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The h'·"r. n,,:.: ~horus res s in the G. ion cf a
..,hite sncke , phosnhcru s "entoxie'e, ·.Ihich is hyo;rosoopic, and unites
ith the •.loistl'_~e in the air tc rorr, phosphcrio "'oid. To protect
"hite phosphor') fl~i."lt.he fur it is \opt under .mt.er in hich it is in-
sc Iub Ia , It l.S readily dissolved oy car ben disulphide snd certain
nils, and is 51' .~tly soluble in aloohol id ether. It is extrenely
poisonous and t lie:; ootl~il,ac 'h the r eac.me se 'ith \m ch it ignites
anke e it a dBJ. ~ lSi .,t\,ri·: t,o ·.:ork 'ith

'fuite Phosphorus, also kn 'm r , yello I phospbcru s , which is
the r"rzro used 'to such a lar~c extent in ,,\ .LcnI vnr I'ar-e, is ~ scmi-
t.r"nsparont sc lid If It.1.n:; at 440C. Hhen. oated in nn atr.losphere
free of oxyge:~ • 'boils <t, 2 ,,,,,,C. It is \''3ry active chenieelly
and takes fire sporrtar.eou aIv "'hen exp+ sed to the air, due to the ex­
otherru c reaction bet"een oXjGen ~nd phoc, hcrus .

Propertil.'3s: Fhosphoru s is :. nonnotallie chetri caL olenent
.vhioh docs not occur free in nat.ure , but sl\lays in eonbfnat.Lc-n usually
as onloiuo ph~sphate. It exists in severnl forms, but only the
white or ordinary yellon phosr:horus "'nd t~l.l red phosphorus ere of
oOmMe1'oi~limportance.

Th~:-e xre in the United btates snple supplies v_ the ran
'3.t~ri8ls r ecv i r-ed :0:- the production of phcsphoru s , En f t e uet.hods
of nanuf'e c'tur-e +r e sent, no serious dif.l'iculties. 'l'~e -;eac} time re-
out r s ants of ~~....os ihoru s are, hovrever , relat.ively s::!a.ll ar.: the
c ~11'S I:rec "tiO'l is Lar :eli controlled by :'orei~rl i ..,terests. This
situ~tion makes it apparent tha.t the United ~t~tes f~ces n sorious
sh~rta~e of phosphorus in t~e event of an emerGoncy. To oeat this
situption eT,"<)ryeffort should be I.pde to foster the p..l:lericl.'1nnanufa ctur e
of phos.horus and detailed plans uust be prepnred for the ereotion cf
suffioiept pl'lnts to meet the phosphorus war requi.r-enent,a,

The f~ct thot, pound for pound, phosphorus is the ~cst
effective of all snoke pr"'ducin.;: :lter;~lsJ beai.dcs being o c;re~t
ca suaLty producer, •.iekes it appar-ent, th'\t \lith the enorraous i.ncrer se
in the use of snol:c . hieh is bound to tp.ke pLace in future var s ,
there ill be £I cor rc spcndinz Lncrea se in the demand for phosphorus.
The exter-t of its nse . 'ill undoubt.edLy be, as in the 'Iorld ~~ar,
limi ted onl~ b: t.r.e sup_plJ·.

ihe introduction of phosphorus e sa' 'eapon in the World
la1' ve s one 0 .. the nost, ai'fecti fa of tne vard ous checricaI innova­
tions vhich have had such a r.arked influence on tho nethods of modern
·...ar rs re , It 'o.s found to be hi:;hly useful as ·n defensivo and of­
fensive -.ef'pon, _or tha laying don of snoko acreens , find also e s an
o.ffensi ve +eepon o.;;:1inst personnel. It found sene usa also as a
fillinb lor incondiary bonbs. The abil~~y of phoapho1'us to thus
serve in 8 duel capacity is due to the fact that it readily takas
;ira soont.aneousLy . 'hqn exposed to the ai r and in tho process of
oo+bust.ion :>ronl.'cas ~ dense "hite sr'o1~ecloud whioh hes the hif;hast
obsc. r i . 00' !L' 0'" ~ny ::."lol~er..aterial :."t discovered.
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By far the l~rbest deposi t.s _.i Lh United btates are found
in the +e st.ern states. 1'hese ~eposits era GO extonsive thE't ir the
r'hole "orld depended upon thb -. or it s t tnl peace time supply, they
+ouId not be exhaustod f'r thousands of ,,0"\r5. The tota.l estir.lated
nveilable pho sphs t,... r ock Ln t: 7 .iest.ern stat.e s i3 riven by th9 {'·eo1o-­
Lea I Survey as 5,367,000,000 long tons F J r>"'(, '."1st ){S,OOO,()('\') lon~ tons
for the e3stern states.

FilC'spht'te reck is found ~'1 ' c rkab Le oUAntl+.ies in five
of the Eastern states, ~lorida, Tennessue, hrkans~s, ~outh carolina,
8.!"IdKentucey, and in .i'o'...r of tne !estern ;;ltates, l.ont.ana , Idaho,
Utah, and yocinb.

Scur ce s of 1a'" ..at.e r ia.Lsi Phosphates are di stributed
throu;hout thecru~t. of the earthena are essential to all pl£'1t and
8ni1"'..81life. The a.nera l !7'.~tt~ of bOI1<!S is principally caLctum
phosphate and, :\$ ha s been stnted, bone rsh '.'re.s at one ti:7le the prin-
cip" 1 rell rAterial used fo. the prcduction of phosphcru s , With the
introduction of the electric furnace process, ho=over , phosphnte reck
hp s rep 1eoed bene r sh ,

~ethod h~s been ler;ely re­
"hich enp Icys phosphate r ock ,
c~rbon is char~ed into the
T~e rroc~ss is continu~us,
collected under later.

At t~e present tine this
placed by pn electric furnace process
A oixtl..'re of pbosp'ie te rock, sand end
furnace . d the current turned en.
the pho sphoru s distillinr:; over and is

~ethod o~ i!f.nufacture: Pho s:.ho ru s used to be manufac­
tured aInoct, enti reI:· 1'10Cl bone ash, but no" the natural phosphate
reck is used olccst exclusively. In t~e older Method bone ash is
=n ahed 'i.th ~'ntor pnd sulphuric acid, I'oLlovad by conve r sion inte
ce1ci~ ~eta-phosph2te. To this is "dded charcoal or cC'~e, ~nd
t'le "i~Ss cho r qed in clf'Y retorts pnd hes t.sd t( ~ "~ite heat.. -;-}hite
phc sphe ru s distills cver and is co Ll.ect.ed under +at.er ,

Red phosphorus is used on the ,I;ratchinf_; surface of
safety ~tch boxes, &nd AS a catalyst in tle preparation of organio
compounds.

r:;.,.;e-time T)ses: imi te phosphorus .,as formerly used
e.s an inc:rp~):l~-l.n Hie cOmposition of the hend a of mat.che s , but due
tc its rv r : ,:~'lS character this is no lon~er pernitted in most coun-
tri" •.. .: t. 'c r Ld, It is, ho- 'eve r , used in mat.che s indirectly,
t-o':'S first c -wer-t.ed bto phosphorus se squd suLphLde (P4S3) ':hich
en:. replace tne 'hi t.e phosphorus' ith e ;;re'\t decrease in danger
t-vt.~ t.c tr-e . orkers in r::f'tch fnctories and to th!S f;elleral public.
Phcs';)horu5 is <Lso u ed in t~e m"'nufacture of pho sphorbr'onz e ; e s e n
in:;redient in ret pod acns ; I'or' the p r od 1etion ~f vnr Iou.s chemi.ca I
compounds of phosphorus, ~nd to ~ limited extent in medicine.

phosphorus
...... ""..,. t

Red l"'hosr\l~rus, "hich i f' s=Lid , is forr:ed lirot: j"hite
bJ "")!lti!"'">unde r pressur~..... It c'c. ... 10t +ake fire in

~-:ll'o::- te'"1per"tures nnc r s n"t, POi10rioUS.
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znnent Iy ,

l'he re o re on Ly t ,0 _i.' 'S in tbo r nited ',;tates ' liich pro­
duce "hi e nho sphorv 5, '!hO _ '''''ic' n fhosphorus conoeny 0:" Philt.\del­
phia , Fe., c., d t'!1e Oldbury '~lectroc'~e ri caI Conp~ny 0; l:iflso.ro ~'f'lls,
: eo' York. In 191_ '"9 cccbi ned pr cduct.i en of t!-.ese t'·o conparri.es
rmourrt ed to ')out e5° to~s, ~',)out one-h~l~ 0_' "hich '£I; "Ide into
other products ooforr oein; soIn , _ rrLnr t.1e rr, tho cR.~cit:
of these plr.nts "as l.lS'teriall" increased so that nt tho tiL.e of the
J~mistice the . =x.iraur; cap1'loity of the ALerican PhosphoT\.\sCompnny
':ns abeut, 250 tons per year and the 01dbu 'J aectrocher.:icr,l COMppny
2,340 tons per year. Since the va r t ....,'·l bust.ness of these 000-
panics hp s beu'1 ~t a st:1ndsti 11 due to t.nc f!lct th:'.t such sna l ),
quantities r s =ro needo-l coc, .....oi£llly ero ir.lported At nuch 10"Ter
cost t~?n the cost c o:o~~c~ion in t~a united Stntos. Unless
so..e st"ps era t"l.e • 0 protect this imlu<ltrJ, it ould =ppear
li~91· ~.:-"J t~ose no et:-:aj:ed; '\ the bu ri.r.e sn 'rill ci'lcontinue ':lor-

* •

·~.o~\'cti c. I 0f White P"losnhoru s:

The hi 'host hrade of phosphate rock yet rounc occur s
in deposits located in se7erol islands of the pe.ciric pnd Indian
Oceans. The princip~l producers of this hi;h grcde naterial ~re
N~f'n IslEnd (Ent;lish), Tphiti end Mnhatea (/rench), JJnvu (Jap'm),
Chri5t~ns Isl~nd ~nd several isl~nds hich belonGed to Ger~any,

t hich hnve been confiscnted by Jcpnn ~nd En~land. The total
nror'uction 0': those ; s Ir-nd a in 1912 . '\5 sr.O,rootons. No complete
I'i-'Jr')s 'or l"\tec yeprs $Ire cvt"il~ble.

T"to T'nited St1\tas nor. "Illy pro uces ~oout one hr If the
'orld pr ocuctd on , otiler countries -hi ch are iT!port~nt producers
of pho sphr t,o ro ck l' 'Ium a, hi ch pr or'lOOS over a !'lillion tons
per ye?r or s-bout on} quar-t.e'r of the '.o rLd' S P'oduction and stands
next to 1 lorida 1';5 I.' producer. tJext in order follo'!f Algerin,

l~iun, Frcnce ~nd In?~n.

Prt'ctic-lly "11 of .hi,.. phosph~t~' roc" i:; u sad z or
f rtilizer 1n per cc ti-o. rnc Gllf',ltity r-equ ir ed lor tho produc-
tion of phosphorus bo in.: ....•r,'U';J s: 11 p('rc.)flt"'.::e of tho t.o t.nL
':·ined.

•t tho present ti"p r'lC'rido. p+oduco a 'I):' i.'nr tho 1r.r;;est
e urrt c~ :,:.cGpl'~r.e rc ck, as i::; sh-;.'m by tho Geolci;icn1 :)urve~
st~tistics publi3hcd for 1921. In thpt yep-r Floridn ~ined
~,088,2~' l~n' t ns ~~t r~ ~ tot~1 r~r the c~untry ,~ 2,426,171
lrn~ tons, -hi'.c he \ .stern.; t.os !'l4'1edonl', .~,961 Lon , tons.

But -'hile the +est.err tr t.oe t.hus cent.aIn .uch nor e
pho sphc t.e rock t'v'n t:,o or-st'3n st.at.e s , the' astern deposits heve
baen . ~-ked t~ cnly ~ ~~all oxtent, cuo t~ isclaticn 0~ n~ny of
t~e d~~o~its, the ~j-h ~reir,ht r~tes end the distp.~ce fro~ the
f ctcries in the oo ...t 'here t,1,O t'lhosph::to roclr is .o r+ed up.



-8-

There is, hOi"'evor, one company. the Federal Phosphorus
Company of Anniston, Aln., who nr e seriously oonsidering the manu-
facture of phosphorus. They are Iprge pr0ducers of other phosphate
pr ocu ct.e and ,.. -in€; the va.r +er e i;iven cc ...t plus ~l.OO contract to
produce phospho.us for the Go~ .nment, t~t c~ording to t~eir state­
.nent this contract was canoellod due to "li.e 111 Iuence 0:: .pposlng
interests.

}. 1\l:."_'J'3rof manuf'ect.urer a have been intervie":'ed on
t"te sl..'iJ~ect a-id +hl" co¥census of: opini ca appears to be that a cheap
source of eloctric ,'0 'or "nd ' n advarrtr.geous position in re qar-d to
frei;:ht rate of rau rna.terir.ls are essenti"l r.lAnufacturi'1g require-
.ento. It is also eosentinl, of course. that there be an adequate
~ r~et for phosphorus. At the presont tine the peace-tuje require-
ments of phosphorus ere relatively small and thi s combined '.'ith the
keen compe~ition froi- abroad does not make the manufncture of phos­
phorus t>artic"l"'rly alluring.

1'';.e C'1enical prfpre 3ervice is !"'91(in~every effort
to :meet t'ie S1 t"$'tion but has not yet baon able to c.onplete a detail­
ed p Is n :or ~'re deveLop--ent, of pho sphcr us p rot'u ctd on :'acili ties be­
YOI'dt'1ose in exi stance ,

This f'·.ct that the . .anufacture of pho sphorus is pr ac­
tically oontrolled by Borei&" capital is siE;.....i.fioar.t, pe r-t.i cuIe r-Ly,
since the united States is the Inrgest producer of the necessary rerr
~ terial, phosphate rook. Japan and severel of the European coun­
tries have, ho+ever , adequat,e resources of phosphate rock for very
Lr r ge scale prociuction of pho sphoru s ,

Si"lce the be!9-nninr:; of t'1.e \Iorld ~ar, Jepan has bei;Un
Itlitnufacturint; phosphorus. 1n 1917 t.here +are three J£lpanese COI!l-

p nies produoing phosphorus ,rl. th a r-epcr-tc-t total production of about
600 tons yeerly. T~i..s is over t-'ice '...',,1 productive capaoa ty of
the A:;'erican Phosphorus Company, Hhich is t~ e only strictly /U!lerican
eo~eny in t~e United ~tates.

ThlS circuostance pres9nts ~ rether serious situation
in the Avent of ~n Aner;ency, pnrti~ul'rly, since ev~n if the plpnts
.nent.Lcn=d 'oro ope r+t.od rt tl:--xi. LU!:l cn.'(' ci ty thf)~, cou I: p ror'uce only
r bout, 65 "Jer cent 0: tl-te present ':ar -cquf r e..>3n·Jsof ohosphorus
for the i :-ot ye'r of "''lr r-n..1these roquirenents . ill un 'oubtor\ly
tncrer-so 'ith ·~e incrC't'sin; deve Ioptont, of t'le use of 'hite phos­
phoru s . this z~tul'l.ion is furthor ccnp Li.cut.ed by the fret thnt
the 01 ~bury .Jlcctroche:.:ico.l CO:'lp"my is 'In Zn6li sh 0 IT ad coup-my ..d
r.eco r dLnr' to "ood . 'thority i" controlled by Albrir,ht r nd i1son,
phosphorus ....rnuf"cturers at Oldbury, near Birnino;her:, ':;n;.;lcnd. This
eerapr ny to-;ether . ith the Olc:!bur~'Zlectrocheniclll company ' s plants
fit lJiebo.ra r"lls, ! .Y., <nd ('lIebec, CRnada, and Cobnot end ~O'lS, in
Lyons, • rance , nanuf'» oture 90 'Ocr cent o, the vor Id ' s supply of phos­
phorus.



stokes ;.lortar phosphorus shell _L.rnish e _~\Jai1Scf nain­
tainint the best possible Sl:!okescr-een £'t Ion t P'1t;OS by L~eansof
on easily portable ;nn. fl three inch St okes ...hell -h Lch contains
about 2.38 POUl1c!sof pho sphorus is :or 1 ;:,0 bj' tl.i~ lnf'artry and pro­
vides e means i'or forr.rl.n:,;S! eke barrages pt a e;rentt..r distance
froo the li'1~s than is possible ~~th the rifle ~ren~de. This shell.
nLso has on il'.oendio.ry rnd ca sueIty productn ; effect. The 411

Stokes mort"'r shell holds about, eight (8) pounds of pho sphorus
and is u sed only by Chemical I rfare servt ee troops> It proved
to be a very efi'eotl.ve ·.eapon t·, t~,e o.ld -1.r, =s is ahorn by
General Fries' description 0: its u se by mer i ean bas troops.

The ',:hite phosphorus .--;rande cent.a Ins ebout .6 pounds of
phosphorus. It is used by troops in trench pnd field warf'ar-e
"here it is desired to t.hro: up a dense sraoke screen at conpnrat.rve-
ly short di st.anco a in f·o nt of the line. The range of the hand
;:,renf>deis =bout. thirty yar ds and the rifle fronade about t',o hun­
dred thirty yards.

The projectiles are provided "ith boosters cont.e i runz
su'i tAble exnlosi ves "hi ch 'r.e" .!'ired i£lli te md see t t.e r the phc aphor-
us in burru.nr; i'ro.::~.:ents. These burru.ng fr(\~ents produce tho dense
":h1te snoko,

Phosphorus is used as a fillir.~ for ,;renades, Stokes 001"-

tsr boobs, .'\rtillery sne Ll , aer-opIr-ne dr op bombs. It can also
be filled in ce.ns ~or use as sr:1o"eC8'1C3S.

In addition to bein; the best ~ok~ producing material,
white phosphorus is especiclly adapted lor use in ~arfare. It
can be s~ored for long periods of ti~e ' '1.t.hout, deterioration: so
long 9S it is protected frow. tho air, pre"-;rably, by covering .:itil
'.'"8ter. It is only essential that the ccnt.a tne r for ~'hite phos-
phorus she.ll be sufficiently tiGht to pr~v~nt le~kage.

hi to pho ~horus was first used in '7arfare dur tng the
. orld i.ar for the production of snoke screen s r nd soon proved to
be the !'OEt effective of Illl ru-terif'ls used _or this purpose. 'fhi s
is not surpr i stn]; "'her it is roalized that lor every pound of
pho sphorue burnod , over three pounds of smoke are produced. Thus
, en one pound of ~hos,i)horuGburns, 1.33 pound s of oxygen are t.aken
up in tho for ..l~tion of phos-vhoru e pentoxido and thi s phosphorus
pent.oxd de Ll turn tnkes up .9 pouno s of ooi sture fron tho air in
t e fomRtion of phosphoric r ct d, . hich constitutes the par-t.i ere s
of the smoke cloud. Phosphoric sci d, itself, is very hYGroscopic
<nd "ill r.ontinue to ta"e up ndditional . ater froLl t.he 8t~osphere.

The Use of Phosphorus in nrf~re:

FUrther st.udy of the phosphorus raanuf'act.ur-Lng s It.uat.Lon
.....111 be undert£lken and every effort ne.de to encour~~e at le')st
a mpnufactnrinb nucleus in this country 'Jnich may G ~ expanded
in the event, 0 f "Jar.
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• "cne: .ioal warfare", b:- Fries and West,

In the fore;oin~ peragraphs, tho attempt has been made to
show that phosphoru s h~s proven to be a very ef1eotive ·..,eapon. It
il not only the peer of all smoke produC1ng mnteriols, but will prob-
ably have no serious rival for a lont; tine to cono, It Vlould appear,
hoyover, that phosphorus hns fnr breater possih1lities for use in
r.nr£are thon have been realized. these possibilities aTe concerned
not only './ith the increased use of phosphorus in the adopted types of
projectiles, but eLso 'rith the development or new types of containers
and improved devices for the dispersion of phosphorus •

Phosphorus has ~lso been used in trRcer bullets and Ps an
incendil:':'Y, oj ther a.Lone or in mixtures. These uses Pore, however,
inslr;nifioo.nt "" en corapnred to the value of phosphorus as e. snoke and
casualty prOducer. 7he incidentcl.incendio.ry effect produced by
phosphorus is, hot..rever , not to be ignored. The burning fragments
of phosphorus produoed by bo~bs or shells ~re very difficult to ex-
t ingui sh and can only be put out by COl'!lP let.,)ly submerging in ...rater.
If these fraf;1lents Illight runon?;sttroops sever-e casualties 'fill result.

~ite phosphorus aeroplane bonbs are c post ~r develop-
ment ....hich ha s interesting possibilities. Tests '1lich .rere carried
out on the battleship "Alabama" sho- that '''ith 100 pound phosphcrus
berabs a single plene might completely SMother a bpttle ship in a dense
cIoud of smoke, In addition, burnf ns; f!''\~ents 0 r phosphorus seat-
ered ovar the ship have a serious c"sualty producinf; effect on any
exposed personnel.

Phosphorus can be used in every caliber of Artillery shell
and it is thus possible to establish and naintain an effective bar­
ra~e over a '-ide front tot any desired range.

- - - - - 100%
60.16fo
40>~
25-35%

White phosphorus - -
Sulphur trioxide -
Stannic chloride -
Titanium Tetrachlor~de -

Phos~hor~s is much the best of the various smokeproduc-
in r.laterio.ls ,'hich h-ve been tried in Artillery shell. The fol-
lo-ing table &ives an ~pproxi~ation to the rel~tive values of these
ca erial s:

"The First Gas Re-i:::t'3ntproved 1.ts 'orth end '·'on·'ever­
lasting glory by usinG t~1e ~to',:es mcr t.ar-s of the Bri ti sh 17ith ! '.:

their phosphor- 3 bombs for o.ttacldng nachdne gun nests. The
'~ite phosphoru~ in th~t case had a double effect. It made a per-
fect sr.oke screen, t.hereby IlBkin!; the Oerraan t:P chine bun shot s
sitr.ply shots in the dark, "hile at the sace title the burnkng phos­
phorus fo r c cd the hUnners to abandon their .;uns and surrender. II.
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\

All a rmi.es have cor-e to re~.lizc the value of smoke
as a pr-ot.ect.Ive scr-een and J n fut;_1re var s the ~rmy ..hich has the
mcst adequate suppLy of pro j act.Lrea fi::"led 'fJ th pnosphoru s , the most,
effe:rlive smoke pr-oJucer , end ,st-:-ons c.:s~"'ll'J rro~~cdrJ will heve a
decided advanta~a in the protection ef£jrdei its troops.



2. The partial oxidation of carbon by pure oxygen,
This UftS used- at the plant of Frank Ber:tingway;Bound Brook, N.J., by
the French at Lyons using red hot birch charcoal, at the Plant of Ste.
l'Ac~ulateur alcalin and Vitry ?here charcoal or foundry coke was
emp1oyed.

1. The reaction bet·.,ee"~ood ooke (low in hydro­
carbons), carben dioxide and p'~:e oxyt;en. This was the process used
at Edgevood ftrs~nal.

The processes usin~ conc~ntrated carbon monoxide
themseJ.ves chiefly in the mode of manufc.otureof carbon
The chief oethods of ~nufacture of concentrated carbon
bnsed on one of the following reactions.

difIe r a.:-.on&
nonoxide.
~onoxide nre

By ra~ the ~reate~ pa~t of the phos~ene produoed dur­
ing the var was made usinc.;relatively pure carbon nonoxide contain-
ing but a s;.lallpercentage of other bases. This use of practically
pure carbon monox.i de iyith pure chlorine results in the production
of a concentratod phosgane gas \~hichis readily condensed ~(ith sui t­
~ble ro:r i :;eratingequipment.

A_ Phosgene Processes Usine Ooncentrated carbon Monoxide.

are
in the presence of so~e fora of charcoal catalyst. There/a number
of cethods by '."hiehthis fundanerrta I process is carried out. These
~ethods may be classified as (a) those ~hich use relatively concen­
trated carbon monox:de, and (b) those rnich use a dilute carbon
~noxide.

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

•
II. Resume of Processes for the Manufaoture of Phoo~one

In vi-e,' of·the unsatisfactory ,·:artime data, a small
scale plant TIns built at Ed~e·:loodArsenal, and experiments carried
out for the purpose of deterr~ning thB most efficient process. These
data make it appear that a basis has been establlshed for the devel­
opment of a more praotical method for the nanufacture of phosgene.

In spite o~ the fact that large qu~ntities of phos­
gene ere raanuf'acbur-ed by various countries during the war , there is
very little reliable data available sho\nng the most efficient pro­
cedure. This was due in part tlothe fact that fairly efficient
processes r ere known and a Lse to the necessitj of iCU!lecliatemanu­
facture.

I. Introduction

Post ~ar Oevelopments in the ~anuf~cture of Phos;ene
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The process employed is quite sioile.r to 1:'9.rtine
prooedure used at Edt;euood Arsenal, the only difference being thnt
~ iD1Stoad of (97-93~) carbon monoxide '.ICC used. To produce 98%
carbon ::tonoxido re~uL'ed the nanufaot.ure of oxygen, Due to the l~ck
of funds ~t wes not. desired to oper~te the oXYhenpl~nt in the present
vork, as J.t Vlns behaved thnt. the use of 90% carbon nonoxide \ID.S a
sufficiently close ~nnlogy to the ~nr ti~e process.

(0.) Outline of Concentrr.ted Or -ben ~onoxide Process

Fron the brief discussion of the prooes~es used dur­
in& the VTe.r,it ·.'fill be seen th'\t there ..,(\.s tr \lide diversity in
the ~nufncture of cnrbon nonoxide und considorrble difference of
opinion cy.ists ~s to 'hether the use of diluted or eon~entrated
corbon Monoxio~ is tho nost sa~isf~ct\ rye For t.he purpose of COM-
paring these two uet.hod s en exper-Ir.ent,r- 1 study of eaeb \1(\S under­
tnken.

III. Outline of ~.·ocesses Investi:r;d.~d. l.n The Present
,{eset>r Cl••

A British pl~nt at. Gnteshend produced phos~ene by
t.his ne thod . The carbon rionox ide =o s produced by b1or:in~ ".i1'
through hot coke and scrubbin:; out the cc.rbon dioxide and sulphur
dioxide. This bfive e ~11 percentr~e of crrbon Lonoxide in ~
lerro t"nount of nitrogen. This dilute t;I"S 'hen ni.xed "ith chlor-
ine and p~ssed throuGh the cat~lysers produced ~ dilute phosbene -
the phosgene l/l' s ab sorbed in t.et rach Ior ethane I I'roia "hich it vc s
recovered by di8till~tion. .

,'hen (' dilute ca rbon rionoxd do is used, the resultins
phosgene b~S is lAr~ely dilutod 'i~h iit:oGen froo the oir. It
is therefore, il'lprer,ti~f\ble to remove the phosgene by direct refrig-
eration. This 01 l' J.culty is, hovevar , overcome by absorbtng the
pho sgene in l\ aut t.e-ble "lbsorbent end recover ing the pure phos;ene
by distill~tion.

B. Phosgene Pr~cessos Using Dilute ~arbon ~onoxide

5. ce rbon nonoxido fron pho sphorv o furnaoos. Thi s
source "liS utilized b~' the Oldbury Zlectro-Chenioal COr.1pruly,Nit-GsrEl.
Fnlls, N.Y.

~. The nbsorption of dilute carbon Monoxide under pres-
sure in cn;:onioc<l), cuprous chIo r i.de rnd subsequent, reGeneration of
een cent rut-ed carbon .ronoxide by relet se of pr cs sure , Thi s scheme
,·~s used by the Oernan s at, Lud,'igs,,",nfen -!orks of the B~dische
C . -:n"j.

3. The reduction 0_' c=r+on dioxide 'ith carbon. The
British plant at _idc!l""ich u sed thJ.s process Dad t./o German factor­
ies, Bryer and Hochst establl3h~ents.
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3. The ~ilute carbon ..onoxide proce ss, ho·;rever. possesses the
acvanto6e of llsinl; stan de rd '3qui~..ent, -'hi It.; the concentra.ted carbon
':'lJnoxide process "ol1uircs sr-e ci aL eoutp. ..e.rt "hich r.ecessita.tos mor-e hi~-
l~ trrined opl3re.to,'s. :.'0" thic reElson, ·-'e dil'~te carbon monoxt da
~:oeess ~ppe~rs the ~ore pr~ctio~l for ndopticn in tho event of nn o~er­
~ency.

2. '1'::<: chief cost Ln either cc se iv tho cost of the chlorine.

1. The yield s rnd cost. of phos;ene by either the dilute or
coucent.ro t ad or rbon nonoxf da pro cess "'npc~r to be ebout the sane ,

Conclusions

Dilute cs r oon r:onoxicle . r s obt:1in(.~ by continuously burn-
ing coke itl1 a deficie,.cy 0: : ir in ,. .;"'5 producer. The resulting
~as cont.runed "'bout 2S}~cPrbon~jonoxide, t,e r emrLnder beinG chiefly
n1troGen. Tha di lute carbon lionoxide , after dr~rin:>; i.th sulphuric
ccid -:f> S :~ixed '"i th chlori 18 r.nd ?- ssed into the catnlyzer boxes iil1ad
ith cher coaL, The resultinG phosgene uaxed ..i th ni tro:;en vas paased

into r ef'ri cer+ t.ed s'iLica sel ....flich ~t this t.enpernt.ur e readily ab sorbed
pho czene but not ni trocen. A.fter the ;01 be en__..e s~turflted ,'ith pho s-
:'3ne, it . ,,-.s her.t.ed, This expelled t~E: phosgene 'hi ch XP,s then lique-

~i~nby ~irect refrigerction.

B. Outline of Dihte Carbon Eonoxiro :--ocess

The cnrbon ~onoxidc ;"'1'.3 then uixJd ,·:5.thchlorine and pn ased
through Cf't"lJ'zcr boxes c0:1trtin1n-: chr r coaL, "!'\d ~ho resultinG pho sgenc
~c s eendensed by direct refrit;ar'1tion.

In the manuf'aetuj-a 0::: car-con =..onoxide it was first nece s­
sery to ~rke carbon dioxide. 'this cs obt~ined by burninb coke and
sCM'bbin; the products of conhu3tion -ith potassiu~ carbon~te solution,
thereby, !'orr.i 19 pot.c setum bi car'bona te , >tet.tinE:;thi s solution gave
ccrbon dioxide iree fro~ nitrogen. l'~e carbon dioxide va s then dried
, ith su Iphur ac "cid ~nd passed throu;h gas producers con+a iru ng coke
- hi ch hc.d just been heated to incondesce!'lce, af't.ar a brie1 t'uq;inG per­
iod. the re3Ulting car-bon nonext de . '~s run in to a gas holder. The gas
-::cs then scrubbed ';'th ceu std c soda to re.iove any r'e siduaL carbon dioxide.



The overall yield ;ras 36.3,; basad on car-ben tetrachloride un­
accounted for, after standard operatin~ practices ver e adopt.ed, the

'i'here was produced in the 3.00:a11pLe . 33,094 poun&f\of hexa­
chlorethane which conformed to the specifications required for hexa­
chlorethane snoke tUX cure .

In the dro;/ning tank the solutions separate into two liquid
layers. The "ater layer ".,hich contains the alwr:inum chloride in solu­
tion is not soluble in the carbon tetrachloride in 'hich the hexachlor-
ethane is dissolved. These t ... layers are separated by siphoning off
the Tooter solution. The carbon tetr'\chloride solution is then ':'lashed
to remove as r~ch aluoinum chloride as possible; pgain s.parated fron
the ·'l'ater solution and distilled in st.eam, The carbon tetrachloride
is recovered ~nd the distilled hexachlorethane after filtering, is
drted in vacuum dryers.

As n result a.ttention ·..."RS given only "'0 the produotion of hexa-
chlorethene. 'Then the r eect.Lcn bet-'een cor con tetrachloride and alum-
inum is completed, the charge, cons i st.Lng 0... \\ex~.:h!oreths'ne, excess
carbon tetrachloride, alu.":linumchloride and 50-.e chlorinated by-products,
is, dro"ned in ..:ater 'ith the loss 0- t"le r:ut1inu.""lchloride. This was
done because it had bee, found th~t. th':? exce cs carbon tetrnchloride nnd
the hex~chlorethnne cou~d not be distilled rro~ the renction rnRSS '7ith­
out considerable decomposition due to the action of nlu~n~ chloride.

In the experioental runs carried out in the snall soale plant
no attempt -:1'.5 nade to recover the e Iurainun chloride. It had been sheen
in the laborAtory investigatibn that the recovery of aluminum chloride
-as fe8s1b~e, b~t in the plant the equipment needed to ca~ry this out
"'es not available and the needs for hexac'11orethune ';;ere so urgent that
this phase of the pr educt.t cn ".'ra.sabandoned,

6 0014 I 2 Al : ~ 02016 I 2 Al 013

The produots of this reaction are nluoinum chloride and hexa-
chloreth'lne. Under lllbo:'ntory condi tiona yields of 65% hexachlorethane
based on the carbon tc~rachloride not recovered are obtoined. Alucinuo
chloride yields an6unt to 80%.

