia, and thus prevent their reaching and poisoning the blood.

The Intention accordingly is that those who are exposed to noxious
varours, or compelled to breathe infecte¢d atniospheres, shall wear

i the charcoal respirater, with a view te arrest and destroy the vola-

. 4

tile poisons contained in these. Uome of the non-obvious applications
" X of the respirator ~ers then referred to:-

1. Certain of the large chemical manufecturers in London are now
supplyirg their worimer. with ths charcoul respirators as a jrotectlion
against the more irritating v.pours te “thich they .re exyosed.

2. lany deatht huve occured amons thoce employed to explore
the large drairs and sewers of London from exposure 4o sulphuretted
hydrogen, etc. I: may be asserted ~with confidence that fatal recults
from exnposure to the drainage gaces will ce:te ac soon as the res-
nirator ic dbrought into use.

3¢ In districts such as the Carmpagna of “ome, where malaria
prevails and to travel during nisht or to sleep in which is certainly
' follored an attack of dangerous and of:en futal ague, the wearing
» of th+ respirator even for a few hourc may be cxrected to render
the marsh noison harmless.

4. Those, who as clersmen, phrsiclans, or legul advisco:s,
have Lo attend the ciche-beds nf suffercrs from iInfectious dicorders,
may, on occasion, avail themselves of the nrotection aftforded by
Dr. Jtenhouse's inctrunment during thelr incercourse witn the sick.

5¢ he low:ing for u chort 2nd dec:sive rur has led to
the invention of a "cuffogcating bomb- shell,y" which on burstin:,
sprouds far and wide anddirrecpir:ble or joisonous vapour; onec of
the liquids proposed for the shell i: tho strongest am:onia, anrd
a ageinst thi: 1% it bclicve that the charcoal resrirsior muy de-
fend owr zoldiers. 18 ii oly to serve this end, it 1o at ;resert
before the 3oard of Ordnunde.

‘ "Dy, w31s0n stated, in conslusjon, that Dr. Stenhousze,
3
_ had no interost but g scientific onc in the wuocesc of the respira-
\
!
\ torc. ile had decline to patent them, und desired only to apply
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his remarkable discoveries to the abatement of éis’élasc an¢.death.
Charcoal had long been used in i‘ilte:-r;s o rende‘r poisonous ;_iz'{ater
vholesone; it was nov to be employed to filter poisonous 'a.ir;"

I have not been able to find any rcference in the
scientific litorature as to the action taken by the im;lich
Government in regard to stcnhouse's mask; dbut the quotation from
the Candid :wuarterly clears up the matter. 3Since poisonous gases
were not %o be uced, it was unecessary to nrovide a defense against
then, |

One of the early, if not the earliec., suggestion as
to the use of -o0ison gas in shell ic found in zrn article on "Greek

6
Fire" by Be Ve Dichardcon o

mSM Rendd » 3, M4(554),

"I feel it a duty to stute orenly -nd boldly, that

if scicnce were to be alloced her ful: swing, if society

would really allor thal 'all is fai: in war', war mi:ht oe
banished :t once fronr th: earth ac 2 gare ~*hich reither

subjec: nor king dure play at. OGloves thut could distribute
licuid fire could distribute zlso lethal .gente,y within the
ere th of +hich no man, however puiscant, could :tund and live.
fromthe sumit of rimroce ifill, u fer humired n;ineerc,
properly prepared, could render .egent's Purk, in an inoredidly
ghort space of tire, uttorly uninhabitable; or could maic an
arm: of men, hat should even fill that sjuce, fall with their

arn: in their hundg, proctrute und helnle.s & the host of

sennasherib,
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"The question is, shall these things be? I do not
see that humunity should revolt; for sould it not be better
to destroy a host in llegent's Par: by making the men fall as
in a mystical sleep, than to let dow on them another hort
to break their bones, tear thelr limbe asunder, und iouge
out their entruils with three-corncred pikes;~- leuvin: a
vas: majority unde.d, and writhin: for hourc in torments of
the darmed? I concelve, for‘ one, that sclence would be bloscsed
i spreading her wings on the blast, and breathir : into the
facc of o desperate horde of mer prolonged sleep - for it
n.ed not necessarily be a death - ~/hich they could not grarple
with, and ~/hich would yield them up with their implements of
murder to any eneny th.t In the lmmensity of its power could
afford to be as merciful as iHeaven,

"The guection jg, skill these things be? I taine
they must ve. By \Wt comct can they be stopred? It were
improbable that any congress of nations could y:ree on any
code ree\ﬁlting means ol destruction: out if it did, it were
ucelese; for science becomes more poveirful as she goncentrates
her forces in thc hunds of unite, so tnut o nation gould oniy
act, by the absolute and individual ascent of each of her
representatives. issume, then, that rrwce shull lay war to
angland, and b cunerior force of men should place irmense
hoste, s7ell armed, on :n;1ish soil. W probable that the

unite would rest in peace and allow sheer bdruto force to win

©
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its way to enpi're? Or rut inglish troops on French soil,
and reverce the gquestion?

"Po conclude, War hus, at this moment, recached, in
its details, such an oxtravagance of horror and of cruelty,
that 1t camnot be made worse by any art, ard can only be nude
more merciful by being rendered moremtﬂribly energegtic.

Who that ha:d to die from a blow would{\ rather placce nis head
under Nasmyth's hammer, than to submit it to a d:umer-boy
armed with a ferule?!
The irmy anGé Navy leglster of lLay 29, 1915, reports tiut
"among the recommerdationc forwarded to the Board of Ordnance amd
Fortifications there maoy be found many suggestiorns in favor of the
asphyxiation process, mostly ’t;:; the erployment of gase: contained
in borbs to be throwm within the liner of the foe, with varving
effects from peaceful slurber to instant deuth. ™e Inrenious
person suggested o bamb laden to its full crpucity with snuff,
which should be so everly and thorowshly distribuled that the erem
would be gonvulsed writh sneczing, wne ir thic period of puroxysm
i¢ wrould be poscible to crcep up or him und capture him in the throes
of tac convulsion.”
‘hat the use of jolion gases was n:t new in the mirds of

military men follows logically from the fast that .L( the lHugue Con-

ference in 1833, the Jovormments re.resented - d all the warring
povars of the precent great sonflict were cepresented - jledged

themselves not to uce any projectilet whoce only object was to give
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out suffocating or roisonous gases. At the Conzress of 1907, article
23 of the rules adopted for war on land states:

"It is expressly forbidden (a) to employ poisons or
polsonous wea.pons."'

It is 1nte.restin‘_; 0 note in this connection that the American
and German delegates %o the 1839 COngi?ess ~-== refuasec to comzit their
countries againct the use asrhyxiating gas in rrojectiles (Literary
Digest, 50, 1064, (1315},

Adnmiral Liahan's memorandum of his reasons * * * * for opposing
the provisions is, in par:, as follows:

"No shell emittin:; such gases is ac yet in practical
use or has underson. adequate oxpe:riment; consequently, a vote
talzen now would be talen in irmorance of tiae facts as to ~/mether
the results -rould be of .. decisive character, or whether injury
in excess of that necessary to attain the end of warfare, of
imnediately disabling; the enciys, wvould be inflicted.

"The reproach of cruelty und yexfidy addresced
against these supposed shells wus evually uttered previously '
against fire-arms aud torpedoes, zlinowsh both uire not en-
ployed -ithout sorupﬁ. R |

"It ic illogical and not demonstirably humune to be
tender ubout asphyxiating men with ;us, when all were prerared
to admit that it wa. allowable to biowr the bottan ou. of an
ironclad at midnigat, thro.:in; fous or five hundred men into
the 3ea to bo crox<ed b’ thae wuter, ith siarcely tiw renotest

chance to escare.”
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Before the wavr suffocating cartridses were shot fror bee
2 6 Ke Sreve
Sansnidge—throrin: rifle + These cartridges were charged

with ethyl bromacetate, a slightly suffocating and non-toxiec
lachrymatory. They were intonded for attack ou the flanidng works
of vermanent fortifjications, flanking casements or caponiers, into
vthich they tried to maice these cartridges penetrate by the narrov
slits of the loopholes, The men who were serving th: machine gpuns
or th: cannon of the flanking works would have been bothered by tne
vapor from -he er:h:,rl bromacetate, and the assailant -would have
profited by their disturbance %9 et past thc obstacle precented

vy the fortificasion. The employment of these devices, not en-
tailin;; death, did not contruvere the Haimue couventvious,.

The first gas attacik of the rresent war wvas launched by
the Germuns at Ypres om ipril 22, 1315, It ic probable that plans
for this atsuci hud been urder woy for mont.hs)-_zt least fron Thristmas,
1914, The introduction of toxic zuses ju modern warf.re is ascribed
by "ol. :&ul&léo Profossosr walthier lernst of the University of Berlin,

while the astual field operationz are said to have been under the

(1) Gas and ¥lame, 15, (1318)

;;;;;;-;;;cction of Professor Haber of tiue .iter .ilhelm Thrsical
Chenmical Inctitute of Berlin. OJmae 'ritess have felt that the
question of preparation hid veen a matter of ycars, ratu - ...
nonthc, and refer to thu wori: on inductrial gases at a proof of

thic statement. ho fact that the gas attuc): was not more saccus.ful,

that tho recults to be obtuined were not more apprecinted, and that

bettor prevaration againct retaliation hud not beor mde, argucs

!/ 4
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against this idea of a long period of rreparation. That such was
the caso is most fortunate for the .\llied cauce, for had the German
hi h comiand mo:m the real situatiorn 1t the clore of the firct
gas attack, or haod #§ been more severe, the outcume of the .rur of
1914 would have been very different.

The first cug;estion of the gas attack of ipril 22wé czme
to the British Army throwh the story of a Gormun desestor. Ile
told that tie German irmy wae plannin: to poicon their enemy with
a cloud of gas, ard that the cylinders had already been installed
in the trenches. o ore believed the story, largely because, in
spite of the numerous exam:les o Serm.u barbarity, the dnglish
did ro: believe the German e¢apable of cuch a violation of the Hague
rules of varfare, even theaush he had not signed their arreement.
The story appezred In the swwrary of informti Amm.do_uau-ters
{"Conic Cuts") and ac uld says "was passed for informution for
what it is worth"s But the story ras true, uni on tae afternoon of
the 22nd of ipril, all th. codition: vein: ide:l, the beuinnin of
"gas warfare”" was launched. Uletzils of that first sa attaci «0ill
always Lo nexsery for the simple reason that the menr who could

have told about Ane\mr cuane bucl

18
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~hile a great many cubctances have beer studied with ref-
erence to their use in guc warfare, relatively fewr luive been used

——

to any great extent. It muy therefore be desirable to give u brief

outiine of sonc of th2 properties of the more Importurt war guses.
Chlo:iﬁe, s o ﬂas~£;ea%«asgd—in—é§3441~4915-——lt is a

areenisa-rellor wc -rith 2 suffocaling and irrcitating smell. I

boi:s b -33.60, 24 the varor pressuce of ligaid chlosine it 3.66

atmocs_herses at 0% und 11.5 .t 40° The moiecular welgnt is 71, ro

that the vesos it nearly Z.5 times ur dence ar z2ir (71728.8). Tho

dencit~ of li-uid chlo-ine iz 1.4635 ut 0° and 1.4108 .t 200, It

is eicily yrevaered a:¢ easily ligubddsfica. It it co volatile taat

it ¢ be used 11 1 erlinder or cloud attaclkts o prevent the

coolirg of the cylinders tne divenasge tube ru: to the bobion s

in u soda siyvher and evaporazsion tuarter ylace oﬁt:ide the c:-linder.
Chlorine ir no. very toxic, the lethal corcentratisn beings

Zeb mgj v liter (770 vorems) for dogc on IO minutcc exvosurg. It

15 ver; corcocive but regetr uo readily witn woct thinge that it ic

eacilyr ctoprou. In the canicter witn thce soda-lime it reacts dircetly

aitn the codu~iime. IL Is ulso aboorbed by charcoal atd reacts with

moisture, accorGi:; o the eguztion 2Cl, + 232 = 2HC1 + 2 HC10 = 47ICL +02,

the hydrocﬁluric acid bein: tawen up b the soda-lime. DI chlorine

do=c not react with iron and ca: therefore be kept in steel c:rlirders.

Thogzene, coc%mmm% is a

colorlecs gas with o cmell like rmrty hoy. It boils at 8,29 and

the vapo- pressure 0i'1i uid phosgene is 1.6 atmoscheres at 20° and

3.1 at 409, It is over three times as dense as air. “The dencsity of
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: : the liquid 1s 1,432 ut 09 It ie not sufficiently volatiic to be

used by itself in cloud attacxks ard ic alvays mixed with chlorine

in such cu.ec, the mixturc usually contalning 20 - 25‘}: phoegens.

It ic about sever times as toxic as chlorire, the lethal concentra-
tion for dogs on 30 minute exposure being 0.3L mz. per liter (80 p.p.m.)

Thosgene reacte readily with water sccordin; to the equati:

= Co, + ZHC1.

o
&~

COC1,, ¢ i,0

In the canister, phocgene is absorbed by churco:l anu reacte

%

with the meisture in the latter to fo.m cacbon diozide und hywrochloric
acid, vhich are ‘r.a.}:ex; up by the soda-lime. .odu-lime does 203 abgo.t
or deco.y05¢ plog one 'sufi’icientl;'j raddly to give sdequate protcelion.
The charcoal gives the wetivity and the codu~-lime the ca acitye L=
areased woisture in the charcoal incresses it. cificlency 'toz.'a..-c:
vhosgene.

Chlo:mdzrin, COZL,IX o 18 coloslese linudd, bol
1129, and having a varo- rreesure or £.8 my ot 0%, 14.0 my at 159,
and 25.8 mif at 280,  The varor i: nearly eix tiner as dence ot
aire The L;ensj ty o the linuid is 1.060280 ot 40 nd 146583 o .'.':00,
the tro deteriinations not bein;; nade bzi the cwie :uhe Jhe melitin, V
poit j,sv.ao. Chlorpicrin is not cufficie &1 vel.tile fo: uce
by iteelf in clowd attacsc. hile it his beer used mixed rith 741
chlorine, it ic uwsually fired ir cheilse It f& mofesubvely vl o
(0 8 m/ per liter, 110 PoFefe); gOmevhat lichrymatoryr (0410 "1/
per liter) and liublie So saure vouiking, taug forcir; removal of Sho

y magice Ib e A.st.oypml s:5i:factorily by the cnarcoll ured ir tho

migks.  The presel laboruto-r charconl iy aboui onc thousine Lirmer

as effective as .ne eurlicr meterizli.




!
o
[P

!

Jrichlormethylcniosrfoimuate, C1805CC1~ is calied diphorsc

by the Oritich, swralite,br the Frerch, -nd suncrralite by tho
(e IT Ir . colorlers, mobitc licudc with o faisir wle. wrs

creet odor. It reoil: 1f 1289 wne s L vieo - 3 scefuce 0 L A =y
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srecr crosre Mo ochell usanliy contair wdxtares o supei nlite

and phos:eue, thoys. o duds have beern found co..o.inii_ s er-

naifle arvy chlorpicrin; éijhes;lehlorzrcive has ilto veon fow. in
€. of e lreein lirosc rheli. —

Foe Zei.al co.cestrotion for doyc is (el /re' 1% e

for txrozure 0 ::'.ir..;:»:-:(:)fx{; eMe. e} Vub it o e lover on

loner exrvocures. .uperspulite oves io: Irport:ize o i%. hign vapos

acnsity, to it: reccictenzy becuaze of It: ai; :~bofiing-noint, wd Lo

she increzsed xueisy on lon  expocures.
Suneralilte {r Ayeolyzeé clo sl L sitoers 20 soom Sell es . use
- .3 1C09, the produste beiw ﬁ- z & CO,., :recumbly
— s

azcordin - Lo the e~ation,

C1Co. CCls + 21,0 = 47C1 4 2C05.

b g
Boilixns with a!fulueou-_; golution of codium adroxiue for hals un hour
decorr ocec it comxletely
Alunina causec surerpalis. 0 decowr osc iInto curbon tetruchloride
1.ery

ard curoon dioxide, waile iror oxide znu charccoal aecomposcs it to

rnosgeno ¥

2/
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010020013 = CCly + COo

6100,0C15 = 260C1,

Some preliminary experiments scem to indicate that in o sealed tube

. at constant temperature, the decomositior of superpalite in nrcecerce

of iron oxide doe: not run to ar eud, even thougn the reve.se reaction
doec not take place. Thi: ralses the cuestion whetne. the German:
really put a mixture of superpalite amd phosgere intc their shell or
whether the cxiremely variavle concertr.tion of phospene miy b due
to the catalytic decomprosition by the steel shelle There are no
cxperiments as yet to sho ~hat effect chlor icrir has on shi: de-
compositior. I.. thne canirter, .urerralice is decom oscd 'b;.r the char-
coal to rhosgene, tnich is thern decompored by noisture. .‘.-upt‘.l’}‘.;lli te
is 2lso decomposed readily br soda-line,

Bromacetone, CH:BrCOCH; i¢ a water-cleas liquid walch tume
bro. or blac:t on stardiing

)

position % nbout 1269, and she vapos wressurc of the criwde ¥ ocuct

o:ing to charrin:e It boils with decod- ;
i I}

is 1.0 m::y at 109 ané 3.C m./ at}EOO. It ic not guise five timec

]

as dense ar cixe The dersity of the licuiu ic civen ac 14601 Lo €O
md 1,608 at 209, It causes lucnztazbion .t 0.CCL mif e liter
6.21 Pelsite ) when pure and ot 0.00.1 mgy per liter wher coutainirg
20",..' chi .racetone (iarvonite) althou il Suc c¢:los.cetone i: a yoarer
lachrymator thuw: Lrovacetone. Jein ralzrly volatile aid ruegl.y
decory-osed, it Is olasted a8 a mou-persistor t l.car;rutor. Jrooic
can advance 1 fer nours aftes the saclling. Bromacetone atiack:
cteel and most otli-r :etals a . ;ust be used n . hell lined itk

lead, glass o enamol.
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Bromacetone ie onl; slightly soluble in water; but readily
misocible with alcohol and acetone. .ruces of water stabilize the
product somewhat ard additiorn of chlo:racetone seems to have the same
effect. here is some reacon to believe thit the Instability is
due to the :rezence of‘ some impurity, dbut it is not imowm what im-
purity has this effect, Both the charcoal .nd the soda-lime in
the canisters stop bdbromacetone.

The French have manufactured o miztuce of avout 80, brom-
scetone znd 20, chloracetone, -viich tneyr call llartonite. In order
to prevert tue loss of half the bromine as hydrobromic acid, they
add a mixture of sodiw: snlo-ate and sulphuric acid to oxidize the
hydrobromic ::cid. '‘The reaction i¢ ac followrs:

ECR;COCH, 4 4Br + HpS0, + MaClOz = 4CHpBrCOCHz + CHaClCOCH, +
IIaHSO4 + 5!!20.
Brommethlethylketonc, ic a mixture of CH:BrCOCSS! boil-

5
irg =t 1550 and of CH;COCHBrCH, boiling at 135% 1t i made by

broninstin: methyliethrizetone, CI!;,)COC}{zC}!s. It ludirymates 2t 0.009
mty por liter {1.2 pepends; o G ir wubstit ted : brorwceto: ¢ 30l 1;
on accour: of snoriuye of :cetonv. .hell mu:it be lined to preve.t
cor:rosion.

a1zl bromlde, 633063401’1281'. is . adxtar. of the ortho,
meta, < vara sormounds, undé boilr at about & 2%, It l.cn crater
at 0.002 z:.;/ per liter (0420 pepeme) wini 16 olusreu ar a perciesent
laghrymazor.e Lincd shrll must L. used. So:h She Miurcosl 1@ the
soda=lime stop x:1y1 bromide. The mixturc of thu thuee aylene:,

which i¢ oxdinarily called xylon:, i¢ heated, exroted Lo sunli hs,

and ireated rith Lromine. Under thoue cordjtion: the bromire guble
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stitutes in the methyl side-chain und not in the benzene ring. Care
must be taken not to carry the bhrominution too far, .c th divromide,
is of no value. ZIyiyl bronidec is sometimec called tolyl bromidc
beca:se the bromine substitution compound of toluene i: called
benzyl bromide.

Lustard Gas, so-called, (cnzclcng),g’melr.s at 14.2%, when
very ruse, to a colorless, oily liouid “iich boils at 2179 at 750
rm. ‘The nwae was given to it by the British soldiers anc ic an
unfortunate one because the compound has nothin: to do with what the
chemist calls mustard oil. The vapor is a little less than six
times as densc ac air. The rano- nrescurc of a sarple meltin: =t
13.8° was about 40 mof at 140, 30 g g 120° - 125°, 20 mm/ at 1119
and 12 rm/ at 97°%.  Some British data ax:e 44 myf at 126° - 132° ma
10 mq/ atﬂlo9°. The density of the lizuid referre. 50 water nt 0°
18 1.2770 at 159, 1.2686 at 289, ana 1.2584 at 359 Owiwr to the
lor vapor pressure the subctance can be usec only in shell wug ir
very persistonte v Gernans have noried tieir mustuni gas shell
+ith a yello.: oross.

‘The lethal concentraticn is 0.CE ::-Q;/per 146 {7 Depeltele
The liquid produces burns which appear 4 - 1& hours after exro:ure
an heal very closlye 'Yne vior algo cances burni but %o rmch lecs
cxtent. t atticks the ervs, ocuusin; conjunctivitis axd temporary

blizdnecs. e percentasc of deatinr is rather lo: uith guctard gae,

only about 5., but this ic not due to any lo: toxieitys It it becau:e

the numbe: of c.cualties due tn burns i ver: 'arsge. L comparicon

i th rhosgenc, *hich does not bvur: the sidr, 1: thereforc aultc jmrroper,

C D4
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Lustard gac is very slightly s :luble in wrater, lese than
0.15 It is freely soluble in alcohol, etier, chloroform, tetrachlor-
em"na.ne, chlorobenzene, and trioxymethylene. It ic miscivle in all
proportionc with ligroin above 19% and =ith keroscene above 25.60.
it 2 pressure of 760 maf 100 volumes of dichloretiyl suilphide distolvef
182 volumes of ethylene at 1£°% and 100 volumes 2t 95% it 00 mustard
gas dissolves about 3. of dry hydrochloric 2cid. it room temeratu e
it dissolves about one percent of sulphur, t.e colublility becomin;

about 6. ut 100°. Dichlorethylsulphide is hydrolyzed very slovly

by cold wrater :ud quite r:;».;‘idly b7 hos water to|thiodiglyeol, whig:
is harmless, | \ /t/
ﬁ\"; L
(cxazcmb):s - H,0 = (CHn0HCH, )5 - 2HCI.

Sulrhur dichloride r¢uces rapidly with mustard gus, forming

the tetrschlorosulphide. It is this ; roperty v:ixich nzices sulrhur

dicnloride such a valuable rccagent in the laboratory for removing:

mustard gase he reaction ulso taces place in curbon tetrachloside

solution and more slorly the more dilute the solution. Sodium sul-

phide colution reucts, forming the ring corm-ound S:(CHQCHg)z:S.

Chloramine - 2 (p-toluene sodium sulphochloramine) and cichlorwiire-

2 {p-toluenc sodium :ulphc,\ohloz-amine} re.ct vigorously with mastard

g:.s)ﬂ(fomin; ise, errstalli:e compowds which ace not Irritatin.
Hydrocranic .cid, HOlH, ie a colirless, mobile liquid boiling

at 26.5% The varor ic slishtly lecs donte thar aive he toxic con-

centration for doge iz about 0.08 x/ﬁuse: (30 :epeme) but dogs,

at has been statod, are exception:lly somsitive to thi: gae.
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There 1s o cummlative effect and neither the 3British nor the Germans
have ever used hydrocyuic acids The French have used y( a mixture
cazlled Vincen:ite; but there seems to be no evidence of its value.

Cyanozen Chloride, 2IT1, i: a colorless liquid, boiling

+ o0 10
at wies 12,6Y and solidifylin;; at about -7.0". The vapor pressure - ‘1

-+
is 444 m/ ut 0° ang 682 mif at plee 10° The density of the vapor
is only o little more than doublemair. The dencity of the
liouid is 1.2 at 09 It ic a good l.zchr:;n'ator(0.0lﬁ mg//Aliccr s

is hi hly toxic, low concent itionc causing crwuarc in the chest wnd

higher corcentrations cauein ' symmtoms sinilar to thoce o hydrocyanic

acid. 1Liie hydrocyanic acid there ic no cumlacive effect.s The toxic

conceniration for dogs is 0.20 mg//éqliter (72 penene); but dors

are the most sensitive to cyanogen chloride of ary of the arimalc,
“hen dry, cyorogen chloride does not attack iron lecxd o

silver, but does attuelz co peor. If xnoist,it attacks all thoece metalc,

Sranoger chloride goes throusi the Germa» nasic very rapridly, whielh it

the reason tha% the illles hoped to uce it on ths . ectern i‘ront.

It ic stopred by the umeriean charcoal but not for vor; lous.

3rombenzrlcrunide, Ol CRBrCl, iz 2 colorless s0tid nmelsin:

at 2% The orystals soon tur: pink orirs o » :li.t decow waltlon,
ghigh does not rroceed far hosevere Tht camwrcial product molts

at 169 = 229 and the erp:tals are viorins chades of dart broen, often
w=ith a marlied srecnich tinges Tho vaios ;retture is gien ac 0.020
un/ at 0° and 0,200 n:}/ at 40% e comow:d docamosoc bef wre tho
boilin: joint i35 reaciod, evon iw u hi;h: vacuwn. ‘The doncity of Lae

colid is abous 1.51 at 25°.




Brombenzyl eyanide is a very effective lachrymator. Iliost
people can detect it at 0.021 arts ver million a:d are lachrymated
at 0,04 parts per million (0,00033 mgh liter).

The com.ound is insoluble In water, woderaisely coluble in
-6old alcohol, freely soluble 1in hot alconol, und soluble i: ether,
slacial acetic .cid, curbon bisuipnide, und b:niere., It is hydrolyzed
very elowly by boiting wasor and by cold soilutions of codium nydroxide,
4 cold alzonollic rolution of sodiwm hjpdroxide deco.yoses 1t ranidly,
forming sodiwn bromide. It ic oxidized sior. by potaceium rermmanganste,
bleachin:; owder, chromic acid mixtare, etc. rombenizyl cranide
attaexs all metals except le d mpidiy xd does gorrode lexds It
would probauly huve to be loaded in eramele~lired or :;lass-lined c:ell,
The magnesiwa und zaoliy camerts are satisfictor)y o prese:ce of
bromversyl eranide. IV does not ~exet -ith rmustary ©i:5. Jue churcoul
i the wmecic.n ¢inicter stons it wirglly but Jhe Gesmar churcozl
.bpears wee Lo oo s’z efrective,

Ch.oracecto henne, 36115000!1..01, is a coloricas o talline

solid, meltin: 4t 58° - 539 and boilia; at 248%- 2:7%,  Phe vaipor
o
pressure is abo. 5 0.000 g ab 09, 0.013 my at 259, and 0.0LG at

4
279, The demsity of the tolid ff l.3u4 at C° amd 1.268 at L% Ime
nure compowmd causgs lachrixi.ion Ik the majocity of cuues =t
0.00031 m/ﬁkliter {004l pepemae), £0 tuat tulc vabstarce §: abous

scaivuileut to brosbenzyl cpanide.

7
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Chloracetophenone i1s insoluble in water but soluile in
aleohol, benzene, ether, and chlocspizrine It is soluble to the extent
of two percent in pure silicon tetraeciloride but is insoluble in
commercial silicon tetrachloride and titunium tetrachloride. It doec
not reasct with amaonium nitrite, trinitrotoluene cr amatol ~when

heated at 100° for twenty-four hourc. It can be uteu irn steel shell.

Ethyn%gcetase, GHSIcozczﬂﬁ. is a colorless 01l of extremely
penetrating odor shich turns vrom f{n the air with liberation of
iodine. It drcomwosec if boliled ir the alr. ‘he varor ;rescucte i3
250 nm/ 1t 143° and 0.87 l:x:/:;*. 300, “The dencit:r o the linruid ic
1.8520 at 4% 'me Soxic concenssatior for dors i: about 1.6 moe’
per liter; but th- cubstance jc primarily a lachsmator. @ine pcorle
out of ten tected were la.c':.r;'z:ntt.-{-.'. 0617 varts per mililon. O in;

0 th- scarcisy of louine thic ic not & very saticfector; sabstans

for ar pwrposes. It was lde Uy bue Lwclishoat a tine chen e

v

' 5 price of broamine was ver:; aigu, It ic wade V- Sreatirn; in alconoli:

gsolutior o ethyri bromacetate of eyl chloracetate with -oodered
rotassiun fodide,

Aerolein, cxlacn CKJ, 15 u colo=lees liqul. 2iti & puncent
smell, boiling 1% 52.4% Mo vapor ir only ubout 1. Simcs as des:e
ag aisy Mdch fe a4 dictinet disudvantuses 1% 10 rcimariler 3 lghoy-
mator, one rart in 4 hundsed thousard vein intclerable.s it e
about as soxiz as phosrere, horover, ard Suutcl lrauzea 6 huar,

trouble, bo:id.s affuctin - the memorrs uince it wat not storree ‘oll

)
[ 2™

b the eusly Jerman ma g, great thin:r ‘erc exuedied of thi: gas,

1t & net ctadble under o~djrar: couditionr and - clymaecizes roadi'iyv.
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while one can stabilize the compound in the laboratory fuirly well,
it is 3 very difficult matter to do thir on a cormercial scale.
The Jsrench huave used 1t a 1little In hand zrenzdes for clearing dug-
outs, because it ras not nececcar;r to store the materizl; but it
would be a waste of time, with our nresent knawlcdge! to send acro-
lein aeross the sca.
Arsire, Asﬂz, iz a ¢olorless and almoct odorless :ras,
boilir.: at -B5%, It ic lesc than threc times us deure as aire Jhe
varoe precsurec, as deteruineod by Faraday in 1845, are 6..0 atwos;heres
at 0° and 13.2 atmosphere: .. 12,69, e density of tas liguid i:c
given by Tishter and cvers as 1.47 at <109, 1.44 26 00, and 1.37 at
229, Tne %oxi:z conzentration for doss it 0.20 ng//&licer (<0C pepen.;
Lirdd arrina does not redden litmus. 7The guc deconpocec
fairly 2a 311y iIn aise In a3 sealed ;1.cs t.abe, it decouposes into
metallic arceric and asdroceng but this change does not Luke rlace
‘Mer the tube contaius liouid wsire. Juc decoa ocition seenc ticrefo- e
to be due o the 2 .tulrtis setion of th: walls on aritine varor.
It ha: no: bec: used ir :jus varfare; but If the war aad lasted, the
111ies mighs huve experimented wiih lioud  orelic in erlindcrs. There
have alwane deen moore that the Jesmans vere golm: to we i amd
conseueiLtly protoction agatict it had to be cupplied. [ elther
charcosl mor soda~lime stop: §: cutiafuctorily; but It i stopped U
eda-line granules iopre natod - ith sedium pecmangantes The ) obiszium

s1lt 1z less colabl- and © mnot bu uieds

29
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pivhenylchlorarcine, (CeHp)oAsCl, is a rolid

.'!aelting at zbout 44° and boiling at about 3300. Th2 v ror prese

suce 15 26 mn ot 233° nd 7 mm at 160°  The cencity of the vuror

ic a;ﬁout nine times that of alr. The dencity of the cryst.lc is

1.4253 .t 16% It iz uced n rhell in rrec.nce of hizh eijlosive

hich sce.tters it as o very fine povder or :moke in the uir. The
Germuns marked thes— cnelis /ith = blue crosc. he lethul concentrui-
tion ic about 0.1 mg ver liter but the :ubstunce it uced chicfly to

cauce sneﬁing and thus 50 force removal of the muck, anc i: often
c:lled "sneec: e #.8." It cun be dotected it oue part in - hundred million,
produaces niusal ir-itztion at one part in fifty miliion, und is intoler-
able at one ruct im o milliom, abt.cking the eyes as -ell .c the resrira-
tory tr.cte It .vac first uced vy the Gercans in July 1917. It is not
soluble in ::ter or amaonia but is réadily celuble in :lcohol, cther

or benzenec, It is hmirolrzed by .ter te (CGII5)3’.:GH nd s ouidized

by concentrited nisric acid to : irhenyl -rcenic :side Chlorine cstroys
tac irritating offcet of dirhenylehlor:r:ime, prov bly (ue %o rorm:tion
of {3¢Hp)p1sC13 or CgHglais0Cl, thouch it is pos:ible th.t the chlorine
eith r causes :ho agplomer.tion of the :moke or ciures it to be .loundd
by the canirtors ‘horgene his no such effect but ~houfiene cont ining
one rescent of chlorine does, .nd it ic :tited th.t .. murked increice in
the opucity of the cbud 1s noticed. i

The vapor of uiphonyl chlorwrsine ic stoy:ed by ch.scoul; bdut

the ruspended .ubst.nce pas:es throwh eftn.r ac <olil or 1li-ul? und

met de stopred by sreci:l paper filtusc or othorsite.
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Thenyldichlorarsine, CGHS;:,Clz, ic a highly refractive liouid

voiling 2% 25620 - 2650 “he vapor presyuse is 7 ray «t 142°%  The cudb-
st:ace blisters the skin much more rapidly thon mustard guc. L burn up
to four days olu would be Judged 3 - 4 timer as cxtensive uc & mustard
£a5 bwrn of the sume .ge and equally as ceveres The burnc heazl more
rasidly thon those from mustard gas, o that the usefulness of this
liyuid is not estublished. .1 60% yield con be obtainea by heating tri-
sheryl:»cine 2id .rsenic chloride in suituble proportions in an auto-
clave at 250° for 14 hours.
4+
(CGH5)3 ie jZ3am 24sClg = 3{CgHp)isCl,.

P ) Cos)

y
1
A

Liethyl dichlorarcine, CHz..:Clp, is o colorlesc liauid :ith

a poserf{ul bwning odore. It boils at 131.5° and has a vapor prroec.ure
of about 2.2 mm at 0° and 19.2 mm at 35°% The vapor ic between fivo and
six timec as uenue 2e aire The density of the jure liouid ic given

by Jdchter :nid Byers 2o 1,873 21/: 0° ind 1.81 at 25°, The toxic con=-
centrution for dose is 0..0 ng/ll;ter (78 pepems) The cubsiunce beging
to irrit.tc the noce at a conc;ntrution of about 1.2 parts per million.
.A',.s a Mauld 7methy1 dichlor.rsine ic less irritant to the cidin than
pheryrl dichlorarcine, but the vapoi 1z much more ircitating oving to the
higner concentr .tion: .ttainable. The advant e “hich this substznce
msy huve over musturd gas ic that there may be a large number of
cacualties due to varor burnc. It alco goes through clothing more ,

3idly thm mictard g:s.

31



3ie

In acdition to the toxzic gises, eever:l cubst ncec h.ve
been used ac irritunt or conecealiny crokeoc.

Phosphorug iz prepared oy hestin, phocrhate rock rith ca
ani coxe in . electric furnace. l)_

+ + o+~
Ca3{204), wdwe 3 SiCp pluwe 50 = 3 Ca.105 pluc 500 plue 2P

Phocphorus come: on the murizet cither ac ~‘hile (yells:) or
red phosrhoruc. ~ither {orm birrnc to phorphoruc pentoxide »nd ic then
converted to phosphorie ucide

iF 4 50 * 6Hp0 = :Pz0p § GH20 w 4H7PO4.

iince one pound of phocphoruc toitce up loJC pound: of oxyen
and 0.9 pounés of - tor, it 1 not surprising th:t phocphoruc iz She
best -moie producer y:cr pound—of vmt'.’;m'i::l. In addision to itc uso =5

2 cmoye producer, it i: used in incendiary thell une for <o:ting tr cer

bullets.  sor incendiuary chell the .nglicsh uce = very fine :ouuer or

L .
red phosphorus mixed -1th twime its reight of hivc ghocphoruc. wlierie

ments In thic country indic.te thut .. betier procedure ic to uce .. con-
]

glorer.:ie of lumns of red rhosphorus embeddou in -rhite jhosphosu: be-

cauce thic mixiuse burne less rapidly.

Tin tetracnloride, SnClé, Is a 1liquid nmade b treating tiu

with ehlorine. It boil:s at 1140, ard fumes In moist alr becauso it
ndrolyzes to stamic hydrozide. |
+ +
4nCl,; plas- 4Ho0 = 5n (()H)4 s 4 IC1.
It maites a better and more irritating smole for chell and nand :renades
than elther silicon tetrachloride ,'oz' titanium tetrachloride. It goes

through the charcoal and the soda-lime; dbut iz stoppe: by the layersc

32
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of cotton wool in the canister. ._ince there i: :ractically mo tin
produced in thic country, silicon tetrachloride and titaniu. tetru-
chloride nav- been doveloped as cubstitutes.

~ilicon %etrachloride, JiCly, is mude frow silicon or from

irpure silicon curbid€ oy hewting with chlorine in an electric furnace
1 oekas 2 01: = LiCl,.

It 4. a colorlecc liguig, ’uoilin:;ﬂaboat 560 and fuming in

noist air orin: to hrdrolysis
+ +—
‘.‘iCl‘,xx pL&e—tLYT:O = i (;,1)4 whac 1101,

It iz not much ood in ghell bub ic tester on moi:t cool
days than o0l warn drrr ones. powxgzonin 0"1171«10 cund osilicon Setru-
chloride eylindes wivhy i uid curvoa uwiowide as projellary ive o
Tirgt=clazc sumoke vhen the jet froo the oo crlindess i lig

, +
uiCl4 W SII ) ?}*& -.I‘j = -)1\\u.]4 pks }-4!&)

~

Thic is used in the avy sucie faucel to | cotect vestelt froo o-

¥s.

po.'t,:.x.le crijnderc to sk the advaice o in=-
fanbrre  Givoadding o lachirmmator to cilicon tetruciloclde we get o
mintare vadeh vorize rell i hand prevades for novcdn W tecucihios.

Mt ajwa t\“,-.c.xh*mc. 221, Is rmade fron subile, oe,

borosdxing wish earbon oxd hesiing: In oo oclegseies fcisitose L Curbou-
feride 1o fomud which 1v g.ld So huve e oigosition 38,005 dub
the act:l eomosition - var: froo Shilc to the carbide M. cnu
these r.ooducts wre he ted wlth ehlorine, tituniun tet:r . hilocide s

fomwd. Miiv §o a colorlesz, sgron s - orefractiv llauwia =hich boiic

. v

ot about 1369, ic¢ ctible in dr alr, wne fuoec d:omolot oloe I8 dr

33
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said that the addition of waber to form Ti0145H:0 gives a r0o0d smoke
and that the hydrolysic to TiUXH4 gives 4 poorer smole. Uit niw
tetrachloride i: poorer thun tirn tetrucnloride and sillcor tetrucihlioslde
“4r hand gromadec.  In the smoke funnel it ic better than tin but not

so pood zt silicons .inece it costc more than silicon tet.-achloride,

it would really be uced only in cawe of o choriafi€e




SeRERAl, ORVELOFM. T

In Febru.ry o 1917, vur .otweuvs inu United Ctezer i

Gormany secned inevituitle, fo tn6 Director cf tac puresu of Yiuwe, Mr, Vun,
iy Murnin |, culicd the wtenticn 0f a0 wor Copainieldl to tuo ulrolly ciiot-
~n0 teoncdiell orgirizaiios. dn tie Dureau for tne ctudy ol poiromcu: . toer lu
Mmicer, anu offered lhe fucilitier ef :Lc Eureuu to the war JOp.cikuent dor
werk on poiionous [urer in warlfa.ce. o meetin it sl oo wetween rep-
ricgrintiver of iae 2uredu e the % .r Collepe, tuo l-iler or janiciiicn
sedn s serresruted uy Bripgadier Jene.ul Xuln ani Mejor L. P, uillicm:on.
At 'ui: cosnfurcice tee war Dey rtment sccerted eatuulinﬂtiyally-ihu of fur
0! - lureuu o Finmer it azresd to suprort lue vork in every «ay posriule,

My, Goorge . burrell was cuizned to o.ndinton in apeil Ly
Moo Munpin. an: placeit in churge of tiue wvork wnich wap carried ou sdth tlae
fuise of the gureuun of Mfiuee uwnlil July 1, 1317, oftuy wadod funde uiie
sup: lie& Ly wne J.r geportnest ana vy sopartaent.

at wno firet meeting called by M, Mkaeciang Jer Lhoe tacmiical
eoliution o1 zome of inc proulums, tnere were ) rescat:

Yo, Vaa. de Manadng, jdrector, Husruiu of Mineo
Nr. Geo. S. dice, Chicf Mining Bupincer, buresu of Minwve
YUr. Jow. Puul, Mining Engineor, Surozu of Minon
Mr, A.CJiieldner,Quief Choumict, Pittsovurgn Stution,
purcau of Miucs
or. Yandell Henderson, Comruliing Fhysiolooiet, Hurwuu of lUinee
Prof, ¥. £. Gibbs, Hechunicol Injia.cr, Luruau ol Miles
Mijor L. P. Williamzon, Jur Cellupe
Mr. G. a. Turrell,
In apsil the following comndttiee on yures uwod in vwarfure was
fermed by ine lation:l Keee.rcn Council for, tne purpore of cooperatin: with

tine ure.n of liner:
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Ure Vi, ide feiwddiny, Giadedss, Mructos, VY.l Furviu of Miges

Jol. 2. i. 'mbuiti, Gi{izer of Osrdnance, U.&, ..,
Mijor L. P, Viilli.ineoan, udical Depicrtaeat, U, ..,
Licutenuat 7. $. Jilkinecon, [ur-scu ol Ordisuce, J,000,.
Medical sdeecior, Je.D.Gatedood, “ludical Jep.aineni, U, K,

re M T.Bogurt, Proiesscor o Urjuni.c caeal:atry, voluwabi. Univeriity
due Sail L, alsuer;, Culer, Ausenu o Jus dotry, U L,uup rt-

ment o: A, riculture,

o fou mentas Libor tae ceaddlteou e re=fvried, ouin_ to Lae

redenl _wasat 08 cord (oo W G RV Dsdleers, o T0ALOW
Ur. Vaan, e ¥uawidn,, oneicaan, diroctor, Ysicuourcar of Hiaes
Jr. 0. e dicle, ex=ol.icio, Lciwacu e sivve.rcd Jivioien
webilontl Reseucea gouncil
ojour de a. Millikun, ei=ocIlicic, Leience . auivarca 2iviiiow
fliondl nesc weu Council
e O vl L. lsber;, valael, Furenu 05 Jucidi ey, .l e cetrment
of aAgricultiure,
Wejor e Je Atkieroun, oipo ool Zn_anmers, U.o, .,
. N, T begert, Geticadd st ren Courncil
Jojor krafdey Lewoy, T iwlearl Lervile,
Tiice
Livabtauaot Somriciier . Jde Maske, U000
Lileute. b Jorern . Puelp., FoA.0urovra, “ureau o "Liilciie iug
St ey, UltWN,
Supt dn s Je e Miomide, Jureiu o) Oranatte, e e,

.y

Lisuienwt T, I, Jilkincon, EBurcau of Orimunce, U, 8,100,
*

Qi et dueavtdte

after tue litordiure oa mis wurfure pucoivod ia dude countrr {rom

Fracce wd Zarl a ad bess dipostol, Julinile lius: of sese acn vere iy ed
/A W %

cut, It wue folt fat tar acit loport int -eviuw] (0 .10 sty
T L IR RE ) T T { P N PO “ado e at mu reoal, vode=ling,

d verciecur meciic leedl porte of tue sk, cucu as toe fcerives, clactice,

Cadd A

syepicces, mouthpinces, no.celip, nosu, cune, valves, ctc. 4OrK vat ttarted

2t 'nu Dureuu of Hinee Liboritory st Pittoourgn. One of itav firet men uwdded
to dr. rur.ell's stuff wue Bradlay Duwey,renu.u'ch casial L for «ue aerican

fuwet z Tin Flutloe Compimy at Fitisburgh, It wue voon eened ndvioiblu to

24

PN PR
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>
tep atcve wie akbeadf e biaiag fred dua: Yeseorca enl. Ci 21317
ATe powey was cyalteloned omllos in tne Sodtory Ceape uad wite riaced in
c.i.je of wae Gy Gefoase Service, his Wty welun ) 1o vawl clure maris an
il appurtvii.ces, wuike Mr, Burrell remuiin:d In Cu.rge 04 4ll tue recu.ich
WO, Tuc Reseacch Bt I grew so i 1y tu t cufvicieat 1iory worie
vere b v Al il eltaer in Laealnjton or i any o yplice. Yolove lan__,,
Setealehn LCrR o Lela) Cassrled oul o lat Zureau of "Auor, Fituehur e, Fu,g
- *he 1D tioad Corbon Company, clevelsanl, Onio; the ZForevst Froluste Lawor .ilory,

e he 4

ML G, oitesneglay ine hdvereid H

tity of J.i:i o) tun mstuwch oo dtory 0f tuo
arclensr Suest & Tin Flate Sompauy, Pititwebur u, Pu.; (he Zucesu o Jheaiotry
e tory, o .caiajlon, sed.; the Y.de “fedicd Cciool Lubor.lesy, i siwvou,

Coniie; tuu Muvraciirettr Iavtiiute of Teciuole. y, C.ubriu_o, Maes.) tau lelion

. I.cticate, Fitgpbur,n, Fu.; 2n. elrevaece.  In Lilo Bwiiier 01 1YLT ddviwsese~

#e .

. f i L , by et EO
A $v WEY pesessany Al Kege

; - ' . s acs Y n unA Tewee Libor.toriue becane
avedt lile iy tuo autunigues Lobur lae Cilaolic Uidver. ity of americu yl.cod
Pt of ite cinmdc:l Lunoe.tory it tun jl:ipordd 07 thw pureau of llisur for
re.e wch cork. —

0. nhGll .t e

Se800 vl Llue Tiidn

The procusreieni of toxic Ny
vi med to tiaw Truuca Uorfure Section of tae Ordnunco lep.wrtment, Cuptuin

(afterwarde Lt, Zolonol) B.J,%,Ruzedule in charge., In Juno 1917, Goner.l
Crozicr, tunon Chlef of tane Ordnunce Depurtawat, ap)roved the senerzl pro=-

porition, submitted by Cuptuin kugsdule, of buil ding = suit.uble plunt for

fillin_; chell witn toxic b,

3.
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whidle the sogul.as tiliery bendic ae enell, epecisl troope .

roubred Jor cylinder sttuck:, bttokes morture, sivens' cruuas, cte. venoral

Ferridin: zeceraingly advised oy cable tue or.nizciici. wna tr.didn, oi sguch
ViCOEL —w vocomaeiiitd tuat .ney e plices, wr ln tue wzlich Loy, uwiaer tae

iurlicuieticn of lae . nineer Jorps.  Cio auguct 15, 1917, tue Jeneril ta0d

autacrized onu regimar-xrof LGE G L0 LTOCEL, widCh at Sorl aton tae luta

.
.

Ceireers, Chjer (aftorcocoale colonel) s, Jo atkierow vt placed in caoar e,
at fieed it vure fntended tauat taic regiment viould coneict l.o_ery of cuvalits;
sut it me podrted out Ly tue Tritden oflicert Ar talv wsuandry st el L
LG et iy . conecducntly many of ilno vuerd:ile were trmueferred o st
tigir syeel: b ot laan o -ub be uiilizeld more ofslectivery,

In S tener 1917 2 fle Jelernre dield Trdmnin ) roectien sxia vocen
gtiated in tae funitircy Corpr uader Zuptadn (WFier.asde iLjer) Jo de cudten, Jar.

It wze scen Sourn. tuut neitner toe Tooludn ) Peetion wer ta. dviidencd (e

Coricers esmoula o un.er tne Medical “¢jortment wud dn Jonu.ory 1915, tue
Or tni:wliCn vt trenticrred 6 tae N iuaecr Jorps,

In tue spring of 1917 Profersor . w. hulett of Friuccton duie-
vty e roet serous by tne burciu of MHines wnu tue sedllionsl heso acun
Council to etu.y the quocriicn of oy caemisdys, it wiir veom—eoen L.t
v.irile sleps nuet Lo e to develop oo curf. oo and Frofeseedr awlutt

returned to tnis country wita o lettoer, anted Luuet <, 1917, iln sudch

Sencsul Furenan  walcr *or, dwletl e beor of tuc fru ierl atrictaice to

o
e

tnic office in tae vtuiy of ite orjuuizaiion vl a it Zervice znd it iv

cerired 30 uwillize i cur orinlzutizcr ide very i rt technicul xiowlere.

v

ol

It i+ recetiended tpnt all Cnemiecul or e Servieo of lho Undtoed ftater

vo

soited unter cne Mol che i1 be . ofiices ol tac Usitel Ot .tor iy with

38



-
44
R ¥
2. - PO -~ - .2 G
cui“ . i. ramz, oL, ote. Lol Tenaailon Juer tlonr tae SDaetiielll Soge

w
o
ey
.-
(Sl
[N
[
(.
7
IS
-~
-
"
5]
&4
(B
<
=
[~
[y
e
o
=,
:
ot
e
<

¢ exyosience of tau fervice
Cervicee 12 welar levelercda pere anl laproveao: le oecur

ward e sttt LU LOpLML HUNg R0 Laly e, o eesnC M0y Uervicu LG tae

CU SaCuL.. «U 035kl €d i sl Lo fraew ol Quce.

s SN SR LI BalLddn N L C
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S " e 2 - . - . . 3 , . N
Terts e AT .4 (4;-"~~111._~-..Lv‘.. eelCui fiall Utiw.. clOLLOW 100 WY Ll Ll o B S Lig..aly

JOCC0, wmila v Ssawti i i o.pordivice le owoglednodia Al oCeniili, o Tue

Gi. Septerm oo 3ed, 1217, w1 o er oot lviuet wre L litadin o De-
p-vta Lt of the lcericwn sy edition ey Jereer dn o irasew feoLe onooowiloar the

o teoviose unorlieut. Colownel (wltor: i wkoader suneral) e on, Frieg,

a3 Feccain Y. lulier .. tae
ast il L taeen Lo tae v o caat, wadon Wlgo eulls for rune gina of

dnictr tive centre in tae Uniled Mielae, Cn Uuptenbus 1, 1917, tuc

o Tolle cey vaerefeso,oubedfied o memoraaiu foe tace Snief ol dtafl iw waich
WUl ted tae Mlit.ciziag ol e Tese orta Loue. o0y naor Ta

e

o Mi.vr & tue . oricas University, Sie buellof wue

1. be oot (Llicaed

aloo esprunred tast o dictioet gur

Ye..
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oper.ting under cue uend, tie Dircetor of ..t lorvice, o thould report
drccetly to the Chief of Stuff wnd wunc choull nuve wt it astistants, un
desietant drector of Gue Cervice in the Ocununce ep.rtuent in imac.i.te
canrge ol t.ie productien of guwe sielln, projectiles wnd otaer offentive up=-
p-olun, ans own Adrsictant dreclor of 9;5 Tesvice In chlrge of tile Junomianl
fervice Towiion, . Tne Busoau of Miner cljected to tais plum on ine ;round
ta .t crecter fle:ibizity for reoce.rch could be ott.ined unver civilian

1cup-

Py

mana;enent than under :ailit oy countrol, e recomucndidion av .

proved by tue fecret oy of Jur; but ou O.tover 1648, 1317, t;u lecrot ry of
W aetuorized Tae estaliicinent of o des LCrvice In oalon un ofJier of
wa, Asors not ~ove tuu Wank 0. coclonel, «ud recotraenueda uy tac Cnict of
Zujineeres, cuould be appointed Uirceter c¢f Gur Servise ind orucred te report

to tue ¢nied of Ltuif for :uily. af ueeistuute v wae 1o ucvue one Crdmcnce

Ciricer ast uwove Tue ru.l of Lieutezant Jolowel, reco.rwaded by the Uhief

of Orar...ce, onc¢ “ledicul Cfiicor roi wuove lue gank ol Licuicuaut Colonel,

rocomaended by tae urgeea Soeneral, und oine ofJlecr of lue Coumicul Sorvice

Coction of the Nautlowal army, recommeiiicd Ly tho Birscetor rf Gus Curvico,

Tnere wie wuigeried i redelng ued mudalainiz, by volunl.ry calistiteat or
dr.ft of 2 laenicul fervice lecuion c¢f tue Lationar iy witu tau follo.ing.

pericanel
~

Comai.¢+ioned:

2 liculaonunt coloucls
4 majors

6 captuino
10 firet lieutcunuite
25 sovond lieutou.ats
47 totul comrdisntioned

Enlisteds
10 serpgeunls, let cluns
15 pergeaato
20 corporals
<50 privater, 1ot clusr, und privatec,
S« 95 total onlistod.

wo
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Cu hovemuer 1o, 1917, tnuru-wue creatua tue first woministratkve

usit of tie chuiaicnl eervice in tie United ftotes, widci holaue .lio lue
ddstineiion 0f Leding tee firet rovognition of ciucmi:try us u vey rite
uracca of tue milit:iry svervice in uny country o uny war, colouel Chie, L.
Fotier of tue zZrinvers wae appointed Dircetor of uas Service wad Froi,
Wi, . Walker of iue Museuchuesete Inslitute of Tec..nole >, whc had Leen for
2 cnosrt tinme in charse of tne Hellum Production of ithe Zureuu of Minetr uus
cordeeioncd Lieutenunt Colonel wurd mude meirtunt Liroctor of Jur larvice
ard Culef of -ue Cucmiczl Serviece fLuction, Hejor S. Jo M. auld, Courdzald

W 117 lay 0. Boaitinh Lan Iuadiom
an4d Car t.dn i,

agiviser te tne ;.x'itiahN.!issionJ" Curt.dn H, &, Duiley acled ag linicon

o0flicery: for offunes und defcnos probloms,

On teptomuer 26WRe, 1917, Genoral Fertiin luu caibleds

"Send at cnce Ghemic.l Latersutorsy corplole with
equipaest und personn.l, incluuin: phyrsiolo,; deul und rutho=-
lo:ice.l cecticne, for oxieanive MAVL.L.J...L“‘., ¢i o :tas .nd
powders, arrangenc-.te t.de for raysiolosical cuief fron
mudicul personnel no. in wmrope. Tae culor losy ie to Le
wuiilinry to the one in tne Undted States aua is for locul

s
e .rjency investisz tlone Lo meet tae soustant cananger 1. gaeoe
aind povders uced Ly the caemy wnd Ly vurstoiven," .