The process eoployed involves the reduction of carbon tetrt'.­
chloride "'i th mett.l.llic r luninu:J at 70-800C, usint; ~luoinUJ:lchloride as
a catalyst.

Hexachlorethane is one of the inpor~~nt in~redients of smoke
nixtures used for the production of screeninF smokes. In vie~ of this
and the fect t.hct, labor"'C,ory investibatiol"s had shovn th~t it could be
easily made , (\ st:.1\ll scaLe plant ',"as erected ir. order to develop a ::!~nu­
facturint; process. It \fas felt that the proposed r:ethod of t:lanuf~cture
could be deve) oped t.o produce hexach Io ret.hr na tt a cost 1e5S than the
preVflili,'l~ tl~rket price.

The Develop~ent of the M~nufacture of ~ex~c~ ~ret'1~ne
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Both of theae reactions are readily carried out but on a
manufacturing scale the collection and liquifaction ~f tho cain product;
nitrogen peroxide, free froe ~oisture is rather difficult.

2 t1aP03 I- FeZ 03 = Na2FeZ04 I 2 N02 I °
The sodiun ferrite thus formed MY be treated "~ith ..:ater for

the recovery of the iron oxide. This results in the {oroation of sodiutl
hydroxide ~hich nny be recovered as a by-product.

The lr.boratory re eear ch di scLosed th.,t i ron oxide .-hen
mixed vIith aodiutl nitrate ~nd heated to 4000c or higher, decooposed the
sodium.nitrate \ i th the iorcation of nitrogen peroxide rr d sodiu:o.fer­
rite.

Labor~tory research on the probleo .ras begun nt the k.lcrican
University Experi~ent 3tRti6n ~nd Rfter the R~seRrch Division of the
Che~cal Wnrfnre Service .oved to Sdge,-oonArse~Al, c.n experinentFl plc.nt
was designed, built ~nd p,t into oper~tion.

!Iit!'ogen peroxide, a I tho~::.-~':ell knorrn in tho laboratory I

has seldom, if ever been ~anufactured conn~rciellY. It is ordinarily
obtained by reducing nitric acid ':'1it~ some sui toable reducing agent. It
"'-19 suggested that if it could be obtained froe sodiur.t nitrate directly,
in3tead of from nitric acid. :ohich is in turn mrt3 fro::l sodium nitrate,
the COlt ~i~ht be considerebly reduced And the !rocess sicplified.

The proble~ of finding a suitnble ne~hod ior the prepara­
tion of fairly large quantities of nitrossn peroxide, arose at the Amer­
ican University Expericent Station in conneotion "ith the 'rlar time in­
vestigations on the higr_ explosive anilite~ a nixture of liquid nitro-
gen peroxide and certain hydrocar-bon s, Later additional demands for
nitrogen peroxide ~'ere nade in the deve l opmenvof a process for the
oanufaeture of picric acid fran benzene, nitrogen pc:oxide~ nitric ecid
end ::lercury.

Develop~ent of a ::Mufacturing Process for lJitrogen Peroxide

The cethod 0: taanuf'act.u re used ve s thus net successful
fro:::len eperavi ne; r nd cost st.andpo int, ··ith the eqi.Lpnent, ave iLabIe , How­
ever, --ith suit ....bly c'esigned equ i.praent., it is believed tnat the process
v'ould be practd ce 1.

average yield for one series of 14 runs·'s ~ .cj. The overage cost
":as ':0.91 per pound. T.1P costs' ·ere gre.du~.llJ reduced curLng pro-
duction end reached a 1 ,... ?oint of rO.554- pe' peu-id,
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If these conditions are oat, it should be possible to
produce nitrogen peroxide free from r.itrioa.cidand obtain yields
of 95%.

A mixture of three parts ferrio oxide to nne part of
sodium nitrate gave the best results. It is also essential that
this mixture be free of moisture as even a traoe of water is very
dotrimental to the yield of nitrogen peroxide and to the apparatus.
Water decomposes nitrogen peroxide with the fo~ation of nitrio
aoid which in turn seriously corrodes the plant aquipcent~

The plant equip~ent oust o~absolutely air tight. Leaks
in the part of the system above atoospheric pressure result in loss
of nitrogen peroxide, whi18 leaks in the parts of the system below
e.tDospherio pressure perrm t acinission of moi st air, which a s ha s
been shown, is very detricental.

The ferric cx'i de used must be of a high degree of
purity and the sodium nitrate a, good eo~eroial grade.

The experience gained in the operation of this ex­
perimental plp.nt has I:\adeit po salble to fomulate the conda tiona
required to obtain high yields of nitrogen peroxide.

The nitrogen peroxide abeoebed in the silica (;e1was
released by gradually heating up to 1200e., using steao under
pressure in the oondenser during the ~tter part of the expulsion.
The nitrogen peroxide wna then pa ssed through suitable rerrigerat­
ing apparatus and the liquid forced stored in steel cylinders.

Dry sodium nitrate and iron oyide were ~ixed and oon­
tinuously fed into a cylindrioal nichrome rotary renotor heated in
a turnaoe ~aintained Dt about 9000 e. The sodiuo ferrite fo~ed
was discharged at the far end of the reactor ,mile the nitrogen
peroxide \;as r emoved in a current of air thrv"gh the feed end and
passed through 0. dust tank and cooled. It ira a then absorbed in
8i11co.ge1 - cooled to "100 c. The air s:.reannoVl freed 0f
1\1trogen poroxide, was bLown back to the rotary reactor aftei'
being preheated in tho ~urnace.

Nitrogen peroxide can be mede in the laboratory from
ferric oxide and sodiuc nitrate ~tn yield~ of 95~ or better, but
the results secured in the plant were far neLow thi 5, c.lthough it
1s felt that thi s could be definitely attrituted to fc.ultyapparatus
and icproper ~aterials.
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This -;-or~ is carried out in n roo! 'lith a o~p(lcity of
60,000 cubio feet >/hich ~.·r.sespeoially const.c'vct.ed for the purpose.
Equipment is provided for circul2.ting the air or snoke "\nd for :!n.in­
teining the conditions of te~er~ture nnd h~,idity. An observa­
tion roan is provided ~t one side of the buildin~ fron'~hich neasure­
tlents of the snckes £>:,.'enade , Objects ar.d 11rhts pLaced ,;'ithin
the concentration roon £'.t various di stances fro ... the observation
~d.ndo·rlene.ble the ebse rver to detamine the depth of snoke requir-
ed to cause total ebscuranee , Special app....ratu s connected '.i.th
the concentration rooD elso ennble one to deter~ine the size ~nd
nucber of particles in the seoke.

This work 'f(lS undertaken to study and devise satis­
faotory r:.ethods of :::eRsuring the obscur inj; pover of sacke s; to
deteroine the reirtive ioport~~ce of the various f~cto15 influenc­
ing the totnl obscuring po"er of snokes 'nd to estpblish t.he re­
lative snoke producing vcIue s of s::.oken~teriDls '::hen generated
by various ~ethod5.

Fund~ental study of Screening ~~oke!

The fundpnental study of ~oke.
l:ethods of saoke generetion end di spersion.
&~okecloud travel.
The RirpLane snoke s, both the smoke curt~in and

exhau at snokes •
The dev310poent of the 50# H.C. snoke candle.

The screenin.; s.ioke investigations in 1'rhichproGress
hal been reported are:

Screeninh &' .oka:

The 'ork of tho Cho~:iccl "nd: achnn i ceI Civisions in­
oludes tho) study cf scr eonm ; a iokc ~'1d its ~.pplic...tion, the
developnent of hchry:·yte>:Y ::mnitions :or t rr Iru.n.; purposes, tests
of Ger~r.n 1ndustri~1 c"nisters, nar Lne pi1inti !'nd 1'011·....eevil in­
vestigations, and the develop:':ent of r:ech-:nic~l de'Tices.

R~suHs of investicr.tions, r:hieh have been cs r rd ed
on by the Che-:ie'll, :(cchaniCf'.l and :'edicrl Re5errch D1715ions
at Ed:;Er"oodArsen~l durin'" the P" st quarter, t: re s~,...,.rized in
the follo'ting ?"r'''~r'''phs:

RESEARCH ACTI"ITIES AT EDGEFOOD ARSENAL
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Similar experiments were undertaken with l::.quid smC''kI.,
producing mater~.als, such as titaniuo tetrachloride, stann~~o
chloride, and ch~,orsu:i.ph')l)icaoid.. In these exped.oents. ~:::'
was first neee esary to determine the raethod of di spersal tlofi'l;
su~t.able for producing the Clost effect:.ve sooke eLoud , sir.ce
liquid snoke oe:t.erials cay be di sper sed a1the!" by ,,,tot:I za·tion
O~ thermal methods.

Tests were carried out in tohi s oa.r.:'ler to compar-et.he
.tandard Checlcal Wnrfare Service R.C. soo'te nixture uith the
British Type S snoke nixture. It +es fO'!_'\dunder the conditions
or t.he tests, thnt tho :.r~e. S1:1C'kecandle t'.1xture is tt'!Oor three
~lmea a a effective 0.3 t.he British 'fype B clxtvre. Only 3;65
. ounces of the H.C. mix'ture ara required men burned to obscure
1000 sq. ft. a.s against 11,07 ounces of the Britiah oixture~

EXpprioents -:verealso undertaken to detereiu3 the
amounts in ounces of various smoke nat.er i aLs, ·...nich it is neoes­
I&ry to expend to obscure a cross sectional area of 1000 sq. ft,
In these experiments epproxioate1y unifonn conditions of teopera­
tur. and relative humidity ...rere ceintc;.ined.

~en these d~in ~e~e plotted, reletive hu~o1ty ag~inst
per cent ligPt tran~ission, the latter varied in a~ost a strai~t
iln. relation from 305% at 7G%relative huoidity to :1.75% trans­
i!1ia8ion~

A st~c\y of t.hl) standard B.e. srtoke \las nace in the
ooftcent~'r~tlon r cen to dei',ermine --he effect of varyinG tl\e re1a­
U.v. hucidlty anu teop~ta·(.ur.e, l'(. va s found that the teIllpera­
tur. had no "fleet on 'i,.he~".)'(,alobscur-Ing pO'7el' (T.O.P.) of the
&coke"hen the 1e.lo::.ive h\1Jd.ditt -'I:S C!llntained ocnst~nt: .0.'(.
60.6% in suocessive rues and the te:-.pen-\ture varied froo 82 to
1000 F, 711'\onthe tempGrl'.tv,re ".7/\8 I:'.r.intained ~ons":.nntat. 100" F.,
and 'the rfJlt':Liva huoidJ. ty r as inc~·eo.sQdin successi va i'unS froCl
44....,6"~there lIRS n oortespon<u'ng increase in the T.O.P. of the
acokeo

considerable difficult:! . 1:'.8 eXierienced in the
proliminary vrork in main-c.f\~.nin~the desire ~ atmos~,heric con­
dit.ions. Thi S '::as fo\md to be ,la!'ge~y due to leaks in the
'r,~lls of the concent.r+t t.on rocn- This 3i!.'ficuHy has nO:7
been overcome so the.::' ·j.t is posst b.Ie to or.4~es'?Liofactory quan­
tlLt-ive eOI!.~a.rativ(ltes'j,s of smoke producing r.aterials.



Cylinders of earbon dioxide are used as a source ?f
pressure for disoh....rt;in; the ti truliu:o. tetrachlrJL'ide, Thi s has
~iven satisfp.ctory results but it hns been fe- ~ that ~reater re­
fir.~ent of cont~ol and pressure re~l~t~on ~ ~t ~e obtnined by
introducing the l~quid carbon dioxide into th~ container for the
titaniutl tetro.ehloride. T't!O hibl11y succes ful teots have been
conJ\!cted, suffieie:lt pressure beinb ocir!tc.-:'n~dthroughout the
tar.. to di scharge the Eouid in about, t'·:e"tv seconds which is
nt:lln t~·o seconds of the tine calcul(".~"edt.c disc~l'rge the liquid
Tohenthe plane is tr~veling o.t t1axi~~ speed. These results de­
monstrate that tht s arre-.nbetlent no.y possibly ai'i'crd a ueans of: se­
curing constant pressure, pnd at the sane t;.oe cotlpleto..-y discharb-
ing the liquid ':Iithin the required title.

':'he lA.ying dOmlof a snoke curtain by en ri T!'J.al"lenece a­
sit ...tes tha·t the smokeproducing liquic (titanil:l tetranl-.J.o!'ide) be
ct:.sch~rbed I'ror, the plane at the sane speed as the plane but in the
opposite direotion. Thus the pressure required i'llr '(.he discharge
or the ti·tanium tetrnclllor:'de in the requj.,,·ed time is a func'cdon of
the speed of the plane~ In ord~r to deterc4ne the pres~res requir-
ed for varying adrpIane speeds, aground set UP of the plane eql.:.ip­
ment WPS installed and 7mter ~s used in tests for speeds varying
free 60 to 120 ndLes ?er hour lTl th nozzles of vt'.rious diameters.
F~~n the data obtained tables and curves are beinb pre~~red for
use fn the prot!uction of Sloke curtains using either the D"H. planes
or {~rt,in bonbers~

Airplr~e $Cokes - ~oke cur+'Rin:

Another lnve.it; -:;a..ion ,lith the S?..I:lO end in vieT:', is
concerned ---ith ';hether •.J!.' no·t,the t~ ....vel 0:' ~ sr-oke cLcud can be
oeasured by means of c. pllff of saoke , If this is possible, the
behavior of a smoke cLoud l?id dorm \n b~ttlo er-n be !"e'ldily
predicted by first vat.chrng the beh~vio!' of'" Sl:' 11 ~·....:f of snoke,
Various devt cns pre bemg tried as r nean s of producinr a satis­
t'-ict.ory puff of S';!oke~\Jr this purpose.

:n connection 1Jith the inve~tig'l.tion of the travel
of e:t"ke c:-.cl:.d~.me..eoro:i!)btca1 data are b0i'b obtaine1 in order
that one nay o"ed;·.~'\:. the behavio~ of smoke under varyi:'lF; condi-
~i(\!'ls ':)!' T,S_..:' ~ '''i;,ure and rzi.nd veloci J:..y. In particule.!' a study
is being I!!....d€ Cif ::tevarintions or "rind f.r.i tonp ....ratlHe e.... various
hai~ts ar~v€ the ~roun~, To this end a 'he~obrnph nnd a~emo-
:later hE't7tl been in~rt.~lIed on P. flag po Ie e.t an I')lev('."(.ion~f about
60 feet pnd corrtdnucua records Ilf ;-line veIocl ~" and teorerature
are beinG taken. T~e records on the flab p~ _e are being com-
pnrod ~7ic.h corr-espondl.ng records nea r the ~!"~ •• r d ~y zieans of
graphs.

The Travel of the Sl:lo!~eCloud:
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The 50 lb. H.C. smoke candle is siotlar to the scaller
B.C. smoke candles and l79.adeveloped as the In:-gest $Ookeproduc­
ing unit T:hleh oould be reedily lmndled by one man. In adapting
the regular B.C. sooka nixture to this cnndle it nas neoessary to
make oertain changes ~n order to provide quick raeans for deliver-
ing the full smokevoluoe from the cantUe. This "nas aococpUah-
8d by using one half pound of 0. fast burning moke oixture on top

Experiments'), 50 lb. ReC. Srtot. Candle:

In the proQuction of screening sooke by diseh~rging
a Uquld sneke materiol throu(;h the aeroplAne ent-ine exhaust
8008 difficulty has been experienoed due to the corrosive aotion
of the smokeon the plane. To overcome this f\ plane 1s being
partly retuilt I substituting ply ~/ood on the 1Usilage ~or the
fabrio and nnking a.n all-Qetal toil assellbly. In ad~tion es-
pecially designed exhaust oanifolds are heing added to ooncuct
the coke to the rear of the tc.il surfao9~.

screening Stloke fron Airp1.!\neExhaust~

Tests 1 end 3 were con~ueted under cost ad~erse wind
conditions. and ryhile not entirely unGUccessfUl. olearly demon­
strated the iapractieabillty of attecpting to lc.y a saeke ourtain
under suoh extrene weather conditions except with p sufficiently
lfll'ge nuaber' of planes to overcome the difficulti 9&9.1'1sing froll
these conditions.

Tests NOSe 2. 4 and 5 nere declared to be entirely
.uooessful.

1. Soreening a Coopany in Attaok
2, Screening Bnttalion in Attaok
3. Screening River crossing
4. Soreening River'Crossing
5. Soreening River Crossing by dropp{ng ourtain

in three sta.ges at varying altitudes of 1000',
600, nnd 300 feet. !n thi3 case the pilot
screened himself 1n the last two stages of the
opera"-ioIh

In thi 8 oonnection StlAll quanta ties of liquid carbon
dioxide ..,111 be added to titaniun tetrachloride and the resulting
pressures determined ~t te~eratures of from 10° c. to 40° C.

Deoonstrations were cenduct.ed at Fort Benning, Geoq;ia',
for the purpose of showing the use of srloke curle.ins in aotual \far
mar.euvers. Altogether five curtains ~ere dropped ueing a full
Charge of 980 Ibs. of F.M. (titaniuo tetraChloride) with a Martin
Bomber. ,:h~se tests ";Vereas follows:
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Flat-shaped C.N. Candle:

The present C.N. lachryoatory candle is cylindrical
ill ah!pe, 4 inGhe. in diameter by 2-3/4 5nehes hi~, end is eonse­
quentJ..Ynot. an econord caL shape for packing and further it is an
awkward shape to carry. For these Teasons a flat sheped C.N.
candle has been developed, usin~ the s~e eont~iner as the a.c.

The bonb tunctlons on uater iopact. and floating en the
/ ~t.er gives otf elou~s of the tear gas (C.N.) ~oke for trOD 12
t.. 17 cinutes.

This bomb developed for Navy training purposes, is the
old B.C. perople.ne soreening smoke floating bomb, '7hich has been
e.dapted to the C.N. filling. The ..,.'ei;ht of t.""efilling used is

_~ about. 12,5 pounds, of phich about 8 pounds is s::lokelese powder,
4-1/4 pouncis C.N. and 1/3 pound nagne sdun oxide.

The boob i\mctions on iopact, is non-frc.GOenting and
gives off a cloud_of lachryIls;tory moke for about ten oinutes.

Navy Training CeN. Flo~ing Boob:

I

The ~eigh~ ot the filling used is 5-1/2 pounds of yhieh
58% 1s smbhless powder, 40% C.tI. and 2fo zagne stuc oxide, ';:hieh
hot. as a. ste.billur ..

The boob used is th~ old ~~ i1 25 lbl der~lition
bonb" which is new obsolete E\nd.of Fhi~ there is '" supply avt'il­
able.

This boob', '-mich 1s for use in neb control ~nd the
t.r~ln1ng of troo!,s, is a nOh-explosive 1;,)!:!lb,thE>C.N. being
t.he~Ally dispersed as a snoke cloud.

The Amy 25#= c. N. bl'op Boob:

Developrl~f Lachrytl8.tory i.iunit!ons:

Lnehrynsto':"Y [l~lnit!ons cont.a1n!ng C.N. (Chlc,racet.o­
phenone - a t.enr gas) are being developed for use in the train­
ing of troops.

ot the re{;Ulnr t:dxture and using'" 51o,..ar stE.ri.ing tdxture.
'fbi s candle eonga:'ns about 50 pcunds of the smoke r::lixture and
when tired eoits a dense tThite cloud for from tHelve to fifteen
minut.es. '!he ·.7ei.r;htof the container in its present. state 01'
developcent is (itbout 1'1ve pounds.
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The charcoal found in the oanisters is a soft friable
wood cha~coal of rpproxlc~te11 8 t~ 20 caSh. The noisture con­
"'ant of lohe ohnrcoo.l in every canister ',Ins soce\mat hi!;h (145'- ..
" 2&%). A mall Olll"unt ef dno 'Uld iren 'InS generally found

A nunber of Ge~an canisters for industrial uaes have
been exacined. The nature of the absorbents has been deternined
as ~ell as the general characteristics of each canister. The
canisters are practioally identical i~ meohanioal con~truotion r~th
the ~ar canister. The absorbents vary some~hat 1n their nature
and composition according to the ~ot\pounds against i7hich proteotion
1, aftorded. BO'7ever, the t,,:o .principal absorbents, the charcoal
and the alkaline granules are very similar to the saoe absorbents
ift the war canister.

Oeman Indust~lnl Canisters:

The Bdtish oharcoal received, ··hich is a steac acti­
.. ted nut charcoal, is o.bout the sane qUElli ty a s the averabe
st.ean activated nut oharcoal no'· beinb used in the type 1919
Chanical \~arra re servt co cani ster. The tote 1 saturated end the
retentive adsorption of toluene correspond to our charcoal of the
same srade.

Br~.t1sh Charcoal:

th. cohhootion -with the inv8stibc.tions of gas oask
oan1at.er absbrbonts, a sanple of British activated charcoal and
Oe~ indUstrial oah.isters have been tested.

The ct-.nngein the shape of the C.11. candle ha s nece a­
ait.A.ted a chanbe ~n th~ cooposit;'on of the C,N. nixture, since
the condtt!.ons of burnin-; are mater4.ally rffocted by the burninb

. area of ·~\e cf'ndle PJ!U the ratio of the ".l·e'1to the depth. A
IUlt.able C~N. ru.x·t.ure fur thi s flat shaped candLe has been develop-
ed end the ot:'nner of lending ~;orked out. For loading the candles
the C, N. oixture is first pressed into blocks of suitable Sizes,
these d~pped into colten c. ~~ (Chloracetophenone) and dropped
iftto the containers. The coat.il'lg of C.N. thus provided between
the O.~J. eixture end tha cont.ainer is for the purpose of prevent­
ing the burning from spreading do~ the sides of the ~ixture and
thul causing too rapid burhin&, ~hioh ~lCht result in explosion.
Details for the large soale loading of these candle~ have not as
yet been vorked out."

screening smoke candle. This contRiner is ~ tin eRn 5-1/4 inches
high with a rectangular cross section 3-5!J C inches by 1-1/2 Lnehea,
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Carrier ir.prei;natedwith
zinc ~d iron acetates.
Carrier impregnated r.ith
cxides of lend, iron, zinc
and r.lt\ng~nese.

Aln::lonie.
Hydrogen Sulphide

Cnrrier inpregnated with
zinc and iron aoetates.
Charcoal

AJ;loonia

Charcoal
Alkaline Granules

Cyanmetbyl Fo~te
Chlo~ethyl For.oate

Al~aline GrQnUles con­
taining zino

Hydrocyanio aoid

Alknline Granules
ChC\rooal

Acid and organic vapors, hydrogen
SUlphide, nnd at:ll:lonia

Alkaline GranulesSulphur Dioxide

Chnrconl
Alkr line Granules

Acid Vapors
Sooe protection 3~ainst organic
v:tpors and aooonia.

Ch:l.roonl.orgnl\ic Vapors

Fillin~Protection Afforded A&llinat

The nbsorbent fillings of the c~r.isters were ns follo~8:

8.

'T.

6.

5.

2.

1.

The third cIass of nbsorbents includes special
Ilbsorbents for particular gl'.ses. These absorbents consi~'(,ed
ot en inert carrier, cs above, ~nd an nctive na~erial ~hioh v,ould
absorb a particular g"-s. For aocon1o., !'.eetatesof iron and zino
~·ereused; for hydrogen sulphide) P. nixture of the oxides of lef'.Q~
il'on, zinc nnd nangcnese ; and for hydre cynnf e o.cidon o.lkc.lisuch
as pot.fI.ssiUJ:1cl'tbonate tdxed -;ritha compound of zinc.

The c.lkaline gr~ule s were compo s1tions consist.ing
or an ~lkl'11 such 0 s potnssitlr.lor sodium cnrbonate inpregnated
on inert o~rrier such ~6 infusorirl earth. The nlknli~~d
moisture content vp.ried considerp.bly. The granules caked to ~
~~re or less deg~ee. These ~rnnule8 ~ere used fo~ the ab­
sorption of c-cid vc.pors.

1n the charcoal, this hnving been left d'ter f".c1:.ivntion. No
coapounds -:verefound in the chr rcoal '.,:hich VfOU ld be intended to
incre~8e the absorption of &ny gas.
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Several Dethods of nttack hrve been pursued in this
_rk -:thich is being carried on flt Cler.son Co).le{;e, South CrroUnn..
aDdBriftin, Georgiao

(1) Experlcents have been undertaken ~~th the ideaor findinb A. poison ~;hich the ueevil ~ill eat, -'hen dusted or
Iprayed upon the cotton ?l~nt -ind '."i1ich\{ou1.dbe nere effective
\ban oaLckum ar senat e, the poison ["t present used 1n the I"tter.pt
'- control the ro.vr..gesof the boll " cevil. So r....r cet'~'ef'l"250
and 300 toxic conpoundsh~ve been tried out in each c~~e tests
~,fth calciuo p.rsencte being oA.deunder conp~rative cond~tions.

This investigation ":msundertr~ken tor tbe purpose of
4eveloping so.ne :nenns for the eradication or control of 'lOCe
cotton boll weevi1 "hloh each yef'.";"destroys fron a quarter to
on. half of the S)uthern cotton orop.

Boll l1eevil Investi~ntion:

Arrang«oents are being nade to install iopregnated
t.ee\. pieces at aeveral carine borer invested places on the coa.sts
of the country, Using the to,:1c ~terla1s 'nhieh have shom\the
_at prom se f)r 1J:lpreg,nation.

Thi Ii investib~tion is concerned ",,;,n. th the devalopnent
of l!Iethods for the protection of =.nrine piling aijains·i.riarLne
borers. T~~t blocks, ~niohhave been 1,-pregpated ~~th various
toxio materi~ls, are prepared and exposed to attacks of the bor­
er. 1n the ocean at Ben.ufort, North Carolina. An inspection
of all test blocks so exposed shov/edtht\t bren1;yoonpoundshave
~Yen practically perfect protection for two cor.p1ete seasons.

1:arine Pi ling Invest i gai:.ion:

The cnnisters "ill &fford protection abainst ooderate
ooDcentrations of the c~r.poundsspecified.

The speci~l absorbents for ~ont~ or hydrogen sulfide
~re slibhtly different fro~ sinilnr Aee can absorbents, but are
very !'l1uchinferior.

None.~f the absorbents I except. the cllarcoal, Jo~?al'e
favorably --i.th I\r.lerict".nabaorbent.s for si-dlar purposes. This
Ie considerably due to the use of inert carriers.

Carrier iCIpregnated with
oxides of lead, iront zinc
and mangnnese.
Charcoal..

Hydrogen Sulphide
Organic Vapors
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'!he status o~ specific-~tions for che..-..:i~lson
Dececber 1, 1924 , is oiven balo",:

Specifications:

No eertt'in conolusions can be dra::mfro!!!the data so
tar obUoil'\eJ. l:oreover" in this phnse of the invGstibnt:'on
.. r,r little rttontion is ~eing paid ct t~e present t~e to the cost
of the va.rious poiso~s used, or to the efipct upon the cotton plant.
2tw idea is to detercine first by the exru:Uno.tionof cany sub- .
tt.ftDoesthe vc.rious classes o~ poisons \,ihicllviII kill the neevil.
fh_ it i, hoped to find aneng these clnsses of sub6~('noesor fron
..boted poisons, sone poison :lhich ~i;ht prove of prnctic!'.l value.

(2) Another line of ihvest.igflt.ion \las t.o deteroine
til. lethal dose to the boll treevil of various gases, such as hydro­
oJlUlio l ~1d" hydrogen sulphide, chlorpicrin, and oyanogenchlorideo
It vas fOU!ldthat the weevil was not killed by any reeS-lrw.bleeon­
oaatration r.nd t.i~e of exposure, although DOst of these gases
pe.raly~ed '~herleevil after short exposv.reto high concentrc.tions
01' longer exposure to low conoentrations. RecovRlof these
1feenls to fresh air renel'ally revives t.heo. It "'7ou:dappear
tI'OI:l this that the weevil stops brea.thill1;~:henexposed to these
91•• s and is able to exist ..-ithout brenthing for a considerable
period of time.

(3) Another Dethod of f\ttack hns been tc try to find
HOe ahem.cal whi ch, in S':J.8.llconcentrations, vreuLd excH'.ethe
boll \Teevil sufficiently to'I:lIlke hin fly the icea being "hat if
t.hl. were poss! ble the -:reevils could be CtlUght 1n fly paper or
.... ether trap, by drating a lUitably covered device over the
cot.ton plants. To tM.s end nt-out seventy-five cheeri caLa have
b... tried, ('.nongthe:! the v£'.riou$~r bases . hlch are the nost
irritating to Dnn. All efforts, houever, r~iled to oake the
veml fly. The best. compoundsfound thnt excited the lteevil
soJ!:.ewhat"in 10'\7 concentrations, "'ere fomie acid, c.cetic acid
oblorpiorin, '1ndtitoniuo tetrachlcride enoko , It ,rae found '
bowever, that the boll "'3eVil 1s ext.renely deliberate in his '
E!Oveoentsunder 1\11 agent. t.ried. It responds slo\;ly (\nd can
not. be blo7lll fran the cotton stalk -hen axcited. This line of
taYe8t.ig~tion seecs, therefore, to have produced no results of
prr.eticnl value.

A•• result. of thj's v.ork ever to!"'t:- coL'lp~',nd. heI/e been found
whiah these preliminary tests indice,te to be of equal or greater
t.ox1ci ty 'lhnn edlohm c.rsena.~eo Of these about twelve shorr little0" Do plant injuty. About 15',000 'i'devils ~"ve been used in this
woft.

,',

,-..
"

.. '•
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The nedical rese(l.roh has included 0. study of the toxioity
of lead tetra ethyl; the trentoent or phosphorus burns, and the
treo.tnent of acute respiratory di seo.ses vri th chlorine.

MEDICAL RESEARCH DIVISION

A 4" Stokes ~rtnr clin~eter, ~odifled to bive b~rrel
elevation and the conpleoentary ba se pl"1te :>.nbl~dfltone settin& of
the instrunent" ;'1hichva s dOV'310Pedpreviously?teBted by the First
Gas Regioent, is being prepared for autr..i ssion for approv~l. Thi8
instruoent is braduated in both debrees ~nd wils.

4- stokes honar elinor.eter:

Duri~z Septeober n few Bickford tiDe fule fro~ the
h,e Assecbly, B1ckford :tk I for Checico.:"Shell, Livens Projector,
-were pr-epar-ed for l'.ir burst. \;ben fired during denonstration at
Aberdeen Proving GroundS', Ootober 3, 1924, at least one shell pre-
::a.atured. A fe17tests have been started to ..scertain the likeli-
hood or the detonator or fuse and d etonato~ being driven to the
bottOQ of the well on set book. Tests of th.J crinp EDp10yedin
preparing the !"uses ,,/hich were used in derlonstrntion shot'1th!lt the
method gives ?t least as bood ten~city as orig)nal s~ples crinped
illoanufnotur e.

Livens projecto:' Fuze:

Of the se7en specificntions for toxics requi~ed, none
bave been -;;ritten.

Of the ninety- six heavy che:JiC!'.l specifications re­
CJQiredby the rev1 sed procureoent li St' the tenhnical d.to. for
all 1s 95% oo~pletG~ Fi7e speeifioatlons in npproved fOrQ have
bee for:arded (10/24/24) for test approval. It is not planned
t.o m-H.e the remainder until these five h....ve been cppreveds

~.•o. 4- 5OZ-U.S.P. - Fine organic U.S.P. 8 iteos
....0. 4-502-S.of U• - Fine orgl'.nio s.er H. 5 s te::ls
!1.D. 4-502-Gen. - Fine Orbc.nic Gener!',:_10 itens
_r.D. 4-501-U.S.P. - Fine Inorganic U .S.P. 8 iteos
11.0. 4-501-S,of :1~ - Fine Inorb~nic S.o1' ll. 43 itens
'W.D. 4-50l-Gen. - Fine Inoq;::mio General 73 iterls

All fine inorganio rnd fine ot"gC'''.icche~icals in
the revised procurenent list havo been put irlto one of the six
following groups:
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A 1%copper sulphate solution has bean recoonef.:i6d as
a trcatnent for >"ld. te phosphorus burns', Anda 1% :,0 lution of cop­
per sulphate should be kept on hand at nll shell and bren~de filling
stiltions, at stokes r.lortar batteries :7henusing \:hite phosphorus
Shells and at first aid stations. LRrgepads of absorbent cotton
abould also be at hand. Whenevera phosphol~S burn is received
r. rgo sponGeof p.bsorbent ootton should be s~turated ~ith R 1%
coppa r suIphet.e solution and c.pplied to tho burning phosphorus. ,lith-

As a result of this investigRtion involving tests
With a h.rge nunber; of che.oicals, it "I'ras found that a solution of
copper su Iphnt.e, between 1% and 3%will stop the f'utdng and burning
of luops of phosphorus in the tissues, and renders their reooval
eaq by foroing a coating of copper phosphide on the phosphorus
IU!:lps.