68 we Fe Bwuon 05 the Meliond liwvtilute of Fit.ubuigu war come |

mirsionca Liecateau.t Jolonsl 1o orzunize und Lako cusrge of lhe lubor ‘tory ,
in Prauce nad Frof, O, N, Lewie of tiav Uldver:ity ¢f cudifornia wud. Lre e ae
tamer of tne Mollion .n.unt:.tute wore cormalscioned iujorv o ade ctalf, “len

were secdrud, u coariote lubor tory ojquipment il JUrtLiafBL, wau Lieutum.nt

colonul bLicoan sailed for F.ance u‘tzout Jupuary lag, 1916 7”“& ’7 A
MWZ W Ynencee oud Hed M#M 71B.

1 the men in the French luborulory wére in unidorn wau bulux.. ed
te rue sume orgunizition, the Chnemicul Cervice Section, At the unericun

Univervity Esperiment $tution of the Bureau of Mines murt of tne roroarch

6.



men were civili.ae wnd ithore .o were in uniform were distributsd among
tne Ordnance Jep.rtment, tne Sunitary Corps, tue Corpe of wr inccr:, the
Signal Corpe, thne .avaiution Sectien, und the Chemicil Lervice Section. It
coomed wieer to truasfer all the cnemi:te ia unifcrm to tue Chemir .l
fervice Cuction .ind to mike provirien tn .t tae civili .n cauvaiet: micht be
taken inte tne Chemic:l Service Seclion if they go derirud, wceosin ly
a rejuuet uee mude for un enlargement of the Chemieal Cerviece Sectiicn to

th.t the personnel chould Le ue follows:

Commiccioned
ILicutenuni Jclonele 2
Y. jors 0
*  Cupt.dno 30
firet [ieutonunty 50
Svecnid Lieuteni..te 125
227
Enlisted
Jergeante, lot ciuep 50
Surguants 75
Corporuls ) 100
EriVQicu, let clues 0?
E1YE 8f1isted 452;

Tiisz ;ereonncl w:r wutaosized on Fibruury 15%W, 1918,

In tne meanwhile Colonel Potter had retired {rom tne porition of
drcetor 8f Gar Servicc and nad beo. repliicod by Jieuten.ud Commuudor .. .
darke, who ;eeigned mir commic:do:n in tue [uvy wai .0 gppointed civiliun

Arnctcr of Juar Service, Cwing to 11l noulta Mr, “Murke did no iclivu work

',.
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o

i ll tae Juties of tae ofiice fell to Li. Colonol ulker until M .ach

13Mrcen e s traacferred to tne Crduaice ey artaent, mede u Colonel, und

4
ivey enwge of tue syell fillinmg, pluut Lgsevogd, M.oryland, To pucceed
Loy tic ldutu«gjm\ A Lharwar ZZE. &..u&,m heleowal Pescar (7,
aim Trols . T togert of u i Jolu~iiab vae comra¥irioacd [deut. g

Jolonel s apyoiutel attictat Iirwzctor of ..r Corvice ani Chicf of tue
Cucmies) cervice [uciloli.

Yue pericnael autacrisuticn of Fubruary 15, 1913, ..o not adegucte
tof Loh a da g cil Ldeutemint Jolonel o jert reguented Lt enltuenent of

- -r.

L 10110 i wount, wadiun wen utacrized on oM

tao rericanel T

o

maicioned

Lok ioned

liwutenant Jolonuls 2
Mijore &

Cart dus 35
Fir ot licaionnnte 111
Suerndg Lieuten ulc _235
Totul Comaisricucd 295

“tsl_i_z.t‘c:. 1

Scerce.ants, lst clasc 80
Cergeante 12

sorpor..lo 170
I rivates, firet cl.ass 250
T rivates 300
Tot:l e . isto 20

Lizuteaaat olonel logert wlee recomie. led on anril 17, 1913, th:t tiae
Thomicul Tospl, Chemic d lervice Jecltion, be made w sepircie orpanizalion
or corpe like tue Grdnasnce or Medicul Lepurtmeut, out tuie wao disupproved,
Copalt ul¥u and jolaws yuilow, tne colers of tnu americun Chenicul Ceciety,
ers dopted sbeut cuit time_ug tae colors for tac nnt corde of tue enticted
nen, iaitesd of tne colores of tne musinesrs wiudon uid been worn nituurto,
.‘.it‘\t'nc igcrouping demands of sus warfure, too duuger of ¢ joo=
cible snortasc of ;raduate chemicts ceemod tureatencd, Thoraloro, on Muy

8.
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<ufp, 1918, at tue urgent requert of tue Caemdc.l (ervive teriion, thu
Adjutact cenerul ordered tnut ull eniisted men wne were ;r-.duute cnenists
ehould be aeuigned_‘to duty where their speciul knowledge und truining couid
be fully utilized and that tney suculd r;ot te toul oveirewn uilert they

|

were to be employed on cnemdcnl sutdess It wae alwo or.ervd inntpwicaever

'

chemite were needed by one of itne Hureaus or ftafl Corpe7x‘equentu cnould be
g ‘mde of the Chief of the Chemicul Service Section for recomnendution of men
. Woving the quialifications necessury for ti. purticular cluaee of work in
question, If men naving coetlend gquualificuiiour were waited oniy for a
eaort period of ‘in: tacy would be attached temporurily io the EKureau or
Staff Corpe, but when the duty wae of a pemwient nature 1.".stru<.tlon'= would
pe issued covering thuir tmz.efer./f:uenever the cusrdete vaue atlucned or
transfurred .ere no lon or needed for purely chemic.l duties a rojort was

)

to be made to tae Cudef of the Cuumicul Service Leciion in ogsder taut taey

' . ’ Zut be as :.1 m,d co cugadeul dutior @t ctuer o5
: L " 1: z ,mawlﬁkhuu"@’%w
M‘t}, &:Vzm sbisully every oroaies of tae Uuited Ctutes army

hud noae '-mmuctmn vita Gue wurfare.,  The Medic:l Coipe directed tic Jus
Defence Prouuction. Cllence Frouuction w.ap ia tuu bhuade of the CGrinanee

“ep rteuts alucm devicer, etc. cere m.oue by tae Liaal Cerpe. Tue Gue
und Flume troops .ro smed tine 30th feygiwert of =nineere wid tue bleld Truine

in; fection of tue tac e Tefouve Trdadan, iid been tr aitferred Irca lue

“ndt oy loape to tlu hglaeure torpr.  awruwch work wer bLuldag ceurvied oa

. by tiw lurcuuw of 'fien, o Lru.ck of Lhe civiliua epasctment of tns Iaterior.
& o Betiloo tuly « Caomdecul Lervice fuction bid bwen foraud priaurily to ceul

with ovurieur work,  Jnile tue Mrustor of lwe fervicu wae oxpectud 1o co=

orsinate all tha wetivitier of tuo v.idcur depurtawte dealing «ita

m‘tﬁm
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cnemicul warfure, he hud no uuthority to control policy, rucudrch)or pro=
duction.
In order to improve tiese coruitlontc Mujor ieueral .. L. Sivert,

a distisguiened ingineer Officer who hud wvuilt the Gutun locks of ithe Panuma
Canal and wae nad communded thne piret Livieion in irunce, was appointed
Director of Gus Service on Miy 11, 1918, und wus instructed to fommulute u
plun for better coordination of the severul ae{artments dealing with gue
warfare, On ﬂuy 20, 1913, @eneral Gibert neﬁ£ to the Chief of Stuff a
requeest for tnec followiny trunsfers:

1st: Tne Gas Lefense Service of tie Medieul Department.

ond: Tne Ed;zewood .ireenal and all operations tuere und eluevaere

that concern the manufuacture of gus warfare materiail, and
tho loading of shell wita gat matcrial,

3rd: All proving ground operuticne tintt nre counsccted with gus
wurfire, -
4th: The munufacture of ull ciguul and alamm Jdevicer for gae
©warfire,

On July 13, 1918, tuic traefer uwe wutnorized wud Ueneril Sibert
took over from the Ordmance Jepartment tiv wnole stuff of na ewoed .reoaul
under Col, .alker, uxud fro the tanit.cy Corpr ituc u.as iufe.ate Lervico uuder

wieut, Col. Dewey. Later tiw v cefenie “rulalin tuvction and thu vas wnd

Flume Troops wore trui:forred from thiv Corpu of L.gliewre o tav Unemdcul
Worfars Lervice, On July 31, 1918, tac v icud Leciion of thu yur Lofaute

forvice wae truaacferved fro: tuv fwdt vy Zerpt to itiv Jhended ..rfae
Sorvice, r.mdauin; in chirge of wolonel w. J, Lycter vno wis ;iven u
temporary detail under Jenorwl tiovert. This uivielon vue cuecgud vitu tue
nocess iy reuc.'cn work in the modicul field purt.inin; to jroteclive devicee
und to war cames and otlior toxic subvtuucen; incluéii , propnyl.ctic und
curative measurss in connoction with the exporine.tis;, preduiiy, «und
haniling: of t.e=; Jto witu tue impeciden of tud orjud utici for ; rotuction
of caploysss ugndaet wir ;ieen any otner toxic suveliuces .t plante b ndling
these rubstancoe, und the makin; of uppropriite rejorts and reconiv.uxliont
thereon, vith a viow to ﬂovologinfoand standnrdiziin; nn offuctive syvton,™
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On Juns 25N President Wileon ordercd that the american
Univereity Experiment Station be tranvferred from the DBureau of Minee to
the War Department and placed under the Director of Gas Service, In

connection with this tranc<fer Secretury Baker wrote Preeident Wilson as

follows:

11,
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AR DEPANTIRNT
Yaohington
June 25th, 1918,
My Jear Mr, Presidemt}

In connection with the propoced trunsfer ¢f the cnewdcul seciion
ut Amoricaun University from the Bureau of Mines to the nuwly constiiuted
vn consoliduted Gus Service of the Wak Department, wuich you ure coneidering,
T 2m epecinlly concerned to have you know hew much the War Depurtment =
aprrecintes the eplendid eervicee which have been rendered to the country
and to the Army by the Department of the Interier, and especizlly by the
Rureau of Minees under the direction of Dr, Menmning. In the early dayse of
preperation and organizeticn, Dr. Manning'e contuct with scientific men
throughout the country was indispensably valuatle, He wae able to summon
from the universitiees and the technical laboratorice of the country men
of the highest quality and to inspire them with enthuricstdc zeal in
attacking new and di ffienl+ problems which hed to be solved with +he 4
mact anend, T do not soe how the work could huve heen better done than
he did it, and the presént suggestion that the section now pase under the
direction and conirel nf the Vrnr Department grows out of the fnet that
the wholc subject of gae warfare has arcumed & fresh pressure and in-
teneity, «1d the director of it muet have the widert conirel g0 ae to be
ablc to use the resourcee at his command in the most sffective way possille.
The proposal does not involve the dieruption of the fins groups of
ecientific men Dr. Manning huas brought together, but merely their tranefer
to General Sibert'e directicn, .

ecpect fully youre - \
Newton D, Baker,
The President.

Upon receipt of thie letter President VWilson wicte ue followe

to Director Marning in recognition of hic rervices and thut ¢f the huresu

under him: . .
™E WHITT HOUSE 26 Jure, 1918,
Weehingtor

My dear Dr, Manning:

T howo hod “cfere me for some daye the quosticn precented by
the Secretury of War involving the trunefer of the chemicnl eecticn
eetutlishad by you at the American Univereity from the Eureuu of Miner to
the newly orgunized Divieicn of Gue Warfure in vhich the Var Department le
now concentrating all the vurious farilition for c?fereive and defeneive
gas oporaticn, I am cntirfied thut 2 more sfficient erganizntion ean ke
effected by having thase vurioue activitiee under one direction and cen-
trol, and my heeitation about acting in tne matter has growrn only cut of
& reluctance to tauke sway from the Buracu of Mince au pieco of uc-¥ ~hieh
thue fur 4t hac co effectively performed. The Secret.ry of Var hue as-
gured me of hins own recognitior of the splendid work ycu have teen able to
do, and I an taking the liberty of enclocing a letter which I have re-
ccived frem him, in order that you may see how fully the Wur Department
recognizes thu wwluc of the rervienr, ‘

n.




I am to~day eignin: the eorder directing the trunefer. I want,
however, to exprese tc you my own ngpreciation of the fine and helpful
gpiece of work which you have done, and to say thut this rort of %cum work
by the bureaus outeide of the direct wer-making acency ie one of the
cheering and gratifying evidencee of the way our official forcec. are in-
epired by the presence of a yreat national task,

Cordielly vours,
WOODHOW WILSON.

Dr, Van, H, ning,
Ohief, Bureau of Mines, .
Department of the Interior. '

In a memorandum to the Chief of Staff on July 56h, 1218,

Generzl Sibert propoced to divide the activitiee of the Chemical Warfare

Servica into an office orgnrization consieting of a Director, an Assietant
Director, & Technical Advieory Staff, a Liaisen Service and an Admirictres
tive Pureau with the following divisions: Overegeae; Reeenrck; Development;
Proving; Gor Defenee Froduction; Gas Offence Productionjand Ges erd Flame
Troope. He requested the followin; personnel:

1 majer gereral
2 briadier gererals
. _ 14 colcnels
51 lieutenunt colonels
180 m jore
464 captaine
857 lst lieutenunts
92 2rd lieutenarte
2361 Totul Cowmiericned

91 master engineere, senicr zrnde
152 maetor engineere, junicr grade
13 regimental sergeante major
24 regimental eup)ly rergeurte
33 battalion eergennte majer
35 battelion supply serpeente
206 last eergennts
363 ecergeants, let clause
86 mess oergonnte
186 euprly sergeants
947 sergeants
1912 corporale

3 -
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140 buglers
403 cooks
144 meciu.nice
455 wug oners
5067 privutds, firet cluse
20086 privutue
20343 Totul enlisted
Ae o consequonce of tuenew persounel Colonel kries, who was in churge of
tie overseas Gee Service was made DBrigadier Genmeral and Lt. Colonel Re F.
Bucon of the Freuch Laboritory wae promoted to Colonel. Colonel Walker
wue placed in charge of the new Gus Offence Yroduction Divicion; Lieut,
C®lonel Dewey wac promoted to Colonel und placed in ch.rge of the Gue
Defense Production Mvieion; Mr, iurrcll was commis:iioned Colonel und placed
in churge~ of the Rece.rch Tivicion; Ur, . M, loreey uae coumissioned 2
Colomel and placed in charge of the Dovelopment Divirion; Cuptuin ... .
bBacon wae mude u. ilujor (la.tor\l.t. golonel) and pluced in cnarge of the
Proving Divisien pai Lieut, Colon.l Bo;;e.rt vag promoted to Colonel, In
Aucust 1918 Colonel H. . Newcomer -mas truneferred irom tue znjineer torps,
promotud to _.rivuweier Jomerul, und muce ascivtunt Jirector. GRxAxxxxxk
SkxxxEkaxxEx L XAREXRXLNXARRIXNEXIEXEXRREIXBILTARRRRAXRRKXRAXKRR Captuin
(aftervurd Uajor) Lohnecm e metin: cnioef or tne “rainin; dvieion during
Mijor dulton's woscncu ia rrance, aftor uwbe Colonol e g LBUie
came o.ck from Frauce, he wic putl in cuiage of uv Truiain; "division.
On Guner.d Sitert's stuff wore Colcuel . lyster, .0, rupresecting tase
Yedicul Depurtment wnd in churge of tav “eddeul Uiviiion, wnile Lt. vel.
O .o Tauanrel ruprevested tho Ordazuce bopxrtnmunt, und Lt. Cod. !,.J,¥,
auld tno irition Milit:.ry -omdurion, uria, Solonmul wuld': uhrvuice in
Suglaad, Yajor J.d.Brightma cted for ainm,
Eftective coordiaiilon of tue differeat uctivitiue ver ootudned
by weekiy mestings of t.u uxecutive Comittee, cc.rietis; of Major enordl
Sivert, ‘rigadier Geaerdl liewconmer, folouel Lyrter, it. vol. Thunel, Lt.
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The lelations Section, under Col. Bogert, saw to it that
men who vore essential to chemical inductries vital to the war were
kept at their posts because they would be of far grester value to
the country there than at the front 7:md a transfer ould ha.ve cur-
tailed and delayed the output of munitions.. “his Lection alco
arranged that a certain number of erlicted chemists were sent back
to the universitiec on indefinite furlowgh to asgist in teuchine.
Tis wac very important bccause tic chemical ctaff:c of .the colle os
had been badly crippled by the demard fo- chemists. If the chemical
deyartments had had to give up importart parte of thei. work, there
~-ould have been no gor:tinuous supply of chemists and the Government
vould have been handicapied ba.dly,becauce the rur demands for
chericts 'ere increasing rapidly. ifter the armistise —as ceirned,
thic Cection ucted for a wshile as an exployment oureau gecuaring

positioms for che fstc ‘ho had beon denobilized wd dischucped.




{]

T

Selon.l .wuld, ¢ol, .alker, ol, to_e:t, tols Dewey, Colonel Hurrell, Cole

Dorsoy, M.jor (after.ard Lt Col,) Ducen, und Meosres Kohler wisi Lewic,

>

wuo sers in ciryge of Offenss and Defence Froblume, r-spe. tively 1. tue
Reswurcin Mvision. The uf pended churt sucue tne wWdninictr:i ive wrjuiizae

ticn in the utumm of 1915,

Twmed-
15a

To :eet *hc ncede of the ropidly ecpandin  mili+ ry co-

- e

L licamnmt o abroad, tue adjut.anl Sencsl dreceded, o Coptemier D%, 191s,
st buo wiiddbional Gae ant Flame regimunts Lo or wuized, tever:l gelle
Kuo n bare=sull pl vers ere ived co alonion: dn ca te re LDiuils 0 Lot Lo
rloits 0. tne guaeril pudlice len Lid mot uwnesst o thet thorve

2 /le '

en were (eloctea for i ,.L. aiilizy o leaders wain nel oo ot ll or tatluie

s

Gildty .oocaemiet:,

v
&

Cn Cetower Lo, 1913, o« tind dlocrvacu in pooouncd vas aansosised

fellove:

*(.) Unoer aulaoscity conlersued &f tue act ol Cone
. orurs '..uu..._xu..‘; cuv ITrocdideat Lo increstc tenposaily tae

milil vy ahacticament of the United Stotee,' apyeoved M, 12,
1917, aal .ut acl of Gon:reer up: covesd July 9, 1918 (Fub.

193), tou Freviioal cigsesin 1, dor Tat MY J.l Lof tue  Llite
in_ onergeucy, e enlirled curen ta '.'a.iu;.; r«-;ae.; i el oandied
Lyoacadt) tae Sacolcal Siorfuce Leevion, cheliiive 60t
aecitcadr oo Bave Leen or my e aerenftur wiaerized, .ol
cucn percon:el as oy Le authnorizead by T.blet of Cr “udzailon
for ae dHuadguertere of "dwvivieun:, My leams .a.. Fiold Laraice,
-n..11 comict of: —

1 Mzjos Generaul 168 Macter ia ifaoour:, £.G.
2 Eriznulier Gencruls 383 Mustlér Zn inecro, J.G.
12 Colonels 34 e imentul Lerguvante itijor
65 Lieut, Colonels 35 Re_imoutrl tupyly {ergvante

275 Mijors 41 Buttulion Serjeunte Mijor
646 Cuyt.iins ~4¢ Buttilion fupply Ter: aae
941 Tir:t Lieutow.slo 156 1ot Ser_coadle 7T
1179 Second Lisuzznante 1248 Sergcants, let (luss
3051 Tot.:l .omnmi:~ioned 126 Yere Cercewnts

166 fupyly Serpuinte

2 Stuble Serguunte
2074 Sergeanto

15,
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; 4064 Cosposule
132 buglers
576 Cocke
3By Neciw-dee
1450 u;oners
1 Hosovusioer
1 Cu.cler
6ai4 Faivatey, Lt Cliss
11841 Frivituoe
29090 Total tudirtua
: "and the Freeident furtier direct. tihut for ouci Liviiion .aut
| hue teen or may be .uthorized, *aoure tn:dl Ve Chenic .l irfure
Servico perrennel or tie Divition scudquirtery, ns ie pre=
cerilied Ly tue "nblee of Orgusizidiion,  Tat lor wuch 4 com=
vat divicione or MBjor fIriction .hereof thuere raill be Cavmicil
darfere porconnsl, as yreverided Uy Tullee ¢f Orpe.d: ticsn, for
! amy corpe aenlquartere; anc tuut foo cuch £0 Jetdut civiiions
‘ or n-jor frection turreof, Luere tiull be Cuerderl ..rfure
' Servive percennel, ¢ prose-ited by Tueiler oo Copads tder,
: for aur. Army kiuudqw:ﬂ;.-’e-.“
‘ . Oviu: -0 tie eindn: of ta- mrmietice on Jovesber 11, 1916,
' tide actiad proroinel vie Lot resuvd,
14
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In the preceding ciapter il wie boen sao.n Last Law tiret .ar
work wae etirted in “he Rurcau of Mineev under Mr, V.n. He Hinninr ith
Mre Go As Burrell in immuedi.te caurge, «ud taut various chzuger took
plice wnersby tuc orzanizution uuder !Ur, Iurrell fiowlly cec.me tue o=
sireh JAvirion of the cherde:l wwel ore Cervice, wovia o been treasfsriesd

For

from the DJepurtment cf tae Interior to tue ur Dul...t'zento,‘ti;-a et five
monthe the re:curcu Jorx war aonc 2a awliilicted laweritorios e dicived
over tac countey; out Ao Leytembser D317 toe oulrdings O tae Meridua

nivescily in weadajton cecome v 3 vlo wd waal wae Later dao asenoreh

Divi<ion bec.me kiuc o e i mesioa Pvoerdly oyurinmect (U dlon of tae
Bure.u o: fines, “ae or_caizutien ot saoLu time wap as lolioues

fine de Maiii,, drector of wiu Lur.u ol Tinet

GeteBUrsell, sriitut te cav drecter, Joocaooe oL e Tnveridooolione
deleLecic, I eun.rce o “uicanv Puoslune
Yandell sdender en, In ohowjw of "-~.~ic..l -uiu;.e
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Teaend sty Tnoen oo oD Pyserenadle wre v

By Mebaos ooy, Taoonl cge of imadl=Teddo aaloariu
Hode0lowk, In cuwrrn ol “heaamizad qorcisch

delebuer s a6 Fawis wecele 101 nereren
LIUrOR i ool odmdlid e Lo e cmetios,

“Jonne ;'!O;:Rifl; taivesoity, e he st e weve e P EATEY

Prineeton Univavedly, o e wreiubb onl L. bwnul
Notdennd Cubus delllevel il de . ctratlor aadoo, Do osouy
aela Fork, clevel ud e 'l ooy

dorvaasl Udvarity, ie T hcn-.. : . Ve cnxter
Yde Sulvesnily Fa Vo Vicuerntdld

i logan Univertdty Se sre dliGY

Culo [tato Gidveredty Do e ‘u.rd% R UM
Pyn ke lollege e Fo nPunel

Harcracugutle Luotit e

8 Tugaunle v Yo b MallilkEek
* [ ]

1,

S$$




e

Af time wont on Lhure were v

k¥

AY CiranjEf, nre Joan Jonnmiuon

wae pliced in cuarge ol Orfente Proclens, o position corrutponcin, o

tiiatl ol 4. K, Lewiz in defence mutters
to tiie hation:l seere.rcn Jouncil, ., P
111 tae v ocmey, The ook on chumice
an could ondle sad v cdvided Lato
under J. F. torale il Tereaso C;u;.’:@d:;

Vorcie left 4o ke cairge of vio Lons

frem tie Undveesliy ol Ziancihwnntd, 7 re ¥o T Maderhiidl i gloond

AQLe rou o ond

P

shore of ®w Taor g eutlc
o7 Yubhole 201 avrenccay, oo Wit e
Paamicole dr.l desern wa Bor g 1L
:L:o K. ,!'-!'{'liskll Vite TRC CLaul Ul e e
aant u.r o cgseintad vl v
travofer roin tas
Paleruitz, -
Mediionl  dvisicu, The Modn LAl L
Linmg under Jd, iy L% tn e le 0 ke
o ar . . :"‘i."_g.\ I FTOIN

eef ol in wae Sl of I8V, 0 Ll ol

. Peve s ? -
T o e T M S LY S S 8

et f

s .
R (RO X N AN "f:)
sl

ganfidaring, roaea b

Yeoujte of

Uite ime g

Or
. Jnen Josnstor rourd e

o Kouler v ¢illied iroa o

3l Adeeereh heo M ors th

L L0

&

v ord Lo

b Ot

cwnop sty Crfonce cnendell aete.soa

1 hope con un ur e iae bt

.
Ga 0 ilae, L oue deoug oW

jor M, . Liaternitz iu

cagaurtory ol LBy AV,

1 iahe too

oo

T Bt L e 1 1
STy Ohin WG s Lin

le Zell e .1\,."':-/ Lo tae
TN ST STl e Ly, Lo,
Worran Solrea laoad o i
TS S S R S L S Fo SRRTEAE + PO

Ve ket At wgntoal Lt

Lot oot st

Ol. ) RN TR S

N . Vo PP PP s .
Connlay Latit LO L RPA 100 et U eabiesllll

S8 aeTUl Lad? ek Oap ututoliaated

. v s -
T T (RN

Tabh e omadee My e vn e 0 el Uiy oty w

ve s
il

. .
a0 e e

$6




Brigpgs, at Yale University under 7. B. Johrnson, at Clark

University liilder)c. 1. Kraus, at vorce:cter Polytechnic Institute
under ... L. Jommings, and at Harvard University under iicid Hunmt,
while the branch laboratory started at the University of ".isconcin
had been transferred to the ledical ivision. A

————

Dr. Imiliken left the Institute of Technology to becorc a

MajJor in the Chemical V,arfare Service with duties at Headquarters.

The Catholic University of imerica placed a large portion
of its new chemical laboratory at the disrosal of the etearch Divicion
and Columbia University provided facilities for & number of experiments
on a semi-large scale. ZzZven after the transfer to the .merican Univer-
sity, the Pittsburgh laboratories of the Burcau of line: were used
for investigations.

In order to keer in touch with the country at large Lecretary
Lane appointed an advisory board consisting of V. H. :{ichola/ Thai rman,
Z. Ce Iranklin, . n. Hoskins, C. .. Farsous, l~i Hemsen, T. .. lchards,
and F. P. Venable. 7his boarc was cortinued by General Libert but

was neves called together by him.
At the timc the armistice was sismed, the organiczatior of the

Pesaarch Division was as follovs:

Colonel G. . Burrell, Chief of Research uivicior

Dr. . #. Lewis, In churge of Defence Troblens

Dr. Z. P. Kohler, In charge of Iffense Problers

Dr. lield Hunt, dvisor on Fharmacolopgic=l i'roblens

Lt. Col. we D« Baneroft, In charge of .ditorial ' ork wd Satalytic
sesearch

Lte Col. i¢ B. Laumd, In charpefueforce Chemicul lesearch

Dr. L. .« JOnes, iIn cha Offonce Chamical _ecearch

Major i. C. Pleldner, In of Gas lask llosearch

lajor G. 1. ilohter, In charge o Pyrotechnic lesearch

Dr. \. S« Loeveuhar:, In charge of Pharmacological llesearch

~e
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lajor Re Co Tolman, In charge of Dispersoid Research

Eajor e S. Rowland, In charge of Small=Scale llamfacturing

Lajor 8+ Be Fogler, In charge of liechanical Recearch & Development
Captain G. A+ Rankin, In charge of Explosives Zesearch

HMajor Richmon,ld Levering. In charge of idministrative Section.
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The chicf functione of thu mReseurcn ylvicion wre:

1, To make and test compound: wiich muy bo of value in gue
werfure, determining the proportier of these runstuncer
and tho conditicnt under which thuy may be effcvetive in '
warfare,
oo N s o
2., To develop satirf.clory metnocs ol m.kiny sUcn cowpunat
ug seem promieing. N

0
3. To develop the btert metuode of utilizing taecre compliiit,

4, To develop m.teriule wnich shull «.ororb or Jdestroy the war
gaeer, etudying iheir propertier and deteruring the condi=
tione under wnich tiey my ve cfie:tive,

5. To develop rutititctery metnoce of miking rucn uosoricute,
etc, uu muy seem promieing,

6., To do tue resesurca work in cownection witn mcke, conicters,
protective cicining, etc.

7, To develop incendi.rier, smoker, ri_nde, elee ad tne veet
netaodr of utiliziu: tuem.

8. To comoper.ie vith tune moul. turig vividoeas in rog.od to
difficuitier sriring aurin, manul.ciure, .

9, To cooper-tu with otuer Lr.ucuer ¢! tne weveraient, civil
and malit. ey, in seg.ord Lo wur it lefiee

10. To collect wn! m.ke «v.iliole to ~he Directer ef Cuendend
of vw tervice .1l infermiticn in rug rd te tue enu drtry
of put wurfure,
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In one sense thc rose.ren divivion it tho most dmportint of all
becauge witnout tuu reco.reih work notain:; could ve done, Ti aicluaelr sense
it ie th: le.wt important ol —i., .uvcuute it never ueliverce .uylnin-
tunzible., Ite rerults are turncd over to tae production uivirione wiica
actuilly mike ilhe jueet or tue misgp. o Bomewh.i vimit:r wicticction oce
cur: vetween tho production divicions ol tue Ay «ad Tue figating
divisionr,  Tho soldier ¢ wot figut uclese hie ie foi, clotaed .
scrmed to rume oxteat; but 4t i tuo wolaler oi tac front e 'xc-c the
uctuzd {i pting =nd driven tae eaemy bLuick,

Af aug hoon ot .ted tac term "wor —.e" is u {loexible one Lnd iae
cludor rolide, liguide, .nd juees., It ic osly necese.ry tint tae sup=
et .nce shoull mave sufticieatly murked en.rucir-vistios to mule it uceful in
cae wurfire, It may ve poitcnour, like puno:juie; it iy picduce le.re,
like brembenzyl eyanide; It vy @ wiee gauve., like eulosyicrig; it oy
cure sneoziag, like dpnecylealorircing; it 2.y - use vurae, like aust.rd
gaoy it muy have . feul emell theu h otu.rwice hiiomlecs, lize iutrl
morcipting or in oy pic.uce . o:acke lta wi g obseurly; jo.er, lite
puctpiorus, U cource sevard of waerc jropertiue .y Lu eerilues ia
sin;le wvbrtagee, 70 bu 0f suil L llN@ o COMPOUIM WMET MLVE 10N e OF
tiuere ; :‘arls:'tiue 10 a4 2.0k extoale daBn Lt e vxy oiod for taisty
mlautn, taue concentr.tion u..i;:u wdllt Lo 0.8 mg jer Lliter Jor coo.picrin,
{35’ moy : 6r liter for phoo:eno, 9,05 m yur Litor for nuwelird guv. In
otiar worde u .o waich Fequirut a4 concoutsaicn of 1.0 =5 jer Liter (o L4l

a dog on a tuirty dnute esporurs fv vegreely worth sontidering .. toxe

me urdory it aue some otiuer ctriklin; sa.vacturirtle tuca ot odu tareujh

3.
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the maek reudily, oet men ure lachrym.ied Ly Lrom.cotonc ot 0.0013

mg per liter, by Xylyl bromile at 0.002 m; por liter, wiu oy bromboucyl}
cyanide at 0,00033 mg por 1liter, u sutst.nce wnicn roquirer o concun=
tration of 0,003 mj per litor to cuuce l.cnrywiion would prow.bly not ree
celve furtier consider.tiion,

w0 e the wvidle

ancther detoradnin; { ctor in Liw aso of .y
ability of raw m.tueciules It ould Lo ureless to conrider iouiue compounds

ag toxle s.eet tocuure it would Le daposcible to et wnousu loiine to

mke 1 suprly of mnieriad smich wouli cowit.  Tae aciitn uid ure

etayl icdoacet.te lor . luchrymicr ut . tine wach Lac price ol vrcaine

WS very uigny out l'.umry.x.htox'a- act bt aden lower concentraiicnr {awn
toxic usee .ni .are «iro uol ured w0 oftuns  cureoscc i . deunsy poironyrut
the wviilivls wnnuzl supply dn tide count.y prou..ly our net excced one
SPad wid thoe unit lor toxic user is tucur aide of tons,

Voo Metiod of manuferture wvheuld be ot ainde I tae sustiinco
is -o00id unou;n, it will be mide vy m -xctuo-i/:m Lver carteful, o e
CUOYHR When lag J8rmxale mude muelard o ¥ t.‘.t; ST ST SR U PITRR [T R VSN § 1
thaie ir not trud in mo:t erven, Tue (llles ould Faot.. 1y aave uted
triculomuthylenlorfor=iia, wupuip=lite, it or malhicd o6 muinul.:tuee
had * oon dovelopoid; bﬁ‘-. tiu wicto of chilodiae wae te vt o lo ever-
tal ace tae dirtdnot ity o0 i zzt,q.cun»iy.

v eubstaieo murd to obile or Jdvly staele, IF AL jolin Tizor too
capddly, wrdielyrer loc ragldly, 1o oo dadlovmile, 00 it 16 piedur on
dJotenition, it canmot oo utéd wifectively., Uidur orudi. o clrowart.ncer
acrel.io polymerizec to . idily to Le asdu dn tae Unitus (L.t bes.ure the

ehell are lizoly %0 Lo loated iu sadr wowitry 3 = 6 doniae Lufore tioy e

%
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firod, Our limite o to ot .bility :rdinit polym.riz.tion muit iucruiore
be more riid.tuun tnooe o1 tue Britieh wad Frouca wao cun uve Luelr
mieri.l, 1f nucensury, wituin o woutu or itwo Jfter louding, ag u mutter
ef fuct tiae Frouch n.ve used acrolein in nanu jrewna. e, wedlt il ke poce
siile to st.bilize icrolein waca Qe in s dl guiaaiitiecr, it is couute
ful wiether Loi: could be .one sati:fictlorily in l.ryeescile duaufl.cture,

arcende tricaledide nydiolyzes too ploly te hove wny vilue wnd
ayirozen sulphide ie co influmivle tart it is d.igecous 1o ure in cloud
attiacke, ue the inglich found to tuelr cort. Sulospicrin deconpores to
vome uvxtent when fired in choll but act cuncusn Lo be surlour, On Lis other
aand tetz'.xchlox'ndinitm vlivwie, 8o otucryiee :semiring, ke, 1o derbroyod
poetiy comploete o waen fired dm oo tarvee incu vhells

It nay oe wortn caile o outling tue juner.l peovsivie when .

~

cou toode vabotance ic Y tatu aefe ek ivieion, The
eubet aice o suettion .y ave oo Ussd by Ll Geseae oB the (Jlice; it
my have boea ou; ceted from outdddo; or tae :1iis my aave vicuat of i
1002 - rearza 0f ta literaidsy, sren aaadogy, 65 Jred pure daepdr tlos,
Tuo CJTenes acev aeh Juviion amivo tue tulilon.o, I it ic oo relda it v
puse to tnu Sluperscid Gwetion wuse Mutaeds 6 .lipesidn il .o worsed
out.  Juen tair mot uoen fone, or it ¢nca LI tuu vodpouan ir w liuvid oy
——

vapor, it iz rent to tav foxizole icd S.:c*.h»n 1w serted Lor jonieit),
Lecihrynitory pe curf, utes If tau ruport iv Qover.ule, Lua compoais ii taen
turaed over to . nunbur of Jdffere.t tentinne,

“he Cffence {ero rch Section ‘rlot 16 improve tilo l..u..tusy
wtnod of muking, Whon tnir uas Leen Jdouc fdsly vatief .ctorily, thu

caoad 2 ] Froduction fection et .rte ~uikin: it ou . largefuc .ie,fmz fifty

T
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pound: to w tou, us the cuse mwy.be, I{ tuen goee oulsiie lue nesearch
Mvision sitner to the Devoleyment Divieion for further stuuy or to the
Gap Offence Froducticn -dvieion jor manuficture on o lurge wvcule, .hile

the Offenve Hore:rch Secticn is v L‘kin;i out un i:g !'ovc'

t.ccompound iy sent to tav m-&/\ 1’1ecLion/\\dl!!' develdp mu

doterminin:; ite purity and for awlyzing mi.iures in air und wo m.ke
torte to sev shetner tne cunletere ULl etop Lue Lungi .

The compound it ulso teuat Lo luu Pyrotewcu.de Secidon who ctudy
ito veatvior waon {irsd in sncll, I7 it doec wol iccompoce too coriouwiy
when .stomated, tuete o e at Lekeauwsid oy tae Toovin, “dvidiosn in (o=
oper.tion witis the Fyrovechndc feciic.. uad ihv Toxicolo.ic.l {«ction to

le .rn lhe efivct shen gucll awm’o.iod witu lue . ompourd 2re lired Iron

- 4// IR S P R T Tt Rt e OO
guns on Lthe range witn wmiasule pliced cultuily i o0 be X Taue Ll Cicu,
.

While tide iv rein on, i :‘-eim:-c;“:ﬁgaze ren Cvetica le emugrlag

whit enan~e in tne iogresiente o e condites m ho necese ry. It tae

compound ie not stopped re..lily, ven neow mixture or compound Uiy, e 4
& &rnmd

devoloped to moet ths eui viey,  Tadr eooticn torther witd eees ametyrdterdy

foobden 11l :luc cork out mutdcic for etecilag tae o0 dn 'L Jield,

Tau poovler of 0 kia; edntmeat: .l jucd.l cletdin, to protuet oinet

asuch tni.ﬁga ue swoterd ae de .pro.lum uhicn iv <tlcked vy ouu or more

traener of thy wloare oc .adzation,  If & wiange L tie candeter dv

necest ry, tudv le referred tc the Mucuwdoesd hwee.ren Leelion o Wiy b.ve

to devulop new filture 1o piotuct o uwluct wmokers Tue detdls dn ceygond

to prot-:ctlvo. clotid - are handled ia piart by ule vecliqn, The rerull:

obt dned by the defease orgmi- tich wre traicliited to the Jefenee Pro=

.
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auction Diviecion winich hue churge of tno comaerciul producticn of <11

defense muterial,
The Hedical vieion uleo cludivn tac vafff el witn refsrence
~.

topffect produced, susceptibility of diferent meu, pitnologicil deludls,
Jith muevard we it ic founs wnat

2-3 2o -0
EVTITL A perrent of rhe’ rien tested ure extremoly reuritive :ud xhout-d-uo

und methods of treating gausred cuses,

ag o h hwdtd . et
percent omhy ineonnitive, the suporreceitive nmen bulny pemeies one

nundred timee e coacitive ar tne ineduritive men.  Thir ic 0 very ime

portunt teet to uiake veciuce men wbe nre extrencly sus eptivle nre piaclicule

1y certdn fo buceme cwsuliics it eet to wulccturing mueturd e,

Yoo
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9.

The f£irst work of tho Research Division consicted in doveloping
the mask and the absorbents, because it 'vas absolutely essential to pro-
tect the soldiers against the gases which the Germuns were usiug. On
the other hund it is rather more interesting to start -vith the ofiense -
side. In addition to stuiring the gases already in use by the Germans, |
it 7as desired to develop better ones if possidble. is & preliminary
step this involved a search of the literature to see what as ko in
regard to toxic gasec. Professor Bafcervillc sent in an especially long
1list of compounds that might be of use and othors furnished similar in-
formation. Professor L. I. eid organized the chenical laboratories
of the country to a considerable extent, gettin; the v.uriour orianic
chemists to preparc samples of different substances for toxicity tecte.
After the !merican Universiir Experimen: Gtation gol into full s-im;,
this rork was taken over by Dr. (afterrards Lt. Col.] lorris.

1t =as of cource necessary to ixno: the toxicit:r of these
substances and methods -rerc at once devoloped for doing this. The
results serc obtairned almott oxolucively at the ‘meric r Universit:r
Experiment Utation by the Research Divizien; but thir ir purcly a con-
geuence of the particular organizazion and it i3 therefore wiser to

present this ork under the usdiocal Division, whjoh it ~hers it belongs

theoreiically, though not aotually.
In the sumser of 1917 the gatec 'thich tho imerican rty expacted

to uce on the .ectern Fromt were ohlorine, rhosyone, shlorpicrin, hniro-
cyanis :0id, bromacetons, and xrlyl bromide, :rith phosphorus .xd stannic

chloride as the smoxes. it was also hoped to uso acroloin because it
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waa‘not stopped readily by the German maske A good deal of thought was

: given to possible methods of producing high concenti?atidn of carbon
s monoxide because no mask stopped that satisfactorily at that time.
: Superpalite was adee—m gas hich might be used, though that went into
o the discard early, because it was harder to make than phosgéne and ‘seemed

“to have no speciul advantage. It was no® till much later that the Allles

s ;
ial " ©
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dizcovered that the toxic effect of superpalite increaced enormously on
'i,ong exposures, it being, for instance, much less tuxic to dogs than

hydrocyanic acid on a thirty-minute exposure and more toxic if the exposure

PO pamthaind gy s
. L

} -~ lasts two hours.
I ) ‘ ' The use of mustard gas by the Germans in the sumer of 1917
.\. and of diphenylchlorarsine in the autuwmn changed the v1 er-point considerably
‘ _ a.hd the possibility of using oyanogen chloride, cyanogen bromide, sr arsine
@de a great deal of research work necessary, while the development of
’ ’ bro:ﬁbenzyl cyanide by the i‘rench and of chloracetopherone in this country

© destroyed all interest in such lachrymators as bromaceton: and xylyl

bromide. '
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In tne avtumn of 1917 3L iecae evident Lint tne sliies must nuke

mugtard gue Lo lorge uuntiiics ond Lus sueetion of tae metlaod of muauiwiure

(¥

hecume j ressing, Vietor Heyer snad muue it ln 4 ccundavout way Ly wvnat ig :

now konowa e bue chloriyirine metuod. Chlorine nnd weter se ot to cone exe

aeld and nydrocnlorie acid weocoril. o ihie egquntion

ant to [orm nypocsulorous
Cl, # Ha0 = HCLO ¢ HCL
will recet itn ol {orm cgloray: rine,

Hypozilovgur nuid nriene te

CoHy4ACLO = CHROLA Sl

Salorhyacine ronole with sodium rulphlde 1o dorm tidouil lycol 10 refium '

I

nloride, .
JCHZOHCHQC]. L ] :‘.L-q;' % (CHzOH)Hp')zL ¢ 2Nacls

Taiodiglycol revcte with concentrutel lrdrechlorie weid 1o tora musturd gue

nnd water
(CHn0HCHy )pS ¢ 2HTL 2 (UdyCliHg )at ¢ 2HO

In wddition to thu inevit Lle [ el *act ro cliow oorely o

aoddioand Lowlties vat enlorine re:cis

GUantloatively, tawre ou tus v

to rcomu exteny Gl ily abs slarclowe fosmdn elnyiens dicaloride

‘ 32f14 + 012 = Cﬁz’.}lwzi)l,

a1ttt tac procust duvelver o reat woal ol wvoportiga Luicy i; La} BN LV,

Tus Comamered (1 heee ven omp oy sl L cowsen Jor wking tarlene Ty oerekiag -

oll: oLt ceen otudgln fae samidacture of coeoapiylel o maloray el lone
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evanally the ouarticn of n kil
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takon up At e b oTpe Lerrit oae v on

& othe merion Urdwsreity q.oz'i'nont thabdeon, o Tag et Al ol i) rucen

e cark i’ FRCHNEN § R S Ly T

LA T ; “". L e i
. ]
‘4 Mmoo \ WL bl !x‘cf P vrlm. -‘ ..v-u..i\'w atcoel i o,




68

’

A contriet for ankiny muedt.rd ie by lnle welnod Lar omade it e Jomnerel sl

seve.ren Sompany; out ae oftersardn ooaellled, ale 10 the noe uod by walch

e

tie Germane mode 2ll thedr murd ord e, e Al liicult gtep in it ic¢ the
manufacture of tie ciloriydrine. ¢ tule ne s wemwrel 1 product Lo “eraay,
it appaceatly never ocoucrod to Lae fermann le 4 L Lotivor tae ad tuey
were o oidicegred in conseduedce oo te baer Lover rucceeded in mekin, saucl o

)

cean o vedly lorge eoile, Jben taoy g neewnulotos wnou . stock they

: N 2 b P N 1 I . E ooes H
i P cqucturd i oabl ok g aen aad toow b osover o doatur wutil

tney could get motiaor wupily.

On popor tae cliplest meteos b kin auct ra jae 1o LY wae datore

wetion of sturlene nni rulpnur dculori .
202H4 f nlh.l.c) - C:inJ dl,)

Tide not aebu Aly cson tried ut tue Mellem Institute in fae utwwvi ol 1917,

whe firet re.ciion 1 4uu formo deie 20w avn g WY O adde i tice uow L1y

tokers plocw mariely cser L, e fowoegquiflion
? Y BT ~ g - SN aa e v IENTE) : H NS ]
(Cdz ulCuz )‘«'t | 4 ol ‘lz - ":H; vl ey .l o O - hﬂl‘zuubl) L 4 ‘.'}2‘.;142 1 ua

This preduct it not foxic bul Lolte 1 dnmesi tav ol o rolure e el ord

tho criteriou of purity,

CaPly da Japu ey 1916 tae clilia e cled cnen brefsteor Pore wan
l sunageied Lo otddug dvpuse muntoed Lo oer cads el e lditde Lol
Yope ~wiw ‘au drgportaad dreod ay ta b vy pUSse ML L e e e e
Poosd or vas Rpterieticod or ctaclane ol udpeus avnveaiord ¢t ARG, i
vydativn 1y he; pritian
. -
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The intermediate proauct ie dueiable, :plitiin, off ny.rcculorie aela reudie

Hy ¢ 5305 3 ClipCl.ohy 601 ¢ o

ly and roing over i te talck, bluck, waictilio sle ells, 7o keep tnu wmount

s

0f tuir product to 4 minimum it i uvidentiy derir le to w. ve f.x  Sucentrae

tion of eluylene ~o hisgn ww pocritle, It icpracticsiy o

ie 4 revoreitle egquilivriza vetweon culpaur moroculoside, sulpaue dlceadoride,

und aulphur,

szclzg SCly ¢ S

und th ot othe actull reactin: subetinee 1e culrnur dicalori e it low concentri e

tim(.

In mking st ord s oy fae tudpour cadovide y.o: s it i net
;e0ur 1o ;0 Loove G0%C BIc .ure b*.ue intermsd e prenat Lo orCr too
reLdilyooad oan Igoures prouve icooh e, Lolewr oy cauler oo re cetion
+okes 1l we more Cleonly; nut AU owne coovio Wy oaevineioly o inomolioe ot tade
ey ve counterb daaced Ly Wolag bl Joroar L ovolvead b L Lo Lae rule
T MO0 tul sl we  Inomdc o i 1 WAt v oerdend

‘ Mﬂl‘lg J*Jc'-;f"c

te op o ¥ baplene Lv DAvdy selusla Looawel o0 o L, :';t":f}-

in: ule :u';::'. ree Lwire dnocodsery, Pl VI GG it R L0
. s - -
Horelved vonyioene i0 o cdseds Cade wd il coseente ovlon anoore e ae rjued

of rvection vul dlsientiy to vomguarate of tau sveordr o chaen velseliy we
"o bue lever tempor tusw, Tae od ot siveal ceoelosolia U T Lt e
prralave i tiut he froe valyaus de byt mcre e day da codiodi 1 suluiler,
gvovreiust Vedag o clor yello lgudi Whdes oer not ceveidt culiagr ewer
on lon* t n id7. t i tumpes ur s 80 L pertille Yo seep tae sulraur
fa tucpengden r dsmolvin 068 pircent ¢ v billie wnlinwny L wr culpaur

merocnlorivue  Tae coliol l ulrans eowm oo e cipdl tea by ol iAo au
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mixture to 1207 for a few nourt unc tanen cooling, or by purting in . little
ammondin yue,

The yield of must.rd gue ie zbout 85% of ihe theoretical vut ouly

)
bac bilance prouauly

about 50% of thc tucorsticul waeunt of free tulpuur
being prusent w«e org.uic polysulpnices, of walca cne very poetibly aue tie
fornula
(CHzC1CH, ) b
It i¢ luoughit proville that tois :ré);uct ig formed weocording to thv ejuution
2<:ﬁzclcnzsclﬁ¢(anclcnz)zss + 55C1,

The ¥n lich made ethiylens by tihe wc .ol of concen r ted photyioric
2cid on ulcoliodls Thde war tried cut by tau Lzkliletcwiu Junuliciurin
Gection tut w.e not founi se ruticfuctory at rue cutilytic vecomporitien of
ulcohol by muans of kuolin e recemnended Ly toc irunen,  ILaprovemenly intro=-
Juced hore were tue thorcura scrubbin. of iae etaylene nud ine rubvegent
drying «ith sulphuric weid to vinor ita tue ure of {iliros tlouvke tiroush

-
wnicii to introiuce tne etavlene irte iuv re.ction ke tle.  iout 700 1liw,
of muet .rd . vere mule iu sidn ton vy tac sese.ren citirion weicre tne
proceny wie turned oyer 10 otuors fer rovilopment on . large re.lo,

A simil.r procecure wie foliowud wltn otunr itere  Tue lavor.s

tory metnode were workou oui vy tue Oifonse vactdieal hwewo reu Leciiong o

70

convicer ol waount of tue muturi.l wur mude by the Ladl=tic le Ml .cluving

Soction ond then the procoir wue tuined over 10 ‘uu Developnent idviricu or

to tie Gffento Froductiorn idvitiou ar tuw cuotu mijit ve, Iwerrhi—ewtm -rim
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Reeeurch i,ivis(ion'kspt in fuirly clo:re toucn vith tinc l.rgeeccale produciion,

g0 us to be uble to stral nten out cifriculties thut miynt urice,

In carryin; out thir prOErammo)th(a fm.ll=feule danufucturing

1
L

i
i
|
L)
)

vection made upproximitely the following umounts of cert.in .ree: murturd

K3

T

gas, 700 lis,; bvombenzyl cy.nide, 600 lbe.; butyl mercuyium,ll0C lbe.;

gt Y

? chloracitophenono, 1000 lbe.; diplenylehloriasine, 4000 lbe.; nitrogen

tetroxide, 3000 1lbs.; .ichlormeiuyl .weine, 2000 lie.; ddjhniyluwrine chos=

areine, _4000 lbe.; cyunogen cilorviae, 4600 lue,; cyuno,en vromiie, 600 Ibse;
ligquid ureine, 2000 lbe.; superpalite, 800 lte, The m.aufucture of :omo of
theee culled for u vory extearive prelimin . ry ecientilic eluuye For in=
et.nce cipaenyl culorersine wee vein, Uted LY THC defaent; LUL 00LOGY wiong
tie allier Lud uany idew bow it could e mude cotieraclorily., It wae fimuliy
discovervu tuut it could ve m.de in wwo rt .gee, vy the interacticn of sociun,
cnlo.ven.one wd wreeric triculoride to form cripuonyl rcine
ohiu ¢ 3C:iCl ¢ ArCly ¥ (Cghig)gae ¢ GK:.CL
and taen bheating triphesyl wreine witi wrevide triculesdde in .o wutocl.ove,
2(CgHg)ae ¢ AeClz = 3(0555)2“:-:61.
The redl protlum vie not vo nuch tue cencticnt Znvolvea ot sow to audle
' (7’8
‘t‘l.x:o-..ium rroperiy.  tne Eritien {e it in emull lumpej tut tae wmecicon

A 2.
method reent u« ietter one, Twenty=two blocke of eccdiun weiyhin & 1lir,
ducn werc pl.ced on un Bemcrh rereen w.d multud, fae ondde g voume ent.dn lud
- todiua remidnin_ on 1ne rereen., The nelted soddiwa it driven by c.ibon

dioxdide jreseure burough i epeciil rpiiyin, noszle inte cold henrene Licn wse

etirred dgorously., Tade g.ve o finely vivided voudum wilcu r;-;zctud

23

. N . . : :
re.ddly vitn cilor weizews wk oreendc tricidoside, IS tau teulum Lt aun
in 00 rypidly, eo much benzune ie veporized iut 4 fog ie Jormel, B00F
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After the reuction huse tuken pluce, inv vodium culorice cludge ic filtered
and vacuumetrested with steum to recover come of tine beonzene, Tue yield of
tripienyl areine it _uout 85% of u product 95% puse,

Thne Germun: utved etnyldiculorurcimm appurently bociure Thoy i
no sutiefuctory method of miking methyl diculor w.oeire, .udch is;%mre
saticfactory eubetunce. The Rece.: n Bivielon developed rmetnods for mukin:
voti,  The metihyl dicilor:reine cun ue made in tniece etoger, stortin. vith

A sodium arreaite nd making from vuis wircdium methyl srecuiie, vaich ie then
converted inteo methyl areine oxide, The firet reacticu i: c .rried out ut
85°,

(1) NagieOg ¢ (Cligly 5C4 = NupCHgasOz ¢ KuCii S0,
Poesible dirturting side re.citione orel
(CHz)2504 ¢ NuOH = ity 504 ¢ CHzOH
(CHgz)g8C, + HgO = ChigHiC4 ¢ CilgOh
o Culphur Jioxide i: taen pafecd in ut 50% = 559,
(2) NaGlianeGg ¢ 20C, @ Eg0 S CligneG ¢ Ladibly ¢ hunt0,
The Liculphite tuue formed ie cocomposud witn svulpnucic «cld becaure stacr=
w;ee if sulphur dioaicc were tet frec in prevunce ol metnyl uienlor.stiliv,
taue cueoping pue vould coury ol & re.t part of tar unetuyl wicalor.reine
with it, The aetuyl urrine oxide it tacaconvirtud into metayl dicnlor..oiine
by tae cetion of ‘yirocnloric wedd ut . temper ture uvove gs°,
(3) CiagueC ¢ 6Cl ® CizaeCly ¢ Hpl.
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An arcenic compound which .formed an excellent smoie was ob~-
tained by Dr. (afterwards liajor) idams throush the condensation of
arsenic trichloride with d;l)henylamine. The reaction is

(CeR5) o, + A8Clz = CgHpeNeCgHl*18C1 ¢ ZHCL.