Report on the Tree.tnent of \~ite Phosphorus B'o.lrns:

In Po nunber- of cases 3.ccident~lly burned by \"lhito
pMlphorus in the field 41d in fi11:ng pl.?nts great difficulty
wa. experienced in trorting the c-vse s o';"inl;to t.le fact that
the phosphorus ndhered to the flesh '\Od continued to fuca and
0008sion0.11yburst into flwoe again. This noceJsitotcd the plrc-
inc of SUchoases in a continuous beth, ~nd ionediQtely upon re­
DOval fro::l the b'\.th the pho sphorua weuLd begin to Iuue and
IDOUldera.gain. This investigntion was sta.rted in o.n atteopt
to lind what ngents oould be ~pplied to the bUrns to noutrRlize
the phosphorus fo110\11nl;.,·hich the burn could be treated as an
ordinary hont burn. In the selection of nn atent the s~rong
po•• ibili ty of ohosphoru s poi Boning due to absorption h"d to be
aone1dered.

Lead tetrn ethyl whioh is the eheru caL used in the so­
CAlled ethyl g'" soline ~7US studied for the purpose of detemine
i\. toxic;;.ty. As fI. r esuLt, it ua a found thn.t the toxic:'ty of this
caterial t1S conpn r-ed to the no re toxic Tmr gases is 10'" and that
It 4econposes nt 1200 C. It is evident, however, thnt the cenu­
t.oture, hmdl~ng and di stribution of lead tetra ethyl involves
colle1derrble dr nger of aout e lee.d poisoning in those L:stanoes
•• re eon st derr-bj,e w.terio.l is splnshed on the skin and or chronio
1_4 poi soning 1"·nI:1 the absorption of soe> J 1 acou lts by lnll'l.le.tion
by the skin or noui:,h~ Tests by the Bureau of Mines appear to
abo\1 tht.tt the exhaust gases of aut.onobd Les using ethyl gas are
not toxic, the lead tetra ethyl hRving bean d~ronposod ~~d the
lead having been ohnnged to unsoluble foms.

!he Toxioity of Lead Tetra Ethyl:
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Tho treattlent of acute respiratory di~eases m.th
chlorine is bei.ng con"t:.nuod. Ten horses suffering froo equine
intlaonzn were trentod nnd all recoverod nuch ~ore pronptly thp~
untrented ani~als would.

Trertmc~~ ~f ~~~to Rosplr~tory Diseases ~ith Chlor~no:

ill two or three tlinutes it \1.11 be 11CfJsib10to r8I:lOvethe sponge.
!he oopper"'coated phosphorus should t!'\en be reooved by forceps
or bJ irrigation ~nd the ~~se then traatcd like any other burn.

'.
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,~erioan Social Proble~5.
Burch and ftterson

177
B 892

B 288
lerlcan Industries in ~he -,r

B. l~. B<.lruoh
3c:c::....

,.JU8ric~nHi&h,;ay ...nt_:ineer~. Handcoo.,,
Blanchard

020.2
B :92

.~erioan Civil 1neineers foc~et noo~~
ierriman

..1ternflting. Currents and '" c. _achinery,
D. C. and J. P. Jac son

621.3
J 13f

1-:.l1oys(£lon-Ferrous)
sexton

!'lcoholic Fermentation,
Harden

tlcohol, HYLieneand Le6islation,
illi~

hircraft Ye~rboo~, 1921

;:'ccountint;, Theory ar.d Pr~ctice, L.anual Unit -,f--l. J
Rittenhouse and Clapp

Class I~O.

973.7
)(821

65.,
R 514

629.1"
Ai 7.

61:.81
l. Sf!

641
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2. 'eneral Properties of Laohrymators

All of the laohr.ymators1n general .se are organio
aampounda containing one of t~e halogens. iodine, bromine, or
chlorine. In general, those oompounds oontaining iodine usually
ha•• the moat strongly lQchr.ymQto~ ~ffeot. this effeot ~reaslng
throulh bromine to chlorine. Iodine is, ho~ver. oomparatively
..aree and expen.ive '0 'hat 1t is desirable that compound. ~ di8~

Thi. harQssi~ vnlue of tear gnses has re.ulted in
\beir use by polioe for the control ot mobs and tor dillodging
erlaiaals from inaocessible retrent••

Laohrymators were used by the Germans 1n tbe World
WU'._rt1y after the firat gas "ave attaolC:sand were very effeo...
tl" ta inoapacitating men until the adoption of gas masks whioh
afforded proteot10n for the eyes. But even though there is no
..rio•• difficulty in affording protection against these compounds,
their \lse oompels o.n An!q toe wenr the mask indefinitely, with the
expeDdituJ'eof materinl fnr ahort of that required if t,hemore
deadly ~aaee dre used. It has been estimated that one good
laohrymatory aholl will foroe wearint the mask over an aren whioh
would requiro 500 to 1000 phosgene shell of equal site to produoe
the aame etfeot.

Practieally all the ~a8e8 used during the war pos­
.....4 laObryoatory properties to a greater or less extent. ThuB
the powerfUl vesicant mustard gas. the toxic phosgene. and the
ane••• g~ diphenylohlorarsine, all irritate the eyes enough to
.-a•• tears at high oonoentratlona. Chlorpiorin and cyanogen
.~.14'are powerful lachrymators even in 1~ ooncentratlons.
'-' \bey ba~e been employed 1n battle primArily for their toxio
,...,.1'\103.

1. !!troduetlon.

The lachrymators are the most numerous of sit .h~
o~em1ealwartare compounds. They are found in every d~gfee·
trom thoso whieh are merely nnnoying to those nhioh oause .ev~fe
irrit.a.tion c.nd sueh a eopious now 01' wars B.8 to result in tem­
porary blindness. Some ot th~ also have aft addltional tosto
ettect when breathed 1n higher ooncentrations; ~lthough at these
oODoe~ations there is suoh intense laeh~tion ns tc be ab­
..lately unbearable. In high conoentrations they may also ir"
rlt.a\ethe skin.

•
~~TOOij
(Tear Gases)
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'Bromaoe\one was on.' ot the fir,t lAehrym~tor~ u••4
dUrlacOth. Var. It 18 a water~oleQ" liquid whioh turn. brown
.,. blaGk en .taa41nc. It boil. "ith decomposition 0.\ QbO\&tI'" C.&B4 t.~ vapor pre.sure ot the ona6e pro4uot i8 9 m. at
101 O. It •• aper 11 not. quite fl •• times as 6enae u air.

.. BroUeetone 1. 1aOt. very atabl. but trae" of water
l\ablll •• the pr04~t somewhat. aDa the a4dltion ot ohloraoe\ofte
..... to ha•• the .ame .tr.ot. It eause. laehrymntlon at

. Iremaaetone '

eoftl'e4 whioh rill l.c.ohrymD.tee/t,n1vely wit-bout. oontlllJlin« this
el.....t.. tlOR ot the lo.ehrymntot. uaeel duri~ the War were
'"OIdne ooapounds ana tnni\'y very ettebtive leohrymators were' made
eoat.I.lac this element. 1he moat effect!•• ot the broe!ne
l~Mt •. ttveio~d dlltin& the l1at was brombenzyloyanlde.
ft. ....,.otui-. ot thUs lae~~iat- ili4 tift j hftWev.t. !;et. under
~ 1ft 'lae for use betore 8 eM .f the Wu. t.~tlbtotdrle,
hcrIr... r. II expenaiT. as oempa ..ecl to ohlorin. and rurt.her, the
1lqutt bracine 1aohrymatorr, clue to their oorro.tve 90tion on
ete.l, require .pecial lead, glass or enamel ahell lininge.
I' ... hl,b17 desirable. therefore, that a laohrymator be de·
Yel'''' uaiftl the relatively oheap o.nd readily available ohlorine
ill pi... ot bromine or iodine. thia .as aooO!!1Pllshecltoward the
01•••• t the War in the develepment ot chloraoe\ophenone whioh i.
ftl'li _arly a. efteotive a laohrymntor as brombenzyleynnide.
fbi. taot indioate. that l~ Is not only the halo&en wbioh 1ft-
ft.... the lo.chrymatol'7 power of a compound, but elso the res\
ot tIM _leoule 0.5 w.ll. In the oa8e of the halos,nation, how­
"', ther. 1s 0. general rul. oono.rning f.t. inn\lence on the
,... .. et lachrymation of a oompound. There ls DO suoh rule re-
pNl.. tile lntlllenoe or the re.t ot the molecule. Tbia DlS~
lD ... ". eue be d.terminecl by experiment •

.a. Laebmator,. use4, durly,' tbe War

The principal aubatanoea ",.4 during the War primarily
t.1' \Nil' tear produci.ng properties, ar. ~i.en ift the followin«
\able whioh a1.0 ,i.'. the oonoentration (milligrAm. per liter ot
air) neoe•• ar,r to produoe laehr,matlon.

Uartoftlte (a«' Brome.eeto1l8;
2~ ehlorac.tOne' •••••••• 0.0012

Ethyl locloea.tat•••••••••••••••••••• 0.0014
Bromaoetone •••~•••••••••••• ~:::: ••• 0.0015

X,lyl Bromide •••••••• ~.::.: ••• :~.::. 0.0018
Bensyl Bromi4e ••••••• ::.:.:: ••• : •• :~ 0.0059
BrommethylethylketoDe ••••••••••••••• 0.011
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. .
BeM)'l Bl"ollddeW88 used in the early pa~ or the WarJ

-..all~ mixed with xylyl bromide ~ otten with bromAoetone.

Pur. 8ensyl Bromid. 1. & oole~le •• liquid bolll", at''''1,,0 o. with .a,.~ p ve ot 20 _. at 200 C. .It l.ohey-
..... ~ .()()39 IllS.per lit (0.54 pari. per millio ..). 'he
... ... 11 probtlb17 a lidxtu" 01 moM at\4 dtbl'OIIl dertvatl"Vei."'II. at 21ot..JZOOO. an4 hu't", ~ 6entlty at zot c•• t 1.3.

I!bVllo4o~eetat!

the ule ot etb,lio40o.cetate ne abooate4 by the .
Bri\il' at a t~ when the price ot bromint .eemed prohibitive •
....... ot the relative prioe ot brOQlne and iodine under ordin­ar.r conditiona, it'la n.t likely that it woQld be oommonly u.e4.
1\ 'I, however. a .litbtl1 more etrective lnohr,ymator, and Ie
.. re It.abl. ~h~ b~oetone. Ethy11odoaoetate boil. In all'
with deoompe.ition at 118-180° C. and haa a density of 1.8.
It i• .uGh le•• volAtile than bromnoetone. h6~1~ n YnpOr pre.­
....• t 0.5' mm. at 20 C,

Br2!eethxl!tbYlk!tone

This laohrymator we. pPepare4 a8 a eubstitute tor
.......tone 801ely on aooount ot'the shortage ot aoe~oft8. Brom­
~. as it is aocetlmel oalled, 11 not as efreotive 0. laohry._to. ae bromnoet1me.

Uartonlte. 00 onlled by the French. is a mixture ot
~ bro.a••tone and 2Q% chloracetone. It was developed t. re­
pt.... bromacetoM for the rea80n that 1t could be made viitho\lt
"be 101. ot one..htllt the bromine as in the Gase of br-.noetone.
Dart.alte is more etable than bromacetone al'l4 is a aomewbn\bet­
Ur laobrymator.

o.OOliac. per liter (C~21 parts pet million) when pure. Its
laohrJma~ory aotion is very quickly effeotive. It is olal~d
to laobJ71l&8.teat 0.0011 m&. per liter whencontalni~ 20%ohlot­
q.oet.oM {ae,r't.onite) 0.1 tho.h the ohlono.t.one is 0. poorer
l'-hJti!atot' than bro~hlJtorie. It i. c~a8sed IlS 0. non-per­
.latent lachrymat.ot. frddpa oan ndvnnoe a tew hours ofter
the abell!.I&g.

Both the oharcoal and the aada il~ 1n th' gas mask
oGDll\er stop bromacetone rendily.

thu'tonlte

I.



Bl'ambenlyloyan1de is about as toxio u phosgene, but
ita ohler vo.lue lies in its lachrymatory po"er. It i8 n very
per.i"'nt lnehrymntor, having been known to retain considerable
l~tory ~er Aft.r thirty dnys exposure 1n the open. Like
\M o\her bromine lachrymators. bowever. it corr.odes most metnla
Gad .. requiree a speoial lining lmen loaded into projeotl1es.
Prot.eo\ion qainst bror:be!.zylc,a.nlc!e is readily nffordea by the
.a.,.. IllS maak.

•• ~aohrz!atore if. the ~e and their Usee.

It haa been pointed out that the lachrymators used
.... tnc the U&I'....re tnr from anti.faoiory. due primarily to the
tao\ that they Wf)rebromine oompounds. Brmne 1s relativel,.
a loan. and .xpend •• o,hemioal. The laohrymators oontaini",
,~ are net ver,y,table and are ,enerally oorrosive, thus
1'... 11'1", epecial It.J\ift&8. Furt.her. the question ot proteoiion
.. alan laohrymat.ory &a8e. 17ae neTe' a .er10u. one. Duri",
t.he first part ot the Uat thia wa, amply supplied ~ &aKl.s.=r.l when the Stan4o.rc!Respirator was lntroc!ucea, it 1nl.l_ ttUDd

prot.otion was afforded &&ala.t III laobryaators. The r
Pl"t.lpal value was, there tore , against UDProteoted troops aMs.... i~ men to wear their maaks over 10", periods ot time.

Xzll1 Dromide

. Xytyl Bromide as prepared is praottcal111nlways a
mixture of three isomerio oompounde. It idl~.oil boiling nt
212-2220 C.,with n density of about 1.38. It pV9duoea lnphry­
~'l~a nt'~b6Ui .0018~. per liter (Q_2p.aft=~~t~1lion).
It found ita gteate8t app1ioation il1 'tHe Oe f r.t..St.~ftU .
uhioh "Jaa (\ mixture of benzyl and xylyl b..b 'd~i. "1'-St~rt"
ia a highly persistent material and may last. under ravorQbl~
oondl"'loDB, for several days. ~lle it is relatively non-
toxlo. 'renoh troops were rendered unoonsoious by it during
certaln bcnnbo.rcimentain the Argonne in the 8\U11:1SI' of 1916.

BrombenZylOyan14e

Brombensyloynnide is ~uohmore effeotige than any
of tbe laohrymntors u.ed duriag tbe Uar. iloat people orn de­
teo\ i~ ~t 0,0015 mg. per liter (0.021 parte per million) and
an l~ted at 0.0003 tIg. per liter (0.04 pens per million).

the pure onterinl i8 n oolorless 8011d ~lting at
2150C. The orystal. soon tum pi~ owing to slight deoo~~\-
t.left, whioh does not procee4 111',hoWever. The oruc1epro<luot
..1\1 at 16°.22° C, and the oryatals are vnrying shn4es of dark
\rIwD•• tten with a m~rked greenieb tinge. The vapor pre8sure
1. Ci"" all 0.0019 til. nt 00O. nnd 0.062 122. at 4()0 O.
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•It waa found to have n lnchrymatory pow~r and persis­
\eDQ equal to or alighi1y better than brombentyloyanlde, nnd fur­
tber. it. contains the inexpensive halogen ohlorine, instead ott
br..tae; is very atable under noroal coftAltioht);do~s not oorrode
ateel and 60 oan be loaded direotly in projeotiles without any
apecial lining. Vihile theae Ildvantage8of ohlornoetophenone
...r the other laohrymators were known and mAnufnoturing aethods
.W ... developed prior to the end of the 'i1o.r,large soale p'to.
t.t.ion did not get under wo.y in time for its WJe at the Front..
1\ la DGIW.however, the only lachrymator 8eriously considered bJ
\be ~cal Warfare Service. It may well be, however, tha'
other lachrymators mAy be disoovered whioh will tn turn result
ta .,••.,,41ngohlcraoetophenone.

Chloraoetophenone io a colorless orystalline solid,
MIt-be at 580.590 C. and boili~ o.t2450-2410 C. The vapotp......... la about .002 lID. at. ()O C., 0.019 J!lJ!l, at 250 C., nnd
0.0&1 ~ at 370 O. Its density is 1.3~4 at 00O. and 1.263
a\ ... C. It is soluble in benzol nnd oorbon tetrachloride,
Ih. pur. oompeund on~8e~ 14Chrymation 1n the mnjority of cosee
a\ .00081 JIIC. per 1iter (.045 parts per million). Proteotio"
,•• eoue4 by the ~'I!q gal mo.sk.

Due to the taot that ohloro.oetophenoneis a 8011d
at or4lllarytemp€t'''t,.re.and ie stable at relatively high tem­
,.rat..,., there are a number of possibilities presented for ita
dl.,eralon as used in the field. it may be melted nnd OAst
into projeotiles and die~er8ed by hleh explosive boosters; it
__, '- dissolved in ouitnble solvents and 8prayed from noeEles
b.r the use of high pressure gas cylinder8; or it may be dispers­
ed al a vapor by the use of suitable henting devices.

Ot thec8 three methods of dispersion, the sooond nnd
third have been ~lltzed in the development of a number of et­
teotlve lachrymatory weapons; the first method, however. that.of
dl.,.rsi .. the soli4 lachrymator by explOSion, is still in the
....l.~nt stage.

In an attempt to disboV~rja ltah~~tor ..hloh would
eliminate t.he disadvanto.ges of U{s bt'bm ria b~8. experiments
were UDdert,aken which led to t.he study of ohloraoetophenone as
a possibility.

bhi_f~d.t~~h~KbHeis Hot rt~ ~ bkem!c~1 s~lehoe, tbf
'~waertrei ptep~~e ih iDs,: but un\ii~ its US& wad a~veloped
tor chemical r.4rfare, it was little~t.than h 1abtitatbr,yplhy­
thine. It was investigated by the British during tb_ Uar, but
was disoarded by them due to their failure to disperse it et­
teo\l".l,..



Various kind. ot oontainers suah as grenades, oandles,
ani Stokee mortar shells have been developed tor the disperSion
.f the laohrymatory amoke mixture. The ohemical mixture used and
..thode ot heat dispersion used are the same tor all oontainers,
"' eaoh. of cour••• SGrve. a sp.oial 'P'lrpoaefor the dhtribu­
\l_ ot 18,ohrymatory vapors.

DI.R!l"aion or Cbleraoetoph~ftone by Rea\.

For the dispersion ot ohloraoetophenone by heat there
baa been developed the so-called ohloraoetophenone {O.R.) smoke
-'sture. This mixture oonsists of an intimate mixture of chlor­
aoet.ephenone, .:SO onlibre smokeless powder, and mA&nesium oxide.
!he amokelese powder on burning generAtes hent for the volatillza­
,lea ot chloraoetophenone, and ~sium oxide servee e.s a nabili-
....tor t.hemixture. The mixture ia fired with a special igni-
tlOil powder. whioh in t.urn is ignited \ty a mIltohhead composi-
\loa.

These oylinder. were for use primarily tor the train­
lac .f troops where the tear ga, elmulates a t.xio oloud ~a.at­
\&ok. Similar de.ioes based oftthe aa=e prinoiple and usi",
the .-me solution have been developed and are in use by polloe
toro•• tor the ocntrol ot mobs and subjeotion ot oriminals.

~dk Cb1a'aoet.phenone 1n Solution from CYlindera

For the purpose of spraying solutions of ohloraoeto­
pheaoDe \here WQS de.eloped a oylinder similar to the toxio gaa
O,Jl1D4.r liark I. This oylinder. a photograph of which 1s shawn
Oft the tollOTTin« page. is loaded "~th about twenty-two pounds of
a 1~ aolution of chloracetophenone dissolved in equal parts of
benaeae and oe~bon tetraohloride and char!ed with oarbon dioxide
\0 a pressure of 150 pounds per square inoh. In operation the
lolW\lon is foroed out through a suitable noz£le which produces
a tind spray or mist "hioh is readily carried along by the wind.

In tests mcde to determine the effioaoy of this weapon •
..,llDders weI's released and observerS were plaeed d~lnd from
\be point of release at various points and a record obtained of
\he decree of laohrymo.t.lonas well a8 it.edurCltion. A8 a result
.t t,be.e testl, it W9.8 found that with the simultaneous discharge
et tear cylinders, ttme of di8ehar~e about ofte'andthree-fourths
Dla.\ee. and wind velocity 13.5 ~iles per hour, very severe laohry•
.atloa was experienced for four oinutes nt a distanoe of one thoua­
.. ,ards. ,,(ldthof }loud being nbout 150 yards at this distanoe.
" a distance of four hundred yards, there na, experienced ,evere
~ of the ekift in addition to lachr,ym~tion.





Uarlne PIling Investigation

llarlneborers, mflinly liMorla llgnorum, and shipworms,
O&ua. immense eoonomio 10s8 by their destruction of r.oodenmarine
atruoturea. While thle faot has been kn~ for centuries, it
~ toroibly brought to the attention of the Amerioan publio by
the recent invasion ot Ban Franoisoo bay where property amounting
to .tlliona ot dollars was destroyed by thele pesta and the posst­
blllt7 of the reourrenoe ot suoh an attaok at a new location

The reoults of investigations co..rriedon at Edgewood
Araeaa1 during the past quarter ore sumrno.rizedin the following
paJ"Dp'aphs.

RESEARCH ACTIV 1'1' lES AT EDomTO<D ARSElfAL

The grenade functions in about four seoonds atter the
pr~ 18 tired and burns for about 45 seoonds producing a dense
oloud of ohloraoetophenone vapors whioh nre strongly laohrymatory.
It I. ftOn·r~8gmenting and is no grent fire ho.tard.

. Tho cand1e, which is a tin can londed with thirty .
~ •• of the J ohemioal llirltire; funotions the sD.be Ad the grenade, .
'zo~ that i~ 1s fired In POSition.

The Stokes ~ot~ar 8h~11of the burning tt,Petunotions
Sa a Maner sit:dlarto hand grenade8~ •.fterb~ing fired, the
Shell on landing gives off lachrymatory vapors whic~ issue through
bol•• provided in the shell.

Chloraoetopbenone has found an interesting dnd u~etul
Dpplloatlon 0.8 a training mAterial in the form of SmAll gelatine
o&paul.a, oontaining a little less than n gram of the lnoh.ymo.-
tor. These oapsules may be placed on an eleotrio hot pl£'.te,
the heat 4islntegrates the oapsule an4 vaporiles the chloraoeto­
phenone. One capsule will render 1000 eu, ft. of air intoler­
~~ lachryoatory in t"TOminutes. these oapsulee when used in
& amall room or gassing ohnmber are very effective in trainin£
..a in the use of the gas mask.

The grenade adoptee 1s the standard light metal
band grenade modified by drilling eight 5/32 inoh holes at
equal dlstanoes apart around the oiroumferenoe slightly below
the top of the grenade body. The holes are covered vl1thnd­
heli't'e to.ncand coated \7ith shellao) whioh is bluT:noff by gas
pressure ~hen the grenade functions. The grenad~ is londed
with t~e c.W. mixture, 0. starter of meal powder and an l~~ttionrue.
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1. ~1colo,ical ~nye8\igntloft'

Toxlcolog~cQl inveatl,atlobl were oarried ou~ at
Beaufort, North Carolina, duriftg the ~.rs ot li2S and 1924.
Laboratory toxicity testa ot dltt8re~t oompounds were oonduote4 Oft
Llanor!a, Ihlpvrorlllembryos", expo8ed .hipwor1ll8(Bankta removed tnm
their burrowe), and ship"tVorosin wood blook.. .

It 1. ot eapeoi~ note thAt the otder ot toxioitiesot"
the oompound. teeted was in general the .ame to~ a~l tour eerle~.
Tbe 4eoree.a1n&or4er of reslat'lvity .t the organ!'!!'wu: embryoe,
expo.ed shipworm, Limnoria, and .hipwo~ in blook.. "

Of the torty.r~.e cempounda ~e~. the tol1GWlng
.toe4 out in th. order named trom all ~h8 rea~ in all fOUft4

\ouo "aluo:

~. Ueth04e tor the protection ot DeW structure ••

The work ot the Chemioal Uortare Servioe has been
GeIMhIot.eda.long three linea:

1. Toxicolo&ioal and phyliclo~loal testa whioh
were" und.ert.akell to det.ermine the poieona _st
etrective atainst marine borer ••

2. Dethode tor "the protection ot exlsttnt
.tructur •••

In an effort to provide aome etfeotive means for the
pre"rY&tion and protection of marine pl1iftKwork was undertaken
" the Chemioal ~artnre Service in oooperntlGn with the Comoittee
Oft Uarine Piling Investigations of the Division of Engineering
and lDdu.trial Researoh of the Rntional Researoh Counoil.

oonstitute. an ever present mcr.a08 so long a8 uftt~eated tim­
ber 1. ued, or until detinit.e means for the prevention ot such
an attaot oun be found.

the best ~thod ot proteotl~ piling ag~inst mnr1ne
borers 1ftthe past ha.s been to lmprelnate the pillng with .
oreosote. 'Thi~ li.geHerallY reoo~niced a8 an efficient pro­
t.Otiori asoirl.t~~ine borers fot a ~be~ of r~ar~~ TMe value
of oreosote ls, howe.er, lees in warm waters than in cold ones
and some oreosotes eeem more etticient than others.



s, Preteo}lon.f Nf! Struo~urp.

In the investigation to develop means 1'" ~be pr.tee..
tion .t now structures, a number .f toxic ,ub.tance. wer~ used to
impre,aate seotiJ~a of railroa4 ties At E~euood Arlenal) nhloh
~re then exposed to the attnok of marine borers 1n the har~a' Beaufort. l10rthCarolina.

It '\Inahbp.4 t~at, it the exigenoies o~ tile dtuat,loft
4eaaftde4, the surtaoe ot the piles alrendy in the water oould be
Goy.red with oopper slugs or shot ~y some suDh means as In D.lr
p"essure gun. Thls w~rk vou14, of course, necessitate the use
ot a dlver, and tho expense wou14 undoubtedly be teo ~reat, except
in the moot de.perate case, as the '1ngle eost of the neoessary
01ean1~ of tho barn~olos, slime. dnd o~her marine ~ro\Tth. fro~
the pUe tvould bo prohibitive.

Evidenoe of the toxio effeot of metallio copper and
~ompound' formed by the action of sen 'vater en t\ett\1110copper
leemed definite enou~h to ~arrnnt the trilll of oopper etu~ded
'e.t pleoes. Colonel Atwood .f the National ReseD.rohCounoil.
teuftCl that ~7hel'lsome of the teft ~loeks nhioh ~te already at­
t.aokec1by teredine bote"l were wrapped ,'ith eepper l1ire, not only
... t~ero no fUrther attaek, but the borer. alre~dy in the blook
".re killed.

2~ Pl"~en~12n If A\t!os"I!l ]:xh~!ng p;truotures ,

1ft aocordancevlth the ~roeeaUreobti~hed by th, i~ventors,
11 .... t "as oarried oU\iD.~BeD.uto,ij H~~th d~r~ilht\l J\U.y ii1923,
0!.11 method,ottgeneratiQ~ chlorl~e \1 lHe eieotrbys!s of sah
~ter, and it ~s 8uffiol.ri~to ,tate here that there ttas no evidenoe
.t 'he .xtre~1y benefioial effeots olaimed by the .ponSOTS of thl.
"rooe.l.

It has been definitely shown that severel of the O~­
poun4. are mnny times as toxio ns ereoiote to nnrlne r.ood boring
°Plant •••

Chlorvinyl arsoniou, oxtde
Phenyl arserrcouso;~:.c:'e
Uereuric oxide
:Jero'lriechloride
~ereurie nrsennte
Cuprous cy.-.nide
Cuprio orthonitroben&oate
Cuprous chlorite
:.:ercurl~anilinat,e
~rcuric benzoate
Crystal violet

1 .. 1.

.~". .... ....,--_....---~.-~---



2. ,Tho addition ot 6 per Oeftt of specifio toJioe, ,uo~
.1 4lphenylarsenloua oxide, dlphenylnaineareeftl... oxide, phe.,l­
ar.eaioua oside, eto •• to ore••ote tor lmpteCftatl~ p~rpelle•
..Qt. aee. to aftor4 detlftite proteotion tot Pili~ ~alft.t
WU-lae borer ••

1. All.r the ~,epat.4 pieoes uaed gaft muoh
\etter , .. t.ctlon against eArine borer attaot than unlmpregnate4
pl.....

Oonolu.ltnll

tt I. p•••lbla that "hen all the dat_ are a.•• Ua.ble, oae
or ..r•.. t.~lGl. will b. rovnd Whloh .il1 glve proteotion for a
lone.' period theftwill oreosote_ and a.t 1e'8 ooat_

It 1s ~u1\. probable t~&t wlth the ~S$ ot lome cheaper
'Yoht.ol.\1a6n ore.,ote. seTer.l of the .peollto tosloa found,",hell
.... tD 'hi. vehlole, wl11 slve proteotloft equal to oreosote for1... 0.....

.... experi.mental rrork WitS 0 )nduoted to determine the
best. met.hoclof impregnation for givan substanoes. and four adap.­
tations of w\andard methods were seleoted. Experim~nt8 were
conduct.e4 to d~velo'P aultable impregnatint. med1um'1 tor ditferent.
lo~id tosiOI. Satisfactory 1mpregnatic~ wns seoured in pr~c-
\'.al17 all ouea.

th. do.".~m the service test.s at i3eaufhrt indioate
t~~ ~lft tt'XiCS,~hen used as impr~~nrunts, ~1ve definite pro­
ieot.t~~M0.11., marine borers for,~ ,ho:-t pel"!.ot!of time. Rc7w
~aatl~ t_t. proteot~ori will bej it Js iDpossible to state on the
ba'1•• f "at' c44e to &ate, but when the 3e~~ioe test data are.
at.u41at ID olnjunctloft wtth the Idebtfio t~xieltyfiF.ta,there i"
oer1.nlD17 besle tor the preswzsptfbH thnt 86vetal of t.'1emnterial.
ule4 in the lePTioe teets '\."111probably pr6tJect t6~ t~l~rtyyears
or aoP.. 1fttaot, the result. of the investigation of the Sad I

"'aneia.. B..,. ltatlne Piling Committee, as published in their fbi.rei
Annual Pre,r••• Report (6). show that proteot~on for a period of
fro. 15 to 20 y.ar' oe.nbe s&oure4 by proper oreo8~te impregnation
aa4 \hi. BArrows the problem .t protection of new ~tructure8 to
the point .r tlndint a material which w111 give proteotion for n
loneer period thM oreot'J1tte,or ef tindin& a eheaper anterial than
oreoa.t •• whioh will e1.e equal proteotion, or of finding Q material
ohe.,er \han ~feosot. wbloh _ill sive proteotion for a longer time,

Ther. 1.no d~bt that the addition ot a speoifio toxic
to oreo..'. will ,iv, proteotlon tor a longer period than or.eosote~~. .



The Dpve~op!!~ of a Hot Wire t~em8Meter to, the
'fUian"7.c:tjcUBUe1l8Ul'Oment or i!l~\otuatt,onlIn triM Ve1!ei!l.

The development ot a hot wire anemometer tot the 1ft.
nam.aneoul measurement of nuotu~tloM in trind ftloci't7 wn8 \mder­
\Aba '" oOM.otlon with the ,tvdy or the tra••l or amokeo.nc1 ~u

Boll ~eevtl In%eetlsation

Co~rea. appropriated $25,000.00 ter lnve.tlcatloaa
\. .. undertakeD to"nrd the .rddloatlon ot the cot'.n \011
weevil. Plane tor thl. work ha.e been tO~Atet nn4 live
ohem!a\. are n~ at werk in the South oarrying 1fttoxlottr
teft. to detel'1llin8tbe moat err.ot.t.,.pehon. t. be \l8el•

f. 1\ la hlieve" that most of' the imp~nlltioa
....alt•• an be duplicnted on large lIoalea.pparatu. suttloleft~ly
"U ter praotlonl' ~posea.

8. The toxioity result, tn4'o~te th~t L1mnori~ oon
~ uae4 Q. n orl\erln ro~ the speoifio toxicity ot an, ooepoun4
.. all the types of'nnrlne borere studie.,

6. It a method Onft be pertected forusl~ to~io
.,.. in wnter solutionwhioh ~lll obtain the desired depth ot
~cnatlon, ~ Whioh are fa,t to sen water, they will probab­
" pr.we the moat eoonomionl ot tbe oompoun4s used.

n. Wnter
'b. Fuel oil
e. Benlol (flgW'l~ reacwery)
d. Amconin
e. Creooot.