The same product was discovered independertly but a little later by the
3ritish, who assigned to it the structure formla GGH‘%,-?:Q?/OGHJL’ The
subetance, vhich ic Xmo/n as D. ., forms yellor erystals melting ag
193%. It is strongly irritant to the respiratosy tract. 1\ concentration
of Cel Poieme produces o very irritant atmosphere, causing couching

(in some observer:), vains in thu chest, und to a less extent in the
throat and noce, together with the general s:mq:tomé of nasal caturrh.
qualitatively the vhysiological eﬂ’ec_ts of pure ..’u‘. N. differ consider-
ably from those of diphenylchlorarsine. They develop more slo.ly and
lact léng,'er. The method of marufacture ic very simple. he areseric
trichloride and dirhenylamine are heated tasether until the terpera-
ture of the reactirg mass is 1309C, the temperature is held bet reen

170° ard 180°C, at which point xylene is added to dissolve the D. l.

The solution ie dranm off, allo.,ed to cool, and the orystals removed

by filtrations The yleld in the small-scale manufacturing was uzbout

64~ of the theoretical.

Cyanogen ohlorida' had been made ty the French and their method
was adopted heore, but a good deal of work had to be done in resurd to
details. The Joneral rethod is very simple wd consictu In the chlori-

nation
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of aqueour nydrocyanic acid at low temperuturern,
iCk ¢ Clg 2 CNCl + HCl.

Two disturving side-rewciioun: .re tuc ay.rolyeir of eyuno en
ciiloride in presence of uydroculoric acid

CNC1 # 2lis0 = COy = NilgCl,
oand tue polymerizaiion of cyuno,en caloside in jresecce of culo.iic,

jencl = (cucl),
Tl‘m actual metioc wae to adi culorive tc 87 iCh wnt teryerntvres not lower
than «2%:, or wigher tuan $20C, Tuie exire iy narrow (v pessiure e
in pecevsury becu  se tuw catmirtie deeo q»ueitiosi LY oaydrec.alovic acid pe-
cormer egoriour .t uiguer temper-turer, aund wt ilov te.gerztures tue rate ot
culoriusition i« toe elow, Afier culorinuiion u iiriie .ydroc:u.ic uecid
is added tc reuct witu any excers culorine asn. tue product i+ dietilied
in u jackeited, di:contisucur ¢i.lL wili. a reflux cecler kept i V=59,
The balunce of tue aydroc.icric weiu ie rewoved Ly jatiu, turous. u tover
filled witu lizestone, Tue wuter coutert cwn Lo cut dowi to 0.1 by neunt
of a.uydiou: cureiun cadeside; vut i 1 unuecertiry bLec-.rw the ] reduct:
ie quite etuule w.n sutursted witu water (abeut 1)

Caloruceto} atione wur made v culosiiwting, uweelic wuii to
x0icCulodacetie weid, co.. 'crﬁi.,, et te Lo cob L colorice, wou b
cauei:, tude yroduet to reuwct wita buizewc ik preceice of nlu dia. cllesile,

Tiw culesrinatios. of uceti ..cid ir ru at tuv teill.  jolat in
pretence of tulpausr monocilorice.

(1) Cugc0zii #:Clg (55C15) = CHgCLCO i ¢ iCl
Tie necesenr’ conditiosnr for & wipu leia ol woiocusorueetic aelid wua o

,70 '
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low one of dichloracetic acid are e.iects e stirri.: wod o id cundesion
of chlorine., It is esceuntial to ure pure onocnloracetic uciu fer tue
next nfuge wid cn conuintelin tne cnlerinution of culorucet L culeoride at
409 in presence of sulphur chloride,

(2) 4CHHCLCOpH ¢ 55CLy ¢ 3Cly = 4CugCLlTOCL + 250, ¢ 4iCL.
Tho tmird :tuje conticte in tue reacticon et. cua culodeoetylenlerice und
benzeune in prevence o: SL;fﬁﬁr ;;loride.

(3) Ci;ClC0CL ¢ Cyn (aliy) T CyrglllngCl = sCl.

Chloracetop.6.0ue Lr an Wi Letoun Bubeluice 10 Guce wucause

it ie wot ouly & vieleut Lucaryator .ut i: alto exatrenvly juiulol in 1t

oficete on tauo ekl wun on tue mucour weacriusr Ui tut oo o taiont,
Coutuet wil tue cubniaice eitwer in tuc colid or tuv coucentlatou v or
forn swuser nin intence Lurnin: seneation of tue tiin wuic. tupty reve.ul
neure, sarciag wito water merely wgcruvater tae tir Wil fLoWdld 0
reeogrtes to e 1ittle e posiicle, Yo bert and uicher. relael it oital.ue
oy wasudn ; repestedly situ jueelenc or Worouens dle. dlogolie T.v [ roauct
and aleo earry it g by evarorgtica. Ou cool dry dajye tae licur;saiuey
alloel it wucn dacruased .l 1t is corven;o.din L laerecral La vy, raday
won aws,  Tue dry erietals Cui b uxudlﬁd it g0 g elive ¢u fort dav te
the 1i dtel wvu;ocization bt ardiaary te yoswiare, wdle w rolutin, o!f tue
'roduct i % preudily velutile Liquid, taca 8o Luiledas o alCcuti, iv t.eq
wre violoal In ite e.fecte, lten i Lleo wa wkeelivai curriec,
Io asaild., Caoravuivhagions, it or jrover oifur & ol ited

protast.ou v tie ) roduct tuou worke taroug. vwe rub er,  Tae filricer.

Aovee amde by tae Jboal Gospan) wurs cel.er bl tuait rerject Sat wure

o
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objectionuble in bein; ro inelurtic un: prone .o crick, gue
m

iigat gogolee noi 1o bo work in thu plant peociicdly =11 the
time, i mueks were necero ry durie, ce:rtiin orertione,

le'o:nbeniyl cyanide ¢m be m.de by ceuvesting cenzvl culovi.e
into beuzyL cyadide

A
C(,ﬁsCHzﬁ:iL + N.CN 3 CgllsCHaCh ¢ liuCl
and dreoaiaciing the latter
CgHgCH,.Cli ¢ 3rp 2 CghigLansCii @ Wiir.

Tue melood employed 1 tuds couniry wur b.scd ou ue Freaca
nethod ud lavelved 2 oaudeer of medific tiowe,

Jry sodium erondoc wily ot renet vitla benzl clleriie »
ol onoecturied asueous eeluticn ol tcadia oy aide renct vary
Jdowly ot tue Loilimgepoint o. tuc sature (cuout 8U%l) wvew
wnen tue stirvia  is verr vioo w., ol room 15 YT O

. .

lirve ¢ ool to tide :l.mde?'-.ilit" o ti tuwo Liquide for tu- re=
wetlon 000 pr.cti: iy {o corgl: tion in thoeu aoury 14 tuure
Lo cinel . oguni o) 950 Llecust e fnoweioai o tie buazl
sadoaiaa, It i aicentiob o d obae weorl ocoaedise tawul o U

. Bclliu Lt ibul :\.750 FET

[

fdrly paie, wlaviy=iive judosni st
185°% ©, tuv soiling poiul 00 pucv Leasrl cudoliae Leln 173% ¢,
Frew zoiucue ia Lau cuasgl calociao retorae Lo fuociion butwees
60 ilun oy adde i onr Ll vy wdute stuial Gedodlov taoadl w
clinfinited ecaMew L0 LS BuarLl anav o Ve FRLe St
Cplisited cogouna: uloa fale fure dte tae puriac adsin 61 tue
tearyl ¢y .uide,

| after oo gletdon ¢. ke ituciioh wwi T 0 . 6id

Lovur fa e 2Rl e feirly pure ool of Wdi€, cidle tue gue
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w.inin: 307 is cegponesd 04 torry sub - taacer, tan tosditicn of
vhich scemt Wniavoidiiile slace w0 @ Sue . k.¢ Lesa founl of §.ue
voLtin, fucdr oceurrsiice, .aiier 00t 04 ae ddeceuol S ceen
retoved Ly adetill dion, e n:ruM Leazyl crindae mly vu sule
jocted 1o frustionuld distill.tion teo purify il foon unci.n ed
venzyl cyxalds nd from the turry astter] Lul tud: ontnile ihe
cemevil 90 tae rerdliucd tar fren tae froctiondtin: ti1ll, wich
iv wowery aifdendt il unple sl naulienuila, oper.iic.

Tou desived suiult i tecued by in @oducing idve riuoa fne
Al oty wlter cae cemwodd o of wal Llcouaol Ly ulfscun reuovin
tde todiun cualoriau sclulions. i 0dl remiiar on top o i
aquoout colalise wadoh Jacdlic Rer proaay Aty ol Ly oda
ttue.m, The dictiluticw procoedt il Ko L) LLifidi, w0 i
Bt Lh ok sount o S N TR« BT TN N R TR S ;,_‘;, Y TR

vedpicrk il vl h v wellug,

Cae LFled orde€ Lo rPloer andce el o pucilied oy Jreclion:d
Jivtile ddone Tadi Lmvelve: L ad n Lvom oo tasw AT w1 e
movpavrle preceure ol L var2 ¢ caful fe ulolin el el VoS
82 lene ot dbdaliael poostucegonead v i bl e vt

2-3 .
vaat tae entrloer Ll swetul. weil ol L el oo reer o L 01,TG,
tit: lollin =point ¢ o pusv opounds ¢ou tlas.s werv
dev.lopee rucsereluliyy WUt Lwe D dek tlcn wiesr ddadlidrael
prosuur: foerr Lae Blewl U. .o tufe The Ve G G ot
5.5 thcaete W Ldea eonlatirar tue e ceien culbL epolal €.
N . o, . o .
ruidven Jd 8w e &0 130 3, Liveo et % 3 20w deo 0.4 .0

T

wala tac eruse elisyl orwdde, bucali v ARl Wivead e wwlyld
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chloride presuvnt will roct with the iren witi eudlen evolution
of heut, the reaciicon takin; pl ce with explocive violunco,

[W]

Furtnermoss, any lron salte which muy te curried over iateriere

£ a1 R e T SN St | e

with the zubsequent wonmdn.tion., Il i: tuauviefo.e nscestasy to

line ull drvon wpperalure  Bucdel ware i unwoli ole ut il b

SRR

tomper.ituces und connejuently tue froctiondin; etill ne to e

i lined with lead. Besdides giving a puso preduct, tue distillae
[ 2 I ’

tion uader divdnil:iiou pouloidle Ges e WiV o6 60 Lestwandn tho

daner of meltia the Lewd lining e, we (il

¥4 ) r _ - L
A,U., - It i¢ poenible to et complite cowversion o) veu yi cywilue

te broaenzyl cyunide if conditlons wre arrojid cosuiuloy. The
pure ounyl cyanlde i neated to 70°‘ £ und L detiaite mixturc of
oy nir o wd breaine vgor ie whadiieds For o iven caouut of
brovina vl ev.aidie, Lue laworetic.. wmoust of Lrc.ine wiper i
used und the corcoesgonaia; tacer tie.l wiount o. wyawrol.oorde weid
is evoivad, Tt rewstion nwnt ne of rtud by oowali oty ribliielsd
Woab, or by wurdtedin, teds Liw en L oyaedise nuwde in wopeovious
buteh,  Thiu laoter metuews i owf 1.0t cadert rcr manuticelusing
puspos e ol A oorure ey ot charton See ruestion, adch baed
oot Lo sorplotion vitsout furtaer wile  The Ly re.vouds wcla
curi Lo wieorhud & clly i oes 00 leowownurtle teuae tobiiici
The ore dae et e Lidbled e ccove IV nuy guds weodne
'

comict in couinel itk ta. wennyl cy.nd v o o€ de A ooannd

. and tade hee ne Locarsidedy poocys Tl cemdne vapos L st

’ be fatroducud tee rupldly « wal i conceatrnilien iu .t N0 lue
forri.tion of lue rwae zibcaalies  lul.ledent ade au:t Ve wde
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mitted with the cromine to ,ev'veefa eut Liae hydrobromic . id or visu
a hydrobromlde miy be formeds Too much wdr mu:t noi k2 sdadtlea
because then/eome of the srovne pacevr turoush witiout recciing.
Iron muct wot he present Lecuure 1t wcle ae o cdalyzer, c.using
the bromine to suvetitute in the luy dnstend of io the clle
chuin,  Moi:rture muet e kept out, The bromine vupor m.y be cut
off Jurin. a rung i detd oy tub 10 de very dmpoit nt not to cul
of i tnhu iir currunt, wlure adr Llone ane veon run tarcuu loug
encu;n L0 remeve 1l lue hyarobro.de wedd.

Mu€L pUsn, Dbrodcenzyl ¢randde nelie ot 2900; LUt such o

rroduct ¢ i bu oul duta oaiy wy scecryel llizin, froa Jdlcowol

LIPS

4l talc i Lo nocet Ty o8 W pUIT 6 e, Ui tiwltla point
of tiur naufactured rroauct vosder ‘.;;tx;ocn 159¢ w2 25°C, de=
ponding oh tihe puvity of tuw o.ctionited bennyr cranide.  The
product ic nuvers o dry colidoon crpyol liizalien, wnore ALy
pein 4 eliznt mount ol oll, .uica i: o ¥E wvuse adle o
srret le ve yellows  Tae wd Wly puciiics peoe et L Laee=aalie
*hul socu PUcur yelior ¢ ing o insdplenc coomporitien, aden
app -centily cloye voon,

- Bromumia b ¢r o wd e i o eatreaely pearistent bowes o tor,
W BUTGe 0 tar omlacn raedl Jllieo i &ori.-.-,./ TN
TG st 1l «.....l B e ﬁ-h'}l‘v}““- ~ wuuk 1.ler it
yw..: igertdule to %ok dn Lo cab=plt Wiricul o ¢ owask lov
AOPY wr w BUC MANLGL CLARL L0 BUTLIR L WCnS S AW A0S Y L
L desusil syeid e Y TR TR IS § WU TR SV QTR T P LR T S T S ¢
tuv tac Lo umpit G beBR Latacl oo evoe ) Llout Cile o kowu

L]

and asd Loon fluracd wlla toddum .. bon e vowution,
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¥ sutyl meresy tuu wae vado vy tihe aetiod oulti.ed by &.‘,\;ri-u; Lut
all tae detalic had to be worke. out were.  Tue laoriters 2etund war de=
veropel by Dre Kedd at taw Joaue dorkiue Uidvereiiy, Tie geaeril ethod Lo
f te puse butyl wlecuol varor and byiroges rulruide over a o ceiully —repurod

tioria .euted to uiout 400°.

C!i:}CHZCPiz(Jﬁ.‘,OH T ol = CHBC.'*Z CigCul,oit ¢ H.’JC'
Tae cutaiytic aent i preparcd by ruxing puvice wilu o eatapsted solution
of tuoriu: nitrate, dryin; iu wir, <0 boaibia, «t 4500 in an air curreut,
Toe finai product coutains wisut 247 tuori., Tuere le duuger oi o cide =

rewction, toe butryl alceucl ¢ lii. L eoff .th te dorn but flene lasiend

' ) o reactln witi Lue dyare 8L tulads é) Nnm,&i Lg;t,o,-.. poll__.

gq.

TR T T e

Wt agalo 0w o ddp.v. ..w;‘lku. thae wab JPepu NG W/ D addB oy bue Lo

' ‘ﬁ ‘ﬁ toractdq. of di; ;xex'k\\.\xi.xe o .\a\.a\: Lricatoriie, “3\4 }' roducty urun ..y
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\re
at ono tine it w.r Luod st po:siule Lt cert.lu flucsine sompounds

al it Ve derirscle il woaetaod of ol lad il W00 Vet nulded.  felvtin
nad pevpoared Tluoriue Uy dsectrolyzii, i Low tu.pod ure LG ilveric oda
L0 walok . little pot.orium fluowiiv il been iuwded. haitae wd e pl ti=
3 wurm ..odeg oot it wue founa taud cae wrouni 0f currorLon war tov l.rge Lo

‘uke tude 4 povriviu detiod ou ay enes; it luu o obuoiott laor wedy e 1 ST

p sadle aode ewal to rieces cuile eyt SEVINE STRLSITURNS THS & S Y 1
T
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lyzing a fused bath of acld potassiws fluoride at 225° - 2509 in a
copper containing vessel using a graphite anode. It is probable that
still better results could be obtained with a graphite anode, graphite
diaphragm, sand graphite containing vessel, this last serving as Gathode.
Mo agtual use was found for the fluorine and the method was not pushed
beyond the laboratory stage.

Boron trifluoride was prepared by heating together boron
trioxide, calecium fluoride, and concentrated sulphuric acid, It
proved not to be sufficiently toxic for use in chemical warfare and was
not » fluorinuting acent. o experiments as to the joint action of

boron trifluoride and fluorine on organic compourds.
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During the war many suggestions were made that arsine should
be used. The popul:r plan vas to use magnesium arsenide which would
hydrolyze in moist :ir, setting free arsine. The expe riments made by
tne Research Division shoved thut the hydrolysic does not tuke place
rapidly enough un £ conditions to give .n effective concen-
tration of a.r,ine. txpeZiA
this material could be used effectively in the rain. '.1dl- the use
of magnesium arseénidc or of any arsenide was not vory promising, there
geemad to be a dicstinet poseibllity of usiny liguid arsine. “he gas
is fairly instable and decomposes into arseanic and hydro en.# On tho
other hand, the dwbed liquid seems to be pretty stubl . when d»y and
prevents the decomposition of the vapor. "The reason for this it not
known definitely. It seems :robably that arsine as gas decaaposes
only in contact with the walles of the contalning vescel und that this
decomosition is preverted wher the "ralls are wretted wiih liguid arsiue.

The manufacture of arcine take: place in t.-o c:ages, the
formation of zinc arsenide and the decomposition of it. mﬁnc

i adlt 1 ey .
enide,r. castviron ket?l%paintad on the inside rith u mixture e
graphite and oil to yrevent the reaction mixturv adheri:; to the walli.

agual welyhts of sine, 10-i0 mesh, and metallie arsenic, 10-60 mech,
are vell mixzed, chargad into th ¢nld tettlc, covered with a laver of
uid-chamo-.xl’aw he:ted for 30-i0 mimutec. .hen theve iv u etirongs
evolution of browvn fumes, the heutin: is stopred. The reaction mixture,
wnon cooled, 15 a brittle cokv-like mass 7hich zan ve removed oucily

fro:m the kettle. The reuction cu: bo written

Sin e 28 ® haA'ao

23a_

te rere still under way to determine hether

82
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It is important that the zinc shoudl contain less thazf tiyo percent of
oxide and the arsenic less than five percent. The heé';t of reaction of
pure zinc and pure arsénic is relatively low and the reaction is not
nearly co violent as wsit) magnesium and arsenic. Mxen there are oxides
present the reaction becomes more violent, other coupounis beirg formed.
48205 ¢ 3in = 248 ¢ 3Zn0
3zn0 ¢ 1520z = Zng {4803)p
The zinc and arsenic must be mixed in about tue roportions indicated.
When an excecs of zinc it used, the arsenic obtained by decomposing
the arsenide contains so much hydrogen as to maite the problem of lique-
fuction a very serious onee.
Arsenic is obtained from zinc ursenide ot the action of dilute
sulphuric aecid, 2053 br wreight, according to the equation
Zngis, ¢ JH,50, = ZASHS + 30nS04.
When arsine is % in rresence of moisture, 2 white cryrstalline
hydrate ic foriod, AsllyGEp0, which iz clightly less demse than Tiquid
arsine, is soluble in it to the extent of 0.3, ard decorposes readily
to give motallic arsenic, whieh may 1recipitate reddish or in the blagk
metallic form, according to tne conditions. It i: zsbrolutely essential
to remove all moistur: from the gas. Thic can te done Ly passing: the
gas over quic‘k-lime. \fter the arsine has bveen liuefied under pressured{za.
Amlzs‘:b?f‘tth:{x;sl—;wen can be sepurated readily. Ouim; to the presence
. of hydrogen it is necescary to rum up to 11L& lbc. pressure .o licu@fyr
the arsine, insteud of the 96 1lbs. theorutically necescary. .he con-
tainers for liquid u.isina are tteel oylinderce Jhe gaseous arcine

analyzes about J3.4,. Asllg, tic reminder coneiutin; of hdrogen and alr.

Jhe manufacture of liquid arsine was distinoctly a ocreditable performanse.

236
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Since the gas is readily inflammable its tictical use prcconts some
dirriculties and nobody knows the exact value of the subuta.nce/ as a

war gase

2.3
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A8 a preliminary to the study of the properties of toxic gases
and of the means of defending .gainst them, it ic necessary to be able
to detect and determine these gases. aAn analytical and testing section,mﬂ&

Ik

was therefore one of the first to be established and 1t was kept busy ﬂuaud\
from morning ¢til1l night in spite of the fact that all the other sections -
co-operated in developing methods of analysis and testirg. 7The details
of ;nalytical methods are not specially thrilling to anybody except -
technically trained man, so it will perhars be sufficient to say taat
satisfactory methods were worked out for analyzing every toxzic gas wi th
which the liesearch Divicion had to deal. Three .typic:;l cases may te
neationed howvever, the testing of carnicters developed by the Gus llask
.eseare: Section, the field testic fo.r mustard :as developed by the Gas
lask lesearch ‘uection and tae L‘efensc-‘ Chemic:l 'eseirch Jedtion, and the
special paint for shell develu ed by th: Offenue Chemical leseurch lection.
Canisters are tected on men and on machines. lultiple macaines
have beexn developed whiéh /ill test eight canicters cimultareoacly .t
cor.tinuous flo’ of the gus=air mixture or it intemittent flowe he con-
tinuous flo- machiies are the easiest Lo conshr.ot and sere made firct,
Since the man bre.thes throus: the cunleter interaittently, thc results
with the iatermittens flo ruchines resemble more zlosely thoue emcoun-
tered wien mucit are actually worn in gus. he intermittent flo wuchines
are cajuble of wide variation both ac to volume of .Jdr pascir  through
ond a8 to nuwbe of oscillutions per minute. Ther can thecefors de ad-
Justed to simulutc any type or rute of ureathl:’s Jompuricor tascir on
mon hove chon that the intermistent ruciines ;ive resilic in exc llent

agrearment *Ith run testr, wrc ensies 59 muy, ard are rmich rosc actuste

Ha
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A NEw WULTIPLS WACHINE ¥UR T:H3TLUG CANISTERS

' wiTH INTSRITTENT FLOW
(xear View)

. PLATEZ XV




A NEY MULTIPLE MACHINE FOR TESTING CANISTERS
WITH INTIRIZJITTENT PLOW
(End View)
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because they do avay with the personal idlosyncrasies of the men. Thic
does not mean thut man tests should be abolished., They muet alwars be
kept to provide for unexnected contingencies but they can be reduced

to a minimun with « great saving of time :nd friction.

In the ea.r*lier ran teuts the men rere sent inside o gas
chamber; but aftervards the canister: were connected b; tubiry to the
gas chamber ¢ the men cab outeide the chumber. “'nis mude 1t poszible
to run more tests similtaneously and hud the further udvantage that the
man in charge of tho lesting could determine for himself whether any
given canister had b -oxen dom or whether the report was duec to nervous-
ness ox the part of th- subject. i1l the toxic guses con Le detected
2t concentrations which do no hzrn to the individuwls here ure $00

”
extiremes to be gﬂf.ﬂded against. he man vho is tectin_ the canisser
my Inccine that gas Is couwin: through /hen that Ig not the case, or
he may be so anxious $0 avoid givirg .« falge re:ort ag $o continue the -
test too lomy; and consecuertly get gusced clightly. .ith the men
accessitle out:zide t:e chumber, it ic o coamuaratively cim le mibter to
guard agai:st both theue rosciblitics,

e ey test Is only run until! ae 1o deteeted condn: throuh
the canistor; tut the vuchine %ets curn e run £ rticr.e 1t is custonuyy:
to doeicnute the tlne at widel gas can bo dotectud condng throulh the
candcter a4 the "broaido e Up to then uwll the g cau mauwved 1.>;.v
the au'wlals i the canlssers Jhe JJ., JiN, 20,. pointi, Gto. ure
the points at which 93,, Ji., IC., etc. of thc gut it stopred aué 1.,
Cs 10., eto. Of thu gat in she alr comes through.

2rsined-obeorvess-oeh 485605 MUSLLEd. Seo-bT TR 0L 0.1
5.

qs-
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2600
Vhen testing the variations in abeorbents, tha absorbent is
filled into a sample tube, of specified diameter, to a derth of 10 cm.
by the standard method of f£illing, and gas passed through under definite
conditions. The following summary of conditions for standard tube
tests on absorbents were adopted as official by the lesearch Division

and the Defense Production Divicion.

Gas Conc. Rate per Depth Diam. Relative

- pepom. OmR/min. o, ome Humidity
Chlorplorin *1/ 7,000 1,000 10 1.41 0
Chlorplierin 1,000 500 10 20 50
Phosgene (1) 10,000 500 10 2.0 50
Superpalite 1,000 500 10 2.0 50
Arsine 1,000 500 . 10 2.0 50
Hydrocyanic Acid 1,000 500 10 2.0 50
Cyanogen Chloride 1,000 500 10 2.0 50
Chlorine 10,000 500 10 20 50
Sulphur Dioxide 10,000 500 10 240 50

(1) iccelerated test.
If only one point is re-orted, it is assumo;i to be the cocper flame
break-point in thc c:se of chloryicsin und the 39, efficioncy poirt

o

in .sllhoa.ses.

+hen testing variztions in Sho qualis; of caarcoul, the stan-
dard chlorpierin test wit: u concentration of 1,000 pepem. .rur for a
lorg timo the ouly ons in use. .8 the churcoals liy.roved, th- tiue
necessary to make a test becams $00 l0ige iLabOrasos) ciarcoals huve o

ttood up for 1200 minute:c or more agairnst ohlorpicrin. o enable more

tests to be run, the ascelerated chlaorpicrin %test was introduced ucing
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s a4 oconcentration of 7000 pepem., decrescsing the dianeter of the tube,

and doubling the rate of flow. The oubtcoming (as passes over a copper

ST AT S TR
-
»

spiral heated by a burner. The appearance of a green flame is taken
&5 the end-point. Just before the green flame is visible there a;;ears
a preliminary orange solor Jhich may be used as 3 rurninze It it not

’ knowm vhether the appearance of the orange flame would make a more sen-
sitive end point or not,

It is usually ascuned that the service.times with the stand.rd
method are fourteen tines those with the acceleruted method, ond this
factor is often used. There are two cources of error heree The air is
run througn moist in the standard test and dry in the accelerated test.
It is quite possible, though not proved, thai the rolative effect of
moisture might vary with different charcozlse The second source of
error is o real ome. It has been suom by Dr. Patrick that with the
high concentritions of chlorrierin used ir the accoelerated test, there
may be actusl condencation of 1lignid chlorrieri: in the pores of the
absorbent. This chlorpicrin Is held loosely and il be giver up rendily
wnen alr passe:s over the cueareoals ni. uetuniliy occurs with the Germun
gharcoal. Jhen this is run to the breax-point ritin the uccelerated
oitlorpicrin test, ard tiwn dry 2ir is ;ussed over thu ch.rcoul, 70, of
the chilorplerin s removedyihereus ouly 1C,. 15 lost by tne .merica
charco.:l under the sano conditionse .1 ubsorbent with o 1o absorbing
rover, bat with a fine-grained strusture may shoz up ver; well on the
aocclerated test und uot well at all on the standard test. since the
concentrations of the stard .rd teet are more neurly those of the buttle-

field, the rosults with ta- stundird tost are the ones to be trusted.

Irained observers c.n detest muutard gas by smell at 0.1

L



/04 |

PeDeme (0,0007 mge per liter)s; but only for the first minute or two of
* exposure. Loz concentrations of mictard gac vapors, when In contact
sith o dilute solution of selenicus aeid, produce an orange-colored
colloidal susyension of selenium hich graduully increaces to a deep
bricit-red color in tine if the concentration of mustard gus s suf-
ficient. The test ic sensitive to about 1 pepems (00,0007 mgs per
1iter)s This method is not specific because arsine gives a sinilar
precipitate in less time than does mustard gas, and other conypounds
such as diphenylchlorarsine and butyl merca tun give positive results.
A8 against-this, chlorine, hydrosen chloride, phosgene, chlorpicrin,
and superpalite give a negative test even vhen present iu falrly

high concentrations.

"hile the copper flame test is not sufficiently sensitive
to permit of direct detcetion of lor but toxic concentrations of
mstard £:5, 1% hac beer found posritle to modifyr the method sé that
one can detect Ol pepene (0,007 »gre per 111.:;3:') or even C.01 por e,
under special conditions. The method consivts v cassiny aie cortuine
ing rmetard goo through .« cuartz tube over 4 fineﬂ M criinder
of coppe.r sauze zbout four inchec long, which fitc snugly into the
tube uand vhich iz heuted ut the tip ut the inlet through the tube vy
a4 8mall flame. s the mustard pus passes over the heuted tip of the
copper gaiz@, it it broken do and the halogen is absorbed by the
cooler portion of the guuze beyoud. .fter s perlod of accwmlation,
the gauze ic moved slorly futo the flaume urd heuted directly, the
presenge ov ubsenrse of 1 gréen ocolor being notede The principle has

been embodied in 1 portable field upparatus. he method it really

one for halogens anc i: not gpecific foo :mstatrd guse Its uvefulness

26.
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in the field in questionuble.

Ixperiments with snalils ’a.nd slugs shcwed that these animals
were exceptionally sensitive to mustard gas and other toxic gasces,
moving thelr horns in difrferent ways in different gasos. It was
found that a tkilled obuserver could utilize thece animals to detect
mustard gas at concentrations 2 small as one part in three million
and other toxi¢ gases at even greater dilution. 4 trained ovserver
could distinguish between the various toxic guses with considerable
certainity at lor concentrations and with entire certainity at nlgher
concentrations. The variaitions of sensitivity arce considerable with
different irdividuals and in all caces the susoceptivility disaprears
pretty comrletely on prolonged exyosure. It ic therefore douctful
whether thic sypecial test would huve anythirns more than o confi matory
value in the field%_la.cquer enzmel nain: has Leen devized -raich
can be ured or shell to tell whether tuey leak or not, the:'t’being
an inctuntaneous color chuawze of one xind in sontact writh liguid musturd
and a color charge of unother xird in contact with wrsericals, thars malkdng
it possible to u. e the same pulnt in two different kind: of shell. The
enamel consi: ts of chronw-ichyello:: ac piiment, a mixture of 85 of Oil
vecriet ond 18, o “hodamine B in small amount as the sensitive agent,
and a lacquer vehicle hici: §s ecsentialiy . solution o nitroseliuiose
in amvl acetate. 3Joth thc 0Ll Ucarlet .nd the hodamine 5 turn crineon
red in presence o liquid mustard; Lut the ‘hodumire o is nmuch the more
gengitives On tho other hund the Uil poaz;le'; turns ascp urple to darx
green ix presence of arctenicalc. The puint ig ot affected b;” such other

subttancec as chlovpicrin, phocsgene, superpalite, and but;l merea: tun.

17

/08




6.

Similar effects can be obtained with a linseed 611 paint
instead of ’the lacquer enamel, the contracte being more marked with
the paint but the enamel reacting more quickly. The paint hae been
tested thoroughly for the effect of sunlight, moisture, time and high
temperature. The color is entirely stable before exposure to mustard
gas and the red color produced by the mmstard gas is equally stable
under all conditions of weather. It is immsterial whether the raint

is used on shell steel, tin copper, wood, cloth, or paper.

iy i -
[ SENEME AP S LR




. 216

24,

In oraer to et rome idea of how lonm; murtars cue 2y be
dangerous in tae field, « rtudy of tue yrereirteucy uncer field couditione

vap made By tue dorearch Mvierion in tae cumaur of 1913. Renenepeey

o P Une Luinoceds of nlots, v oryiag frowm L0 feot ouare te 1w et

gqucre, L0 cproyed withn mistoed ur oo other toxde mterinle. Toie . .#

'y

very deagersur .ork ond resuived tiue utmest rrccautlionm ol tue tisteouce
o 13 - 4

o8 etrict dieciviine, Few of tho men escoowd rerieur busar; wut, e oy

ar L@oacy Tanwm, no rermionend injuries rerulted,  tucceseful jreccceutien
of tiste Mo . surcaents sequired tue wevelgpnoaal ¢f ooy doowr 1w, juintie

tative nedtiod for tue detumindion of abaute fr.ge: of It a8 ot aid Lue

~3

otuer ;.rer ia tuv wdr, Tudr wot findny sesurad DY L Coatlderile tevelepe
: aent of Lav mjaelomatsie Wwiaed o wloaarfss Tt et foun. jortiooe by tule
.. Toaeme Lo weleradne aurd oo e ita w0 wgoultey o toud .LOj‘fAcoz.cu;;tr.:ticue
ar lew .+ 89006 a_, puv diter (Lp .ot o Iaomd riew) wrin L le Iiter dr
L Y, )
The eoaconts tion o7 wrt.rd v oovedr e amvd ad XS0 fuot rpTied
witu 20 cc of ~wet rd -t yer eg. ., aden #o-‘&‘xrrx=oa;\.' to o di.tiute toele
; Vi, wmeunte te 0,04 v v Mter in vl oo e et ot (8" !‘;.;;.)
g and & 211t ureeze, &oons foot froqrag roundy 1l do anis@eng .
por Liter wd ~t 3 feet Q002 m, poi uit oo, Vbl Pl ol o lest da Sl
r . LB wy Leagvae 0F :‘lme oul bharubee wocdanel Gvesi Ly el laa
i A le &, Lovenpe tive of <0 e ahion of Law #eild Lieeld, w econel. ily
1 on sxpovaun portienr of L 1L The coretatetion Lowuen al e oon v
24 :
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daye 'n. lower on cold oner, hut tne perceuctuge ¢f decre.re ia ccucentr.iion
d incoeelng ddet oncer frow the round ie y..ctieilly ideatical der 4ll
tem & .turce,  Taur, it 4"/ tae ccncontr tien i: 4080, ut 12" 30;i,mc’. w4
36"/ 84 of taut .1 'he eurf.ce of tau rouna. Tne v.ri.iicar in horizont.l
L 4
concontr tion wore in part ae oxpected nnl da .ot egestec, Tuus, arp
woull ve exested, at 4" froa tae -_;rounu/ tui concu;xtmtio'u re.cnod itc
nadmut ot oor se.r taie lesw e tle of . g rajyed wrei. sowever, it uee
ere~ted whia very et rogliaity ceyona tais, POr lait v, in cle.r,
wier.te .eatavr, “né sitn o rlij.t wind vloving tac eenceats ticn b 1"
frem tae cround e ccout 0,04 33, pur litor A tue lecu.rd ed w. o Ceoet
Yoyoua ‘ulr, it ‘ropred 1006004 m:. por liter eabe oo it 50 fust Lopind to
0,001 =, per liter, "o dluting =fiect of ue i 1t e‘ddéa;tly sun il
ly great .r e indeed been ue uaisered zxjocieuce ia lur . .olvwe Tac
toxdc irew doct net exlend torae tali Wbout 105 feot wernud tue rpriyed Lrea
e wren Gty i o vepy

ey or iy v ccausitiens, fuitiwr ud even

g oiae vary Le.t e tieace oF tae Aoy ever Tla oy oarentiy ety odina

Y

%
o

agrniition:, cimult egun oglur Sollected s L sl el le e o Paw
leg. .o paorcner ta ...:a‘. B R F TILF UL R L e S T A
sed onte wea it nove Trem lue fpraved ccuna, Leatasited P aavte Si Lo cone
Cumt 021130 Wi APRIRGl G4 wd 6 GUTwsabi o du ot WAPE 0L ruiVod.

Tae eflsel v el wratare on maeeale lon L0y GU atNindy 1 o=
HQULCRN,  TuVE, Shot elonr ey of m‘uw..té RETETEE S 1T I8 SN O TS (DT U1

on tay leuw.is vige &8 poten 4 4% ferov ot cpenl e D060 n . e dates,

on uoup after syruyin., fo am ey (T09F,) &t Lo 3064 3 0 per dlier,

1.
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‘wnc on u cold day (44°F.) it wae 0,006 mg. per litesr. Taete fiurce ure
aprroximitely proportion:l ‘o ine vupor prercurer d{ must.ad ot ot tue
resrective temper turer,  Tue efioct of ruushine wie suipricingly a.rked,
Tac memont the sun went uenind 4 cloud, < immedi te drop in concentr.tion
could e chteerved, This drop often :mount2d to 2s auca e 75‘,’1 or 807,

wrver of solar radietion tuxkon on o recoiiing :yruvliommter rar subeat iatinle

ly ;:mdlel 4o curves rhowing ine cuwre in coneentr.tion “ith tuc time 4

A . AR R

- "
.. 1m3u o tude porilleliem cue sore or lees counfuted if tng Z a6t were omll .
£ aad zo.tiersl, due 1o tae §oet tut Lo recesing Lartodnat e loguted
ng.rly cas=ndf mite from ine jLtoucs,
Tee cnan e in cencentr tlca dta tite e rtuuied Lita o otisul s
Ciurne IMiuddoily wotedr talag, ter wsacsnts licn (1ot L0 lhe GFOULL
app reacucs eturalion b tue leew . wijv of Twe paine Cuooooamog, -
very coridoeeruise Cith tae time takers place, e . .i’.'tf.«:' Lownur, tuo
. w concentr tion & 4% uvevs tuu pro.ni ill m.ve dier;ed to voud U080 A
LR 4
pur iter i i idve woure 16 Q0000 g Tller) Tae swn A ST SRS
nuly 0,004 wrt tue c-cona oayf0002 3, pur dited, oo 4ooreaer droLicee
froa tue jrouud the concesti dicas <ill ue cerreepoulin’ly lower,
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gas
of tne murtird/to ev.or.te during tne firet five aoure taxt tuc concentrue

tlons bucome low on imie nccount,  In wot vewlaer, tuerciors, tuo concentrie

tion of tre wyjor over a spruyed pete. ie very uigh, urd, acace, dungerous

during ine firet day; wut ie only 1l mtly ngerour on tuu ruccus wd

tiaird days, and i+ weglisgicle taerenftcs, Iu cool weatuer, ne overs, tue

air rendae s jercus for u week or eve. wre, cnd is 3 orticul rly o _sroue
M , ,

on u wur asy¥ {ollowing . cold onu,

Tud valure ¢f vie il Wit fouad T sove 93 ) rosiioaee micet on
Tas _wt occucoute.tloms (pav,ing a larger omsvrt of L3 ouid per sju.re icot
0f ares inerecser tie ar ceeesmidraticn, Gl aol Loopoepsitien Lo i e
er2 :zed :mount, Juen toe Jmount ured I- lets dnoa winit le ceuired fo 1234

tie surf .ce of dry ecil, *ue & conceatr:ticn ir Tound %o le vury lou, Ik

other worde, tie roll ar . aeticel le aurorrtiive jaleR. A
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Srouli in fae woout,

The apllity to, detect the odor of must.rd guc under v ryin;
conditione, uud ut low temp.r.turer was found to be subjcet te conelder.ble
individual wurdction: and to éeyenﬁron the amount of expurieace in ruch
work., Many of the men acquired decided skill eo taut tney could detect
the odor =t & foct from the ;round over puatcuee ti.t nud been spriyed witn

20 cc of liquic to a sguare foot ten duys' after -praying. Over ratcuer

h that had been errayed witi 1 cc por equ.re foot tuaey could dotect tae
odor after three duye under xorm.l rummer conditions, In the summer fime

soil cont .minuted witn mustard gar will c.uce ckin burns wfter {ifteen

IR e s

minute upylication for at lenst four Juy:.,  after four cuye, the dunger

is relatively eli.ht, deycnding mo :cubt ou the nmeunt of muteriul criginale

1y .pplicd to tue eoil umi on inv intervenin; .u.taer couwdtiont,
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The work on protective clotiing y ihe tcee rcin dvirion wd the

7 Medical :':tvié’ion has been chiefly wxith reference to protcetion z;:xinet'
mu‘?tard gue. and hae iiucluded a :.tudy of fabﬁca intended fcf ure in the
following forms: gloves; over-all suite; underclotiing; fooiwuar; dugput’
‘blanketr and ecreens; maecks for horss{s and do;v; wote for horses., Tue
ordihury materiul§ such .s cotion, wool, linen, le;thert‘agé.rubécr are
peneﬁrated by irritant guses in relutively uhaxt-fime:'éartly becuuve of
tneir porogity and purtly tecause ol sclvent zciion, tnie latter seing thé
important factor in tae cuse oi-rubher. 0.5, iseued clothing protects irca
eaturated vapor of mustird gue for S-7 miautecs. Untre:ted Hove lsaiéc
resiots penetrution bty liguid mustard v for 35 minutus; unt coted & 77

horse=faide and split cow-hide for iour and five minuiee,

PROTECTIVE 1LOVES

fix different types of flovss have been tested. They ure

l. Leuther zloves impregnated witih sefiened linseed oil.

2. Canton flannel loves witn lecther polm, impregnaied “dthn
voiled linseed cil and ete.rine pitch,

s 3, Hubhter gloves,

4, Cotton glover, -miterproofed :nd coated orn the inside with
4 a yelatine=glycorine=form.l- enyne composition, :
g 5, Gloves wsewed from oiled fabrics,

.

5, Flunnel :lovees coutud wita culluloae;nitrute.
The firet type was made from tiick leatuer imprognited wita a
mixture of voiled lineeed oil, custor oil wnd paraffin.  They ive pro=-
tustion uydnet liquid mueturd gue for two to five iours,  The dieadvantages

1ie in tne ec.reity ol leatnor, tone tundency of the ;love to chirink -omevhat,
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the nececeity. for oxidiiing tine lineeed odl wurdn, the drying procers .nd
the tendency of the slove to etiffen wita 'z‘;&;sing.

Gloves of the reconu type give protection oi‘ one hour on the
fabric purt und four houre on the leather pulm, The iime re»;uired for
éryin,; and the tendeney of tac ;love to ¢tiffrn .re ite weik pointe,

Acid proof rubber slover (tihc tuird type) nre av.il.ble in tie

market.  Sumpler valch cont.in'zine oxd e in liiv compoiition reeint

liguid muetard for 15 to 45 minutes, “he igh price wkoee tuir type
uneuit ble for nnything rut speci-luze,

A gelutine=,lyc.rine=foimidc ayie imprs n.tion (type foui) wur
tries out, .ith a wateryrinf ~3itin; outeile to jrotccl tue w.ieresoluble

impre;a-tion, Glovet tuui mude wre more fledlle iu nay otaer iyje and

. 4 more resizt.nt to murt rd _ .. The noceccity dor tac guiriiv w.derprociing

R AR

.utroduced complicatione inte tuw aamiscturia, proceer aica .ere hot

sufilciontly vnier conisniio ive tul: love it ndn, 08 a6 Letl .evelopids
e fiSta typs concdetr 01 wn oiledmtdds tooric reded lutos

gloves  Tuds uaterial aie Ured Lar o uiy L tuu orduncg, sl iz tue mo:t

reedetont to murt d gae i rueng it loees tuds Jlrtinctica e 3o iato

; wlover, wo.ever, Gecaste of luu tyvnlwnsy to Lok I N N RN

‘4 ficuliian in redin,, Tue rEililiost e roueclartizity of ti: tterdia .re
{

i ad dtionadl ilendwint . et

%

The #i:ta iype of :love «um found aeed wiii’»i%‘f)rgu 1este

ysrodu-.:tio:. wid for et ) i1t FSCRtES ~ae fo oi2 relutled or soviag

Y rud iefont eteensty, ﬂu.ia:-i?‘i.‘u_;‘, i e K %e refl e ralies for i tmant
2 Lo o meding ceboat Al Lo cetton fvadl, Fueow o# 1450 utcon, Tads
4e vun over cyliauore cirfiia eiort wWlrbs et atcu puil ot tue fi.re
} on one tdac, joralug a roft wipren vuri.ce lik; :‘.o o ki ry C.alOn IL dael,
S - R ]
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The m.teri.l 4s tre.ted on ta. vmootn #ine whtu o cout of celluloso nitr.te

to form tae out.r luyer. .fter drying it ire cut vy dier und rvewed .itn

the tre. ted side out into a love witu the tuumb ond iiret finger in repurste

divirions, ihe remuining turee finjere forming w mitten, The Aove ir tnens
put on -« wooden iorm und dipped repeutedly imio . rolution of celiulote

nitrute coftened with rape=seed oil =nd diseolved in etuur, Leinzol, rilétklyl
e.licylate and wlecohols .«%’ter dryin;;'in cvenr, inere ;lovee protect
againet 1 uid wet ord for 30 to 60 miautes, depeniing; upon tne urier of
coatinge,  “he ;levee besume oftoer rutoer than rtiiier upor S obine, and
sho: mo tendeacy to eriek -t tempor.ducr e low ue -12° ¢,

. In rue‘.oxma to & request fro- tae ~o Nefe ie Niviclon Jor
reco 11wnd tionr fer j roducing 2,000,900 puir of protective love: 1o

A G T PR A

rte of 250,000 ;ui monta, ti: czllulere=ii rotu love
aza productios et rted!  cout 1800 poiss bud bevs completed viaen work
wie stopped by ta sdpiny of tue uoairtice,

‘ LROTICTLYS_LULTS,

Frotuctive tuite of taiee tyjer woou ciyjerinected wita, Tae
elasvific ddon woptee &0 ap lollowe: dgpesies e rults:, in wicn e

o

textilc: u.ve besn thorou_alr irgrvn tu: (Cita Lving oil) fo tat (ue

Poorzs de Sopetlonl an o tdiwrn Gl Roodmport tde by e e
$ L wdort e e Niod t€ L CQ Bt B Lan 4 T cetl LT Lt

oyl paenge ol tar Ly ICEAETA TV SO S SURSTERFIND S I ST

ORI U VA A

e bag ruite, Lo wnicn b Diade 4 Dmore el

e

pusa v ¢ tacd tan Luteretl er sundl open fer ve il tlcn.
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The Alr=Lined -uit wae develeped for eepccinl uve in factory

i A RE L
production of poizsbn gres Tt compriren worult covering the shiole Lody,
a helmeot, clovee, choos und uir euprly bose,  The nelmet ir -w . luminum
eylinder ten inchee in Jiameter witn . hemlernerienl dome top,' being

supported by o fibric band resting on the heud 1ike .. cap, o rectongular

window is in front uveneath vhich the uir supply emters, The suit ie nude

of cil=rekin fatric mude up we v union -uit, butieped ot fhe vock and '
§ 8 ‘ - /A
¥ tied iy‘fue wristse, nklee wd wround tue helmet, 7Tne lover ol foot=
g we.r ice uot oirti uvflve. Adr de pumped dnte fau aeluct St a Late of <)
¥ liters por niaute, dving © const.ad currest rom ta. iurile of tue tuit,

cutward turougintne ceame wiw openiu,n.  lioow 3 aloute Lot Lo tae

chivaber count dning puosgene (1000 p.p.ne) no g.t could ue detectod in wny

pirt of tue »uit,  “here w.us no digconlert rejerten cue to | ¢,

“

Tne Cilerkin fuilt, Toe maberiul oo lei cud® 3o ompecd 3y

——— 8 e .

s - . . . ' . ’
e prip o oilelotus &0 bade, aedtin o oured; o 08 X 64 (cou y
taecting civer a alva teneile ctoo ta, wlea Do overy eeds o1, Tnie

11 co.ted wits Foree So b o owoGa tide 00 v oroes Lios Mo, ™ ng Taen
Atn tio o br of  voatdens ar coyporition of i cditus e lr e
rello
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ctock wub 55,16 Jdrreed 4l 5.4 '
bORY Yulie . Ceare 33,8
4

ftock Ti munt S Bt Luw U ar J

Hartae (54 ne) 1. 3,, Motor . 35,
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ALK LINZD HYLaET? AND SUIT
Pront View

Showing suit foflated.




L.4PSHVIOUJS OVZLALL SUIT 2ui
PROTACTION ASAlilST HE.
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Varnieh ctock Vtxnish

gtock V.ruish 79,157 lineeed 0il 59,337
Stock pigmeat 6,667 Litharge 0.2417
N ioa (54°Be) 3,320 sobalt (1) 0,593%
Puraffine wax . 64387 Surtor Cil 5,93%
sreoline 44567 Guzoline 33,90

T

i

Tue cletn ir dried in ot fertoonlng chambere between tne coutinge. - .