5. The cost of the carrior for the toxio will pro­
'bab1, prove the determin(ng fo.otor in the ohoice of the beet
all around agent. Eoonomioclly, the oarriers use4 are as
t.llow., In order of ohenpnesd:

• I ' l1 Wbil.jthe length of exposure was not surfioient
\e ~••t~~ to' optlmlatio oonclusions, it is beli~ved thdt
pll1~,.' lMprd~rta~edw\ll stand up for d lo~er period thnn
s\r~i,ht ~t'oaa~ !~pteanBGedpl1il~.

4. While several compounds of undoijbted toxioity"1lY. lteen found, the choioe of the best all nround toxio to;
lmpresnl".tion roork will eventually dey:tf'tndupon the ~';..cparative
.oobomr of material and prooess oost in introduoing the Sdme.

,I
.•.~,.



Inst.rumentswhlch, like the Pltot tube, bo.'.o.nc80-
hrdro.t~tl0 pressure against the kinetio pressure of ~he wind are
tree from this error but ~t lower velocities (below 12 miles o.n
hour) develop so slight a hydrost~tio prees~re th~t their rending
or reoording is har4ly te~8ible.

The hot nire anemometer is based on the fo.otth~t the
.11Ot.lea1 reaistaDOe .t most metals and alloys vnrieo with the
t.eBpe.~ture ~nd this rate of ohange 1s linear or nearly 80.
r.t.1M. the oooling of he~ted meto.ls is inorensed by the wind
b1Gwtnc on them_ Thus the bot rolre ~nemometer derives noeM'" from the vind but oeosur.a the ro.teof energy 1088 from
t.be hot. ",ire due to the oooling o.etioftof the ":'7indupon it and
benoe _Qsurea the veloolt7 ot the w1_ oausing the change in
the rat..of loaa. For this renscn the hot wire nnemo~ter
otfers n solut.ion of the probleo tu\d lt 1s l11th the atudy o.n4
a4apt~tlon ot this pr\nciple to uae in the field that tbie
4... 1opment is concerned.

From the n~ture of this demAnd, it is readily seen that
aD lDatrument derivlng its actuo.tingenergy from the ~ind 1s Un-
1...1, to Dee~ this requlre~nt. Instruments like the Ro~in90n
oap aD4 VMe nnemometer seldom give instantaneous veloolty, ~nd
BeYer tor 0. lofttenough time to provide a record bec~use of the
eo~ntlon or diaalpo.tlon of energy 1n the moving parts of the
lft8tnaent.

For use in the study of go.soloud travel, an instrument
oapabl. of o.otualvelocity measurement and of following the velo­
olt., ohllDges of the ...rind instanto.neously is highly desirable.

•
The in.tr<bncn~s !DOet oemmonly employed for "'1ndve10elty

..anr ...Mo are o.ve~a~lht,,instruments. sUoh as the vane or Robin­
eon oap-anemometer, whioh indioate diftanco trnv~led, not ~Glooity.
!h... relult. art ncourate to c redsohnbl~ degree, but they ~fford
DO "~.ure of the gustiness of the wind, but only ot ge~ero.1ten~o
4eae,r ot average increase or deorease of distnnoe trnveied in uni~
t.••

olOYd.. In tbi. etu4r oonsiderable ~ attaohes to the
velocity of th~ wind, beop~se of its effeot upon th~ rate ot
\1'&•• 1, Might, shape and general behavior o~ such olvuda. It
il O~II experience that no mnd travels at a constant rate rOt'
oontlnue4 periods. but changes its velooity more or les8 frequent.
17- the effects of this gustiness of the wind upcn smoke or gao
oloud. 11 but llttle.known, bee,.St up to the present time no no.
ourat. Mthcd of determining rnpld change» in wind velocity hne
ltIea rmLllt. ~l e~

'0
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J
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A grenade containlng n smoke mixture whioh evolvee a
ol0u4 ol white 8creeniJlgsmoke tor about one minute has been
developed for the use of troops. The oontainer is the 'stan-
4Ar4 I.J. or W.P. light metal grenade body, modified by drilling
t.wenty,...f'our5/32" holes near the top and covering these holes
wit.h st:ips of gummed paper. The firing meehanian is the
bouohon o.sseD.blywith the IT.P. detonlltingthimble sawed orr'
nn4 sealed with a celluloid disk. Four grnms of the starter
mixture is plnced in the detcnntin~ thimble.' The grenade is
loaded with e1ther OM ot t.womixtures, 300 grams of' E...l llix­
ture (aiDo powder ~2.9.~'1texnehlorethane36.88%. 6)IHt!m ohlorat.
22.2~, magnesium carbonate 1.9l~ or 280 ~rams of mixture 1.6
(ainc powder 38.03%, hexachlorethane 46.7e.f.. and rummoni~
perchloro.te 16 .19%). In prepnri", these smoke mixtures,
the inp-edients are mixed dry tor a short time, tben 10..U;%
oarboD tetrnohlorlde 11 added, and the mixing is oontinued for
'..nt.ywfi.e millutes.

A numbet of smoke mixtures were studied, udftg line
aad hexaohlorethane as a base, using variou. ceolint agents, and
oo.par'~ the volume, density, eolor, temperature, and acidity of
the ...keo. Surveillanoe teats sh~ed that there i. a oertain
tUDOQJIt of deteriorntlon in the adopted smoke mixture due to the
absorption of moisture. However, the deterioration is not felt.
t.obe lerious within a yenr.

Altho~h the finished ,renode a5 described i8 not,
eatlre17 8uccessful from a stability ataftdpolnt,it 1s felt that.
.houl4 a better trenade be desired, lit.tledifficulty weuld be
experienced in the develop~ent of such a ~renade, in view of the
experienoe gained in the present inYes~i,atlon.

The Development of the H.C. Smoke Grenade

The first. experimem.a "re MsecS (SIft the "'ark ot KIll«.
A heatea platinum wire exposed ~o v~rinble winds requires a
variable ourrent to mnintQin the wire at a constant temperature
and reais~~oe, and the vari~tion in ourrent is a ~ sure of
t.hechanges of wind veloc~,ty. The::~ experlments were aba.n~ .
Aoned In lavor of t~e method of Huguenard. ilngnan, and Planlol.
Accord!", to t·hismethod current at a cons~ant potential is
supplied and the decrease in resistnnce o~ the hot wire when
exposed to the wind. i.e., the ino!"ease \n current, is (\
measure of the wind velccity. Rapid oh!Jnges1n wind
velooities over a rr~ge of 0-25 miles per hour were suooess·
tully indioated and tentative recomll\en~r·.t.!.onsfor a reoording
lDIlt.I'1IIIIIIIDt.have been ~urned over to the :i.i.g:\alCorps, who
plan to construot one of these instrume~t8.

I
i

, I



The nppcrctu. tor produclns·.moke .or••na trea ae~plDfte
...... ,..d, ln8\0.11.4 08 0. Un.rt.lftBd\er !'roa Quant.ico. Vlrsialo..
"'_ la8\all~t.lo~ ,,0.. test.d o.n4 Co... 0. so.tiato.otor,amoke IOre.a

....

Result•• btnined by the use .t botb ben.eft. and fuel 011
........ ., poor. the re.ultl~ a1oud.s ebtnined "ere very thin, d.id
an to&ether. the oGlor waa brownrat.her t.hanb1BOk, an4 in
all were greatly interior to tho•• obtained trom lxtur. uains
1'-0. hes4ohloret.hane. ant.hracene, and potallium perohlorat ••

'hile results ,bte.ined from theuee of ear'bon tetraohloride
884 tbl 11q\114 hydrooarboD8 were poor, result. obto..lne4 from tbe
... ., _011d hydrocarbons an4 0. .011d ohlorino.t.lng ng.nt.1n re-
..tlou analogous to those employeeS by Prot. Helbig &Qft promise
.t "btnetion •

S CC14 I Z CeRs : 15 C t 12 1£1

SeYer&! expertment. vere ale, tried in which fuel 011
... ~itute4 tor the ben.ene.

Bl..ok SmokeUixturel

Conaidernbl~ work haa been doh. ohecking up results ob­
t~_'. Prot. ~~etrio,He1blg's mlxtijre fbr developing 0. blo.ck
..... , . Prof, a,.1~1'st.ates that carbon t..tro.chlori~e and theC1I'-",. ~~rdoo.tb6 8 '~'a~t. at' 0. hith t•• ~at'Gt.. liberatihC
oarboa aU ~o.lS.!'ub )'dtboHlotio aeich .

Several experiments wert cbridU~i~aU81~ a mlxibrelot
...... and oarbon tetraohloride t o.M attempting to ~mbii\t1 ihet6
lathelr theoretical proportional Th. liqulds were absorbed tg
a 1.lAutlble o.bsorben\ m1xt.ure oomposed ot 8awdult. potaesium
al\n\.e. o.ndsulphur.' The ~CIIlbustibl.mixturewrus ueed to pro­
.... ..ttieient hent to caU8e the followl&« reactlon:

I •

two field teeta were conduoted during Juhe. Theee
were .... to test ~he relative effeotiveness of white phosphorue
when 1NrDed in pan. and B.ll" oandle smokes. The &.U. onnUe
...... one-third to one-fourth as .ttect.iY. 0.8 the \'Thit.ephoe­
phone_ke.

trllvel of SIMlte..0.10\14

· .



fundomentnl. Study of Cho.rooCll

Any oomplete study of chnrooo.l with reference to U.~
-'\t.ate use in the ~o.8 m~sk ~8t inclQde 0. knowledge ot the re­
IIet.aaee to air ncr;T o£ charcoals ot vnrlou8 mesb. aotirlt7 ~D4
with 4ltteren~ ~hods of po.cking.

. . An ill\'eeti~ation hae been 1IDdenaken to determine the re ..
lla\GIio •• r oho.rcoal· t.o tbe paasage ot o.lr udng 6..e, 14..16. and 24-:50
__ ohareoal in 2.5. 5 rm4 10 01!l. 4eJrt,hs 'g'lth 0.11'velocities ot
121, 260, 500 and 1,000 cE/mimste. Tho o.ir now .0.8 ovef'ully .
_ ..... 4 on 0. oalibrated vet meter. The presnre drop WOoS obaerv.
e4 oil 0. vert-led1 menometer using (\ mD«nityl~ ~ase with. cross
llatr. Usi~ the le+.ter. Q difference of .02 1nch oould be reo4
"With acouracy. Con3iderable deviation wtle obserYe4 betweea cheok
te\el"aifto.tiona. For instance, four observo.tiona of the reals-
taao. ot 0. 2.5 011. depth ot 24 to 3IJmesh cbo.rooa.l ot 28 JIliDut,e
..tlnty at t.\D air .eloclty of 125 om./min. voz~9d betweell .~2 oaa.a. It is probable that these devio.tions QI'G due to dltfereneea
ill \bp pac"", ot t.he ch~rcoo.l. It is theretore neoeasar'y to mob
• ~e uumb~r of determinntions to reduoe the prob~bl. error ot
~ awaf6Ee resistanoe ot enoh mesh nnd depth.

1ft o.ddttion to these teats, the emoke screen oppa,n-
...... removed from the D.H. pl:1D8tor JIOditioat.ion.. An
16U\11mal. outlet. pipe haa been 1IIelde4to t.he forward o.n4 under
...14. of the cylinder a.n~ cond\lot.ed dGwmrardand baokwo.rcSIn Oft
ett6r\ t.o len.d the colt'l1'.nof liquid out of the slip st.refllll of tbe
Plene. It i. alao believed 'the ooeffioient ot friotioft enft be
'1cIIrend mtlterlBlly by shortening the le~tb of the pipe use4
btntotDi"e whioh ron the full length of the f'u8Uc«e. 'this
wUl reduoe the reqUired pressure or permit 0. ~re~ter oontrol of
tbe pressure tBCtor. Tbis "dilled o.ppa.rCltuB uo.s trie4 out. 0ft4
• _lato.otort curtain wtte c!#6t»~4,4lthou&h the curt-cdn w~ shorter
~ wc.s e~cted rrom t.he amount. or F.U. in the ooatfliner.

Compressed·air Cln4 wnt.era.N ~ing used tft .plaeeot
~ 410xide and F,O. in these oalibration tests oftaooount
ot ~~tr grenter avail~bility. About ~OOtests were run ~th
... r .peeda of from 6O-~20 !!dles per hour with nozzles of' 7/16
lMh~ 1'/32 inoh. 6/8 inch. and 3/4 inch, cUo.meter. Cune.
_,. ~.tBl dr~ rro~ the data obtained. A tew experiments
will ... be madewith t.itamum tet.rnchlortde.

!J!!.inklil!& Smoke from Aeroplane

The smoke screen equipment fet'.'oved from the Uo.rtin
1KwI»e1' which TlasYreo1red on Sto:t.en Island last tall ha.s beeD
.eturne4 to E~ewood Arsenal nnd recon8truotei l~ a stQtion~
poaitloll in order to determine the required pressures necessary
to bi~ ..~t.eo of now of liquids ::I.tdifferent .e1001ties equo.l
to.D.l'int.ioM in speeds of t.he plane for each sbe 01' nozzle
propoae4 for use.

."
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The ~eillance of C.N. Grenndee nt 600 C. hns been
4laooa\lnued due to failure ot grenades ns reported in Inst Digeet.
,.. IQIC. aurvelllanoe teet. are, however. being continued. Re­
.al~. Obtnined with ~rencde. tired at the end of six, seven nnd
.llb' ~ntho respectively, are gi.en below. It will be noted tbnt
the barfti~ time of thea. !rennde. gradually inoreneed until the
ei&ht.b IIOMh ~h.n t he burning time decreased - nt the end.ot five
___ lNrning til!lewna 40 seconda.

6 months J"ne 12 1924
1 funotioned satie notorUy, buming time 52 aee."
1nchrymntion tnir.
#2 functioned satietnotorilJ, burning time 49 8eo.,
laohrycntion fair.

7 conthe (July 12, 1924) .
Two grenades were nssembled ~d tired. Both funotion­
ed satisfactorily, one burni", for 1 min. 5 seoe, and
the other burning 1min.

8 monthe (A~~ust 12. 1924)
O:ld grenade wus a80embled nnd fired, a.ndfunotione4
wittl a burnin& t.ime at 45 8eeonda.

C.l'. Greno.c!eo

Teste b~.e been mnde on the following munitione during
\lie poet thrcs months. "

An improved.model of the experimental exploder ~eighing
41 1•••, 8 01. wao construoted. In a test it fi~ed 650 equibbe
ia ~osima.tely 0.03 seconds. Thie tine lag is bplieved to be
DII1lcl~e and an improved model h being prepared.

, An inve8~igation haa been undertnken fo~ the purooee or
a.flelig me~8 or firing 500 Livend projector ehe11a simultnneou41y.,..t. Oft flring sob ot mote ~iuibbe with ~anually operated exploder
"iDe tbe gra.dedseries poraltel cohr.ecti~ng~ve evidenoe of the
,...lbl1tty of thil menns of solv:~g the problem, A preliminary
eet. ooaatructed of materials o~ ha.nd~nd weig~ing ninety pounds
tire4 \be equivalent of 750 squlbb8j the energy input being well
wI~ tha.tdeyeloped by a mnn.

.ili_eneProjeotor .§~I::!£r

In hnr4neee. the Czeoho Slo~nk\an soda lime compares
taero.!t17 uith pink oodC'.lime ..

A enmplo of aodo.liae from C"echo &J.ovOok1o.ha.sbeen
\este4 asainst p~os~ene. On the stBnd~rd teet the servioe time
.... , minute" a":. o,=at and 10 mir.u"ce nt 9Cfo I')fricten"y. Both the
ao\tYit7 and oa.p~oity for the ab8~rption '_ phoe~en~ by this
.u.er1c.1 1s ltUohlO7Terthan thc.tof the J. "fJ.Y ~in1!: soda lime.

Sodn Lime from Czecho Slo~Bkla.'
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Oe.. i!aat:. l!cBride 3193
... r.alk, British. One ot the later type., with 3101 NYC

nose clip
Gaa 1It..t, Britiz, P.B. Side viw 3103 NYC
CIa. JIa*. British •. P.B. Hemet. Front view 3106 NYC
oa. a*. British f7pe H Hclnet. 31C7 NYC
CIa. ilia•• Preneh AeR.S. 1816 NYC- Ua*. Preneh tiallO~Art.i11ery. Back view 7802 NYC
Ga... ., Ruasian 1103 NYC
... Maat. developed oince 19l5 3795
CJaa llaaka, Various types developed previo\;s to J..n:dstiee 3739
Gaa ** canister, Sectional Yin, !.iodel 1919 682
Gaa a* Drill. U.S.Marines in France. Linedup tor 2143SC

•• naak drill and inlPection.ea. ** Drill: Side carrier S~16-S3~5inc
~s is the latest. sat. ot slides showingthe
approved c.et.hodof adjusting the carrier and t:l8.sk •

... ... fJr111: Side carrier. To sUng the cask, 1st 3316
position.

__ • Drill; Side carrier. To sUng t.he cask, 2nd M17
.. alti_

oaa .. Drill: Si4e oarrier. To &ling the QIlsk, s-e MI8
position

aa... Drill: Siel. carrier. Mask ill carrying posi- 3319
\ion, full pack.

_ a.k Drill: Sid. carrier. Adjustiftg the cask to the3S20
tace. He1cet vith strap under chiD. Open·
Ing flap and mocking off helDet •

...... Drill: Side carrier. Bringing tight. hand 3321
down to level of opening, keeping foreaftl at
l'iQ'lt angles \0 upper am•

... 1Ia* Drill: Side carrier. 'faking th. fac. piece 3322
out. ot the satchel, showing the proper aethod
of graspi!!g the face piece •

... llaak Dri11: Side carrier. Bringing up tace piece. 3383
Chin th.ru.t. GUt prepnratory to putt:ing on ~Bk.

aa. "ak Drill: Sid. carrier. Diwng the chin 11'lto 3~4
the face piece and passi ng the harness over the
head.

_ .. ale Drill: Side carrier. Clearint the face piece 3326
of gaa by C~OAl'lg th. outlet. valve wit.h right hand
and breathing out., the emaled air passing out.
around the edges of t.he face-pi"ece.

... Ilk Drill: Side carrier. pase1~ ~ flap ot the 3326
satchel around the breathin& tube and faet-ening
on outer snap fanuer.

DunberftUe

I.aat.enl .Udea are in the Tec.~nical Division, Office of the
dalet of Cbecical l'ie..rfareService, t'.nd are 6.vt>.ilable tor lean OIl1'eflIl..... Az:Mmg t.heee are tJu:.·fo11om.ng:

LnHTEm SLIDES.t. ~--.
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3321

3~l6~335incl.

3793
3101 NYC

.... ISs]'. ~cBride

.. Dsk, British, One ot the lat.er t.ype., with
nose clip

... sk, Brit.i3b, P.R. Side viw 3103 NYC
Ia.Mask, British,. P.D. Hemet. Front view SlOSNYC
Ga. ak, British Type H Hemet 3101NYC
era. Mask, French A.R.S. 7816 NYC
- lfask, French Tisaot Artillery. Back view 7802NYC
aa.llask, Russian 7103 NYC
... ){asks developed since 1918 3795
... llaaka, Various t.)'Pea developed previolAsto .hn:dstice 3739
_ llaak Canister, SeGtional Tiew. Model 1919 682
lea Mask Drill. U.S.Mo.rinesin France. Linedup tor 2143 SC

gas naak drill and inlpect.ion.
_ 1..~3kDrill: Side carrier

1'his i. t.he latest. set ot slide. $howingthe
approved J:l8thod of ad.justing the carrier and l'!!Qsk•

... Uaak Drill: Side carrier. to sling the cask, 1st 3~16
positloe.

_ 1!e.sk Drill: Side carrier. To sling the caak, 2nd S3l1
posit.i_

.. l1ask Drill: Side carrier. To sUng t.he ntlsk, ~rd 3$·18
position

... lIask Drill: Siele carrier. Maskin carrying poal- 3319
tion. fUll paclc.

Ia. )task Drill: Side carrier. Adju.t.ing the cask to tbe3S20
tace. HelDet vith strap under ChiD. Open..
ing flap and knocking oft hemet.

Ia. Mask Drill: Side carrier. Bringing tight. bend
down t.o level of opening, keeping f'ore&ftl at
ridlt angles to upper arm. .

s liaR Drill: Side carrier. Taking the tace pIece 332Z
out. ot the sat.abel, showing the proper aethod
of graspag the tace piece.

s JlaakDri11: Siele carrier. Bringing up fac. pie". 3313
Chin t.hN.t. GUt. preparatory to put.t:ing on cask.

II Mask Drill: Sid. carrier. Diw.ng the chin into 3324
the face piece and passing t.he harness over the
head•

.... )faale Drill: Side carrier. Clearing the faee pieee 3325
of gaa by cloang t.he outlet valve with right hand
and breat.hing out~ the exhaled air passing out
around the edges of the tace plece.

Ga. Mask Drill: Side carrier. pasalnt; the flap ot the 3326
satchel around the breathing t.ube and £aatening
on out.er snap faat.ener.

IiUI:1ber

Lant.em .lid&8 are in the Tecimica.lDivision, Office of the
dalet of Chad-cal t'ie..ri"areService, :>.ndare (l.v~.ilablefor loan 011
W.... st.. ADong these are thE. follomng:

LiiNTEnN SLIDES
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aa. UnakDrill: Sid. Carrier. liaR COl:Ipletely 332.,
adj".1sted and hell:le't' replaced.

Ga.... k Drill: Side carrier. Adjusting the mask 3328
to i.he face. Helmet with strap back of head.
sta~ting position.

oa._* trill: Side carrier. Bringing cask to level 3329
o~ f'£ce as in drill with h.lJ:let strap under -:11in.

ae.. Ma* Drill: Side carrier. Thrue'_ingchin into 5330
face piece, passing the head harness over head
and knocking the hemet off backward. The rest
of this drill is the same a.s in drill with hel-
met strap under chin.

Ga... at Drill: Side carrier. TestinG :or gas. 3331
CIa. _. Drill: Side carrier. Removingeask from 1'o.c8.3332
oa. Maek Drill: Side carrier. Proper method of lold- 3333

ing face piece preparatory to replacing in
satchel.

Ga. Maat Drill: Side carrier. Replacing face piece 3334
. in aatchel.
CIa. _ale Drill: Side carrier. Showing proper posi- 3335

tion of facepieC8 inside satchel.
aa. Ill. Drill: Sit18carrier. Soldier at .ttentlon. 2963

gas aaak adjust.d •
... _ak Drill: ade carriel". POI it10n at at.tention. 2964

Gas Mask in side carrier.
G&a ask Drill: Side carrier. First poait.ion,open- 2965

ing the carrier.
Ga. Mask Drill: Side carrier. Another view of ·first 2966

posit.ion. SbaWing the carrier open and the
soldier about t.o thrust hi. hand in to pull
out the face piece.

a.. »ask Drill: Side carrier. Secondposition, pull- 2967
ing out the race piece.

Ga.MaskDrill: Side carrier. Third po3ition, fin- 2968
gera ext~lldedalong the edges of t.he face
pieoe, and the Chin projected outwardready
to slip the head harness o'Ver the head and
face into the facepiece.

aa. )Laale Drill: Side carrier. Third position, tace 2969
piece in place; adjusting head harness.

oal Mask Drill: . Side carrier. Pos! tion nt. att.ention, 2910
mask adjusted.

aa. Mask Drill: 2 position carrier. Soldier at at.ten- 2830
tion, gas mask adjuned.

Ga. liaak Drill: "2position carriet. Soldier starting 2831
to remGV'.gas mask.

aa. Mask Drill: 2 podtion carrier. Hote the manner 28~2
of slipping body cord_\)\ru t.he carrying strap
men ~sk is adjusted.

Number

• I
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0... Ma_ Drill: 2 posit.ion carrier • .Alert positlon
front vie .....

Ga. MaR O1'illi 2 position carrier. Note position of
rifle, s('ldler' s helmet attached to cord and
manner of usinG both hands to e-ljust facepiece.

Ga. ~.k Drill: 2 position cnrrier. No1othe forward
thrust of the chin prior to i~~ -tinG 1n mask.

Ga. uaak Drill: 2 position carrier. PositiJn of the
soldier at the cot1m.D.nd."Prep" ;"9 for lnspectionlt

oa. Uaat Drill: 2 position carrier. Position of the
soldier and his equipment ee..l:'\lete.

aa. ualk Drill: 2 position carrier. A~ert ~~sition.
oa. ~k Drill: 2 position oarrier. FaocpjAoe r.om-

" pletely adjusted and soldier cl.~aring .:t· of gas.
Ga. ua* Drill: 2 position carrier. Proper adjustment

of maSk1n the slung position.
Ga.uaat Drill: 2 position carrier. Correat position

at.t.he command "Gas".
aa. ua.k,o.i"u.an. Al!lerieansoldier. wearing captured

Gercan Gas llaa\ts.
aa. 11", Horae•• '1'~n a U.S. Army t.ruck horse ready

for a ga. at.tack,lst Div.,BoDvl11ers,F~ance.
Ga.... Inspect.ion. Inspeoting men for effect or gas

. end 'proper adju~.tment.or mask
aa. _It tianUfacture. Genoral Tin of gas cask manu·

faoturing plimt at. EdgewoodArsenal.
Ga. uaak Manufacture_ Canister canufacturing room•.
Ga. uaak Manufacture. Portable deoonstration outfit

sho-.ringeach individual its!:\that. goes into
the new t.ype gna mask. .

Ga. "ask, telephone
Ga. )(ask for T:'ounded.
Ga. Patient at Dressing station
Ga. Proot SUit.

fit1.

. '.

a. abo .... li st win be continued in future iSl\lei or this Digest. •

Number

28313

2834

2835

2836

2831

2838
28:59

2840

2841

29481 SC

12433 SC

32203 sc

3119

3124
3135

29436 SC
24602 SC
28304 SC
1'1635 SC
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A sncke aoreE-nconsists of :l. cloud of very ninute
lita14 or 101id partioles suspended in the ~ir between the observer
and the o~eot 1n a suffioiently high eoncentrBtion to eoopletely
obHVe \he object frm the observer.

The screening etrect of different &ookeoat3rinls is
probabl, proportionnl to the qU3ntity of oa.tericl bettTeenthe eye Il.ftd
the Ob3eo~.provided the oaterial. ~re in the SQDerel~tive sto.te of
aab-tiriftOll, and. it the tem "voluoe" be substituted for "quantity",
the .o ..... t.ng effect is probably directly )~oportiono.l to the total
Yol.. of all the partioles bet17eenthe &yeo.ndthe objeot, regard-
1... of tlaeilaterial., if it is assuoed tha.t the onterial is in the
.... tate 01 sub-di~ ion.. As a ontter of fa.ct, the bulk of vis-
ibl. partiCles which Co o to noke up a St10kecloud are of,the order of
troa 10-6 to;.lO-5 Ctn. in 4laneter, and under the average-field condi.

*'b. blinding etfeot of light 8uperi~08ed upon the eye by retlection
fJ'oa1lblte clouds has alTTOoyebeen supposed to ~e whl te mokee core
etteotl .. than black ~okee; but no quantitative data have been avail­
alal. OD this point. Experiaents are nowunder -nay whiohm.ll detemine
~ltati.ely the relative efficiency ot white, blllOk, and interoediate
00lor" ~kes. "

~ Definition uad Properties of Snoke Soreens.

Saoke soreens hOodbeen used to oore or les8 Qdv~t~e
1.atao.. nnyul opera.tiona ~t least ~ far baok 'al the cinl no-I',
ubeD 'look~d~ runners, to e?ade pursUi~, took Il.d~Qntngeof d;nse
bIGOt lDOte }:Irodueedby using tToodhigh in pitch and resin as fuel
tor the boilera, but no lar~e so&l~~ntelli~ent use of loreenin«
ftIOkea".. alde by cilita.ry forces 'Prior to the i70rld Uar, nhen its
iz:t:'o1"tADoe, both Q.8 an offensive o.nd a defensl 'Ie factor, no.s
det1D1"l~eatnblished.

2. TheomlMl..

The na.ut.ng of oavecenta of attackin~ troops is
probabl7' .a old Aa the art or vOorrare. TOokingadvo.n~e of nQtural
Goveror dartne•• to sunrise the eneny or to ocnee«ll 1h e direction
ot .. att.aolr. vas fundau::ntal knowledbe, even QQong~B..ages. Arti ...
tioial ~ ot thi s l~inddate back to at lellst tlS fnr as the use
of the woodea horse o.t the siege of Troy. Sh~eapeOoredescribes
artltloial Mating of the adv~ee of an ar~ in IlMaebeth", in the
llClvcftoethrough Birno" 'l7oodto Dunsdnene , "tet every soldier herr hit!
40IID a 1tcNp and beQr'~~before bin. "thereby shall 'l7esha.dotTthe '
.... n .,f oar host, and nake discovery err in report of usft•

Screening Snokes.
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*8•• note on p"'oeding page ,
,.8

It follor'stroD the c.bovethat if there il 0. sufficient
volur:leat er.eke po.rticleabetr.eenthe eye and the objeot to obsoure
the objeot, it ca~es prnctically no differenoe whether this voluoe of
parLicles is highly concentrated in ~ coopar~ti~ely 8~1 depth, or is
8p1"en.dout ItloJ1tthe entire distnnoe bet..~een the eye and the object.
Tbi. hal been borne out by experieental date, except that these data.
indloate that poasibly greater obseurance is obtained by spreading the
lame v~l~ of partioles over a ~renter denth thnn by confining the~
1ftcocpnratively narrow li~t8. -

In the oase of practioally all aubstnnces being con­
.idered tor n1lit~ry BOoke screens, the partio128 of actual snoke
{)roducingrlAterit\lare liquid. In the case of destroyer moke
soreens uled by the Uavy. the aotunl smoke producing oaterinJ.is pro­
br.blya oODbinntion of liquid partioles of n~l end noisture and solid
particle. ot finely divided oarbon.

It does not necessnrily natter ~hether or not the pnr­
tiol•• nb.orb~ refleot, or refraot the light~ eo lons ns the objeot
11 Icreened, but it is believed th~t by fnr the hreatest f~otor is
the Dotunl blooking of the light rays by the p:-.rticlesin line ~ith
the objeot..

It should be pointed out that the prrticles ot
meterial in th s"ok~ cloud are usunlly different in che~oal oo~­
no.ttl 'n fr'ft the original eoapound in thnt they have oo~bined with
one o~ ~o~~ o! the oonstituents of the air. Thus in the case of
pho.)horul, ·.hv8PhoMlspentodde i8 fOr::ledfirst Md then 9hoaphorilc
aci4, 01"iftother "rrorda.one pound of phosphorus coobine. mth the
ox,gen an4 \Iatervapor tro~ the air to produoe 3.16 pounds of phos­
ph.ril 0.014,and this phoepborf.en.oidtr.ke.up still nore T7atervapor
to ~e a dilute solution of phosphoric ~oid in the forn of ninute
dropletl. Which p~rticleG or droplets of dilute pbosphortc acid are
the o.otual10reeniO{;::!tt\terial.Nor.the sane nunber of the sane sized
droPlet. ot a dilute solution of sulphuric ·cid. or of any other
.olution vbi c:h nroduees a uhite. or nenrly .:\it~. snoke*, wi11
probably ~lve obscurance equ~l to thnt given by the phosphoric acid
droplets, but the initi~~ nnount of SO , or 016UD, neae8s~ry for the­
production of Sulphuric ~cid solution 8roPlets. is grenter than the
iDitiDl OODunt of phosnhorue required to ~roduoe the ence bulk of
pho.~horlo aoid droplets. .

tiona. the T''ll'''t.ieles<,wid be oonsidered or t~1esnoe deJ;reeof sub..
4ivi.ion, r.ithoutthe probability of very great error.



,:hile so fr-..rthere is no ~: reot evidenoe to prljve it,
generaJ. obaerv~.ti'Jn seer:s to indicC'.tc th:\J.~'.herr..to no grndunl de..
orc:l..e or noentro.tion tor.nrds the edrc 1)1' n snoke oloud - Tnther,
there ig a. ~h~rp tr~natti'n frI)On hi,h crnoentr~tion in the oloud~
to a zero oonoentrntion of the snoke just ~utside the cloud. This
i& bnsed on tho f~ot that olouds in gene~~l sh?w shnrn, distinct ed~es
a.nd tba.t (\ person ncar a. oloud in 0. st~ndy wi_nd can he either in the

9

Outside of the ~enernl effect on K, the lnterinl sprend
il or tnporto.nee only 1n the Oo.soof trontnl screens. Thnt is,
aoreena 1n which the direction ot the r.ind is either fro~ the ~bscrver
to the object, or Vice ver sa, The IntornJ. 81reo.d .;)f the cloud
at n.ny «i.,en disU1nce tro~ the soueee, rovid~d tho 'lind is fnirly
unit~ra in direction, is npT')roxi~ntelyeqUAlto twice the vertienl
rise. or the lo.ternl aprend in ynrds per r:inutc • 2 II a 20 V.