It i thes cut .ad eewed into « one=piece over .1l . ument, following in
general tne Freneh design, tut with changer permitiing greater freedom of
movement of tue luge. fter veing sewed up, tic suits are couted over the
cgrme vitn 4 uickedrying mixture of tiac fellerdun, compoeition,
5 pord cellulore nitr te
1 p.rt butyl acetute
1 3/16 p rt blown ryesced oil, '

samplos Troen Dootosy rro wicticn rsuow protecticn o ddnct piguid
muet ord e fream 60 to 90 nminut.s oo Tuo pageielo lod tost, smden 1s
dietinetly wiwor vaoa tested soylas (ro0 et 61d) ¢f ¥renca protuctive

foriz, (25 to 75 min),  In ure L sover 1 typor of oxporen .ork sicre, tuey

protuected icon ooy ur e du cvoey sore, Tuey cou gpou e ] octlon or

vae _rowne of eenfeast, cince wney puridt ne ovijor tien of yrerpie diow or

veitilation, / \

I : : .
A& oraer for 1,000,000 :uite ot Lad. vy var e joovere of vela

A1lad ics thau ece ey it wertilitiee olelod, wout W00 ruiile ere
ampictes fapr lae e telaiu dividien,
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lewve the intersticer ¢f rmull dimentions, In lactory impregetiions, tue

= -

fabrice muﬂ%7be p-seed over ot cylindors wntil @11 ene-icul cction invelved
in the form.tion of tue moap ie i «a end, 1o avoid dunger from luter heit=-
inz up. The muteri+l ie then sewed into overall ruits, followi. . the
deeign of the fimplexene ecuit. Cempured vith o summer suit of iscued urmy
clotuin;, it permite evaporation nt u rate 707 ae rupiu, the provcure drep
on pufrspe of uir is proactically the same, und tiue nest counductivity
dietineily petter, aAcoinet o turutcd muetord vapor, it afforde rrotovtion
for 45 to 75 min,

ahout T8 of dhcte rudls wore madde up,  Tuey vere uet tested in

y

the fielo,  Toey appoews to be leer cool for summer weryr tuun the Simploxens,

;
ut el cgeler tnun the Lopomentle o topdepernestle cuite; vher liock

*

entively the etickiicvs ud toenloooy to etifion videh the fimplexene cultd

snowr, wrd offerd oosrvoteetion b Le st tuice oo grost,

It it tacun taot tue  mulecid jrocers (wetiic | of luc drprenoe

§oe

ticn upon the ¥

tue oue guetoed Bolp ) orelected A I

Yerosoze cetoces the variets cile e teon ettiilirne) o te tacdr preticetive

2w N

vlog,  Tue sener e tden 1o onde tuot o orir :%Zc (lineced, ole) raenld

veoowedded, citier frew or Lot o, Loomrier e reoun ineiotty 1o

svoant omaenp ceche te v L sty ot e d T ghould . velled on
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worn Lr egunveintionul cuter ruits, Uit Tibries ¢t uw e ree ¢f eponune
comy.hile to it of ueudl puitin e, o predoction of 45 1o 75 miuuter ic
cttalndile; ita cpen falrice sueh e ueed in the Simelonere sudt, the
pre olen frope to 10 fo 20 minutee,

FROTECTINEG UNDERCLCTIING

- -

Erotective wnlerclothin. lie heesn testol

potontiv s motori 1 owmi ot nove Lomexdtwm voiug 18 uged

cden regrated Uita oile or wits

ile 09 roqpe cive tuvetoii 1 protection for ruort time cxpcrurce (8

j3e

ergveed semawhot, tut is o111 sc low we to offer no cerieus lmpediment

to ve-tilotion und the rute of everor tiown of woter 1o ulmest waiicetad,
-

UL TLOTEIRG,

Treecure wato of Bvip= Fayelolo iuesl
m, per g cm ivep oruticn Froteciden feor
c=12 min,
0
¢ 57

. g
o el

[
[

I?p;egnntion

T(ione) - S T T Lo
albeeol 11 =,0 1.00 1.0
Mo linoleie £ 5.0 1.7¢ 1.0
Sulpucnated . j
Certor Gil 22 449
Cagtor Corn 0il &0 KN
Oi.tment §60 33 6
Cattor Oil 20 3
Qintment C,F, 2 4
Cintment 82 45 8
o
8

1.0 9% 615
1,50  1.03 e
2,20 .96 g3y
1,60 1,03 - Y
.00 86 907
0 .96 937
.0C .92 947
.50 .79 T’

Ointment [16 8
Ointment )66 47

o S
L E X"

Impregnitione runring up to wbout (0% in iyt cmn le worn vitu

no iccomfort und with no reneulion of oilincwr; wilh hewvier imprognitions,

42 0.
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the renscticn ir ddeagreeutle,  Fuurice treaied .y the Trulroid procers.

k]

with oil=soup impr:

“

amtiont op to 7080 give very little gerestion, wnd

7

rrotect (v nucﬁina tent) for Eértb 40 miruice, a 407 impregn“tidn vitn

rokiﬁ oil mixture‘can{«ining icdine pentoxide ric.: 997 prot&clichrfcr

16 minutes, but is too oily for use, Teets.»itﬁ‘undefclothing impresnnted

vith cile vud dicnlordmine-T ov cnlerazene jive kd;;;pxbtccticn, put tne

fbries wre not luﬁtinb;\ ving 1¢ ihc inet.bility of tue tclive reascube,
FCOTHEAR

jubber boots > hd . erecisl bteot wmude from prrozylin fubric very

used e foct protecticn in experimertal work in reund ) royiscg wdtn meet ovds

RN erpeinl stuay of these ~rticler wie not mude,

&

SUGCUT CURTAINS

The rese.rch wae dirceted towsrd fiﬁ%ng materinie widen would
cive flexivie curt in, irmpermoubile to wir jhsoe (wdr aleo belng excluldud,
cince cufiiciint vorfiilotien e wrrumed vo oo ur o in upecute threu.n thi
c0il), ar free frem etickiness av voseable oo os vaiv {1 Ble or porsille,

.
e verk hoe ireluded ihe Jevelopniawt of e danle lowket, suitnble
imgrosnating odl, aud o maooling for iy o tlon, e
fpecificitions dov =li-cotfnr/<;:xsrs alve e Lised upen
vtudy of tne suitabilits of »11 aviatlebre oloanket wmaieriole, A buneile
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all protectiion by imprognated fiiirice sc fur ir eituer purely

mechanicul or payrical, acpencent upon soluticn of sus. In the cuee of

linreed oil feirics, it is probutle iud i exclurien of _usor
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ast o9 re , tav penetration being effected tarou.an microecopic uolee in

cie :ilm. nowever, it is posrible thut o:ddized liuseed oil (like un=

cxidi:ed cil) ie & solvent Zor somc of tuc puseer, aud that clow solution
ceeurs in tns exposeu film, after wilcn tins disrolved wpe pastes by, dife d
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cccure, however, muy be entir:ly indepencent oi the rate at wnich tude

out ride equilibrium ie ronched wnd ie yrob.ily due to diffucion of di =

£o Lved ;;:;‘sw in tho bady of the dmprognution througn te the ivner rurfuce,

frem wiich it will t cuce begin ¢ eviporaic, tuere vein, rc oppoting

wpor rivreure upon tad ride,  The pluugrivility of tude explunation ie
hown by the fuel thut the uiguert degree of resirtince to penetration woe
found, by . number of inuependent invewti . tore, to vo r‘m;n;vn by he

movat aighly viecous oile, in walch tnie diffusion would be clcwest = cylinder
oil, rosin oil, costor oil, etc,

The penetrution of nydreus mutorindl fuen = tue _olutines:lye
cerine impregnation, in waieh moed cueee rre incoluvle, may ¢ fut irn part
to pin-icles (macroscopic or rdercecopic) or in .t to trunt;ort in wuden
the water playe o part,  The amount of “siter prosent in sueh &.irice aee
been snowr to inriuence tiae rite of yesetrition; titu turee falirice (un-
trevted newvy duck, selatingeslveerine OO0 rie, tid cileclotu) it e becw

? ficre ter tue mount
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Euhoun’? of penatr tior. T'z’isa CXI’litlk..u’g10$‘k‘f-L’\’-.‘n\.’&:C for fude iz‘.t.'x T ter
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Qinimsnt/ﬁas nown ;9 Sdg P.tte, urd waes shipped to 4he Vertern From in -
large uantities, The majority of the reportt wers quite fgvoruile tnougn
of couree the paete Vi & oniy used =t the front fer a limited time. It wue
later founi poreible to improve thie‘ointment ygreatly by eprinkling b2 etche
ing powder over the ckin After the ointment nud been :yylied, ine bleach-

ing powder serving tc deriroy the mustird gas, .
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We can now come baak to some—of- the defense research workk
Mﬂg ﬁw ‘on ‘the a.baorbents, of which the most important is
_; oharcoa.l. 1t had been Imown for a long time that sharcoal would condense
_ in 1ts porea or adaor'b certain gases, holding them very firmly. It was
also known that oertain cHarcoals were very effective in decolorizing
sugar solutions for ‘instance; but that was about all. 'It was lmown
:that in general so-called animal ohafooéllwas ‘i;he beét for decolorizing
gugar charcoals, that; wood'-char_cnoah were the best for adsorbing gases,
‘and that coke had very little a.ds‘ofbing or decolorizing power; but
nobody knew why and nobody could write a specificé;tion for charcoal.
It had been found by Hunter more than fifty years ago that cocoanut
charcoal v:é.s the best for adsorbing guases and this was the charcoal
usually used in scientific laboratories. In 1912 two Germans, Hem’pel
andVat,er, claimed to have made a better charcoal than cocoa.ﬁut char-
coal by mixing a special animal charcoal to a stiff paste with ox-
blood diluted with water 'and charring at 6000, This was not very much
in the way of information and even this was '\necessarily applicable.
The scientific work on adsorption had to do!! with the equilibrium rela-
" tions of pure gasés while the war problem wé.s to remove mere traces
of toxic gases grom air in a cery short interval of time. For instance,
with a rapid stream of air through the canil sterathe modern charcoal
will reduce 7000 p.p.m. Of chloz'i;icrin to a negligible concentration
in aﬁout 0.03 seconds. The magnitude of the tasx it more evident whez}}f ”
we remomber that the pre-war charcoal scarcely stopred chlorpiorin at.all.‘.
Some experiments by Professor Lemon at the University of Chicago

had shovn that the adsorbing powers of cocoanut charcoal could be varied

25 4b
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. a graat deal by suiitable treatments. - 'Sman amounts of air were taken ‘

- ﬂup ‘ny the oha,rooal at low temperature a.nd then tne charcoal was heated

res

2.

‘to gome specified tempera.turo and as muoh Q gas as possible removed ~

E by pumping out the veazel. If this were done a number of times at 6009,

- the oharooal was improved a great deal. If its temperature was rai sed.a:
a‘oout 00° the cha.rooal became worse. No aatisfa.ctory explanation ‘ - E
for this phenomenon had been deveIOped at the time the United States

went into the war.

It was therefore necessary to develop a war charcoal without

any real lmowledge of hov to do it and to develop it very quickly. N aﬁ
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The first problem was to get a charcoal which would stop

- ohlorine. After wiphmg carbonizing all sorts of materials in all sorts

of way, the National Oarbon Co. succeoded in malking a charcoal from red
oedar ?nhioh stood up very well against chlorine, lasting 150-200 minutes
as then tested. In order to improve the chaicdal still further, it was
desirable to have some theory as to the way the charcoal acted. ivery~
body was agi'eed that fine pofeé were essential; but nothing was known
in regard to the other factors. SJome people said that the presence of
certain hydrocarbons were essential. Th*.s was in line with the view
that nitrogenous material is of the greatest value in charcoals that
are used,rfér decolorizing sugar solutions. Ir. Chaney of the National
Carbon Co., tookh the opposite view’that carbon had very high ad-
sorbing power.and that the important thing was to remove the hydrocar-
bong which he assumed still to be there after the carbonization. He
believed that one great difference between different raw materials was
the difference 1n‘ the hydrocarbon residues, some of which were driven
off more easily and more completely than others. To prove this some

of the red cedar charcoal was heated in a bomb conneoted with a.pump

which drew air through the bomb. Although this charcoal had been car-

. bonized at eoo°c. various gases amd vapors began to come off at 3000C

"
and some of these vapors condensed when cooled to erystalline plates.

This not only proved the existence in the charcoal of com-
pounds gontaining hydrogen but also showed that one way of removing the

hydrocarbon film on the active carbon was to treat with an oxidizing

3o 4§
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agent. A process of activation dy oxidation in air was developed rapidly
and the regular cedar charcoal which had lasted 150-200 minutes against
6hlor1ne then lasted 400-500 minutes.

If the true cause of the inactivity of various charcoals was
the presence of adsorbed hydrocarbons, it was evident that two methods
of activation were possible. The charcoal could be heated for 2 long
time at a temperature high enough to decompose or drive off the hyiro-
carbon. It could also be oxidized either wet or dry. Both these general
methode give some degree of activation. The first one was employed by
the‘Bri‘cish and the French. It was abandoned in this country because
it was found that high-temperature cracking of the hydrocarbons gave rise
to a somewhat graphitd.toa.rbon which wac not active.

One puzzling fact was encountered in regard to air oxidation.
Samples of cocoanut shell charcoal had been made which were eveM'better
than the red cedar charcoal; but they did not respond to air oxidation
under the conditions which had imroved red cedar 5o mach. This proved
to be because the oriticul oxidation temperature of cocoamut charcoal
was considerably higher than that of cedar charcoal. By increasing
both the temperature and the time of oxidation, the cocoanut charcoal
improved even more than the cedar charcoal, changing from a service
time of 200-400 minutec a.g'ainst chlorine to one of 1500-1800 minutes,
or up to thirty hours.

About thie time it was disoo\rered that vhe 180-200 minute
cedar charcoal did not stop chlorpiorin at all, lasting two to three

minutes at the moét. Since chlorpicrin was then being used by the

2 49
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Germans, all ordersfor red cedar charcoal were caﬁceiled. Fortur.mtely.
it turned out that the activated cocoanut charcoal lasted 200 minutes
against chlorpicrin which Mv:)as a wonderful showing at the time, though
such a charcoal would not.lbe oconsidered f£it to use. 'The jroduction
of this charcoal on a gommercial scale was turned over to ir. (later

Colonel) Dorsey of the Nela Park lLaboratory at Cleveland, who started

a plant at once at istoria, Long Island, for the Gas Defense .ervice,
later the Defense Production Division. The commercial dévelopment

will be @icc.sted in the chapter on the Development Division. The
product as turned out at istoria was called Dorsite. Defore the istoria
plant was built, the National Cardbon Company succeeded in making a
cocoanmut charcoal /hich lasted 400 minutes againct ochlorpicrin,

Chaney believed that only part of the astivation wasc duc to

the removal of the hydrocarbon and thit another function of the oxidae-

tion was to dig out channels through the carbon thereby increasi.g the

| active surface. If this is the case, different oxidizing agents might
:} : easily act differently, a weak oxidizing agent acting selectively,
| ‘\ wvhile a powsrfu! cne might burn the carbon away uniformly, or might
enlarge existing pores in:tead of developing new omes. .ith this in
| mind a ocareful analysis of all poscible methods of oxidation wac made.
| All oxidation processes involving liquids werc discarded in favor of
oxidation by gases because the latter tyrc of oxidation seermed cleuner
and cheaper, und could be completed ix a single operation, there being \

no need of washing:, filtering, drying, etc. The following gusevuu

oxidizing agents seemed to be worth studying:

3£.50
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2+ Chlorine

Se¢  Oxides of nitiogen

4, Bteam at water gas temperatures
‘5. 00y at high temperatures

6. Sulphur Dioxide.

The ﬁrst experiments were made with chlorine and were not
encouraging because the results were practically the same as with air.
It was thought that the reason for this was that the charcozl had to be
heated in air afterward to érive out the chlcrine and‘that any especially
fine structure proﬁuced by the chlorine might be burned up by the
air. To avoid this, superheated steam was passed over the charcoal to
drive out the chlorine, the temperzture being kept too low for the
steam itself to react. The product improved steadily and reached a
life of 800 minutes lor four times the life of the first air-treated
o<'>coanut charcoals ith rising terperature the product kepf. on im-

proving until at 900°C it was found that treatment with skeam alone

was Just as effective as the chlorine treatment. Thile working with

steam at 900-1000°0 18 not the easiest thing in the world to do, it is
a mach simpler problem than working with chlorire at that temperature. .
A semi-commercial continuous process, steam-treating unit was ther
duilt, in which the charcoal was fed into the top and removed at the

bottom. . This furnace was electrically heated and ylelded about 24

pounds of charcoal a day.

" The results ‘vere 80 good that men were sent from the american

s
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University Experiment Station to help in the worke. By the time of
the eigning of the Armictice the detachment consisted of thirty Chem-

~ lecal Viarfare Service men. At Astoria, Mr. Dorsey at once started

larpe soale production, using & nichrome metal central tube instead
of a clay one and firing by flameless combustion instead of using

electrical heating.

b %

merely A t it gave the best charcoal. 7The air-treatment »as much

¢ rapid develorment of the steam procest :vas not ~Aue

cheaper and gave a product shich was several times as efficient as
tha: then in use by the British and French. The great advantage of
the steam process was that it worked well with all kinds of charcoal.

With the air process it as not possible to mwrcoal from otl.er
&HRoe

sources which was as good as the air-treated “oha.rcoal, whereas inferior

material, when treated with nte ve oals as good as, Or better
a 3‘2’.’." Mnovnuf olon-srl,

than, the test air-treated oh:u'coalh This was very irmportant becauce

not over 100 tons of rax cocoanut shells per day could be counted one

* »  Since this meant only eight tone oqur day, it was

very neceszarv to find . substitute for cococamut charcoal.

"Lrji'rxmmnts were made by the Defence Produotion Division to
import ooh&“ mtc frowc South america and Cenirul america, and to collect
peach stomes, etc., from all over the United utates,and the xauml
Carbon Company mrm developing charcoals from anthracite oonl.
bttuinou coal, lamp-dlack, wood, cocoanut ﬂnoc. ez0.

The first exyerinents were -Ao\uth & special anthnol te

coal which gave service timss up to 8GO unntu a8 against aec‘for air-

por-yes

treated coooumt charcoal and 000-&00 for luu-matod charcoal.

Ma""
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This poduo.t was ocalled Batohite after lr. He D, Batchqlor. When the
Gas Defonse Service tried to sctivate &athracit,e on a large scale in
vertical gas retorts at Derdy, Comneoticut, the attempt was a failure.
They carbonized at 900° and then turned on the steam with the result

that the steam-treated coal had a slightly greater density than the

untreated, which was wrong, and had a shiny appearance in ﬁgrts with
S roughened devosite in the other :arts. When the hydrocarho%l are
o deconpo.sed at high temperatures, the resulting carbon is sm;that
\ ‘ » graph:ltt is itself inactive, is not readily oxidiged, and impairs
or prevents the activation of the normal carbon upon which it is
i deposited. This discovery made it pc.)ssible. to trect anthrao'i‘te success~
fully. The conditions must be such &8s to minimize high-temperature
cracking, to carry off or oxidize the hydrocarbons as fast as;" formed,
and especially to pi‘event the gases from cooler portions of the treater
coming in contact with carbon Qt a much higher temperature, ith
these facts in mind, lir. Batchelor of the National Carbon Company
war able to build a plant at Springfield which produced 10 tons a day
of 150-300 minute charcoal from rav anthracite. This was one-thimd
of the total production at that time and »as mixed with the mut charcoal
made at istoria, thereby preventing an absolute shortage of t;anictor-
tnupg material in Ootober, 1918.

The effects of high-temperature oracking, or gas treating as
Chaney calls it, explain why it is impossible to activate retort coke
satisfactorily and also why ssmples of lighting cardun made with lamp-
dlack flour might activate well if taksn from oue part of the furnace,
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and not at ull if tuken from another purt of the san. ijurmace, It is all
a question of the temperaturus in tiie different purte of the furnace,

It var nest e’uo;:m thut the cccounut churcoal finer resulting from
grinding and sereening lceree with the cocoanut ciwrcoul, and umounting to
50 of the product, could be ground, mixed with binder, rnd buked like
ordinury cuarbon producte, Uy uvoiding gae=treuting in tie bake, tue ree ' ;
sulting cnarecvl is neurly at cood urt tuat frem the originel rucll, a
recovery plunt for treutin; ti. cocounut finer war built wi wstoric, Tue
product wue culled "Coulite,"

Tne greut advantu e of cocoanut tuell ue . vource of cu.rcoul ie

thet it ie very dunee and consejuunily it irc yos:ible to convert it inte a
mige Luving u large number of fine pores, waorést . lese .€ube vood, like
& . .
cedur, vill necegenrily give more lurger pores, vadcn e of relatively little

value, The cccoanut charcoul is ulec pretty reeitiont to oxicution »radca

i seoms to make relective oxidation & more eimple mutter, Dy briguctiing
different woode, it it porrible to muke cn.rco.’ from them :hichk ie reurly
' equel to tht from coceanut rhcll,

By b ting lmp‘ bluck =dth eulpaus ¢ rrijuetiing, 1t iu_c pot=

é sible to wake 3 caurse 1 huvipg o ro dmutely tiw tmv rervice tioe e

? cocoanut cii.rcowdl., ot tie Cormell letoridery = ch.rec.d ok i@ LY oUle

eifyin; c:rbon olack with soft piton, wudcu mve tue aquivalent, of 400
mautee = niast culo.picria before it bud ueen ttuaaetiwtods  Tule locked

10 :00u taut tde planv were drnvu Jor mikirs, . l.wodrsnd pounut o gre of

.

tule ;roduct, ad ;uuu.i.n;,ton 0 ar 10 pive it & twoiou . tort,  Thde wue
got wobe OB wccount of the rtopyimg Of idl reecures works  The poreivle

, s - advartuie of this product wie the :0ie uw form adetrivution of RETUES N
| g . S & Sy
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The National Carbon Company sdee studied the production of

charocoal from Lﬁ_tm:zous coal and made a 600 minute charcoal from this

Instead of s.eam-treating arthracite coa.lvdii'ect. 6he
KYational Carbon Company also pulverized 1t, mixed it with binder, and

baked 145 into rods which were then ground and activated with steam.

The resultihg material, which wac knowm as Carbonite, had somewhat

less activity than the lamp-black mixes but was very much cheaper.

£

) ,

A plant was built to bake 40 tons a day of this material, which would

ki

yield 10 tons a day of act’ve ocarbon after allowing for grinding

[ I e

losses and steam treatment. The plant was guaranteed to fv-nish an

absorbent having a life of 600 minutes against ohlorpicrin (40 minutes

on the acoelerated test], X : .

o

—

After the armistice was signed’Z:Ir. Chaney took up the question

of hov the Germans made their charcoal. The German charcoal was made

from a coniferous wood and was reported to be as good as ours, in spite
AP | of the fact that they were using in;‘erior materials. Inside of a month
ilr. Chaney had found out how the Ger;nan charcoal wac made, had duplicated
their material, and had shovn that it was nothing like as good as our .
charcoal. ‘he Germans impregnated the wrood with éin& éhloride, carbon-
ized at red heut, and washed out most of the zine chloride. Vhen this -
zinc chloride wzs found in the _(;—erman charcoal, it was assumed that it

' had been added after the charcoal had been made. It was therefore

dissolved out with aydrochloric acid, thereby improving the charcoal

SRR,

against chlorpicrin. The German charcoal was then tested as it staod,

including the 1ines, against American charcoa.l/ 8-14 mesh. The most.
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serious error, however, was in testing only against & high ooncentra-

tion of chlorpicrin. The German charcoal contains relatively coarse

pores which condehse géses at high concentrations very well but which

do not adsorb gases strongly at lowv concentrations. The result was

that the German charcoal was rated as being four or five times as rood

as 1t really wase

The general theory of adsorbent or "active" carbon has been

outlined by lir. Chanoy something as follows:~

1.

- 3.

Active carbon is a form of. amorphous carbon deposited at re--

latively low tempsratures ‘(below 60_000) by chemical or ther-
mal decomposition of carbon compounds. ‘It ié substant,i,ally‘
free from adsorbed h;yfdrocarb‘oos and from the inactive forms
of carbons deposited by thermal decomposition of ﬁydrocarbons '

at relé.tively high i;emperatures, as in so-called "gas-treating".

Primary carbon is active carbon pluﬁ adsorbed hydrocarbons.

'Destruct:ve dlstillatlon of hyuroca.rbons at dow bemnerature..,

- as in the charrmg of woods, burning of oils to lamp-black,

a.udrrdi sti;lation oz coal,E resglts}'in general’in tho doposition,
of -active carbon, which-adsorbe a certain amount of the hydro-
sarbons, thus forming\what is called primary carbon. The ‘
adéorbeq' hydroo'arbons are stabilized thereby so that they
regist cracking and volatilization at very much higher tem-
pere.ﬁzres,than they would if not adsorbed.

Activation consists in removim; the adscrbed hydrocarbons

from the aotive carbon and in seouring the proper porosity.

3?/55
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The removal of the hydrocarbons is a difficult matter owing to their

being gtabiliged by adsorption. Increasing the surtaoé ‘6! the a",ctiveA
charcoal means increasing ﬁ‘xe adsorption. Increa.sing\’th“e porosity and,' ‘ r
| therefore decreasing the density is of benefit amly 80 A'lo‘x-ig as ‘1_1-. 1#— | | b
} c;-eaéés' the surface. A first-olass charcoal, my have an apparent den-
aity of 0.4 while the true density of the carbon is over 1.8.

The specific oxidigers found of most val‘ue were air at 350~

¥
-
Y
&
i
e

¥

4509 and steam or CO, at 800-1000°C. The success of the method lies

e in the fact that the hydrocarbons are more susceptible to oxidation.

T

than active carbon and may therefore be removed with oniy the loss of

R i

carbon essential to proper porosity of the granular absorbent.

4, Gas treating is the decomposition of hydrocarbons at high temperatures,

TR

in general above 600°C. The product is inert, non-absorbent, and re-

z sistant to oxidation. VWhen deposited in the pores and on t he surface

;‘ of active .carbon, it renders the latter inactive, and partially or =::i1011y
)3

incapafole of re-activation, dependinz on the extent of the gas treatment.
“ 1: The inferiority of the British and French charcoal is.due to the inac-

tive carbon formed ac a result of prolonged, high-temperature distillation.
The essential feature in the manufacture of active carbon is

to avoid gas-treating both in the preliminary carbonization and in the

LT e s

subsequent processes of removing hydrocarbvons from active carbon. while

e

P

retort ca.r‘bon, ordinary bituminous cokes, and varlious manufactured car-

bons are ilnactive and incapable of activation, this is not a necessary

SSSEMLL | i
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characteristic. 0}’1% to the method of coking or baking, such products
have received a severe gas-treating. hen this is avoided, active car-

bor may be manufactured from any carbonaceous material.
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The manufacture of a satisfactory coda=-lime wae « difficult problem,

The first sodu-lime had too much cuustic roda and wae too soft and too delijuese

cent, Cuptain (afterwarde Major) Dudley brougit over tne formula for the

British sodu-lime and thin wae taken us & starting point. It wae necessury

to strike a halance between s number of ¢esir-ule jqualities: abeorptive
activity, capacity, heordness, resietuice to abrasion, chemical st.bility,
iow breathing reeistunce,‘étc.r The development of u eutiofuctory sofa=
lime involved, as « preliminary, 4 careful study of th; rav moteriale and
the development of stgndard specifications und of metnods for testing. The
metnod of munufacture ic in some respects more impori:nt thun the exuct
composition of the product, Detiile therefore hud to be worked out for
mixing, elabbing, drying,und grindiag. The metnoed of mawufucturs wus iloo

L

improved by devieiw: & process for Epraying~ﬁoéiumﬂpeﬁmang&n&tﬂrupen'ﬁhe

grinules After they were dried.  The finsl product CCH3%°tCu ee il l -y of

a mixture of lime, cement, kieselguhr, codium permgmganate and scdium
hydroxide, tne laet two being present in very emull proportions,  The
caustic soda-givec the activity, the lime tue cupacity, the kieseljuhr the

poroeity, wid the cement tine harduese wnile the permungunate i: added to

Saae )
take .i‘icertdin oxidizasle guees wilci the Germane migut li.ve uced but

aid ndt. The final ﬁroduct was better tun tac codawlime mude by uny of
tne otner telligerent countries,

A groeut muny experimente were ulso muide to find better bilnding
agents, better activating agents, or epecial revgouts woicn might improve
the ubeorbent with refurunce to some purticulur gas. It wue quite eusy to
produce bettier resulis in uny one direction; but taese were usually counter~

balanced by correupdnding disadvantage, If tae hurdness was incre.sed,

,,,,, .. ﬂ 5%
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" for inetance, the absorptive activity always decreaeed und vice=-versa, The

following materiale seemed fairly promieing however: copper oxide, wnich

‘inproved the soda=lime greatly againet hydrocyanic acid; ferrie hydroxids,

which helped uguingtrcyanogen chloride;,and finely ground charcoal, wiich
tended to activate the soda=lime ugainet all gaess,

The successful production of & eatiefactory sodaelime for tie
Army led to a request by the Havy [or the development of & more satiefzctoly

soda=lime to absorb carbon dioxide in submurines, A material was developed

which gave dietinctly better zbesorptive efficiency and enormoucly better

mechanical properties thun any 00, absorbent previously used by tne Navy

and permitted submergeince foxr eight times tne periods whicn nud besen possible
previously., A coda=lime wus also developed for the Nuvy to be usod in &
self-cont;ined oxygen respiruator apparatus for the ubeorption of 002 f&qm
theAlungs.