Inasrwoh t1asncke is enrried "."ith the Wind, in orBer
to aer~~~ ~ objective f~r ~ given peri~d of t~e, it i8 neee83~~
to oont~nuou8:., r;encrc.te 6:lokefron 0. source lYhiohr::l.ybe ei the r Q.

point. 0.· . front., for Ute desired length ot tine. It no.turally
r.,110'8 tb:\t. it is ncoessary to understand the fundanentnl r.nthe-
ro..ntiC8,1' r.:o·:c oloud tr!lvel. ObservC'.ti"neor a grent :-"...".llycl ouds
indict.to thc.t thc resul tonI:. of the upper boundary of (l snoke eloud
i8 d strnight lino tor c.t 1e~st thc tirst 600 yo.rds of its tro.vel
r.nd the nvnUo.ble dn~ (In ll)nre:- clouds indict.tc that thi G stra.ight
line etfect ol)ntinues for pr~otlo~lly th~ life of the cloud. It
1. true thnt there is n 811t',11initic\l risc in the first fe" ynrds,
due to t.he initinl therno.l effect of St:oko,.r'ncrntion, but r.hnt evi­
denoe there is see08 to prove that this effJot 1s dissinnted before
the oloud hc.8trtweled n hundred ynrds. It is (\lso true thot the
moke oloud travels nt Q?T')roxino.telythe sune speed ns the vLnd, end
tha.t tho reaul tnnts of the lc.t.ero.l edrcs ilf th:? cloud no.ybe considered
atra.ir:ht lincs. In :>thcr ::ords, the cloud sprends nore or less un-
l.toftlly both utrra.rds and sideTrO.Ysa.s 1t tra.vols nlonr.. The nain
cnusea ot this 8pren~ nre the turbulence ,1' the a.tr-ospherennd the
ohnra.ct.er ot the teM'nin. The turbulenoe "f thE' (I.t!'lospheresesne
t~ be ~ tunotion of the nind velnoity nnd it h~Gb~on sho~ th~t tor
~y ~iv3ft~nd vell)oity the rise per ~inute of th~ cloud is equ~l to
1\ C nat nt tinos the equnre root or the \lind vo11)0ity in oilEs per
hvur. ~r H • K V. This consta.nt is re~lly r.nde up ot t~o vnr­
inb1 .. ".nd n eonstnnt, th.: v-.ria.bles both being funotinns or the wind
ve1)olty; ene, o~.lle~ the "bustiness" fnotpr, is obtnined by di­
yidinr. the a.Vlrn,e wind velocity by the na~ulun v~rintion of the ve­
locity :.nd cddinr. one, o.ndthe other is nn o.rbitrnry factor based
on the oh~es in direoti ')n .)f the "ind during the e;enerntil)n or the
anoke oloud. If the t-ind is fo.irly stendy both 1n velooity and di­
reotion, K 18 in the nei,·hborhood of 10, and H in yc.rds per ninute
= 10 V.

....... J& __ "_ ! ~ .,- '... -.. ...._,.~~.. ... ...

D. Cloud Travel.
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3. :-<ethodlof Sl!lokeri spersion.

The ~ossible atonizntion of r.ater int.o ninute droplets
of between 10-4 o.ndlO·Sen. in di:met.~r by :foroing through e. nozzle ~.:
01' by CUIJ other raeans , ni~t produce sere na very eeoncede~.111o.nd
effioleat1,.

If it l7ere p:lssible Md prnotio'-l J probably the ideal
8:"!oke lOren l:ould be one in ~hieh the cloud WClS r:lU\utncturedby the
cutalJtlo oh~e of Lheuat.er vapor in the o.ir to ~~~ticul(\te drop.
lets, especially if 0. nobile cntclyst could be d~ised which could
perto~ this phen~enon in nny po.,rtioularly desired area. or loca.lity.
F~ilingthis, if a nethod could be devised tor the ontalytic oxidn-
tioD nnd synthosis of sulphur to ~inute droplets of a dilute solu-
tion of sulphurio aCid, usin~ t.he oxygen nnd r.nter vnp~r ot the air,
it woul4 probnb1y be a nOTe eoono~ieQl ~nd pr~ctical ~oke th~n
whlte Pboarborus.

C. Properties of Ideo.l S~okeProduciry; ?{nterio.l.

The ideol :ltent tor soreening mckes should produee
0. no.zinac Yo1uoeof actunl screening co.terio.1 tor 0. ::dnirnm orir.inol
·::elrbt.. It. chnr:lcteristics should be such thc.t the rc.te of aneke
procluot.ioaoould be reo..dUycontrolled and little or no bea.t should
be ovo1ved in t.he torno.tion ot the tine.! obscuring produot. It.
should be non-toxic o.ndnon-irritt'.ting. It is obvious that it
abaul4 be readily avtilo.ble and coor:erciOlly eeonooienl, nnd should
net be dan"'crou8 to handle.

I

In addition to the oonc ~tration ddta. desired nboveJ
it 1. hopec! th(lt o.no.lysis of sacp1es ot various BOoker.Clterinls Will
give em exact idea. ot the C'.::lount.sof 'tTnterva.por tbllt. o.re taken up
troc the Air bJ various scoke ngents under va.rying conditions.

cloud or just autalde it. These, and ot.her observntions, seen
to iDdioate tlaat. o.t. 0. givan distance trot:! the source, the a.verflge
cODoentrntiODot acoke throughout a cloud generated tpoo 0. single
aouree ~.a t=-lr17 _iforo, regardless of 'mether the s~-ple is to.ken
neur th>Jed;:e, ira the niddle. or near the top of the cloud, proYic!ed,
ot o'JUrso. th!'l.t the distMCe fran the source is the soce. It is
hoped in the ~l'3tLr future to definitely prove or disprove this as ..
aunption by r..ctual. Qno.lysis of snoplea. It i8 evident troa the
toregoi~ thnt. tbe decrease in ooncentrntion or density or 0. ~oke
cloud i. proportiono.l to the squ~re or the dist.ance or C • K A

D~.
'tTherl)C ia the ooncentration, K, Q conato.nt, o.nd 1>, the d!';tdnce
troc the eoUl"oein ya.rds.
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'hO tol1~ng are the oain D~teriala considered tor
moke pro4uot.ion~ lnoluding Q brief descript.ion of each:

'his nethod ot sooke production inCludes the use ot
oleun, tltSDlaa \etraOhloride, and tin tetraor.lorinc; released froo cy­
linder., the .~ S50ketunnel, and sini1ar appliances. In Dost
oalea the o.~ent i. placed in the cylinder under pressure and upon
be1nC relea.a4 thro~h nn ntooili~ no&&1e,pflsses throu~h the vapor
pba.8. Mel 18 ooDc1eneec1in the foro of mall rarticles which react
with the oonatltaeftt.. ot the air to Q. ~ree.ter or les8 degree, de-
peDCl1~QpOQ the specific properties of the oaterinl. In the case
ot the .a~ coke tunnel type, two ant en 0.1"are stored in oy1inders
under preaaure ~ releAsed sloultaneously to oocbine checic~lly to
tore r1 ooapoW14 -hioll reaots °nith the consti tuenta of the e.ir to
tore the final obaeurlng product.

4. PreleD\ Uat.erlal8 oonsidered tor Soreoning Smokes.,

S. PrassW'e:

2. f.berpal:

In tIli. clAsa 18 inoluded the production ot moke
:lorenn. 'bJ aeAna ot CODdle., atrplMe exhaus~. 100kebop., the stnoka
cf destro,erl, etc. 'he ,enernl principle ia that. the originnl
c(lterlCll 11 oOMerte4 lJy Mans ot beat into Q fora tlhereby it nets
With the oonatit.ueat. of the air ehenioally Qft4phyaically to produce
the tinal ob.curing product.

In all or thel. nethods of 418Peraion oheaioal or phy­
Ileal obaDge 1. neoeePry before the final obsouring product is fomed.

1. E!ploftft:

Thia nethod includes the dispersion ot snoke by artil­
lery ahe11. Stoke. nortara, Livens projeotors, hand nnd rifle gre­
naelea, nn4 drop ~od».. The moke onterial 1a loadeel in the projeo­
tile and aia~ar.e4 b,y an explosive chnr~e set oft by r.eana ot a tir.e
'Jr lapaot. tuse,

1. Explosive
2. Themel.
s, Pressure

A. ClaSM. ot D;.aper,ioa.

There are three general classe, ot dispersion, allot
whioh are used to lODe extoeat.1n the produotion or screeMng SD.okes.



TIhite phosphorus is ~ solid, oelting ~t 44oC., ~
'bol11ug ~t 2900c., T:'nich oxidizes upon contnot with nir nt ordinary
~8r.I8r~ta~es,or upon burning in nir, to foro phosphorus pentoxide,
'W"hiohU_"'C8 up mlter vnpor to forn phosphoria noid, nnd this phoa­
pho~'lQ (loid ~bsotDs still core water vll.portroll the air to forn a
diluto .ol\~tion of phosphoric (laid. One poundot phosphorus pro-
aucee 3.16 lbs. ~ phosphorio acid. It is ooooeroio.lly nvo.l1nble
1D 10.&",equnntities end is comrnr~.tively reo.sonable in price. It
1_ ueel in shell, Stokes bcnbs,' grenodco , drop bo:ms, and ntt~ts
t'.I'e bel. nndeto use it in 0.oandle. It is not corrosive when
sealed lD iron or steel oontainers, nndthe ~oke produoedunder
field o0n4itions is not injurious to nen or equtpoent.

B. Sulphur Trioxide nnd Oleun.

Oleut! ;.S 0. solution of sulphur trioxide in sulphurio
eeltl. Sulphur trio!:ia8 exists in tT:Ofoms, the ordifttlry stnble
.. wIIloh would be used for Chetdoo.l\10.rfo.rework being the betn
1I04ltlo&tion ...hiah ne1ts at 50OC. The 8ulphyr trioxide rencta
wltb the unter vapor in the o.il' to produoe tine droplets of sulphuric
ao14~ch combinesr.ith still eore water vo.porto fOrDdroplets of
r!. til.. solution of sulphuric ecid, which is the u1tiDnte screening
I:I&teri81. Nelther sulphur trioxide nor ole\\O is ho.mM to nan in
ordtDar,r concentro.tions, nlthough they o.re so~cnhnt irritating, end
both a.re readily vQ.il~ble on a. lo.rge scnle cotu"".ercially. Orul be
8tore4 in iron or steel oon-t.o.iners,o.ndare eoonomcnl 1n price.
!be oftlJ use tor pure sUlphur trioxide is in shell or bombs, but
01.. o.lso be used ~ a 8p~y 1n the exhnust. or aeroplanes
(&1t~h it is quite injurious to the present a.eroplane ft\bric). in
t.aat. ~d destroyers, and posaibly cay be ueed in nerople.ne curtains.

C. Titnnium Tetro.chloride.

Thie t:laterial is a liquid boiling tl.t 136°C., t:hich,
~ released under pressure thlOugh a nozzle, roms a hydrate,
!lOl£.!H 0, T1ith the l1ater vapor in the nil". llhich. upon further re­
aot.t._ ~th eoisture, breflJcsup into titt'.niun hydroxide and hydro-
ohlol'lo acid. Under conditions of high humidity this hydroohloric..i,oondensea ;7ith unter to tom ninute droplets of dilute hydroO
ablorio noid .olution. Titaniun tetrachloride snokes dissipnte
.re quickly thnn either phosphorue or olr-'m makes, eYenunder
oaaIit.ions of high humdi ty, possibl, due to the di tf'erenee in vnpor
p... I.re ot solutions ot hydrochloric noid (\S oomparedto phosphoric
aoid or sulphuriC aoid. The smokeproduoed is not injurious to
ZIII un<:lercrdinary oonditions, and i8 only slightly irritl'.ting.
!he liquid titnniun tetrachloride is cor~osive to fabrics and the
.... D skin, and is hi{;hly injurious to untrer.ted neroplt'.T'Ie,{,"brio.

12

A. i7hite Phosphorus.
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A dense, dark looke screen onn be set up by destr~er8
1$

, • Crude Oil.

Tbis Dixture proved unsto.ble on storage c.nd the present H.O·. rlixtura
wns •• 01.. 4. The no.ln differenoe in this cixture i8 that solid
hexnOh1orethcne 11 used in place ot the liquid anrhon tetro.ehloride
AS ~he ohlorine co.rrier. This nixture is stnble on storage.
The Ir\Okeproduoed is the produot of the lino chloride \71th the
~ter Yapor in the ~ir. The produot is hnroless and is not
irrito.ting in low coneentrntions. but enuses ooughin~ and thtoo.t
irritAtion 0.8 the ooncentro.tion increnses. The cixture is so.fe and
e~8ily handled, but the cost is cODpo.r~tively high, although either
the R.C. or the B.M. ~ixture could be supplied on 0. large scale
bc.sil. In OClSeof wcr, \Then long tioe 8torn~e would not be neeee-
.ary, the B.l!. aixture eight prove raore eoonooioal.

These rrlxtures are used in ec.ncne., the 4" Stokes cor­
tar sbell, burning type. a.nd the H.C. grenc.des.

Zino
C~rbon tetrachloride
AnnoniuDohloride
SodiUIlelhlorate
llngnesiuo oarbono.te

!be D.U. oi xture VIla:

!. D.U. Hixture «U\d B.C. Mixture.

The proportions whioh give the best results are 2 ot
liliooa tet~ahloride to 1 0:" o.!!r.lonio.by weight. fhie moke it!
lenerated tron Cl snoke i\.mr.al. One cylinder il charged l71th ailicon
tetrcohloride contatning about 10% ocrbon dioxide under 0. co.x1cuc
pre.llUro ot 550 pounds per square inoh a.t 65°0. The ot~r cylinder
ooDtnlnl liquid ~onia. Upon disch~r~ing the oylinders the siltooD
tetra.ohloride o.nd the am1onio. renot to fom ntmoniUDchloride. 1Jbioh
proba.bly t.nkel up water vapor froc the o.ir to fom the soreeni~ pro-
4ucrt. The mote produoed is hnmles8 and stnhle. koonin is
nov ooc~rcio.lly o.vo.~lnble in lo.rge qua.ntities, and silicon tetrA­
ohlorlde oould reo.dily be obto.ined in lo.l'ge quantiUes if there Ttere
autttoiont denMd. It is used nith the aooke tunnel o..nd sooke
kmpsftOk.

D. Silicon Tetrachloride, Aooonio., and hater.

Tituriaa tetrachloride is not nownvo.ilo.ble in l~rge ~unnti ties dao­
aerola117 one!1s co!:lpO.rntively expansive. l:hile the ROokeis Q)n­
liderably inferior to .7hite phosphorus or oleuo 1n shell nnd bocbs,
it. is U:led (I.t. present in the o.eroplane exhnust anoke and Ute aero­
plr.ne curtC'.!n beeause it i a the nost deai ro.ble tor thn t t'Ul"'pose.

- "x-
-_ - - -"- ,~. "I!J, __.-_.~ Ii ~r_ ..c. ,: _ :- ~ ~ . ..



2. As n feint to drnw the enemy' B ~ttention to C\. f''-ont on ,:hich
no attack is being Dade~ so ~s to hold his troops to their positi~n8
and prevent the~ tr~ rendering a88iJt~oe to the sector ntto.eked,
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1. To rtask knov.n eneoy observo.tion posts, to ooncenl and
rotect tJ1! front nnd flanks of "tto.cking troops from en~ obaer-­
ation, ~nd to blind hostile machine guns.

Aooordin£ to both the Dritieh end U.S. Go.sannuals.
screens nay be enployed vith one or ne re of the follot7ing ob­
in view:

A. General.

Tactical Use of S~oke.

Crude oil, 01eut:l, ('.M phospho "8 ~ill ~ive no.xinuo ob-
ring pO!Tero.t minllnW!loost, in the order naned, For obscuring
rer for a given "eight or o:lterlol, the order is just reversed,
'Then it is renel:1bered tho.t the use of snoke o.t the front depends

on the total oost of the ~eapon, its use, its effioiency, its trans­
rt~bility r~d other faotor8~ as well as the originnl cost of the
oke agent, it is likely that phosphorus, sulphur trioxide or oleum,
d crude oil -:-ill be the three sr.oke agen'ts of general use, exoept
the case of aerople..ne distribution.

The ~bove ~o.teriol8 are the onin sources of sooke pro-
nov being oonsidered. The disadvl'.ntnges of suoh 1:l(1t.erio.ls

tin tetro.chloride, chlor sulphonic o.cid, nnconi~, and hydroohloric
, the Jri tiah Type S nixture, eto., o.re such tho.t no reo.l use will

DIlde of -c.h........unless SCXlenetT develoPtlEnt in the oethod of their
be disoovered.

Other Ho.t.eri0.15.

oil bel.f,' the sto.ck h"ith an insuffioient supply ot o.ir.
itself rrob~bly oonsists of po.rtioles of carbon nnd sone

and oily ~~tter, a~ented by filns of condensed wnter vapor.
~ . ··h.....d ....f snoke produotion outs do\,'n the speed of the destroyer

boiler tubes, but it is probrbly one of the nost econ­
t.:.I''I(io for the produotion of naval screens by destroyers.
is h~rr~oss,but soils everything ~ith ~hioh it oones in
The sY-'okeproduoirlh r.ateriCl.l is I'.l'w,-ysnvt.ilable, being

of the fuel supply nece ssary for thz propulsion of the vessel.
present ti~e no fe~sible uethod of using crude 011 soreens on

hca boon found, and its use is lioi ted to lo.rge soo.le no.vQ).
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rue neoe.slt.o.tea a thorouGh knowledge of £\11pho.ses
ot the situation by the g::!.sofficer, vho %:lustdetermine ,mether these
conditlona can be cet ~ one or tbe material on hand under 'he pre.
veiling lletLther eon4itiona. Knomng t he kind and quo.ntity or sIllOke
llGent. on hMd, IUldthe wa.ther conditions, he .hould be able "to de­
te~ine hdr~large end ~ effective t\ Icreen can be 8sto.bli.hed at 0.
given loanlity, ftftd~: long it can be ~intQined. It naturally
foll~:s th~t he muat D~e tbe choice of ~ethod tor establishing and
moint4inin~the acreen and according to the situation, decide ~ether
art.ille~" Stokes. Llorens, ce.ndles, c.eroplanes. or other devioes
should ~ u.ed.

Drienl' eta.t.ed, the essentinls of a snoke screen are
that. 1t. aust !ive the desired obscuring effect. tor t.he total front
or object. to be soreer.:;d trom all ena:Iy points of observation tor
the de.ired dUl"Q.tlonof the ser-een, T/ith ninicua iopedanoe to one's
~ ob.ervntion, ~illery tire, e~ general oo~nioation8.

In all or theae 00.Ie8 except 3, three screen shOUldbe
tot!'.lly obscuring. ffhen it is desired to sit!lulate gas, it is much
better to have just 8Qttioient snoke to be distinctly visible to the
~ e. i\ drltu doVn upon hill. It should be ment.ioned, how~er,
tho.t &make i. aD ait to advnnoing t.roops, even when not tot.ally ob­
souring, lUI U...... 4dIm the vilibilit.y or the tArget and so renders
en~ rifle tire le •• eftective.

5. 1'0 cover ~·.beoonstruction 01' bridf!es, trenches; eto.,­
in the ta.oe 01' the en~. Ground and troops behind scoke screens
can .eldo!:! be concealed fran hos't,ile neroplanee or kite balloon ob­
senoat,ioD.

4. In no.t. or ote n oountry to conceo.l rorn~tion of gUns
and t.roops, o.nd to screen ronds , foming up pl~ces, ~nd lines of nd-
wnce. To blind the no.shes of D. bnttery in nction, c.nd to hnaper
obRrvation troc the o.ir.

To nnke this effeotive, gas ahould oce~sionnlly be
:nX8~_~~b...JIpo~~_!!L2nl.C;-.c,~...~-!~] .w~r~e. ~neny the b~!i~l' thnt ...._
1t. is never acre to rEDO.inin c. snoke cloud "I1ithout wearing liis nn'!{.

3. In the case or ~ aooke oloud used offensi~ely to sin­
ulats br.s, 17ith 0. viefl to lowering the en~' S :lornle and toroitlg
hin to use his gt'-S caske. It r::4l.y n1eo be uned to extend the tront
of n ~~S ~ttnok.

irt inctUbi~ biD 1.0 expend 8J:JDUnitionneedlessly and to pbt
davft a t,t1rI"~e in the wrong place.
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Especinlly is this so in Nt\vo.l\'1o.rfo.re,\"Therepre-
~17 screens hOodto be Mintained by the use ot an exoessive Ql!ount
of .aote for 0. very long period to eno.bledestroyers to attack sucoess­
tel~. Dyuse of o.eroplanes, effeotive and econooioal screens cnn
.. eatnblished tor oo\y desired sen area, and the screen oan be orig­
taate4 ooopo.rntively olose to the to.rget or object instead of five
all.. or nore ~y, o.s \'1US previously necessary. In addition to
8U'.ei~ tor edo nttaoks by destroyers, these screens can be used
to 11&0* out part of the enemyneet, eno.blin~ 0. concentration of fire
_ alD)lt ~.:. desired nuober of eneey ships at 0. cost of very little
_terlal. nnd t.h....probability of 10B8 of neroplOones"ould be ouoh less
.... t.be probnbility of loel of one or core destroyers engQ~edin
.. t.~ up such 0. screen.

c. No.vo.lPossibilities.

The devclopoent of the neroplane exhn.ust and ourto.in
-*e. Rince the \"Tnrho.s opened up nEJ\7poasibi li ties inputtin,; dcmn
_ala acre cffeeti'te screens nt points thnt '\'Terehitberto core or
1... l~co~ssible tor ~ood screens and 0. study of neropl~e sooke
tact.io. oonstitutes 0. field in itself.

D. Aeroplane P~ssibillties.



&:epnrntion of Specifioations

I»vestigntions of liar Gases ns Inseoticides.

Ship ~ottoo Pnint Investigation
11

Develognent of Defensive Eguipoent and Surnlies.
as 1!Qsk Investigati one,

Fn tere
Absorbents
StorCl!e Tests

Effect I)f Chenic~l "artare Arents on ChCMio('.lPlnnt Equipocnt.

Studies of the travel of SMke Clouds.

D elopnent of the use of Chanica.l UOorfare Agents in the Field
am nt Sea.

to detemine the stabili ty of Chenioal

Sooke Generation by Airplnne.
Airpl~e Ex~ust Sooke.
Snoke Curta.ins.

Studios of Uateria.la Md l1ethods for lo.yin~ do'wnSooke Screens.
T:lvestiga.tion of 8lloke candles end snoke audIa,
m.xturee,

l),'Yelo'"1l:1entof Offensive Equipaent useful in Gas llnrfnr"".
Developnent of projeotors and pr~jeotiles for both
lo.nd and nir foroes.

Studies of tho theory of to.-ioity.

Investiro;otions of nar ecnpounds ,

~~lo~ent of Chenionl Agents useful in Gas ff~r£nre.
Studies of the ohen! 00.1 properti es of stnndard
ohenicf'J. TTClrftl.reagents and of inproveoent in
~ethods of rQnufnoture.

The re seurch oo.rried on at EdgErrlOodf.rsenC\l during the ~ast
quarter bas been conoerned with the following studiea Md investi­
gatlou:

RESEitoRCHACTIV!TlE AT EDGEir700DA:!SENAL



An at.tamF~ has bc=n ~ade to cievelop a smoke ganerator
whioh eYolvelJ ~'llp'lUr tr:'c.'n;!e (a'l'l exoollent s,.nel3r,iY''';_; smoke
mat.erial) eff1c ...elli.ly. v nen {:bOST'&lC'ruS pC'n~';' st'lJ:hid~ is burned or
when ph« lp},OroS 8..'1dSU:!Pl ':1" Goreburned tuge~her. I~ \V1lS -t.h~·lglrt.
8\!l.pt .ar d!(.'xici.~ forr.-!] ~~'1Jing t \e burnt nf!_ror S',LJ:~"!'" "'J.~"It be f'lC''il­
Ter,€Q to) SiJlpb·,.l1' t110D de by 'the cattllY';~;_'':ac'..i('.t I)f i-'"les~~,~r"s
pen~aex1da in the prenence of 'lir. ~ was ;ollrd, ho>7E.:"V'.:>r~ i..o!:t
t~r t:i:;h cont'C-:ltra"tlo~ of sul..,ht'r diC'xide, such ac ,.,.~,,~.~~'be ee-
quirco - for 11.., effec.t,lve8J!.CXC;; 6enerator. the per-cerrtnge ccrrrerc.Ion
of sulphur trioxide was very l~g. This makes it app~ar that the
gene~'at10n of £';)'!phur trioxide in place i.s ftOt pract.ical. and ':'Tork
011 t.his project. has been suspended for the time 'bei~.

ID OCl!inp.ct!o!'with the t-.l'U1a.nen·:~alS+,~dy cf sc;r~enfng
..,te., eXl"'~me.·:i:,9.l"lOr~'h!',:. 'bet->·, mde , "~~r: ".. ' eGta~h,~!l the re­
latit'!l be'~weo:;;l'ith.z ("~s"l..!"i ~~.;f;,.W':!' .:,l f::.n. J.~~ '\'l'::c~dis?el'"c:e~ In a
ol:».ed E~~riceat ~l 1:Jc,embE'r ~~, ·:.he \.br-C.t:-;;';lG ""lv.er 0 f S::b.,;?:3~when
di!persed in the field. From ....he l'e:::u!"ts . I.: ... .\i"e~ 3() ~E,.r. it, has
been fGi.Lrd ·i;,ht.-+tba 6OFir:"ec:.l ft-otcr ~or (.....~/e.:.'-+i:~ Jun ses per
t.houtia~ 8qu~ f: feet. ':t'lnf;..S=l.~.'"Yf(''t' C'~;3ru., .J"_; ~..n ':_il-s. ~~l::~~ ~},_&~iber
t.o the c~~respo~d!~ fl~lre for c~t cf doo-~ 1s p~c~~ C_4e This
taotor Ca3 been lv:J1ld t.a hc:d g<'c:l fl.i>;' on~:: B.:~~ar.d v.r.p. 1tt'iO~!>s.
hhile ~t i.E ~l?siI"'i.,;)le t,..- ,"h.3('l{i:'~1;_;:: !'act,.t:':"....Jy U:3 use of a thi.r~
smoke, pr~fo::r~l)ly 8. co~~r~:l r!!'.•,l-:e, it is _';2".1:;;.~er"r::' ,:W\'tif~.l1-o:'..eto
accept thic ft.::t"r ten-~.:;,t~:,:,e::r~;ndm~c c;;'9.:!!.be,;runs en a -:?'t2' JE'r
ot dltfereut ki!!.)s ·:.f ti!:oj;es tr.lring whiei". ttl....Affc(·~ a of diffr.:.!"ent.
met.hods cf gener~tiol" rJ.F-.y also be ·;;'est.ed. S"mewC1r~ has, t.~erefore,
been carr:'ed OlA~ on the design of a suit.able generat.;;r for a thermal
,eneration of smoke clc:....d.:;"

~amental Study of Sore~ning Smokes

Studies cf t,~e C-tlr~~"~veVeJ.ue of Toxic AgeDta

Tbe foregoing list of inve8ti~~tions shows the cha~a~ter ot
the research being oC:lductei et !:1£eY.. ~:1. lIany of t heae :t.nvcstiga-
t.iona, of coarse, require 6. ec ::'1siil'J:'ableperiodof l..ime fer t.he at­
t.alnme~t of ?Jsitive reE~.t8; 80 t~~t th~re is ~ft~n ~:ttle t~ re­
per.:. fur J:Il &J of the prcblem:, a-':.t"!e end of e. 'thr~e 1:lor.th period.
there ore, hmrever. quit~ a rmm~et' of in.,est~ gat.':'ons whioh have re-
por..ei~progress of c. ltiic.p.rs.bl~ iate1"er't·" The re.3~".lca of t.hese
tllVest.igat.iOIl8nre 8~rheci in the {·olJ.Clwingpar&.gre.pns.

tte41cal Research



19stage of coop1etion.
It is considered thnt t.his bombis nov in its finnl

Tests of this bocb v.er'e carried out in e.. bR.srel
(approximately 65 &allons capaoity) of atcr ~t lG ~. ~
comparisonof these t.est.s '"it.h +Jhoseconduct.cdin the river
.:atar at OOC.during Februr"ry aho;..ed thc.t. the:rc :·as very
little difference in burning ti e bet een sunn rand ;inter
condit.ions. The burning t.be for full volU!:leb ing "ithin a
f6\; seconds \lfte r 19nition to about 12 '"1inut.es,

This boob".·hich is Loaded';i t.h a laohryna.tor, smokeless
pcr:;derand a. stabilizer is t'~ float.ing bombof the burning
t.ype to be used for Na.vy trFlining purposes.

NavyLachryry~torDropBo~b

n conference rras held at llcCookField bct.\:eena represen­
tative of the Chenica1~arf&re Service, and the ~ir Service for
th~ ~urpose of ~stablishing a bette~ understanding &ndcloser
relationship b3~een t.he Engineering Division of the Att
Service, and the Chenical 'arfE:.re S~rvice. as a result of
this trin. an especially constructed tnil a8se~bly for a D.H.
plt'ne ',713R pronised and ?lso especially constructed !:lllnifolds
if rCC"luired.

Thoval~es on the carbon dioxide cylinders were over­
hauled in en ~ffort t.o bring about. c.. ~ore rapid disch~rge of CO2,
The orifices of the valves were increased fror lie inch to
5/16 inch, and the valve seat changed from flat. to taper.

Saf~ty valv~s \7erp,placed in the pressure gauge lines
of both the l~rtin Boober and tho D.H. in order to minioize
the danger resulting from a bursted g ugc. The gauge traps were
0.160replaced, and vrere filled . i th chlorinated paraffin insta"d
of the oil e.ndmercury as fornerly used.

Th~F.~:. feed 1i:l;)s leadil"g to the exhaust. t".mnifo1dsof
the plane 'tlere also removedand c'Lenr-edof obst.ructions result­
ing froMthe acc~ation of the hydrolysis produots of F.ll.

The e.chaust, canifo1ds wer-e rr',oved "ron a D...:. plane
in order to T~(;ldthe aupoj.encnt.erv exhaust pipe in place as an
add5.t.iona1 safc&unrd against the esoape of F.M. funes during
op...ration. hich endanger-sboth the pilot and operator.

Const.ruct.ion of Snoke ..pt>.,rRtt..sfat' ·.il·p1~



20

One shell kept at rOOI1 tamperflturetvrent'"-onemonths was
fired fro"'!the t;un. It failed to !'unctionthrou:;hdeterioration
of the starter. Subsequent examination of the starter showed it
to be insentlve to flBl:le,prcbabky due to conte.linat,ion\"I"}.th the
lach~!l.tor. The starter vill be replaoed and the shell tested
atatl.ally at an early date.

These tests are extreoly severe and in spite of the
result. obteined this grenade is satisf1otory for issue.

d. Nell starter was then neured on the sixteen ~renades
that t~iled. In every case the new starter fUnotioned properly
but the mix failed to i~nite.

~. In eleven grenades the starter runotioned satis­
factorily but the mis failed to ignite.

!. Only t\'Ogrenades ignited and bu-ned, The first burned
tor two minutes; the second for three r!nutes ten seconds. In
both oa'8a the laohrymatory po\"erof tho oloud -:"0.8vary poor.

° It waa found on examination of the lot being held at
60 C. that practio&lly all of the grenades in this lot had
deteriorated to the point where the mixes v:ouldnot ignite.
1011 ot the srenades gave off a distinct acid odor '.'h('lnopened,
In cany case3 the oork stopp~rs had ~eon b~~ly attacked by the
aoid. the result.sof 18 grenades vrhenf1red ,:ereas follows:

a. In five oases tha starter failed to ru~otion.-

.t the end of five months (Yay 12, 1924) one grenade was
taken f~o~ the lot being held at 500C. and fired. It funotioned
I&tlstactorily giving a burning time of 40 seoonds.

60°C. Test.

5000. Test•

Sinoe Chemc al -:arfarecunitions 1 ve been in use only
since the recent ~ar, no considerable e~-~riende has been
,ained as to their stability on storage or their effectiveness
on use atter such storage. It is, ther~fore, neoessary to
oonduot extended sUi~eillanoe tests to detarmine the charaoter­
istics of Chemical ~rfpre munitions aftar standing and to
eventually ro~ate basic principles for the safe and effective
lIiltng ot Chemioal e,rfareagents \lithother oaterials.

Lach~atory grenades have been held in stornge at
50°C, and 60t)C.to <'-et3IT.ine ho.~long they may be so held
bofore beoocing ineffective.

Surv_illpnce on CheoicalJ(ar 'c.re Munitio~.



t~. l)er liter
0.01
0.048
O~S
3.0

Odor pl~inlypercoiYed
lrrit~tioft &r thront in 3 minutes

Tolel'Cltioafor a rew secon4s
L~bAl. ~s. 30 minutes

nt8 .".,rk wo.s ~ided b.Y thG phyei(tlogioal oonoentrnt.loll
lbdt.a f.1' ablol'iDe {lil' aixtU!'ea whioh hN! alreCldy been establish­
... !beae ue flS tonemo:

in Certain Resplrctety ~ieeaseo

_1."..8 i~ pl~tJ producing or u..._:lg chlorine hCovelong
.... cuppoee4 to be rel~tlve17 tree troc re~pirntory diseases.
!hi. vc.e 4W111'h0olaedduring the ~:l.rrrhen the chlorino plant at........ _.enol. ...~s o,vdud~ to capo.city. cspecio.l17TTithre­

ten ....t.e tile epi4em.c of iD.fluonsCo. !.t wc,G ot.t.ted t.ho.tno
.... ......-ro4 t'"a,ng it.s op3r-.tives '>"hile evory other division
_ the AraeDnl hr.d its full quota. During the rush ot work Cot.
tIl:l.i. tiM t.hi. rLrouocd only pnaaing COl!lmentbut, nth the estab­
ll118erDt .r t.he~:edicnl Reaec.rohDivision in 1922, interest in
t.Iae pe•• l1t1et.beI'Apeutio.rt.n;.ty ot T>"'('.rgaae3 led to the begin­
atac. or real work nlon~ these linoa.

!he Vse ot C~rlne ~s n Therapeutic Agent

~ tbe Yt".rlou8resec.rohee be~ carried 011 b7 the lledioal
1)1.181_. \he esperi!JaJltc.tlon undertaken to 4etemine the curative
9Cl..• t 'mI'loaD tesieD M& remalted in exeeptlonc.11y SnpGrtant
~. r~ bnD opened up ~ l~rge nucher "t exceedingly inter-
.atlas ,..albtlitlea. Acong the developo3nta to dnte which have
reaalte4 la positive resulta 13 the use of ohlorine ~s e. thernpautio
as-' Ia re8plrr.\eI'J 4taeneeo, 'both for h\lz::laabeiDgo Nl4 CUlill1Ola.
Akl.t nnt.eam\ 8hewieg the effectiveneS8 of thh treat1!lent is
Sl.... lien.

Speeltloe.tlona for n1l cbemeo.1 WClfareanteria1 was being
pnpan4. M2 ~ ~en writ.ten "t the t.etEl.l. of 542.

!.3>IC/J. RESEARCH

Ole 1lbe11 kept. At rem t.eJ:lperntureone 0114 ems hr.lt
,.an wo.a tired tl'Cllll the pm eM tuMticmed nomo.lly.

SPEC IF mA!IONS

II. C. 8.-. 4" Stokee !':OrturShell
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Dlapol1. N\mber Cured Iz=rove4 No ohance
or Cllose NOt % No. -~ 1¥a. .~

Out, .. 388 288 '4.2 91 23.6 9 2~3
M. Lt.l'JIIIltio end 121 91 18.0 24 19.0 " S.l

Pbo.rJnIi'tls
241 192 80,0 . ., 19.6 2· 0.6Ao.\e Broeohi tl e 106···· . 83· :S1,1 41· 38.1 52 30.2......... rbinitio

a.ro.l. ~hltl. 47 M 12.1~ 12 . 26.5· 1 2.1
CIanBl. l~it'.

.. 2"'· 2 100.0
. " . ......,_ .• t 8 88.8 1 11.1

t '81'.8··' .' 2 18.1
.-. - 11 ..._...,,, 9~1 6a& 11.4 218 23.4 41 6,_\

Totnl cas eo treated.' Numberof oured, improved ana
not improvod with percent of eaoh•

CASES TREATED At FDGEW()(J) ARSENAL

TABLE I

1ft trent1ftg Odsea at Ed~~ToodAraennl oaly ouoh p~tlents as
-.re -.ftorins trom oonditioD8 iftwhich t~e c~-..l organisms nre
1eoat.e4 OD tho eurfo.ce of the reepirntory po.B8 ••~38 were aocepted;
__ looti_ waa made 0.8 to the stnge of the disease, but all patients
... &ake4 tor treatment were taken wndthey steadily increaaed in
_111'.... 0.8 tiM 4emonetrnted theettloaoy ot the oetbod. Tbe
~1t.7 Tl'el'e .tlSca ot simple ooryza. In order ot frequency
~re tol1ewe4 aoute bronchltis, acute laryngitis nn4 phar,yngitie •
........ ~'''' -:\\'01\10 bronchi tic, lnfluenaa, whooping cough,
QDI ObrODlo lar,;ngitto" 'T~bleo I and II ~hew the nuCber ot oo.oeo
.f ea.eb cl1aeo.oe trented. nnd the reoul t.o obtnincd llt EcigewoodArsen-
41 GII4 lD t.be Office ot the Chief ot Chem1oo.l 110.rto.reService. rea-
peot.l"~.

r,.. t.IIeae datn it will be seen that. the oonceJltro.t.lona
*loll O&lll _. ..117 brenthed are tar belol?' the 4~n«er point.
Wlt.b tile.. 4at.a. n8 0. bOosieit "0.8 thlft necessary to Cl8oe~aift
~ lGe\ortoltAl properties ot theee low conoentro.tions betore
II_a oxper~tioll wo.ejustltiable.

'0 this end the concentration 01' chlorine In air re- .
..... to till ftl'iOUI or~t\J\isma growl~ 1n various cultures was
8\ad1e4. Ja. rosult of cxt!ftslve experiment~t1on ot thie nature
~ eUb~ ~e~t~ent of volunteers having oolde and other res­
pirate.., 4l.eD.M8 it Wt.3 found tht'.tconoentration. or chlorine or
.GII '- .011 -c./l. gave eatletnotory ~~oterleldal nction and oould
.. ..ad11, -.eathe4 without disooatort.



Ja cen4aot.iD& the work ..n W&ahin~·t.)n, no at.tempt was made t~
aake fhrWioal ~tlons, nor were any lar.~ratory teats utilized.
fa all patient. came with their OWl! dlagnoai.; the results ot
t were .btalDe4 trom t.hem.

Dl..... l. '110.treat-
ments...... Ie 134 t 9 8, 34113 61 3

Ao.te BroftObi't' 118 380 54 5~ 45 42 , 6 12
Ok_.lt..hit .. 50 t!;O 21 4'/ 11 34 • 19 , . S
1r•••IdMt.uu • 6
0....... se 201 1 2 31 ,1 i1 t2' t 13
c.".. 480 862 234 65 70 40 18 6 42

CIaroalo .. 148 6:" l'1S 20 48 14 34 'I l' 10
.. r..... 1e S8 0 2 13 IS 8? 1.,.,.,..1'" 19 44 ~ 26 8 66 1 9 ,
PlaarJncitl' 11 M 1 11 1 "'8 1 11 ).

"rlui. Z IS 2 ::1Claro.. datal," 22 90 S IS 8 39 10 1
It.. ...1. 1'1 as 10 88 5 2

"boopt .. __ 48 23l 19 .7 19 4'1 2 6 6

loUl. 900 2510 360 369 100 !Ol

"'1. tbe r~8Ul~aof the treat~~nt obtained in tbe obrumber t~
'" om..• t the Ct._st ot Cbelllloal WaJ'i.1 I ne~'vioo ar e not 80 tl&ttor\~
.. t.boH pdtlllbe4 1n '&ble I, ye.~ conr.fd<.:ri,r,g the nature of t.he ,~OS~8.
\be ...... It' ot the 418e&oe8and the taot \,hat t.imeallowan.,e pi"e-7en~..
.. ~ I8Ittla.a1 treatments, it Is believed these reaults are highly
.at.l..taatorJ.

_ovate record. not ha'll", beenkep~of patients treated tn
till ....... ---

Capitol Building and elsewhere ot Which there
........ r .1_'" haBdre4, these are ftoi. inoluded.

81M11rlDceue. 're..tect, number t.reat.ed, cured,' improved,
and not impI'OYe4, with peroentagee in eaoh cue,

CBIEP (6 CBEl!ICAL WARJARE SERVICE

CAlIS UlAnD IN THE CHAllBER 111 THE OFFICE OF-

TABLE II



Wh8n in use, the apparat.us il placed on a .helt on the eut­
ai4. et ~ o~b8r, and the ,al permitted to seep int.$the lfttertor
al..tr. ---,lnueully and aut.omatically through & 5/l1 ineh glall

,be appar&tu. 11 '0 conatructe4 that the amount of ohlorine
eaa to be admial.tere4 oan be leen before it is permitted to be re­I...... ,be Cae is ejected oontinuously and automatically in suit-
61. 1IMN8t. tilt_ugh a glass tube leading int.othe chamber thus assur·
lac • ~ and eafe &hftCentratlon tht~U&hout the oHtire perlod of
t....t.Iat.. !be apparatul is limple ttl eOftatruott~ftI sate I durable~'
•.., to .per.te. tnexpeut.e, and rea4il1 t.ranape~tlb1e. By ~t~I

pan ohl...lM cae obtained trom the oyllftd,r.. it ,. a 01" 1f\ , leit
aI ....,...nt. of any $\ItstcSe intbMftOel.

(,) _ tbe otUce of t.heAttending Surgeon, Washington,
~ aeveral hundred patient. were treated, inolud­
inc the President of the Dnite~ Statel.

(0) 1ft the O!'fioeof the Ohlef ot Chemical Warfare 6er­
wio•• where over a thou.and persons have received
~r.atment for respiratory dieeaaes of different klnde.

(4) II private h~es where the treatment was administ.ered
to tho.e not able to visit the ohamber. eatablished
te, the purpose of glvin& the treatment.

• A porta'le apparatuo releasing gaseou8 chlorine In suitable
.. aaata frea smail cylinders thrcugh a meaourlng device wae devi8~d
b.r ~ Chemical Warfare Servioe and 10 a modifioation o~ an appa~atu•
.... " thil 8enlo_ during the war tor the purpeee ot e.dm1n1oterlng
'sri-a te thole ....rely arfectedwlth lung lrritatin& gtlsee. Thie
_",l~_ has 'been..eelwith marke~ ",ooe .. 1n acSmlnl.terln& ehlor1ne,U ..tell.. :

(.) ~ the ohambe'. eltabll.hsd 1fttbe Capitel Bulldlnc
1ft Waahlngtoft where many Senator., Representative.
aid other Government offlciale were trsa~4 succse,­
NI, fer oolda and other rS{I'I'liratorydileale••

1\ 1FU ev17 r~ thtlttho suaces£! of the treatment.
~ lvp~ upoft tbne import.arrt faotors, a.e followo:

'ir"': Theintro4Dction of n sufficient cmcunt of
ohlorine ,as of a concentration capable of pro­
dDcln« thertlpeutlc results.

Sec0a4: The malntalni~ of this conoentration oonotant
throughout the perlod of treatment.

!hir4: Eaoh period ot treAtment to ooneume at leaet
one hour.
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The Chet:lical::arfare Set'vicemakes no direct recommenda­
t.I_ of 8DY part10ule r apparatus i in taot I any apparatus that will
~Ih a known quantity of gas and uill allow a steady tlo~ into
t.be ohamber will produoe results.

Eleotrioal ~pparatuses are on ~ho ~arket for generating
the ohloriD8 d1re~tly by co~~ecting the apr ratus with the electrio
ll1bt .,.tem. JJ\) such appar-acushaa i:> een "ested in this office, or,
10 tar .. 1. known, by anyone in the Servioe.

4, It 1s very iCpGrtant that the gas be ~iven in suffi­
oi.nt strength. It too ~p.ak, it r.illnot produce ~he ~eGired ef­
t.otl. There is praotioally no danger whatever in any reasonable....

2. the applioation at this method to armr needs. espeoially
"'til "'I"~to eaep epidemioa, is obvious.

SI The outlook tor oontrol ot meningitis, dlptherla. and
Iatl..ua tpldeoios and the treatment of oarriers by this !!lethodis
bright.

1. Inhalations of ohlcrine at a CD noentration of approxi­
mate17 .015 mg. per liter for one or MOro hour3 have a d1stind1y
ouratift veJ.ue tor eeeeen ooIds, innueMa, whooping eough , and other
relplratory die.a.es in whioh the infectIng organism8 are looated
_ tbe lurface ot the muoous aembranes of the r~splratory passages.

Conclusions

The use ot this apparatu8 to introduoe chlorine gas has
ProY_ ettioacious end satisfactory in every respeot. By placing
the apparatus on the outside of the ohamber it is not necessary for
the oP3rator to enter, ~hile, by the oontinuous and autooatio djs­
trlbut.ioftot the! gas, its constancy is assured at all times. Like..
Wi•• , it. regulation oonsumes little time on the part of the operator.

~.~. ODe ea4 of whioh isettached to th: appara~us, the other ,r
tree .nd witb1a the chamber three feet aoove the floor and directly
OYer. ten lDGh reYOlvlng fan where the gas is taken up by the draft
prod.oed by the fan and distributed equally tthroughoutthe ch8t1ber.



Written request should be made by the offlc~r desiring the
uae of anr publlcation, giving the class number, title and nace
of aathor. Upon receipt of this ·inform~tion. the publioation will
be loannd tor a period of two neeka.. A ea.relis sent with the
publloation, whioh CDst be signed and returned to the library
l1:I:Ie4latel,upon reoeipt. \ihenthe publioation is returned tD the
librar,rthe receipt will be returned to the borrower. No publi­
cation. can be withheld froa the library for a period greater than
two weeki wlthou~ .~;~lnlpermission.

'he tol1cming nre among the books Md pQr.'\phletsin the
f.o~toa1 Reference Library; Office of the Chief of Chec1cal
Warfare Servioo. ThJs~ pUblications are available for use of
all off:lcersMd emplo:ro(;'sof the Chemical VTo.rfRreServioe. and
DQ)' be lOQnecl t.o o.nyChsl'liclll';ari'a.reOffioer outside of Wast.-
ington upon written request from him. The conditions under
whioh thele lor.naare J!ltldeoutside of the Chemic(\).Wnrfnre Ser­
vice Offioe are o.efollowe:

BOOKS AUD PUBLICATrOlffi

Recov0rJ ",1thout intervention fo11.'Jwingthe ecuree at
the 4118U8 \'l0\u4 in no case. we believe. l-flveoocurred 0.8 rapidl¥;
nor 01lD the uniform rG8ulta obtained, as 1'.ll..;di'estedby the i'o­
prne4 ocmcUtion ot the nniD-aleand the pr onpt, disnppeoranee of
~olU, be elq)lo.inedin any other aanner than 0.9 being due to
the effeot .f the trentment.

!be treatment of E~ulne In£1uenza Tith Chlorine

Dqring the month or Feb:-uary: 1924.: there oocurred an
outbreak of lnfluenza among the horses at Fort Hoyle, l:aryland,
whioh ftl effeotlvel7 broken up by treating the animals with
.a.J.oriDe ,&8. .

the initial o.. ee (2) were disoovered on February 8th,
bat ~r~ considered to be or sporRdlc character \mtil Februaty
11th, when eleven othere were found with symptoms of influenEa~
On february 14th, a total of forty-one cases were on the register.
~ thie point treatment with ohlorine gas was co~enecd and on .
'he folla-ing day the total of animals on the register had
reaohe4 for\y-five. On this date, however. twenty-one of the
oasel of the preoeding day had apparently reoovered following:
a .Ingle treatBent ~lth the gas. ~one of these oaees dieplny-
e4 a,mptoma tor B period of longer than five dOYs prior to ap-
parent reoaYe~. ~ tor lesser periods. A second treatment
4roppecS the total of anlca.lsof this type fron twenty-one to
lneB. These snen reccive4 further treatment end lii ....t tn 0.
perl04 of twelve 4~.tro~ the date ot urigina~ discovery ot
O&Ie. othe.. than the fh'st t\70,110case IS wbatsoever remo.ined.
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2'6..c

Osmotice Pressure, Findlay541.341
F 493

53:5
8884

Heterology, lfilh8l!l

Life and Lettors of Ualter H. Page,
2 V01s.

920
B 384Vol. 1 mssing

551.5
!f599

lntermet~llio Co~und8, Desch546.:5
D 454

History of World War (10 Vola)
Literary Digest

History of the ~ar, Vol. 1 to 16
Nelson

History of Education, Painter370
P 166

:555
B 851

High Explo8ives, Colver

Historioal Backgrounds of the Great
War :r.dkine

355
Ad 53

History of the World ~ar, Vol. II,
Simonds

356
I 158

355
H186

Handbook of Exp10sivds t Du Pont de
NeDOurs

662.2
D 927

Frontie r of Germany, Sara Waobaugh
~!$naoe of Uigratory Peoples, Dr.
Edw. :•• Ross.
Two Praotical Steps to the Restor­
t.tion of Our Coonerce &: florldPeace -
JA• Survey of Present DaY Europe, E.
A. Feling.

Gues of the Atoosphere, Raosey551.93
R 148

941.3

355
H 932

Explosive s , Yatohes an.dPyroteohny J

B-o.rnett
662.2
B 261

Nace of PublioationClass No.



Tactical Prinoiples and Decisions,
The Sohool of the Line, Vol. II

-27....}

Tables of Chemical and Physioal Con­
stants, Kaye and Laby

541.9
1182

ass
o ss

Tables I~nuelles. International de
Constants, 4vols.

541.'
1(1

Strat.egioCamou~age - S.J.Solomon355
So 49

Stoiohiometry: Youn&541.1
T 87

Speot.roscopy, Boly535.84:
B 219

Short Introduction to the Theory
of Electrolytio Dissociation,

Gregory

541.3411
a- 862

Ru.sia,its Trade and C~rce,
Raffalovich

94'
R 122

Rid", Tide of Celor, The29'
St &4

Quantit.at.iveLa",.in Biologioal Chem­
istry, Sant.oArrhenius

54:7
tor 69

Psyoholo~ (briefer course) James

661.2
F86

Prinoiples of Alternating Current
~chinery , Larrrence

Principles ot :.ppliedElect.ro-Chemi....
t.ry. J.llmand

Principles of Dyeing, Fraps

541.37
A 151

Prinoiples ot hmerican Diplomacy, Moore527
II 784

President ~ilscn's State Papers and
Addresses, .alson

815
T1699

Practical Sbell Forging, Bar.er

Physlka1isch-Cheoisehe Tabellen,
Landolt, Bornstein, Roth

Name of Pub1ic~tionClass If!..

541.9
L 2:56



Vnited States as a ~orld Power,
Colilidge

United States Offioial Plctures ot
~orld~ar 1 set

t"8

U&
..78'

U~cle Sal!!t s liodern Htraeles~' Du Puy.73
D H9

973
C 71.,

theory ot Valency. The Friend541..31
F 915

Tbeory of Eleotrolytio Dissociation,
Jones

Theoretical Elements or Eleo. ~.
Steinmetl

121.3
St 36

Thermochemst.ry, Thoa.on641,aa
T 381

textbook. on Soienee (C~eal Philos­
ophy), Ti1.den

Textbeok or Themodynanie.. A
Partlntton

sas.,
PISS

~ext\ook or Inorganio Cheoistry,
VOL. IX. "Co"alt, Niokel and the E'1e­
Dents .r Ute Platimm SHu,." Frient.

Textbook or PhYsica, Dvtt

SM
,~ 91&

'extbook or Inorganio Che~stry.
Vol. rv, nI.luoinuc aDd its Co~ener8
inoluding the Rare Eart..h !.1et.als, It

Little

'lextbeek of Electro-Checlstry, LeBlanc541,3' .
L4.

546
F-L fa

Technioal Examination of Crude
Petroleuo Products and Natural Gases.
lat Edition, 2nd Iaprellsion, HJmor

and Pac1gett

665.4
Hl86

Teaching ot SCienee,Tl ~~. Woodhull601
W 858

Kameor PyblicationClue Ie.



2111

2930
2932
2929

2712
lcSIowood;~r8ena1: Addit.ional unit.s of

Phosgene lit,;. pl8.ftt..
~ewood ...r.enal: Airplane view showing

Classified Hagatinas.
Edgc\7ocrlArsenal: Airplane viel" of Headctuartera.
~mloocl Al'aonal: t.irplane vie ... ho''int Ufg.l.rea.
Zc!geuood ':i.!'senal: Airplane. ~ieu sho\:ing south c~e

Nt,. Area; Barraoks area and B~ehelor's Quarters.2931
E~ewooa Arsenal: .\leoholStorago Tanks. 2866
~C\;ood Arsenal: Bush River Dock. 2852
!'.4IOY:'ood ~rsenal: Bush Rivcr POV7Cr Plant. 2856
Idcewood !,.r.enal: Chemical Laboratory. 2760
Ed&ewoodArlenal; Chemioal Laborfttory, Interior. 60219
Eden-oed l..rlenal: Chemical Labor1ltory, Int.erior. 60223
Bdgewood:..rsena1: Chlorine Urge Plant. 2983
E4«ewooc! Arsenal: Chloropiorin Plant Interior. 6041S
Ncewood f.rsena1: Carbon Dl.xide Genera'lln, Bldg.

and sorubber t,c,wers er ~CIS gone Plant.
29

NuoberIfitle

Lantern 811des are in the Teohnioal Division, Office ot the
Chlef ot Cbftlica1 'I1arfare Service J and are available tor loan on
request. :~ t.beae are the tollo\';ing.

LANTERN S1.IDES

World War Issues and Ideals, Speare
and Borris

Uorld Crisla, 2 Vo1s. 1 setSS6
C 475

ass
Sp 31

rioodrow " ileon and the rTar, Gale

\tar Department Doouoent 947, Military
Explosives

t7ar and Private Propcrty, Bentwich

\"Tar!gainst tiar, The Collins355
C 691

M1.1
&446

662
Or2

355
';;699

.
Viscosity of Liquids, Dunstan

United States Rifle and Uaohine Guns.
Colvin and Viall

&23.4
C 725

.
_.. _.. _It. _.:.... _ .._ .

Nameof Publication.Class 10.



SC_ 6127

SO-11310,SC-11371
SO-11369
SC-14269

037.A

0:57-D
007.0

60155
2115
299S
2982
OS1-F

60157
2894
3171

60162-60166
Shell60474

60160

341~
3103
2869

2713
3102

2114
3114
3124

2991
3179
3113
3145

NumberLantorn Slides

Gns $J.ara, Ch~rch bells use for &as alarm.
0.1 :~o.rm. Auto horns used to wa.rn .Amerioans ot

a gas attaok.
:;,:.

!4r;ewood;~senal:
Ed&ewood /.r.enal:
Edgewood Arsenal:
Edgewood Arsenal:
Edgewood Arl.nat:
EdCewoodArsenal:

Ec1get100d~raenal:
Edge\TOOdArsenal.:
Edg~ood Arlensl:

Edgetrood. .;reen&l:
EdgG\70cd J.rsoD&).:
~ewood Arsenal:

~e\TOod Areena1:
Edge~:ood ,\reenal ~
Edgcuood J.rsenal.:
Edgewood Arsenal:
Edgc\lood I.rsenal:

D&)' Rooa Co. D. 1st Gas Regt•
Drop BoObT~cr.
Enlis't.ed Men's Barracks.
Entrance to J·rsenal.
~xhaust Purification Towers and
Sulphur Chloride Plant.
Enlisted Hen's Barracks.
Gas Uask urge Plant.
General ViC'W' of llrg. I.rea ncar
Phoagcne Plant.

Edgcmo04 ArHnal.: Hap or Rcacrvation.
~OtTood Arsenal' !Je.p shoF:ing relation to

:lberoeen Proving Ground.
OUtline Hap of the Plant Area.
Shell Filling Ple.nt(155MM shell)
Phoar;sne Fill in& Plant (One ton
Containers)
PGWerPlant and JJf~. Area.
Serrioe Club.
Shell Filling Maohine.
Shell FUling Plant. (Livens
Shell Painting Plant.
Phca,en8 plant catalytcr boxes
~ condeMers.

Edgewood Arsenal: Sulphur Chloride Plant.
Edser.ood. kracnal: Balisted Yen's Barracks.
Edr;et7OOd 4·,r8en61: Ounpouder River Baar Barraoks.
~xteroinatlon ot Rata with Gas.
IxterDinatlon of ~t ••Gassing operations QDOn~

rooks on cO",st. 031.E
ExtercinatlOD of Rats. F111i"l of nobile oyl1ndor3 037-B
Extermination or Rats. Releasing io.s in rat hol~s in

walls.
Ext eralnation .t Rats. Sewer outlet and duop.
Exte~inatlOD ot Rats. Anti.Rat o~algn tor

. suppression or bubonic platUe in
Porto Rico.

First Cas Re,h!31lt. Regit:!::ntal Rcvie\7~ EdgewoO'Cl
. Arsenal. 2984-2986

F1UIB Projector. LaTlrenee. 1212
name Projeotor ;\{)po.ro.tus. ReC\t)View. 1213
Flame Projector hpp~ratus, Front View. 1214
Place Projector ~pparctu8. Detni1 Vi~l. 1215name Thronor (Soall Flrumcawerfer on l!\O.n '8 back) 2655name. 'l'hrCNer, German. SO.29489
Flame Thrc:mer, Geroan SJ!all Model. 2563
Fuse, GermanDelll.ycd Action. SO.29465
Ga., Enemy Gas Bombnrdment, Hch.31. 1918. 0113
Gas fl~.rm, 6th Rcgt. Marines responding to gas

alarm, Verdun. Franoe.



The above list ~;i11 be continu~d in futuro issues of this
digest.

sd-294?~
075

SC.%9518
3008,3009
077

1531 NYC
1532 i:rlC
1501 lJYC
1505 NYC
1509
1511 NYC
1529 NYC
1530 NYC

01G

015
017

018

3100

SC-121-18
8C-29490
SC-22111

0105
024

,.l'.t":.!. :brino Gives gns !'\lnm by ring B<!ll,
'f Fri:0800U. cnce ,

s l"T., C~rr.nn.
·lv d:. ',tntion
'.tt ck, Chol!1i: al. -rnrfa.re by B1.shavists
~:-su'lty Cho.rt
C~sU~ltyCh~rt,en~~ti~s in France, Hoapit~1

•.Qnissions.
C1~sslfio~tion. persistency ~nd physiol~i­
ooJ. nf'fccts.

COtlbat g'''S\)S d vided c.coording to t.heir
",otion on th'? bunr.n o...g .niS!1.

Gc.s'.:'s,Chl"rt, F"otoro "hieh gov~m :-':f.'~ctivcnesl!.
Gnses Ch~.rt, Kough eorrpo..rntivevr.1u.?s for Vc.riotiS

purposos.
GnDCloud. Bursting of c. P.S, .~ inch Stokes l!ortar

Boob.
Gas Gun, !~Bride Hoavy Type.
G~s nfn4 Grenade.
G~G i~.Gk.Interior of 1919 Model.
Gas l~.sk. Old ~ty1e •.o~rioo.n.
Gas ~ir.3ks.Typ:s of ;JD!)riOLonl.!olelse
G:s l~ski. Typos of Foreign :.iodo1s.
G~:; !!{\.sk. R.F. K.
Gr.s i.b... .••T. ..djust.d on aD 1Mer ..1thp{lck
Cae .~sl: ••• T. ?ront vi:7.", Besse ey·~-picce.. ~Gas .;r.sk. K.T. "i' front vi(:.";1.
~s ~csk. Negro Type.
G.. s ihs~::. KoT .r.



Y OIBBIN •
x.outi....O1tio.r.

!H M'I1II ar Coll.ge, albiagtc:m aJTUu. D.C•• April 21. 1124. - ,.
Chi.' of Ch. feal &rfare a.nio••

ft. abo ..... atlolS.4 D1&•• " i. of l.t.r.lt to 'fb. A:raJ U" College.

'or the Co &at:

lri lad.

oAPR 1 , J92/tftet'd. 111 ArmyWu Col

Enol (1)
Digest

C. • Bp.lrntAU,
Lt. C<,l., Chltmioftl \Inri.re •f'l"loe,

f.'xeoutive "fflcer.

UNCLASSIFIED

U:II:IlSSV'IJNn

For the Chief f:lt Che~ioal lAJ'tar. 8e"io.:

1. There 1. enolo.. d here rith oOW of the first
n~r ot Oigo-t. of Aot.ivitie. ot the Chemioal\Iarfare Servio.
wh10h it i. planned t.o iS8ue overy. t.hree mnths. In 01\8ethe
infer tion oontained i8 not of partioular intoreet. to ynu,
it i. reql• .,ted thltt you inforll'the 01'1'i08of the Chiet of
C hellioal. l1a.rtar. SeM'ioe, in order that we nay nake the issue
•• IMall •• polelble.
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Drop Bomb C.N. Burning Type •••••••• 0 •••••

ld&8Wood Arsonal Otganizntion Chert • • • • • • • • 0 _

Executive Organization c~art •• • • • • • • • •• r ••
Goa Cloud, T~avol Of ••••• 0 •••• 0 ••••• ~ •

Goa Detectors • • • • • • • • • • • • • • • 0 • • • • •

CkuI Haok Devolopment. • • • • • • • • • • • • • • • • •
Oca Vonok (Story) •••••••••••••••• 0 •••

B. C. Smoke ttixture ••••• • • • • • • • • •••••
LcDtern Slideoo ••••••••••••••••••••
Lect.ures•••••••••••••••••• - •••••
Livel1s Projector_ • • • •••••• • • • • • • • • • •
Hnrine Filing Investigation ••••••••••• OJ ••

~dicnl Reseorcho • • • 0 • • • • • • • • • • • • • • •

Uotion FictUl0 Films •• • • • • • • • • • • • • • •
~~tions~ Manufacture of, for Militia Buroau •••••
lBut.rolizatiun of Gns8a • • • • • • • • • • • • • • • •
orfico Direc"tory, Chemical wOJ·.fo;te Serv ice. • • • • • •
Prevention of'Ac~ido.ots with Illu.'1linatingGas •••••
Project Progroo • • • • • • • • • • • • • • • • • • • •
Protective Clothing • • • • • • • • • • • • • • • • • •
PUblications •• • • • • • • • • • • • • • • • • • • • •

• e 0• •• •... . . ..
I

~lind9rs .

CaDdlea. C.N•••••••••••••••••••••••
CGldlea t D .a. 60 lb f\ •••••••••••••••••

CDmdlea. H.C. 50 lb •••••••••••••.•••••
CGmdlea, Red Phosphorus ••••••••• 0 0 •••••

CADdieD, r;.p. • • • • • • • • • • • • • .. • • • • • • •
Chemical TIarfare Munitionn,·Surveillance of ••••••
Chellion1 l/orfare Service Commit.t.ee_ • • • • • • • • • •

· . . .• • • •
• •••~1-touling Fnint for Ship Bot.t.oms• • • • • •

A~~ion NDteri~l • • • • • • • • • • • • • • •
BOBbing of Bat.tleships•••••••••••••
Boob ••••••••••••••••••••••
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completo story or liTho Go.s Mc.skJl is contained in thiD issue.

Scroening Sm~ye~ FurA~me~tol Study of •••• • • • • 38
ShY,!? F-::;~·(H~r. .on 0 • • • • • • • • • • • • • • • • • • 40
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ill1der Dwight Bancroft., Dept.. ot Chemistry, Cornell Univarsity,
Ithaca, New York•

• _r P. Kohler, Dept. of ')r~nio Chemistry, HQrvnrd University,
CQMbridee, }lass.