Since the abs:rbents are pluced in the canister ot leart two or
three months before they are used and may be in use for severul moaths -
vefore they are replnced, tue questio.. of deterioration ie u serious one,

The prevention of deterioration of sodu=lime wus found to be largely =

question of keeping the various xuﬁ materiale ae pure as poseille,  The

chicf difiiculty ie tne decomposition of fnu.lurmungmuate,'which cin be pre=

vented if the alkali content ie kept low undﬂull ine muterials ure free fronm
reducing azente or soluble pulte. A low mlkali couton ulvo prevents
detorior dion dus to ueliquescence of the wu.orbuat,

The only metacd by which scdiwa permangunute wue mide before tine

war uve & product which was entirely ussutisfuctory for use in sodi=lime Lo=

cause not euf ficiently purs. New methode for oxidution %nd ovaporution were

Hr 51
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ther.fore developed. An electrolytic method of preparing codium per-

manganate Was\develOpeﬁ. The work was tegun at the Johne Hopkine laborue

“tory, garried‘furthér,at the Wushington laboratory, put on a large~scale

labormtofy basis at Columbie Univercity, and tfied out on a semi-plantl

scéle at the worke of tne Nutional Zlectrolytic Company, Eiagafa Fells.

The experimeuts were ontirely satlofuctory and 4 mucn purer permunganate

was obtuined than by any other metnod. It vas ustimeted thaﬁ tiue vort vy the

electrolyﬁxu process would culy be “uout cuestnird Last by tae coeical process,
As poon ae the foda-llme proulem was fairly well ;n nand, ianvesti-

gation wae begun of a greut number of other typés of poesible absorbing

materiule, It was soon founc thul ino most promising of all types of ub=

sorbente were impregnated churcouls, since tney retuined the ¢oeorpL1ve

action of the charcoal and yet couvld react ciomicall wita certiin geees,

ueéena1n< upon tné nature of the 1m;rugnatihg azent.  Charcouls have been

impregnated wita p?;qtically 411 the metallic hy<roxidee, wita o great man&

inorgunic ealts, with organic compounde, witn cxidizing agoents, etc.  The

best materisl was & copper-impregnated ciarcoul to wiich tho nome of Whetlerite

wae iven, It was made by introducing #OFPET sulphiute into churcosl and}

gﬁ’rsducin% with finely divided iren. This absorbent ie » comsistent alle

n -
round improvement over the correapondingﬁémprugnated charcoal and was to have

beer put into large-ecale production by the Gue Defouve Division,  The
materiul suve an uvsrage increuse in service vime of 500% aguintt ardiue,
1007 againet nyarocyanic neid, 607 againet phosgons and otuer weid juevs, wnd

10 - 40’ painet other guses, E

' Anotner very pxomlninb new typu of sbrorboat wae the no-called iron
zel or ferric hydroxide abeorbent which wus mude by precipituting ferric hydre
oxide in o very finely divided form, wusiing, dryln; very slovly, and grinding

into grunular form, All tavpe opoer.tions nust be curried out under curefully

,h:l,a
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S defined éonditions. The final product is a betier absorbent for all
- gases than charcoal‘in a dry atmbsphere; but it showed a great ten-
dency to take up moisture rather than.the poison gases. It seems
rossidle that the ideal mixturé for a canister may consist of 70%

Whetlerite and 30% iron gel.

A a.
7k~ Another very interesting absorbvent was the silicemegel

SR S s D AR S s

developed at the Johns Hopkins Universityl This had great absorptibd@-
o power especially against high concentration%; but did not hold the
gases sufficiently when they were present in low concentration.

Special determinations on the effect of the cize of the

particles of the different standard absorbents on their efficiency
against different gases shoved that the increasc in efficiency with
3 .decreasing size of grain is very great with soda~lime, less with

i : Whetlerite, and least of all with charcoal. Experimenis werc also

L R, i 2

made to detefmine the best corbination of size of granuies, depth of

: PR la&er, and area of cross-section to give the maximum effigiency and
the lovest pressure drop through the canisters “hese experiments led
td a radical change in the design of the 1919 canigsbter, giving: it a
very large cross-section area, a shallo: layer of absogbeht, and fine=

meshed particles,

S S L et
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The Navy wished a special absorbent to stop carbon monoxide

~and Col. Lanb's Section succeeded in developing two which were satis-

factory. The firet consisted essentially of iodine pentoxide and
fuming sulphuric acid mixed with pumice. This reacte with the car-

bon monoxide oxidizing it to carbon dioxide. Some experiments along

S aale.
-~ this line were eewmbed-ewt by the French; but they did not carry the

idea through to a successful finish. The second and better absorbent
congisted of a mixture of suitably prepared oxides which act catalyt-
ically under certain conditions and cause the carbon monoxide to react

with the oxygen of the air. 7%This is the one that has béen put into

large scale production. Since there are color changes connected with
the iodine pentoxide reaction, it has been possible to develop this

s0 as to serve as a detector for carbon monoxide, sencitive to

0,005 co, ' . RenearK Dorem

The Navy also wished an armonia absorbent andAa successful
one wee—foumd=id lupramite which consists of pumice impregnated
YZIM fonaterraZ
with its weight of cuso451120. with 44 cubic irfhes /\in the standacd
Army oanister,men at rest have complete protection zgainst 35 amuonia
for four hours and araivst 5% amionia for 2.5 hours. .ith men doing
severe exercise the life against 5% ammonia is over 25 minutes. At

a rate of flo: of air of 85 liters per mirute, the resistance is less

than 50 mm. of water.

4. v
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The development of the canister and of the face-piece of
the mask was connected so 1nt1matel,§; with the rroductiun that 1t
seems better to take up tﬁese two general questions in the chapter
devoted to the Defense Production bLivision in spite of the fact that
g great deal of work was done by the Research Division. OQertain

points in regard to the canisters and the eye~pleces canned be dis-

cussed herey W .
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continuour .iiow, |  The tendency to cnnnel verier ith the pucking of the

- cennicter snd the experiments on chmnelling led to «n impreved mehed of

_ ,p::;;ckin “e The ori_.giils).l‘mgﬂ:jhad of packing experimental consiters hud been

to féur the aieorvents in%o the emndetere and by faea down wvith o wooden
‘_b}.oc..:_ _',{‘ﬁisvmethod‘p.;bke the conler Doarper tnwn Lne eioer colizen hho e

1o Lu&xnel up {he Eideé. The improved metnod consigted in filling the cupister
;vrit‘n ub\eobrbents and ;i'.ncn i::cer;cixt»g tie top eereocn il gprinygr, The cenister

y1ided, ic tnewn joltesl 6m w mugning desd med to

Al

witn ithie spring precsure

give tnc cunlvter  one=ineh drop one hundred =and fifty timee per mi.ute,

[}

This settler the abrorbenie eveuly ond degresreo irreonl r coanneliins e »

great oxteunt, ita tie lately lype of oomledor, wicthin, ool sreobading

i
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tube, it iz “heolutoly neese ry fo jell :uc o oaiwvter it taa o) sia nvoesure
arvlizd 1a nrder To ool eansarelling,
Waen st snia oeleride vos oo o be uvewd oo conoce of ook, 1t
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Wdth falling tempem‘c\me the l:.fs of the canister ircre.ses

azeinet phougene, h_/droc"am.c scid, and cymwnogen chloride while there is -
practicully no ciunge with the temperature when the cunieter is tested

againet culorpicrin,  The differences muy be quite marked., Taus a charcoal

which l.ste 17,5 minuiee ageinet phouge.e wt 40°C will stand up for 54 R

minutee at =13°C, The differcuce it not o greut witu eoda-lime, 820 that

the Iife of o cundeter - ninct hoepene at -13°¢ i: only about 70@ grenter

-~ thar at 40 C instead of avoul 200% greater ne would be the caze if the file
line wece cutirely cinsrconl., With hydreoey:nic ~eid tne voriction with

’ tne tompor:ture ie very marked for tiac soda=lime und ro” tiwsly little for

4.¢A‘.

the einacosd. Thue the 1life ¢f ine canigter i¢ moae thin coubled when
saancing from 40° to =13°C while ths iucredssd life ith ciwuoul slove is
% oaly ihoutd 204,  acuinst eymozon culoride tae 1life ol tne lowver toevap ot
ture 0 six timer vant it ic ot tue higuer tespero.luse,

With ineressin, huwwddity tiuv 1ife of tic canleter wpinegt phosgene.

. - increctes bee e fac pued gne 1o ayicolyzed more soypdcly, wadle witi chloro= :
plevin tho bife i1v lerr rocace tue ator outy e tae Jdrerption ol culoro=
Ld
riviing, I0 coewdeter dc tteaed Tor eln nestag, tuore i s Lgrenve in
§
i eliledoie, v dntt peersene nad Goveereene o Lol enlesgiovio, TLde e
&
;r cug dr ;\.?'Lﬂ"; Trersver ¢ rodkutuae Jve fae rodusline Te fle ealergiiering
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Oné gfeat ‘difficulty with Vthe mask is the dimming of the
‘eye-pleces. The Fremch met this to some extent by using eye-piecés
made of bcellobhané: a hydrated cellulose acetate. This material té.k_es
up‘water but lrets it diffuse through. The eye-plece remains non-

" dimming provided the condensation of moisture is not too rapide. The
Germans used a gelatih,‘-.'ooated eye-piece which could take up a certain

amount of water before dimming, after which another eye-piece must be

oo substituted. The British used a glass eye~piece upon which they rubbed

and anti-dimming mixture called glasso, which kept the water from

forming in drops on the surface. In the French Tissot Mask the air
which éomes through the canister passes over the eye-pieces and cuts
_dowﬁ the dimming very uuch. |

| The Research Laboratory of the Zastman Kodak Company suce

ceeded in producing a gelatine which was distinetly superior to that 4

mamafactured by the Germans. The fatal defects of this material as

= , cbmpa.red with glass are its poorer initial optical qualities, its

R T

softness when molst making it liable to soratching, and the tendency ;

SR

of the eye-piece discs to warp during the absorption of molsture or
during drying.
The French 'cellophane' eye-piece is essentially viscose,

80 the actusl making of the material is easzp’but the diffioculty is

%0 obtain discs in a sufficientily transparent and optically satis-

factory form. The Viscose Company succeeded in obtaining material

SRR T T e s

equal to th‘l'nade by the Frenoch and in thicker cheets ;but it was

still distinc'tly inferior to the hydré.ted cellulose obtained in other

M7 L
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wayse benitrate& cellulose nitrate gives a still better product

but it proved impossible to demitrate completely sheets as thick

as were desired. This wbrk wae done at the Delta Laboratory of the
Duront wapany at Arlington, ‘N. Jo Cellulose acetate proved to be
the best substance from which to prepare transparent cellulose.

The Chemical Products Company of Boston found that with alecholic

or aqueous ammonia it was poscible to hydrolyze sheets rcontaining
very little softener and which were thicker than those to be obtained

from any of the other materials. The product was distinctly superior

to the French 'cellophane' both in hygroscopic anc optical properties.

Like the other forms of hydrated cellulose it is subject to cockling

and shrinking on repeated drying, so that it frequently pulls out
Wil

of its holder. Though 1ts,‘0ptica1 properties are surprisingly good,

é they are inferlor to glass and the material is easily scratched when

% ‘ : moist.

. s ’ One other material studied was 'ahygroscopic glass. Qlass
lenses were actually secured whicir did not dim readily; but the material
i

had not the recuired degree of permanency.
“While these experiments were being carried on, work was
alse being done to improve on the anti-dimming materials used by

the British. The material finally adopted was made by heatlng a miz=-

5o S, TS
.

ture ¢ asisting of 100 parts of 855 Turkey rod oil, 15 parts of caustic
soda, 5 parts of syrupy water glass, and © parts of paraffin, then
- drying the mixture to about 10% water content. This materi:l was

manufactured on a large scale by Colgate and Company irn the form

a
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of small round sticks. Ten million of these anti-dimming sticks
had been contracted for by the Gas Defense Production Division.

With the introduction of the Tissot type of mask, the
problem changed somewhat. .ith this type there 1s much lesc dimning »
because the inhaled air pasces over the eye-pieces, Dimming does
take place intérmittehtly when the man exhales and this it of course
more marked the colder the weather. lxperiments shoved that the
anti-dimming stick developed for ﬁe S. B. R. mask was not absolutely
satisfactory for the 7issot type of mask, but a slight change in the
forrmla met this difficuity and four million of the new type of anti-
dimming sticks were ordered by the Gase Defente Produciion Division.

It seemed possible to elimjnate all dim-ing with the
Tisgot type of mask by changing the design somevhat. Aill th: forms
developed for this pwrose made use of a sponge-rubber dam fitting
tightly aoross the face over the nose and cheeks thus dividing
the alir space within the maslk into two churbers, one for the eyes
and the other for the mouth and nose. In “hat secmed to bc the u:st
of the four types the air firom the eye chamb » passec through a
single, large, low-resictance valve to the breathing charmter., It
is not practicable to place this vaive in tho rudbdber dam and it
mst in general be included in an externul tudbs. .1th a valve
placed at thic point, the corresponding valve on the base of the
canister oun b: omitted. This arrangument preventc the baocicrard
flo: of moist air into the eye-chamber and yet doeg not involve any

serious effects in mitk resjsiance even at high ratec of breathing.

g0 W
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liasks of this type have stood up most successfully under very rigid
tests. The one essential is that they shall fit well. On the other
hand the question of fit can be detemined easily by the soldier
himself. 1f the eye-plieces dim, the mask does not fi't and should be
changed .

In connection with this work experiments were also carried
out to determine the effect on the soldier of varying visibility.
Eye-piece materials which are optically inferior when the illumination
is good become relatively very much more inferior with poor illu-
mination. 'hile good definition ic important in bright light, it
becomes extremely important in poor light. Ior military use, eye-
pieces should therefore have the best possible defining power.

The effect of decreasing visibility on the ascuracy of rifle sighting
was tected thoroughly with good illuminutior. Wo serious impairment
oocurs until the definition it reduced to about 30° of normal, the
decrease in visibility evidently beiny counteracted l:irgely by an
iIncrcase in the effort of attention. Different resultsvdrrould prob-
ably be obtaincd with tired men. Diccriminaztion in a f;mited time
batween a pray objoot and a white background was also tested wit)l
varying illumination and 1t .'as found that there was not much im-
pairment in the pover of dicorimination until the defining rower

drojped below 605, .ith poor light the difference became noticeable

mch sooner.
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The glass uped in the mack eyespiccer smse rowcnlled triplex gluse

consisting of twe layere of glase cemented togetner uy r layer of pyr.lin,

which is a grecial covlluloid,  For u long time the ouiput of the Buper-Class
Coﬁpuny wor only <0000 eye~pieces per day with Goﬂlzgfécﬁione. These

rejections were due lurgely to "let-;oce' (&n chich cupe tne .lust peparutes

i from ihe pyralin luyer), cracke, Yequeeze~cute', urnd dry ryot:. Hoit of g
i - theee diflicultier wore cuused by incufiicient curing of ths pyrelin wnd 4
: by improper methods of cuttling and .pressin: the layers used in the cvepicces,

; W

i o |

- The Keseirch Mvision uwas wble to wu vet improvsmeilc wnien broughl the
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preduction up %0’ ae nigh ue 50000 lencce per duy with 100 rejectiont,
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A vory careful study of the theory of emokes wae mude} The cone

centration of the smoke wae determined by precipitation in 4 modified Cottrell
appamtue.conaieting of a central wire cathode surrounded by a cylindricul
aluminum foil anode about 1/1000 inch in tnicknese. A 15000 volt rectified
direct current was used and complete precipitution wad obtuined with fairly

a
concentrated samples of smoke cven wnen drawr through the upparatue of about

A

five liters per minute, The aluminum foil and adnerin, cmoke were then
weighed. | Microscopic examinution chowed wanetner the smoke particlee were
1iquid or solid.  The cize of the particles in a smoke cun be determined
ultra-microscopicully wita fair accuracy by neasuring the velccitly of a
charged particle in an electric field of measured inteneity, puotographing the
pafta of the particle wuile tho direction of tue electric field ie reversed
regularly by a rotuting commutator whose epeed is known accurately. \hen the
convection due to the source of lignt ie perpeadiculur to this motion, a zigzug
line is obt.ined, Since about one-third of taue smoke purticles are cuurged
electrically, puoto;rupnc of tiese ogecillutions eiow simul'tuxetugly ths be=
havior of a lurge number of particles, toue simplifying the etudy of size
digtribution, For the mere rupid study of smokes an inectrument culled the
Tyndall‘meter wap deviced wilich measurad tae wrigatsess of iav Tyndull boum eet
'up in the smcke to te exumined, For low conceuntriticnt oi vxke tae vrijute
ness of tine beum iacreuses witu ihe coucentr.tion und the dejrec of ovitjustity
of tue smoke 'mterial. e0 tnat if either factor remuin: prictically couavt.ut
the readnge give u measure ol tue varlitios of Luu otuor,

Toxic emokos ars repred by couwiensutiny, dieintegration, or some
combinution of the two. The conjeunution or tnerrul Metuod souvietr e::ewtinle

1y in the volatilization of u subet wice huving a osufiiclently low pmpor | ruce

cure, followed by & rocondenvition of the vipor vaon the tegurutuse aar fallen
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Ultramicrovraph showing sig zag Path of Cherged Suols swviicloe
subjected ¢ 2 Rapldly Reversing slactricsnl Filall,
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TYNDALL METiHR 2" AUXILIARY ATPARATUS

PLATE V
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eufficieﬁtly. The emcke consi:ts of relatively large particles if the

rate of condensation ie low as when vuporization tukes pluce in an open con=
tuiner from which the condensing vapore pass slowly into the air without
being diluted osufficiently. Luch purticle remsins un appreciuble time

in contact with saturated vapor and consequently irncreises vefy rupidly - in
size. Cn the other hand relatively emall purticles will be formed if the
vupor ie eswept away by a current of hot gases under prescure becuuse it is
taen @ilutoed bsfore supersaturation occurs. The poseitdlity of the very
emall purticles coalescing ie ulso less at high dilutions,

In the disintegrution or explosive metaod we i:ve tue partial
mecihanicul shatterin: of the material oving to tue wvuock of tue sxplocion
and a partiul vaporization of inc wwmitersd materiul wue to tuc neat of
exploeion, Tiue full violence of tue mechunical shock is not utilized since
the emoke muterizl does not poesese sufficient inertia to receivs tae full
force of the shock; und tne effectiveness of tuc lat of thyv explosion ie

wdm»? 7
reduced greatly owin: to the very ﬁrieidéar&#ébm & o particlztin tihe houted
zoue, Consejquently the oxplosive method does not ive wvo muny finely

dividod smoke pearticlee as doee tue tiermal method.  Sturting witn u powder

of avout 0,1 mm in diameter, tne gion will shatier thcee more or lese
¥ o ¢
completoly into pdfrticles about 04001 mm.  The he.t preduced will vuporize some

eapl

4

of these purticles which will then prucipifinte in a {iner form; but tae per-
centage huving diametors 1 - 0.01 is very much lose than when the tuermal
matio. ie usod, Jiti tae subet aicen studied, very few pustlelue tre ovtuined
anving diametere less than 0,01 y apparuatly Lecuune the very waall pucticles

r+ toc iastullae,
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Some subst.nces zive good enckee by tise exp].o»i.m:A while othere
do not, The important factors ure the vapor preseure, the lutent heat of
vaporization, the meltinge-point, and tine etrengtn of the eryet .liine forces.
The vipor prescurs should buve a meiium vulue 2t ovuin.ry temper.iuses; if it u
too high, recondensition does not tuke pluce sufficientiy rupluly und if it Q-
is toc low, u very fine ctute of subdivision cummet be obtuiuud ou esplosion
und the temperaiurs muet ve ruised tos niza i. the cuge of tie tnemul
matiiod, Thic objection ie verious ith combuctlole smokev wnd doos not upply
of courtc 1o phorphorue pentoxide for inci.nces

If the latent heut of vuporizutiou ic low, vuporization ty the heat
of explocion s Ticiiitated :mi 4 coolin; of the supers.tur.ted vgor ie
obt iined more eneily, I tae melting point ie low, tue iubst wee vill molt
on olizut ixe::t;i.n,; and tae couesive Jorge of a lijuid ie ecer.lly lusp: Laan
that of tus correcponding rolid. Vith any civen colid, disintegratior will
take pluce more re!ily the lo.er ihu sohcrivei foirce wd tuv auctility, Ifr

the omoke mutzri Q ie & rorid it siiouid e emp stively oy .ad rhould be

ground very fline, ag & rule liquide, cedeselide, wad rolativeiy lowsnulting
collle Zive ruch betler :mokor ta.u wigiemeltin vollde, |

Partialee of 4 dineter 1 - Q,C1 suci ur wre fouuu in ocd,
relatively peinuuont oaokuy, ure omall oo garud wita the ¢ gilidy daaler of
tuo vmoxe Jilter:z.,  Somnrsjueutily, tau ditur uwour acl b pragaadiy like o
vieve.  Tae actul aosdwdon of tae filieid., ccavicte in tac etickin; of
tooke p.rlicler te tau ) ef tue egiliury vhen taey aru vivd w ia ot ot
At it.  Tarticles .re bRugat ia coat ot wils tao w.ll uy hrewnlan “wvetante,

by direct collislon wnesn tuu ui. o of adp exsizing the partdale turar

. sudden coraer, and by z& - ot 1 sel:liag.

3, &‘3 7.«;
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With a siven filter the percentuge penotration of smoke dccreases
druing a run partly because of clogsing of the filter und purtly becauve of
coagulation of the smoke with time.  For the tume sized p wticles the pore
centuge penetration ie pructic.lly independent of the concentrition. it very
low ratec of flow the pgnetrution in practicully zero. Jitn increased rute
of flow therc is ineressing penetrution, beyond which ihe purcentiu;e penctrie=
tion viriec very little with tne rats of flow,  The chupe ad porition ¢f
the penetrutior curve depends of uvouvse on tue sicke .uid cu tue filtey,

This study of the tneory of emocke rroduction nide ;t rosuible to
devise metnods of using smcke ﬁhich would undoubterily h.ove 2od jre.t milid oy
value had it not been for the szigning of the armaictice, Lurge=ccule pro=
duction éf tho new devices wes already wader w.y.

A study was aleo mude of tue poseibility of rendering the Sesmn
misks valuelees by couting the cnarcoul witn . muterisl wuich would poevent ite

aboorbent wetion, or hy clog:ing the smoke filter Jhue moking tredaing

throuzh it difficult.,  Since part of tiie improyuaent in the cacoce 1 cone

eiete in removir;; hydrocarbons, ciperime.ts wore mide vitu xerceene, benzone,
etc, testing ihe chareoal a-unst wrsonia, It wae found that exeeeais ly l.irge
quintitier of these m teriale werc nwcers.ry in osder to imp ir tac sroocuiag
power of the chitreod appreci. ly und coarequentiy taic netued uue diecuried,

It would appurently be feueille lo clog tau Germu tacke filtor «ita . titaium

1t

Ailokoo ponetrito tne Go.wn mivk vo readily tat an itk

with taoso veemr aore promitdn . Lhn oau wita tit.udum culoride,

cinloside unmcko; Lul




TOXIC SwOKE CLOUD PHOm 500 Dew. CANILZS (decond Test)
(Arrangement of Candles 3iziler to that inm PFirst Test)

The cloud arifted over the varrison nearly three
miles from the origin causing unprotscted wen severe
burning in the throat and lungs, accomvanied by coughing
and in some cases vomiting. The mmoke was detectable to

an irriutlnsrdogru in Lakehurst, N.J. whick is sbout
4 1/2 miles from the origin of the oloud.

Test at Lakehurst Proving Grounds.
' Dec.. 12, 1918,
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TOXIC SMOKZ CLOUD FiROM 5U0 Daxis CANDLZS (Pirst Test)

The candles were pixced in 5 parallel rows which '
wore 2 yards apart, each row comtaining 100 candles on s
100 yard front. The rows of candles were ignited inm
succession, the total time of active smoke emission being

23 minutes.

Practically all German and U.S.3.R. Canisters were
penetrated unbearably to a distance of 1600 yards. Logen
Felts slightly venetrated uv to 1000 yards.

- A

Lakehurst, M.J, Proving Grounds
Dec. 12, 1918.
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PENETRATION »PPARATUS USEL TO TEST

THE SMOAE FROM TGXIC CANILES.

PLATE LXXXI
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PENETRATION APPARATUS IN ACTION
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11 the filters deviseu for .torpin; ciokes Intreodac. o very
hizn recistoree to brectnin:. The Leferce Chemical i.eseureh Jection
therefore tackled the ,coblem of eoleciricul precipitation. They suc-
ceeded in develoying a rortavle electrical precipitation ap) zratuc of
the Cottrell type, weisning about four to five pournde +hich rcrioved

smokec completely and introduced only an inazpvreciable resictance.

-~

+hile the cost and carplication of th~ special apparctuc wrould un-

doubtedly prevent the genreral use of such an apw on the buttle-

field, it misht be of consideraile value In urecinl cuses .nd might

r€ll be used for 4 variety of industrial purposes. 1t wus found, for

inctarce, thi.t the electrical jrceirituitor removes bacterius comyletely

from the Inhsled i,
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DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND
EDGEWOOD CHEMICAL BIOLOGICAL CENTER
5183 BLACKHAWK ROAD
ABERDEEN PROVING GROUND, MD 21010-5424

REPLY TO
ATTENTION OF:

APR 14 2015
RDCB-DPS-RS

MEMORANDUM THRU Director, Edgewood Chemical Biological Center (ECBCéfZ/
(RDCB-D, Mr. Joseph L. Corriveau), 5183 Blackhawk Road, Aberdeen Proving Gfound,
MD 21010-5424

FOR Office of the Chief Counsel, US Army Research, Development and Engineering
Command (RDECOM), (AMSRD-CCF/Ms. Kelly Knapp), 3071 Aberdeen Boulevard,
Aberdeen Proving Ground, MD 21005-5424

SUBJECT: Operations Security/Freedom of Information Act (FOIA) Review Request

1. The purpose of this memorandum is to recommend the release of information in
regard to request to RDECOM FOIA Requests FA-14-0054.

2. ECBC received the request from Ms. Kelly Knapp, the RDECOM FOIA Officer. The
request originated from gathering
information on the Chemical Warfare Service.

3. The following documents were reviewed by Subject Matter Experts within ECBC:

a. History of Research at Yale University, dated 20 Nov 1918, 11 pages.

b. Bancroft's History of the Chemical Warfare Service in the United States, by
Lt. William Bancroft; AD-495049; dated 31 May 1919, 206 pages.

c. A Historical Sketch of Edgewood Arsenal, by Lt. William McPherson; AD 498494,
date unknown, 20 pages.

d. The Diary of Jet Parker; C390D1; dated Sep - Dec 1918, 26 pages.

e. American University Technical Reports, Bureau of Mines, War Gas Investigations
(WGI) Monographs, date unknown.
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RDCB-DPS-RS
SUBJECT: Operations Security/Freedom of Information Act (FOIA) Review Request

4. ECBC has determined that all of the reviewed documents are suitable for release,
however, all documents must have the classification/distribution changed through the
Defense Technical Information Center prior to any release.

5. The point of contact is Mr. Ronald L. Stafford, ECBC Security Manager,
(410) 436-1999 or ronald.l.stafford.civ@mail.mil.

RONALD L. STAFFORD”

Security Manager