AJ"t.hurBeckett Lamb, Dept. of Chemist ry, Horvord Un!Tefsi ty ,
Canbrid~~, MoSSo

Wrank K~Do-:-eey, Nela Research ~ratory ~ Clevelan4.. (ldoe
Warrell Kond:.ll 1.19...,; S ~ Dept. of Chemical En~ineering. Mass!lchusetts

Tll8titute of Technology, Cambridp, Yaae.
Lealie T. Suth.n·1J.r.d, Su/·hsl'land !ndustrial Reseo-roll eo.,. New.Yo!'~ City.
Bradley Dewey, tewey &: Al::ryCi".3IZ'icQ1 Co.~ Co-mbridge, }ln1J.
Louis ClevelMd Jones, Nat~or.:lJ Aniline & Chemical CepallY, ·II'lO.,

Ba. Yor;c Ci'"Y2 .
Charles L. Reese, E. I. Du )'Iont de 1'emours,& Co~, nilmi~on, Dele
William Hultz l7o-lkar, DivisiOll of IriCustrlnl C'.)bpen;l~$.onand Research,

l!.a3sachuse~ts tnst.j:c.l.'l:-e of Te,~hnologyr COillb" dga ,Mass0
Reid Hunt, Dept. ot Pharmaoolo&" aarvO-l'd illedi:(I.!. Schoo~J' ~(l:::~'!l.MeS.3o
Arthur Solomon Loevenhazt , Dept- of Fho-rmn~ol(jgy,.urli·~~r5.1.ty c.f

r:isconsin, MocU.son,Tiisoonsi!lo
Chnrles B. 1Ierty, Editor, Jo~nol of Industrial and Engineering

Chemiury, J&-;:1 York City.
Harrison E. Howe, llational iteaoo:ch Council, :.ashing\on. D.C•
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Executive Offioer, Office of the Chief of Chemical Uarfare
Service

Assistant Exeoutive Officer, Office of the Chief of Chemical
"f,"arfare Service

Chiet of Operations, Training and I.ar :'lans DiviSion,
Office of the Chief of Chemical ~arfare Service

Chief of Teohnical DiviSion, Office of the Chief of
Chemical "arfare Service

Chief ot Supply D;.vision, Office of the Chief of Chemioal
Uarfa~e Service

COllll:lS.ndingotficer, EdgewoodArsenAl, !!aryland
Technical Director, Ed~ewoodArsennl, Marylon'
ASSistant. Com:xmdont, Chemical 'iiarfal'e School
Commandingatficer, First Gas Regiment

Action on all matters referred to it b.Y
the E~ecutive Division. Primnrily out­
lining of b~oad policies and shAping them
in definite form for the approvnl of the
Chief of Chenicnl Uarf~re Service.

Funotion:

Chemiosl Irorfnl'e Service Board

• • .Capt.Geoffrey Ua?shall. . . . . . . .. . .Chief •••

Supervision and C!(bl':'n·~.()+'~o.t !O!l of uatters
pertaining to cor:'1~isfllul1:ul;.;·e:;~t'\"-3.!'a~l"
liated, and civil:J.).n p9i'oonnei; perso!ne:'.
records; olas8ifioation~

Funotion:

Personnel Branch

• •. .. . ... . . .Chief C:ei.'"k

•• Major Uil1iat:1 N.. Porter• •• •Assistant ~outive Officer

. . . . . . ...E2eout·iva ~ficer •

Pl'OI'lr.!lga~ionand eyecution of gene ra),
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SS;'ViC9 81"(\ ot thB ""'Je.::- I>ep'l;;,vmtil aul -the
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Function:

Executoive Di'Tision

• •• •Cbief of ChemiJo.l llatfare Service 0 •
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~t ••••.•••••••• let L'. B.~.RGwnD
CGD8u1~1ng Chomh~ • • • • •• G.A.Rnnlrin

Hilit0Z7 IDtoUigobCe nUl lJldUDt.1iAl Bolaticms Division

"_1on: Colloct.loD ODd 4iaaomlmt.1oD r4 mil1tG17 i~
f'crmtion of CboJ:J1cnl tlo.rtoroSomeoJ JIIlln­
tODQJlCO of Nhtione with chozrdcal indunl'ioe.
cduco.tio!ltll institutiOll8. Govornmont buz'eaU8_
HiUt.t117 IntoUigoDCO Doportmnt.. o.lXlminto­
llo.ncG of rocorda on loco.tion of toCbniOlll porsoD­
DOl o.JJd ClDutaot.UI'img f·..eilitioe: pl"OCurom~
plo'miDS·

o.."oDIJing ottieor. Edgow~ .A:-sono.l
Ifoolmico.l D\roct.or_ EdgOtlOod A%f:onnl
'~.cnl A~Jis~. EdgowoodArsenal
Ch1ot. !oohnion-l Divi&ion_ Offico ..,r t.he Chiof at

Chomicnl 'i1flrfOl"~ SOl"Vieo.
Aeeiot.oLU.Clu.af. Toehnicnl Divi8~O.....t attica of t.be-

Cbiot ot Chomical UorfoN !)orvieoo' -
Chlet. OpoI1li:.l.O= QDdUo.r P1Que Div1eion. Oft ice

of t.bo ",,:'ief of Chomiool WortflrG Sarvic8$ -=..:....:.=-
Cb1et. Modioa!Division. ortioo o~ the Chiof at .~.

CbGm1091tlQrfo.l'O Sorvico {coneul1ling mmbor)-._
Ropl"OlIOnt.ot.iwe of vnrioun brancheD: .

OIrdIIaJloo Dcpcll"tmm. ••••• • • l!o.jc*' a.il.Simpecm
cavoll'l~ • • • • • • • • • • • • • !!njor J .B.Ooul\or
:rlolclArtillory ••••• • •• • UQF J.ll..A:ll:!orecD
CoAet,Artillory • • • • • • • • • Captoin kor061Bro.dBbcsr.Jr.
Intaatr,v •••••••••••• ~jorn.R.Soott
~11'Sorvice • • • • • • • • • • • CQptob R.L.tTalah
IDgiDooI' Corps e' •••••••• le. Lt. C.E.Barlin
Signal. Corpa • • • • • • • • •• Cop'c1n Freel P. AMI'owe
Q~Of'!DBftOI' Dopartmoxa • • •• COp\o.i,n J .)(.u8l'd
OollOrol St.~ • • • • • • • •• !..~jor C.A.Sehimlfollig
JIo.Ty DopGrimo. • • • • • • • • • Lt.. Corxlr. ,.s.UilkiDS01l

~iCllll: Considorc.t.-ioft of 0.11 t.ocbnicol. qU9~lc.ma
oOllCornieg equipmont. aDd .ouppUoe tor t.be
Chemical 17o.t.tnro Sorv1.ce. .



• • • •Chief •••

Function:

~ioal Division

• • • • Lt. Col. H. L. Gilchrist• • • • •

Medical advisor of the Chief of Chemical
UQrfare Service; investigation of physiolo­
gical etfects of chemical TIorfare ngents on
hun:nn lif~; preparut.Lon and c:uperv:i.slonof
Cl9dlcal-ll..~c:J~col l7or!are ;c?crts !lTlC at8tis.~
tics; liaisoll ;n.t.!1 +,'10 11. .~- and :TOt>ylfudi~~al
Departments I the PubI...c Euu::'th Scrl7ico1 urd
Veterans Bureou

Chief • • • • • • • • • ... • • • • • • .h~jor C. Ro Allay
Assiatant Chief • • • • • • • • • ·•Consulting Engineer • • • • • • ··• Dr. G. S. Maxwell
Librarian • • • • • • • · • ·· • • • !.!:·s. L. R. Ma:;ruell

SUpenision of ex uimontal and development
wprJ. ()/' the Chemi.oal tarfa.re SeZ'vicd;
preparation of all techntcal data pertain­
ing to service; toch~cQl reports; main­
tenance of technical records.

• •
• •

• Major A. L. Rockvrood
• Capt.0 G. F. Unnaoht
• Mr. C. C. Coombs

• •

Function:

Technical Division

Chief • • • • • • • • • • • • •
Assistant Chief' • • • • • • • •
Contrnct. and Finnnce Clerk •••

All mo.tte::ospertaining to procurement and
supply of 01),'l~t.:'.O!l3and eqn.ipinent;trans ..
pO"I..ation;d·jebucsemerrt of f'uncs ; so·~t,J.e..
ment of C~C.il'l3; d:; s pos 5.tion of 6urpl'.l3sup­
plies; war requlrements; estimates.

Function:

Supply Division

Chief' • • • • • • • • • • • • • • • • Major R. F. Maddux
Assiotant Chief ••••••••••• Capt. E. C. F.allington

Supervision of training of the ~~ iu
che~~cal wnrfarej1trnining of Chem~~al
Hartnre Troops am the super-nsion of pu~­
lications pertaining thereto; pl'epar!ltion
of Tables of Organization.

Function:

OperatiOM. Training and 17o.ri lnno D:ivision



. -• •

:

:

. .. • • Mo.jor A. M. Heritage• •

Jdgewood Chemico.l 17nri'are Depot

Commo.ndingort'icer ••

COmDXlndingOfficer • • • • • • • • Colonel C. Ii. E.rlon
Executive Officer •••••••• Major J. U. Lyon

Technicnl Director • • • • • • • • cnjor Fred Seydel
T6chnicnl Advisor ••••••••• Dr. Jo E. Yills
Com'tlLlr.d1nborficer" 1st Gas Regtoe Uajor Tim. A. Copt.horne
Chief. Property Division ••••• l.i£ljor A. !{. Heritage
Mst. COI!lZDendnct~ Che:nicnl ilarfo.re

School •••••••• Major R. C. Ditto
Chief. Plants Divisi on • • • • • • J!D.j0r C. E. T. Lull
Chief. liedical Research Division. Lt. Col. E. B. Vedder
Chief. Chemical Di'/ision ••••• Mr. J. F. 11.Schulze
Chief. Mechanical Divjsion •••• 1st Lt. L. M. McBride
Chief. Proof Depo.rtment•••••• 1st Lt. Hawnrd Stokes
SecretD.ry. c. \•• School. • • • • • Major J. A. Baird
Finonce Officer •••••••••• Captain C. R. Insley
QUQrtermoBte~ ••••••••••• 1st Lt. E. E. Hagon

Edgewood Ar••nal
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Airplo.De Spraying
Airplane ExhAust. - Chemical Agent.. from
Gas Bombs
Bomb. Chemical. 40 lb •• l~rk I, Modificat.ion of
Bomb. Cheaico.l. 25-1b «» Persistent Type
Bomb. Cbeaico.1. 25-lb •• Lachrymntor, Burning Type

Scoke Shell - Dev. of Artillery 75 r:ll:le Snoke Shell
Secke Shell - Comparison of 75 co.. with M..'\XiJ:lum and

Jdnimum Boosters, mdte Fboephorus Filling

Artillery Sholl (Gas Shell)
Gna Shell - Test of 76 t:u:1. GQSShell (Straight

Thread Joint).
Goa Shell - Developoent of Long'Type Boosters

Gremdea - 1l0\1 Design of Body
Grenados - Dev. of non-splintering for liquid

Tear GaB
Gremdea - Combination Bnnd and Rifle. for Toxic Smoke
Grenades - Hexachloret.hane Smoke GreMde

Stokoa Mortnr, 3" - Shell ado.pted to saoke

St:okos Mortar. 4"
Stokes l!o~...;c::. 4" - Frope1lant
Stokes Mo:::,'tar~ 4" - Fuze
Stokes Uort:l:', 4" - Transportation Cart
Stokes Mort~r Clinonoter
Shell loadod nith Cnloracetophenone - Burning Type

Livons !·rojoot.or
Livons P:- -jec~t)t" Froi?e).lo..'lt
L~:70nB P:1'"Cjcc·..."r •• ;"Wo·t") for
Livens Froject.o~ Exploder

St.o.b~.l:i1;yot Chemicul Age$s
:Mustard Gas - Ulb. Dev. of !5fge Method
Lewisite - Effectiveness as Uarfnre Agent
Toxic Smoke, Fundomentnl Stuay of
D.M. - Design of Lnrge Scnle Plant for Manuf. of
Picric Acid - l!D.nufocture of
Sooke - Fur.dnoental Study of Obscuring Power of
Fake Gases - Study of Usc in Field
Researoh for r~ compounds
Toxicit.y - Fundnmental Study of

rPC1ECT F?OO~-'~}- OR FISCALYEAR 1924

A Aa
A 1.1
A 1.2
A 2a
A 2.1
A 4.3-6b
A6n
A9a
A 10
A 10.1

B B 1.1
8 1.1-la.
8 1.1-)f
8 1.1-20.

B 1.2
B 1.2-10.
B l.2-lt
B 1.2-lg
B 1.2-20.
B 1.2-60.

B 1.3-1

B 1.60.
B 1.6-1

81.6-2
B 1.6-20.

B 2.1
B 2.10.

B 2.1b

!2.2
B 2.20

B 3.1
B 3.1-2
B 3.2
B 3.20.
B3.2-2
B 3.2-3
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Proteotive Pastes and POwders

Gas Detectors
Ship Protection
Neutro11zation of Chonic~l ~~ents

Proteetive Clothing

Goa Hnek - Redesign of
Filter Investig~tion
Cha.rooaland Absorbents
Telephone Tronsmitter for Gas Ba.sk
Army Gcs MDsk with Diaphragm
St.:>rage·.)fGas Uaske
Gns l!ask - Test of at High Tenperoture
Redesign Eyepieces for Gas uask
Deve10pcent of a Submarine Gas Mask for Navy
Depnrt~ent

Design of Gas Mask for Avintors

~teorologica1 Data
Porsistenco of Substances in Field
Travel of Gas and Smoke Clouds
Into~Qtion on the Use of Gcs in the \'or1dUar

Special ~hods of Distribution of Toxics

Ship Screens

SClOkeBombs
linterImpact 1:'uze
Bomb, Smoke, a-oz., Baby
Incondiory BOMbs
Bomb, Incendicry~ 40-lb., Mnrk II, U~rk I
Bonb, Incer~iory. 8-oz~, Boby

Ccndle, Hexnehlor~thane, Copper-plated
Ca.ndle~Hoxochlorethono; 50-lb~
Car.die,Chloracetophonono - Alter the shape of
C~r.dle,"hite Fhosphorus
Ocnd Ie, Diphenylnninochlororfiine,50-lb.
Candle. Lustord G~6
Cylinder. Mnrk ! - Modifica.tionof
Cylinder, Chloracetophenone
Menns of Distributing Brombenzylcyanide

D 1.6

D 1.3-1
D 1.3-3
D 1.3-4

D 1.1-20

D 1.2

eel
C 2
C S

C "
D D 1.la

D 1.1-1
D 1.1-5
D 1.1-8
D 1.1-15
D 1.1-16
D 1.1-170.
D 1.1-17b
D 1.1-18

B 4.6

B 4.1-1t'.
B 4.1-lc..1
B 4.1 ..lb
B 4.1-le
B 4.1-2b
B 4.1-20
B 4.2-3
B 4.2-6
B 4.2-68

B 3.S
B 3.30
B 3.3-6
B 3.4
B 3.4-1
B 3.4-3
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Heretofore the Chor.rl.cal"larfare Service has or-deup its
Pro~eot ProgrQo froo idees which have originated during the pr~oeding
year and suggestion. froe the USing services obtained before its
preparation, adding to the proGram ne~ projeots as the need for
thee.beeaee appcront. Heroafter it is planned to prepnre a tenta­
tive prog~ in the nanner stoted# furnishing Q copy to each of
the servicos inter£sted ond requesting sugg~stions thereon for
the preparation ot the 'final Project Progrnm.

F F-15
F-4?
F-48
F-49
FeS?
F-60
F-69
P-70

F-76

F-8:S
F-84
F-a6
F-81
F-88
F-aS
F-90
'-91
F-92
F-93
F-94
P-96

Exti.tusionof ::.tuseU:land lni'olT.lation
Ezcminntion of Explo~ives rt Edge~ocd Lrsennl
Burenu ~tPublio ~enlth Service
Speoificntions for Chemiccl Uorfore ~terinl
Bureau of }lines.Activated Charcoal
Buzecu ot Entomology - "or Gases os Insectioides
Externination ot Loousts - Fhilippine Islands
sxtermin~tion of Pests - Hriwaiiian Sugar Planters'
/ssBociatioD

Revision of System ot ~Tking Chemical uarfare
AI:l::lunition

Study and Revision of LiDt of Checicale
Orifioe ~eter8 - ~ureau of Standards
Pro?ertiee of Fhosgene - ~rofessor Goronnn
Frojecte Originating at Edgewood Arsenal
Ulsoellaneoue Hork - Chonioal Division
Miscellaneous Uork - ~oohanioal Division
Misoellanoous Uork - Navy De?artoent
Ship Bottco Paint
}~rine Filing Investibction
~enthcr Bureau - Nooturnal Cooling
Seoke Soroens for Large Areas
Possible Use of Sulphur Chlorido in the Uanufncture
ot Hexcohlorethane. Arsenio Trichloride. Al~num
Trichloride. Titr.nium Tetrachloride. Stannic
Chloride, etc.

F-96 Bocbing of Battleships



*Uuoh of the historical part of this article is con­
densed trom the book "Chemioal lfartnre"J by Fries and l1est, and
"The Riddle ot the Rhine", by Lefebure.

~. British, as early as July, 1915. discovered
and reportod thnt the Germans intended using phosgene ag~inst
Essines Ridge Seotor in December, 1915, and as the Hypo-Helmet
afforded no protection agninst the phosgene ohlorine mixture.
it nas deemed necessary to soak this helmet in (l solution of
sodiuD phenolate containing glycerine. To prevent the deterio­
ration of the QlkQli ot the mask by the CC2 ot the expired air,
allexpirQtor,y valve or tube wQS added. and as the ne~ ch0mical
solution, which afforded protection against 300 parts of phosgene
to a millioD parte of air, attacked flnnnel, two layers of

The P. Helmet. or Tube Helmet

The next stop in mask devolopment produced the
Hypo-Haleet. a kind of flannel hoed, imprognnted nith the SQ~e
solutioll a8 the cotton pad, and having 0. cellul.oid fil:n eyepdoces
The idea of cowering the whole head ~as sugges~od by Q CanadiuD
sergeant, "who had seen a German pulling (l bag over his head
during 0 ,..Q~~ack.n This idea uns carried to England by Csptain
MocPhereon of the Newfoundland Corps. and sntisfactory tests hov!ng
been made in ~he &nti.Gas Laboratories (May, 1915) t~o and n half
million (2,600.000) of the ~o-Helmet masks uere manufdctured
trom June to September, 1915.

Hypo-Helmet

The priDitive English type of cotton pads, im­
pregnated with oho~oals was superseded in lloYJ 1915. by a
eioilo.r and slightly more effective cont=ivor.ce~ c_:lod the
Bloct Veil Respirator. which was .-Torkedout by Dr_ BaIdane and
certain other prominent chemists.

Black Veil Reepirotor

BIUTIS3 lAASK§

The evolutl on of t·hegas maak; from the first
crude Cotton ByposaJf~:l.eSo·io.Glyoeri.ne Pcds , made by the .-Tomen
of England and Fronc~ p in r'3~po(,613to Lord Kitche"le.('!S S .0 e5.
call. tollo.ing the (iar::'lanCl:em.i~e.l S~rp::il;)eat. Ypree , April 22.
1916. to tbe lo.tEl6tdeve Iopmenbs in the Ko-ry D:aphrag,o, Submarine,
Binoolila .. and Gnsoline masks, t:lOdeby the Checical Warfarf3 5~uvic()
at Edgewocd Arlenel in 19G3, is an interesting story rese~bling
the long dro.:7Ilout bottle bet'Cleenarnor and.proj')ct.ile,as ap­
plied to oheuica1 agents end protective e&uip~ent.
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The increosing concentr~tion of gOB froe cylinder
attacks and the introduction of shell with such gcses as chlo~­
picrin and superpnlito made imperative t.heproduction or 0. bettor
protective device, and tho ~onderful British polJ~Qlent ros?ir~t.or
of t.heeOonister tY?8 with noso clip and mouth piece rras produced»
This wus probably the result of experienco wit.h the oXYGen appo­
ro.tus in mine reseue work, and wne developed in Englcnd undez
the direotion ot Lieutencnt Colonel Horrison end Major LamlJert
after innumerable experiments. The rospirator consisted of a
canister ct.t.~ehedt.ot.hefece piece by a flexible tabe, and
the t~ce piece wos secured by tape or elcstic bands whica fit.­
ted over the head. The face pieee =e mcde of tvrenty-i'our
thioknesses ot muslin clot.hsooked in 0 solut.ion of sodium
zinc~te and hexamine, and covered only the chin, mout.h and
nose; this neoessit.ated the issue whh each respirator of 0
pnir of gcggles. mode of sponGe rubber ~nda and g!oss eye~ieces,
for protection of tn3 tlyes. When the mask was odjusteci_,011
braot.~in6 hod to be done through 0 mouth piece of rUbber c~­
tQ~hed to Q metal tube, ~B t.henose vrOB closod by me~ns o~ t.he
c11po (':'ftreapringa, with rubber jaws covered with Gfluze.) An
expl.rO'\iOl·Yrubber val'7e and on elbow tube TlOS connec..ed to the
under side of ~ho faco ~ieee, t.hoelbow tube boing also con­
nected to the canist~r by a corrugated rubber t.ubing~ Th~s
arrangement insured the passing of all air breathed through

B« Reapirotor

To counter t.he lOCbrymt.ltoryconpounda of th9
enemy ..eo~gleB with ri!:lSof rubber sponge, were cdde(l.~thus the
P.R.G. Helcet cems into existenco. During 19l6G1917 more th~n
one ond 0 bolf ~llion (1,500,000) were issued.

Later, further protection wos afforded by the
additi~n of hexamethylenetetramine. suggested by ~ssic.~,~e­
sultinb in the P.R. Helmet which incrensed the protection to
1,000 pep.C. The nngnitude of the task of furnishing protec­
tion cgcinst gas cen be judged from the fact t.h~ttwo ~d n
holf million (2,500,000) F.typoHelt:ets, nine cillion (9,.000.,000)
P-He1mets, e.nd fourteen nillion (14,000,000) P.E. Helr:etswere
issued.

The P. B. Hel.':l8t

flannelett.e were used. Thi3 ne: t.yre T~S called t.he P. Helmet
or Tube Heln:et, and in this form it.courrte red the ener::;yphos­
gene attook in Decellber, 1915.
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The eerly protection of the French Ar~ against
goa was obt.ained by means at a tnOskconsisting ot a numberot
~era ot muslin ~regnoted with greasene and complexene
(twenty layers ot each.) The maskfitted the faco tightly with
no outlet ynlve. the exhc.led air escaping through the fabrio.

Tbe M-2Hnsk

The cc.nister. onry abou~half the size of ~he
BoxBeapirntor cnnistor. c::>:'.t~ir.""dthe aamechem ccLs "'ith a
smokeattachment for filtGring ou~ the srn~kesur.~ t~xic
soUds. this \7QS e:-.sily de+.oohsdfrom the canis-r,er and often
lost. wbich resulted in incorporatine the smokec.ttacl'l:nentsand
chemical gnra.Ues into one cnnieter called i;,h~N.C., or N9\'7

Carbon contaiDBr. Wer muchfiltering rnnter:~alWolD n:1dad
t.o the oanister to increose the effioiel,lry in 1'il~~~rl.nbout
80lid particles. Over sixteen million t~I.S,(lOO;()t)I) of J~h?
S.B.R. were issued befote the Ahnis~ice and nt, one f,;.ma over
a quarter I)f a million of the S.B.R. '>lere producedWGGldy...
Altogether over fU'ty million (50 .000 ,000) masks anrl :reGpira­
ton ~ different kinds -rreremanufaotured by the British Anti­
Gna Deportment for their own and the Allied hrmles. (See
"!be Riddle of the Rhine". page 122.)

~~ the BoxRespirator did not affo~ proteotion
against. lccbrymctore, ~nd in addition wos uncomfortable, heavy
and cumbersome,tI. RmoU box rEl'3ni l'f'to-:,'\'lOS r~avis'ud, in which
the fnce piece, moderp~ }Jubber(,loth~ covered the whole face_
This W!lS eqw.nned 'lith a rubbe r mouth pLeoe, nose clip,. an'l.
eye pieces ~ do ot a eoepcsit.i "'Inof' ('9lluloid., A corTJgated
flexible rubb'3r tube joi"ted tho cari3tel' to the face piece
throuGh on elbow tube, to 'W!1;.ci'l' \'.'.:'.3 o·','t.1.l"'henthe mouthpiece;
t.hn outlet velve uue uIso ottncroll to the eIborr t,uba. J\n
i!:1?ortc.ntfeature of 't.he elbow tube uas tl:e baf£'le, which
prevented the snlivn from running downinto the chemicals
and cauai~~ deterioration.

t.he canister. The caniS't.er 1'135large and heavy and was filled
with granuleB of chazcoc.L, soda 1ilr.e and po'caseIum permar.e;an~te.
The BoxRe&pirator, i:'l 89ite of :!.ts nosa clip and mouthpiec3,
and lack of ventil~tion in ~~ofa~A pie~9.wa3 toe be5~ pro­
tec~ion afforded ~ainst gas f~omFejnlury, 1916, to ~ugust.
1916. whenit was rep~ced by the S.ooR.
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'0 protect her men against their own use of phos­
gene, Germnl\Vbad already adopted the cartridge mask in the autumn

The cartridge JlD.ak

The A.R.S. ~sk, closely resembling the Ge~n
_ak. i8 one of the latest types of' Frc;:n~::~nroy,')"r.l.,,=,QCe70'!.op-
IDBIlt. It ia Q frcme tnnsk made from well !'i.i~)lm'i;:~~ b:-'::.loc~
material. lined with oiled or waxed linen» ri~t.(1.1 -:.Ii:.j: 1.

screwed-oa clrum. The eye pieces. of cellophCtn9:- !l~.C: ':.:1..1.,3i1Gd
by aet.al ringa in rubber goggles, sewed in the t:o.s1... t, UJ~ ~l
mouth ring. placed aomeV1ha~higher than in the G~i'f'_")'~' t"rr ..1.:., is
t.ied in the lDQatwith tape. An inlet TOlve of mica~ r.r.:.! C~

outlet. valw of rubber are plnced in the mouth ring. em The
inside of the lIIlat, in tront of the valves, a baffle i:3 sewed in,
whereby the inhaled air is forced to pass in front of the c~'e·
piece. to prevent diDll1ing and, at the some time, condensed vapor
ia prevented from entering the valves. The mask has two hella.
atraps, one elnstic, one across the top of the head, and o~e in
t.he back; lheae are joined by nn elastio as in M-2. The dA1.all
made of metal and similc.r in shape to the Gettllnndrum, fits in
the mouth ring by means ot a thread. It is made tight by a
rubber ring. The thread differs from the Germanmask. making
an interchange ot canisters impossible.

Tho Tiesot mask was the next step in Fr3ncn
protectt" de~lopn:e::lt. Thio meek. while To.sc:-:~linr the Brit.ish
Box Reopirator (~crjDt3r and :a."\u>oer f'ac« pie.;e) La..·}:oJ the
mouth piece and nc se cllp> making it. more ('o~ortCl-J~do T11(3
canister was fillt:d wi-:h a highly hygro&"o'Fi~ chccicr~l r.")_
.orbont., ab:>ilt 7,,; baang sodium hyd!cJ:l.C.'J9 The uso c~ c~.ustic
acda in the car-..istor was mado poss ibls by Lhe i~tet"~!!lb:ing of
steel wool TTith granules of cnust·:.c~ e. layer of ab<;c"!"b:3Ir('
vegetable charcosl buing ~laced on topo It was &h~pc~ like a
rectangular prism. 8'l x Gi' ~ and was carried ~~air.st the body.
connected to t.he face piece \'Tith i'l~Aiblo ~"obc:r tul>;lSV Th-a
design USB superior. but the maak was -too dc:}.j.cuta and com....
plicated. Tbe rubber uas easily to ..rn and the bcx added much
weight to the soldier's pack

,be A.ReS. !!.a*

the fi ••at. Mask

~ .,.pi... were made of sp""Aal non-<iimming celluloid. A
flap of weathe~-p~oof f~br~c protec~ed the mask and absorbent
obsmicala t=om deterioration.
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The Ii,nliflM used n msk similar ~o tbe i'l'Onch
JI-2 un\i1 1918, "hon it. 11nS 4isccrd04 tOI' t.he Bri~iah 81:1111
lmaplrct.or.

the &pasion maskoonsisted of a boz oaniJsMr
tll1ed with chemicals. attached directlT to the taoe piece.
'1'»- boa4 piece oovered the entire heAd and he4 ae lbiout.hpleco
01' D080 eUp. I. oftered 0. ftry low degreo of pl"O"\~ion.

,)!he eruJiet.el' inolud04 0 bot.t.om.80reen, springe,
0.114 1rln aoreen bet.ween tobe t.hne loJOI"8, being elceed bJ Q per-

of lt11. whloh wee conclusi'76 e-n'4Gnee ot Germ~'e plaa tor
t.afthatr uo or goa. She ovidont.ly hold Ufj tho uee of phoogellD .
"'U lin' an proteot.lon ogo!,~ 1, nooe oomplotol,. dO'Nltopo4.

tho cort.t1dgo IDfUIkconeiotod of QD imponoablo
hbm hobo" t.be ctlr ..ridgo or filtor~.ng box boing .\ta01\o4 ift
~hD tOl'lll of A snol)~, Tho taco pioco of lonthor. t.roa\()4 wt,h
oila \0 IrAko it. ".;;:~ am pUob '.0. Qn1 impervioue ~ gae. 1M.
roughq ebnpc4 to t.ho tnco by eonma at. t.l1Qohin. A oil'CUlu
ncol plc.io t.hreo 1!lchoe in din~ol' wae eo. into t.ho taoo
plOCG, oFPOBito tho \7onrot+'s n080 and moutlI.. wit.h • \brooded
.ook~" 1mo whiob tho dc.-,:un cont.oimng t.ho AbaorboMe WGS ecrotJ-
041. A nblrol' gaeket. eoeurod Q gns-.ight. joiM botWOOD tho'fta aDd fACtO piece. T:loro ~oro no valvoe, bot.h inha10d aid
ozbe104 ail' pee.ing till'OUbh tho enniot.or. Tho o),oplocoa. wit.h
~4al I"lm8 aD1 lont.hoI' 't1oshora, \101'0 in 'wo pone: (a) a PCl"­
I:JlDOa oz\orlor shoot. ot colloD, o.rd (b) nn innor roCOftblo
dlao - all ~i-c1ir;m1ng dovico.

tho onm.e'ol', '_ eho~ thick oylindor (10 em. x
5 or-.• ) e1igb'l,. \.aporod, wit.h a throodod pro_rueion or nook, 1ftl.
eol'01lOdill tho nook. Within ,..oro thl'oo layon at ab.orbon\. of .
amoqoal t.hioknoea. soparatod ~ aiees of tino ~a1 eoroon 1firo.
'1'ho 1915 08nle\or conta1nod GOZZlO euch matorial ae pcn:dorod
pamlco etoDOenturnt.od wit.h n solutlon of pot.aeh t.o pr~oot
.piDe. organio irrl~8 and phoagolYh Tho throe laJOr drum
.... llWroducod 1n 1918. Tho middle ln~r consisted of gt'GlN-
10\04 ohDroool. Tbie 110M t.hrou~h 0:1 oerte of chclngoooe
nba'l1DDQ8 wit.h ACid prop<:)rt.ioe (ohlorine) foll in\o d!eu8o
alK! oh1orplcriD gcined in imponance in goa 'mlrtaro. In 1917
~ho lqol' of oharcoal wes increased Ana i~'\1918 ~ho ot.hol' 1&101'8
WIG dODa any with altoget.hor o.nd t.ho C'ntiro t.hroo eo's Y01'&
tillod wit.h ttAG ebnroool. tbe oflpC1oity of ab.ortl'lcz ~ "'1..­
ollD.J'ocol 1108 navur GqllnlW bJ' a.". foroigll product.ion.

'ITltLIAN AND RtmSIAN YASI(S-
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In the summer of 1918 orders were reoeived by
the Gas Defense Produotion DiVision to increase the oomfort and

The ReF.R. (Richardson, Fleury, Kope) Mas'k

The R.F.K. Mask. inoorporating some minor chnnges
(IiSpun in" aluminum eyepieces) and 0. change in the b~.:1dl)r f'r,l'.'le,
superseded the C.E. mask. From Februn ry• 1918, to Nover.be~1),
1918, 3,080,000 of the R.F.K. masks were produced, mont~v output
being 500,000.

The A.T. v.ask(Akron Tissot)

The C.E. !{askappeared in October.,1S~.7~ with
its impe~able fabrio faoe piece, longer and widor. ill.\t;ts:
'Valve.wic!ermouth piece_ eye lenses held in plece by a coiled
.pring. and its canister of notivated coooanut chal~oalo
1,684,000 ot this type were produoed.

Atter more accurate information wss obt~ined as
to the method ot manufaoture by the British~ a so-co)l~u T4ain-
1ng Mast, used only for training. was issued, 17hlled~I3;'G':\B and
apeoiticatioQ8 of aD unimproved gae ~8k for large acnl~ mAna­
factUring wen be1n~ completed.

The C.E. Mask (Corrected En~lish)

The Trainin'5Mnsk

TIhenAoerica entered the war, Professor George A.
Hulett of Princeton University, Professor Ames of Johns Hopkins,
and Major JIWeS R. Church of the United states .Army Madico.l
Department, were sent to England" France ond the nestern FTont
to imreatigate and report on mr~skcle~C)lcpr:ellt.Aftel'careful
at.~ of the three ty?es of J.l:'..iedn:D&ks (? ,H~ Helmets M..211 and
S.B.R.) it.us tour.dthat the S,B.R9 offe7~d the ~reQtest develo~­
ment. and ,... adopted as "t.heAma=.~,)anSto.ndo't"d... T:'lP. first 25,000
were built along lines of the S .B.R .., has't.i).yas sorebIed without
definite speclfiootiono and accurate knowledge; and, of cot~S9,
prow4 to be poorly ccne+ruet.ed and inefficicnto They were
D8Yer used, and the First Division ~s equipped with British
IIIQSD.

ferat.ecJbottom. Top layer of cbarr bents, cotton, central layer
cbarconl (. little finer than in the Genman)~ lower layer, soda
1iree~7ed with ohdTcoc.l~n~ z~nc oxide, and moiatened with
glycerine.

'I
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The faoe ~ieoe is struck ot~ Q~ a single flat
plece tram a .pecial rl~bber compounduhloh com~ein ~h~~t3, one
side coverec1with stookinet·t.e, a Single seamunder t.he chin
(madegoa proof nith rubber cement) producing the proper shope
to tit. the to.ce. This face piece, as punchedout, oontaina
two ell1ptloal1y shaped holes, in uhich t.he eye?ieoes are in­
.erted. The oval or cireulor eyepiece cpem.nge (smaller than
tba eyepiece) are stretohed to give the neoesear.ybulge to keep
the cloth and metal QtTayfrom the face and mnkea snug fit at
the temple. The eye?leoos are triplex glo.s8 in metal frames

Amencllft Ifcet, Stcndard 1919•

These Tissot masks had the ed~antoge over the
B.F.I. tho.t there was no nose clip nor mout~pieoe. The norr­
dlmldng eyepieces were a deoided improV9!11zn+'.Tha dis~1v(lntages
of t.he K.T. meekfacepieoe (which becamebrH~t)e and st.iff, and
ha~ to mQni~lnte) and the poaolbili~y of re~ersing tho popi­
tioD ot the eye lenses or the A.T. mcsk (buiging in ~,nst.el'ldot
out) we~ elttinnted and the best feotures o! ootn mQ~k3OO'Cl.
biDed in the 1919 Maiel Amerioanmask.

SimilQ~ in prinoi?le to the A.T. mosk, but
difterent in eO~8~ructionuns the K.T. moek. The R.F.Ko
binder trace W03 us~d in thiA mosk"but the materiel WD.9 Q

vuloanized fabric or semi.·fJoxible conGtruetion, ocmpl;,oated
by sewing operotions. There wao no c.ng13 tuno. The in~om!.ng
air .nteree! from t.ht:icorrugated rubber-t.ubing through 0. s:Lmple
metal oritice; 0 flut.ter vc:lvewas Qt'~cchcdto a air:il£'r b~
.... ller exit about on in~h below the inlet. A buY/~G.d'lyehaped
detlector of rubber functioned ins+,ead of the "T' 8hc~e&blAri­
fyinc tube. An elastic chin str.op took the pl'lce of tl-t3 rlbber
OhiD reate Production statt.ed in September, 1918. 3~7,OO~
were madebefore tho Armistice.

.
."

reduce t.he resistance of the R.F.K. mask. This necessitatad
t.he development of a new type foce pie~e. and the Frdnch Ti3-
sot, haTing DO nose clip or i1'.o'.l':'h piece, 1709 ret:ogJ"lizedas the
IDOst ettieient. design tor expcr:,ment. ParaD,ei desigJ"ls, ono
of rubber and one of fabric, ue~ started s~ltonc~usly, re­
sulting in the A.T. mask. The A.T. m~s~ had fo~ its eis­
tinct.ive feature" 0. mouIdod l~bber stock-!..ne'';tec07er~d face­
pie"e, wit'h sponge rubber ch:..!1l'es't. 8."ld sel~--::o~tating ad­
ju~"b1e herd hQrn98S. Incoll5.ngair rroo the CCr(ligl'.';'~l rubber
tt\b') na~sa:1t.h!'('ug"lc..., tmrb tube someohct simi~!lr bJ.'i dis ..
tin~17 .'-l:,e:':l.orto the OL~ ctylO 'Clos.!cs. Product.Lon of '::'his
mask st.arted in June. 1918, the total being about 197,000.

The K.f. Mosk(KopsTissot)



Radicolly different from the R.F.K. and earlier
types, "the conister is eight inches long with two inlet vc.l'ITes
at. the top ond.protected by 0 tin oover inst~ad of the si!lble
inlet valve at. bottom. These valveD are 5/8" in diamator and
ore modeup ot square tlot. valves on t.he end of Q short rubber
tube fitted owr 0 short metal tube. These vclves:othough
clelicote. work satistootorily. ondwhile not vital" help to
keep the eJ8pieces from being fogged and the dead cir space
trom 'te~ increased by that held in the inlet tube. Tha
conister consisted of two parta - on outer solid. and an inner
perforated tin cosing. The inner perforated caSing is fitted
with a tilt.er of wool felt 3/l6~~1in thickness s0 t,~.nt no air
can get into ~he chemicolwithout passing throurr.~th~ filter.
The air comingthrough the inlet valves at, the ".00 oi rculot.es
through all ports of the filter. through the pe~orQtions of
tin, into -t.he charcoal and sodo granules. The che~cals are
pGoba arou.nc1a wedge-ahQpedtube ext.endingabout t1'1O..thir10
the length ot the eon. Thewedgemodeot perforated tin is en­
larged and circular. posses through the top of the can to con­
nect with the corrugoted tube. It is coveredwith 0 thin
cloth t.o kDepdust trom t.he chemicQlstrom entering through
the t.ube to "the lunge. The eens ore filled from the bottom
and are eubjected to two meohanioaljarring operot.ioneto
eettle the chemicels thoroughly, before the spring which
holda them in ploce i8 added. The outer tin con protecting
the inlet "elveo has tuo openings on each side, but none at
the eDdaot canister. Themixture used in the American
coniater during the lQst. nine month! of the war oontnined
~ o~ 6 to 14 meshcocoanut shell ohorcool. and 40%ot 8
to 14 meahs alo. lice permongonategrnnules. commonlycoiled

Can18'ter

wit.h rubbet- g8emts. The rings are pressed homeso there i8
DOpossibiUty o~ p'~lllng tr~ull out. Th3 har-nese has three
straps Oft each side, enrorced l1henstit~h~d on the face
pieoe. Two lead from dir3ctly over thn eyes:>pressang the
cloth IIgl!inst temples~ nn.l th.., 10:>V"r3::"strop p jus':' aoova the
Chin, inlsures gas tibht1l6ss in that. vi<..inity> L!.1 siX
at.ra~s ore brought together around a pod 2~t x 3~ at bock
of MCld. making the hcrness muchmore oomfortable. The
straps ore tastened by means of buckles. and ore. therefore.
capoble of pedeet oojustment. The 24-inch angle tube. con­
~oin1ng outlet volve and the connection to the corrugated
~ube connecting with the canister is the sameas the latest
lIOdel ot the R.F .K. mCl8k.Conneot6d,:tothe angle tube on in­
ai4e of toce piece is a butterfly baffle of rubber, so arrang­
ed that the incomingoir is thrownupwardond over the eye­
pieoes keeping themcleor in spite of exertion ond temperature.
except ot 26° below zero F. or lower.
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The gosoline maskconsists of the regulntion
face piece MIlrkI with onAtmoscheck valve nttnched at the

Oeaol1.neIilsk

lhile the All-Purpose gae maskprotects
ngoinat cnrbon monoxide, Ol'tlDOnin. organic -ropors and acid.
gca88. it. does not furnish oxygen os in the oxygenbreathing
appantu.. ond if the oxygencontent is below 13% in the air
where the mcsk is worn, the o"YSenbreathing appnro.tus, or
'the boae mo.k. lIlUBt be worn.

The Research Division of tbe Chemical"artare
Semoa. nfter many experimenta and diligent investigations,
wall sueeeaetul in disoovering n ohemical combination called
BopcQlito, whiohwhenplaced in the cc.niste:·, oatalytically
eho.ngeethe deadly carbon monoxideto carbon dio:;<i(i3,nhioh
oan be breathed t.o the extent of 20 to 30% without. hc.r.H").l
results. The disoovery ot Silioo Gel. which givas p..·ct,t}(;t.ion
against Onlllonio.gee. 801vedthe serious prob Ien of ~11t9:-in~
ammonia laden otmospbereto repair le~ valves whi~hso or~en
occur in refrigerating. food preserving and ice plants.

S.,.,101 Canisters

All P!mGe, COnister

Ubile the stnndard 1919 ~ and Navy mask
WU8 effeotive in combatting ell knownwar gases, it woe found
tnaufticient to protect against the decdly corbonmonoxide,
IlDIDODic. nM aoid gases, ubi oh so oi'te n oceur , through o::oi­
deate oDd. fire, on shipboard., in mines, and in refrigerating
aal loe plante. To meet this icperotive need, the All-Pur­
poee canister maek was developed.

..... ,.. ab.abent. mixture, which was cons1dered superior 'to
tbat. used by any foreign coun'try. p_ new combination foW"d.
nen moreeft1cie~ whichwas 'to have been put into produa­
tion. waa a mixture of 7~ sfa cia1 impregnated cccoamrb
eho.nonl. ond 26% soda lime contnining no permanganate.

~he carrier is a 8im~le canvas cnse obout 12"
s 1&- with two strops, one passing over the righ1i shoulder and
the other around the body. The flap, closing the case#opens
bUt_rd. It does not interfere with pack or with onyth;.ngin
tront of the body. It has been tried out.by the Infant:-y~
C~Qlry, Artillery, and ChemicalWarfQreTroops and adopted
sa eminently satisfaotory_



Tho deeign of subm~rine eask hcs been canpleted
and tested. The submarine mosks consists of Q dnm type

Submarine PAask

The filUll design of diophragJl1 mask has been com­
pleted aDd adopt. ad fo1:' a Navy order which is now in course of
production. The iliC'phragm feature of t.ilis zmsk is now mode
with a one-pieoe aluminuc die casting. lTit~ Co a;,:;ewecl-in
elinr-hrngm holder of aluminum. 'Ehie mask hcs em enlnrged flut­
ter v.llve neck .. in order to tit the peculiar deSign of the
flutter at.em.

!!!Y DiQPhrc.~ Mask

Bl,noculnr Hoak

The Nnvy Department required c mcsk which could
btl Wleel on board ship for tbe operation of range finding in­
ftl'WlBnt81 binoculars. etc •• and this service bas developed. a
face pieCe) with tho lenses so arr~ged that the gas zosk oan
be .at1stnctori1y used with tbe above mentioned inatl'11m8nte.

This service Me recently mcnufC'ct\'red eome hcce
_ka 'tor the Air Service. for use in c~nn"c":i.,::~rt ~ f:":';Cl.';.ne
t.ebb in the Pono.mnCanal Zone. The.Air ~'-~'\"inc '1.~'" r.l',c .."ne
storace t~ ot about torty thousand gt:' 1:(".'1" ~C.?~(,.i -,; J :1 vre
~ 18 neoessary to enter undergrourxi !nt: V;':lP,-3 the control
701•• ore located. Theso pits contain c ~g~ concentrntion
~ so.oline fumes. against which the ordinary mosk gives in­
a4eqUQte protection. It. is also necessary at times to enterto. elllpt)' tc.nk for iDspect.10n and reptlird. in uhich ease these
lINe .ete will be used.

·l1li of 'the 21% fle:rible boee s 1 t:~a opoos Lt.e Bte~ of the
... 1" i. nt.toch3::\ a 5':>-foot lcr~ h of wi':"e··b~t.~!a.,c::&...~ol~
lapaft:l-n ~t;l:>; ...1-3.: hoso , 'l"it'l 0 F,!' • ...u.me t ~'lS!w.e~ ;. i~.f; ond.,be Clur";.o:· ic si:!lj).p....ir: pr.uic ..pl~ t::> t::" ~PL·_·_:e;;.' ':1"~ XI.
but w::..t.n -.:.h3 rea!" c..u·:..:·to' "c"'':",Jr:.ueT''~ -;:;,-t':r.:-l :"'!..~ ~.<l~_;) +be
".~ of 'thCI fOC9 pi.I"C3 (,0I'l't'':Vt';''3nt rOl.::'"g tc.( ·.e·"~~'l -iT.:l a
.lit lort at th'9 cP'"'c!" ~OT •. O~ the. t"O(.£ ~ \)~. t..~JF~"""\~=' of theao-t, o~ hose; nan!" ,'h.i~h, .. It.ti'll. th(; r.o:.r'·::.'": ~ ~:;'<1 u r:\i. - cf
.tro? loops ssct.re1 1;y ":"ift.-the-Dot" 1&~'l.,C1sr, r',:, c i '::ll •.-ly
.nel.,,·,..le both bose on o'fJposite sides of ..,,!.... ci~.)('k ,,,:,_j_7131 i.!'!~re­
~ p:;''1S7ent1ng any 'r)ull by the so-root 1.')1)(' o« ":,r.q f,h::'i ,,:',c') r.ose
or 011 the foee pic co. If necas stry: ';,h~ 1M~s» L~~~·'b.-, Cl,' ..

Cl.... bled trom the c"rridr by unt".stemng tot=':;8 ~ (,! _'0:" -)\.111-i.t.he oheck-valve forwnrd# and disoonllec.l".J.ng th9 &a-root
.bole thel'Ofrom.



Date from reports on the workdone at btoria.1,0. Ialr.nd. during the wnr are being colleoted a8 a meansof
c1eterm1~g the best design for a rot.ary furnace. Lettera ask­
ing tor desoriptive literature on the properties of various
high temperat'.lreme-t,alshave been sent out in order to decide
upon the proper material fromwhioh to construct the furnace
under consideration-

The latest workon manufo.ctureof" charconl baa
ocmelsted in moldng runs on the aotivation of Jeddo anthracite
00.1. The highest r.otivation so fnr obtained hns been eighteen
minates agQine~the aocelerated ohlorpiorin test.

lBnutaet.ure of Charcoal:

In addition to increcsing genernl knowledgeof
properties of activated chorcoal. these investigations will
gl~ someof the necessary data for a redesign of the canister.

Apparatus tor the measurement.ot the total ab­
.orption and the retentive ~bsorption of gases has been set
1IIN the absorption ond retentivity of toluene by the char-
00818eoti veted in studying the man~acture of charcoal will
be determined. The same-dots will- be obtoined on the clwlrcools
11884in studying chlorpicrin absorption. This will help to tie
topther data obtained b~ 11 standard static methodwith that
of ohlorpicrin absorption obtained dynomi.cally. It will aliso
.how .h*ther or not 'the size of particles has any influence on
the total or retentive absorption.

The absorption of chlorpicrin by charcocls of
ftl7ing "activity" nt vcrious rates of flow hos been in­
.,..ti&oted.

TheBureauof Mineeis cooperating with the
Chellionl -;,orforGService in developing a morehighly oetivat­
eI and retentive chcrcoal in order to reduce the size of the
•• Di8t.er.

Pun4... ntals of Charcoal Absorption:

GAS DSK DEVELOP}$NT

oaainer attached directly to t'le tace piece. similar"
~ Germantype of mDsk.Qndgives protection only ag~st
&ea•• occurring on board sUbmarines#including carbon
lIIODazi4e.



lIosk for use by Navy with range finding and
other optical instrument.s has been satisfactorily developed.

Binoou1e1" MAsk:

In accordance with instructiona tr~ the
CJd.et of Chemical r:ar:::'nreServi" a • l!echenicol Division Progress
a.port 416 hAs been compiled covering detoilJd description ot
t._ torty.-one gss mC'Sddeveloped during the war and since
tt.t time.

Careful consideratioll wns given to the esact
4etalll ot the causes ot gas.3ing of Chemical r:arfare Sel"O'ice
pe~0DD81 duri~ 0 field demonstration on tecember 11. 1923 •
• o~ations were Ulodedirected townro the 18 rtection ot
t.. plece fittings in the Ree;iment. Ade: ~iorol recOlllllendations
will be maderegarding fittings by troops at other statioM.

Ga. Mukai:

A charcoal impregnotedwith copper sulfate
bal been developed wblbh comparesfavorably with the charcoal
bpnpated with copper nit!'Qte.

lIhen the amountof copper put into a charcool
eU.llIa 0 certain value. which probably depends somewhat.ODthe
act1Yit7 of the charcoal. the absorption of cyanogenchloride
18 leiS than that for chnrcoala carrying a lower copper con­
'tanto. this optimumeeppez content tor cyanogenchloride ab­
sorption is less than 10%. Ho\lfever.even 8 heavier impregna­
tion inoreases absorption 81 comparedwith the base ol··~rcoal.
Too ".-,y an impregnation tends to clog the pores 1I'hio~de-
er ..... the rate of diffusion. arul cO~bquently. the absorption
of c.y.agen chloride.

I!pNpte4 mtarooal:

Wdrkbh the 8ctiv~tion of cocoanut charcoal
hal .... continued in order to get the activation unit in
sooI &bape and to develop operating practices. It has been
tOllllll1 tbRt about.1g. of wtlter per hour for each gran:of
ollU'ooal gives the best results. The temperature of nctiva­
tloD ~ the length of activation must vary with the initial
app... nt density of the moterial used.

The work done by the Bu:-AlU ot Kines at
Pittlbur,h, Pennstlvnnia. on the pcepornti)D o"ld activotion
of oarbon from ooal is 'l,eing studied. The taborotory set up
... been put tog~ther duplicc.ting the arrangement.of the
lazeea ot Mines repo.~.

·.



A cont'a~ner whioh followed the design of the experi­
_ntal mode1 has been ncei ved and found to give satiafactory
protection when·f_illed. '

Bead WoundMask: ' ..: ,

ModelA ,of HeadWoundMaskwas corustructed by insert ..
Ing re~lation eyepieces .. angle tUbes, deflector. etc •• in the
f~ont of an HPHelmet-like mnskwith a re~'lation stockinette
ooverM1l~ rubber f'ront.. The rear was of K fabrio to facilitate
sathering with a drawstring about. the neck. Additional mode1a

The caust.ic pumice~{hich\1&S used in the Public Health
Servioe canister was found to be too coarse for use in t.he sub­
_rine canister. A mixture of the fine £nd coarse nat.erial and
an increase in the volumeof the caustic pumioe filling from 180
oe. to 210 co. gave a satisfactory filling.

evy Subl'llU'ineYae:r

In preparation for an order for 35,000 NS!lark I masks,
the angle tube was redesigned for die-casting in lieu or sand-
. outing. The inverted flutter stem principle of the 11) Mark I
.agle tube was applied tberet.o, thua shortening t.he flutter valve
extension 1_1/8" or 66%of its length. Net7drawings aDd epeci­
t1eationa have been prepared.

The deflectot. '\1bichis a one-piece tube east integre.l
with the angle tube body, is 100% efficient at -6 deg. F. uhich.
eliminates the necessity for the use of anti-dim co!tlpO'lrdwith
it. attendant detrimental results with optica~ insi:.I"UJl3nts.

In order to overco~ interference of' the maskwith oer­
tain of the instruments, the chin rest wo.eelimilla-t.cdazd t~e,..1. tube to face piece tlBsembly~''''!'1Dec1i41 fl reverse ma~r.
with the former projecting irmard in lieu of outward.

An eyepiece bljdge forming jig ,.,t"o;. desipl8d for the
Binocular hiask assembly. One hundred c. these maslas were made
up and delivered at Baltimore on December31. 1923.. for transship­
_uti to the Norfolk Navy ft.rd to be deli ve!'ed to the fleet for
~8t during its winter maneuwrs.

lD order that the lenses ~~I i'iii rithinthe eye socket, or the
..... 1' am thereby permit 0_' the p:.:ope'r use of the varioUS
precision optical instrumsn:"s on ship board, a f.A.tis!'ac+.orJre­
d8aign or the eyepiece was acoompliSh'?d,wht'~e'i.n eleven of the
~_lve component.sheretofore used have bean e1iTri.aat.e:i"remlli:.­
lac in B one-piece assembly of maximumcompactness and corre3-
pealing ei'ficiency-.- - ..'
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<:me "hoet .04 inches thiok "OS penetratod by saturat­
e. chlorpiCrin at 260 C. in foUl' boUl's. This 1s good proteo­
'tlon considering tho thickness ot tho sQmplo. A sample .0'1
inches thick gave twenty-four boura protoction against mustard­
.. compared with sixteen hoUl's tor rubber .oe inobea thiok.

_, Gutta Porohn baa t.he peyaioal advuntago that it caD
be molded into &.IV torm at tho tempornt.uro of hot wnter.

,.

Ot.bor 1mprognati~ a&enta along tho Uno ot rubber
aUbstitutee nnd wntorproof1n& oompoundsare bGing-tri~.

toathol' imprognatod with a carnaubo. wnx-c~tor oil
mlzture Wf48 panotratod by chlorpiorin vapor in four bours at
I5q C. Leat.her imprognated with the oil....na mixture i8 too
.tift for faoepieoe material. GroatGr flexibility can bo ob-
t.ined by uaing 8 sortOI' and thinnor leathor. However.the
point to which the thickness of tho leather can be reducodwill

, be doterminod by its resistanoo to ohlorpiorin. :
~ .

Two samples of artificial loathe I' kMwn on the market
ae tlText11eather" were t-eHt-od a~.il'l8t ohlorpicrin and a:azatnl'd
'ftllors •. Neit-hei" sompl-e ~avo o.ny proteotion a~ll8t ohlorpiorin
ana only three hOUl'eagcinat lIal8't.nrc!vapor at 250 c.

•

Rubber readily absorbs mustard ~ae. and is of abort.
Ute 1n the tropics. Experiments have shClWll that under ordin­
ary atmospherio conil tiona in tho tropiee. rubber in gas mub
"'oomes practic~~ ,:,o~hlos 8 attor eight or ton monthl.

Cott.on linter. talt. impregnated with rubber trOll
lUbber latex solution produces a tOUb:l fibro~ material not
.t1ke lea;t.her in ~Doral ph¥eical obnracteriatioa. The 1m­
progtlBtoc1cotton linters felt is bei11&toated sa a bllle in -
aking up materiale that would 'be satiataotory to talco the place
of tbe rubber f'acepieo~. '0 give bigh ro.iet8.MO against gas
it. baa been conaidered necoesnry to turthor impregnate the cot.­
t.on linter-rubber podwit.h _teriala to till -up the pores of the
~roated material. Tbe nl8iatanoe of thia matoria1 sgainet.
II18tard vapor was groater thaD that ot tho rubber tacepiece.

-
11111permit. or additiona\ ge:thor:'ng of the ~ntire mask by
cbawettiDg•• t.hereby reduc~_ngdead-air space t.o a minimum wbUe
atm.a1ning ample aizo for ndjustmont ovor a turban bandage •

• s vaek Faoep1ece:

It. bas been found that. in the GermanIII&8k. the ~ace­
ploce ot leather treat.od with oila to mke it soft. and pUable
am imporvious to gae. ia atill in oxcellent comition 17bilo
the rubbor ma.k of same a~e 1. praotically worthless.-. -



Faoepiooo Aging toata:

Speoifier·,,".)M tor atoroge rooms tor gas masks in BawaU.
Philippinoa and Fannm haw been eomplE>tod"approved and forward­
ed. Accelerated n(.i~ teats in carbon cHoxido are being madeat
B4gawoodArsenal.

A now lOt of 1919 tacopiooe samplos'bas bE>enpropared
for aging t.osts. Aoeoloratod nging tosts on throo ssmplos of
1919 facopioco motorinl have boon oomplotod. Tho samples COD­
prised one lot. ot Goodrioh, wbich WBS received in partinl s~p­
menta in August and September, 1921; one lot. ot Good)8ar reoeiv­
ed from Marcht.o July. 1923; ani ODe lot. of Goodyearreoeived in
Oct.ober#192~. It waa noted that the ultimate strength am elon­
gation were low Oft all samples. a marked fnlling off being noted
in the older .amples. The aging followed t.he normal curve.

It may bo possible to find applie«t1on for the parch­
mont in tho facopioee. During the parohmentizing process when
t.he sheeta are coated with tho ~latinoua colloid it is possiblo
to ply up the shoots and press them t.ogot.her bot.1!8enrolls so
that t.hey eamot be separat.ed by an "~inary meana. ~t should
be possible to go a step further and ,\ave tho pressed .heets
take t.he form of a _aka While one sheet. of the parchment.oan
be torn fairly rsadlq, t.he plied up IIBt.o!'ial should be very
tough_ The obief dUtioult.y with a -.e': moldodfrom tho mater­
ial would bo in gott.ing it. to fit propo··.y.

Both "Aeyloid" nm vnrnish coatings oro floxiblo
onough so tho.t ahnrp eroo-sing docs not crack tho surfnce and nl­
tor tho rosistanco to gos. Vegotable pnrchmont coated wit.h
.par vnrnish wo.a triocl out as a dinpbragm in the nwlible mask.
the voico was t.ranem:1ttodolonrly and t.he diaphragm soomedsat.is­
fnotory in evory respeot.

Samples of vegetnble parchloont.. .VG boen tested again8't
eb10rpicrin and mustard vapors. Two6 11es showedequalq
1d.&h resistance against gas. Sampleswe1'Onot penetrat.<X1by
--'urat.ed chlorpiorin up to twehty hours or saturat.ed must.ard
",por up to five deye whon~eBt. were c.iscontinued~

Vegetablo parchment is waterProof fri the senae-that it
wili.· hold \'Taterwith~ut. allowing it to drop from the Wlder sur­
taco. Water pormeates every fiber of the parohment.wit.hout de­
oreasing the toughness. Whondried not under tension the parch­
_nt. wrinkles. Vegetable pe.reh.¢Htltredriod aft.er being wot
offors the same high r~e~stnncoagainat gas 88 tho original
matorial. .

# -,
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The StQkos tIOrtar bQrrel oqUip_~. with a relief va.17e
in the broecb to allow the use of Q' sh6~.1\;ith reducod cIearance
bas boan tr';,I'Jdout. The vo.lvewas th-a . t'cdocigncl]. ond ton n~­
di t:'onel Iounds wer,- ""tred using varial; Ie weir,hts of propo .!.lunts
aM '\7ith pzes=uro l..:' to 4760 p i'.l1ldS. No (Hff~~ulty fl'omfoul-
ing has-been cncovrri'Jred since red~3:'~n. (.n the basis of the
few rounds f.ircd aoc., indioo.tion of in.)retlsing the range is given.
The averuge rcnge £o~ two rounds fired with ccrv ~.eeeh.".rgo ond a.t
an elevation of 460 ",as 1140 yards. This is not takell us con­
clueive evidence, however, due to the erratic results .obtained
With Rivel powder.

Further firings with increased charges up to the point
of bulging the gun gavo satisfactory functioning of this valva •
Tlbile thi$ device gives every pJ"Omiseof r-unotioning satisfac­
torily in so far 8S giving a slIOotherflight to 'the shell. a
greater range, and a decided increase in the volumeof the shell
capacity, and though it is reoommendod for use with the mobile•

Onestondord bo.r!'el was reinforced vri-thsteol clamps
in -the first reduotion of the Beotio.::.f'Jrwurd from the breach;
and has boen usod for experiment.nl f'irinrr:_

5T OKES 1l0R!AR

Hodel B consisted of 0 flap-like pocket of grey Knpo~
jacket material. atto.ohed beneath the left armh\)\eby st:~.+,():-in3
toe bottom 0.00 1'00.1' sides to the outside of tho jacket. so tha'~
the contour ·corre3ponded to that of Carrier !m:'kII. Tha e).agon..
ally ~pposite corner was provide~ with tapes adapted to be tied
af'ter insertion of the carrier within the jacket. This ~esign
is considered the moreadvantagoous on account. of i·~·8ef'.Ilb1i:lg
the weo.rerto irusort or removetho roguioti.C'n c-arri.3l'"e":'enthough
o'lJOr-board;also it simplifies utowage of jAckets and msa.

YodelA consisted of a carrier !hrk II with harness
omit.ted_B.$sembledr.ithin the interlin4.ng of the jacket in a
position corresponding to ita normal one, bO:leaththe left arm.
The flap ',70S slight.~y modified, and adapted to be secured by
means of lii't.-the«>dot faste3el'S, to the adj:..:::ont~"rt.ion of the
ja~ket. The knpoe romoved to facilitate this loca~:'on of the
currier wes insortod rithin the j!lcket lini!lg8 abcub tt. neck.
beneath the collar.

Ka~ Jaoket.:

Hodels A and B of knpoe Navy1~ ~ jeckets were con­
structed 0.00 delivered to Cc~n!ing Of 'er_ Neval Unit_ Edge­
wood Anenal. for transmi:ttal to the Kavy Depnnmem..

-
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(0) Thnt with tho amoot.htype aEl4!Dless8hell_ ~reater
clearo.noo botwoon sholl and barrel 18 requbec1. Il,
morimumoutside dlo.mster or 4.17(f' is DOW be1nc
used with apparont. SUOO68 ••

.. (b) That the normalized sholl suoeoaat\ll1y wlt}Jatooc1
the prossUJ'Oof o.ey tirings to date.

..
,(a) Tha.t. the .eamle.s neel shell 1acb ductlllty.

Normalidng the .t..&1, eUminntos f.his objoction.

Forged she11 hove been mode from 4.7 shrapnel forgi~s,
twenty round~ ,ith double serrice preasure wore tired with no
t:allUl"e.. In tiring forty-two er.peril.:enta1 ro\lDl:1a,it wes
found:

Shell:

The recoil t:l\.che.nistncOlll'ists of an oil ohambor ond
piaton with ports for the possago of oil. to toke up the re-
6bil. and Q spring for eounter.roooil.

Thi. meoho.nism. with the present barrel, was tested
ot. vnrloua times. with pressures up to 10.000 lbs- Tlt.epres­
sure on the boae plnte with the presont gun is about 70,000
1be., Whilewith t.he new gun it is expecteelthat it rill bit
about so,000 lbs., whi.ehwill allow mnterinl reduction in
weight or bnee plcte. During the firi~s numerous moditiea­
t.ioDl and replacementa were imide. Port areas and throttle
profiles were cbllngecl. Due to t.he tact. that. 011 recuperation
on some rounrls t.he inertia of the 'forward movi:ngbarrel caus­
ed the piece to move forward frc::n ita c:!!plaoement. tie rods
were added to prevent this motion- The8e rods further re­
moved n portion of t.he bending moDem,on the pistoD rod. The
recupero.tioll of presom, meobnn1sm... extremely rapid but has
boon overoome.

its adoption as on U:~'..~ent of the present. Stokes is nat.
ad'7~eatedJodue to the ,:'aot.thot the ~tokes used as a trench
rnort,ae would at tiltef! be sot u:> in - Jt.h mud and water whioh
would ent~r the pO:-t3 and eei'ea.t ': ) ei1l1B of the device; , -,

l:orki~ drsw!:,~s fer a proposed light mortar (Brod!t
ford). with reooil met'h.?~dsmJlhaze been cc....1plF)ted. These
were submitted to t.he Ord- "'lce D.t'pu...\.rtant fer coument ~.n the
Ught of their experience with fl' 1 d,): .;r., an:: t:le c(.\m:.l(\:n4,,~
together with c, design of th&ir I)~ ard snveral Ot.hl-\t' uE'::Jigne.
~re now under consideration at Edge-HOC',' ."'.~eo:lal. E:-.Jodmaots
have been ItL\deto determine the si2.a cf 0).',. porta anj shape of
throttling bore required by the Bradford dosign.

. .
-."



A project is being written up for the developmentof a
practice shell for the 4" Stokes Mortar to be used in training of
troops in the handling of Chemicalt7nri'are Servioe weapons and
amltions •..

(3) The !',. "ellant. t" at is Hivel No. Z. is sa:ae­
what errctio in its bnllistic .?ropertie8. Con­
siclernole evidence in the foro of Widevariations
in range with equal charge bea~s out this sup-
position. The ceohardso being tho.t due to a
varying rnte ot burning tba.t excessive turbulence
with consequent.resonance etfeet.a in cbomber
oQUae a deformation of the stabili~er.

{2} The failure of the stabiliser while within the
bore.

.. .

(1) The "hop" o£ the shell (1.8 it. l:Clves the muzzle.
whioh is caused by the large shell clearance aM
the recess baok of the tront guide. in addition
to faotors normally associated with projeotile
"ho!>"•

(~) That ~~creDsingthe char&aand pressure beyCDd
a eert: ..ln point. for eneh propellant. results in
red~et1oh. or at least no inc?eeoe. in range.
The c&\,oehas not been definitel¥ established.

.. In September anl\ October"it. \lOS tOWld tbnt. about 1700
lOlds was t.he mximuD range obto.inoblowith tumbling shell and pow­
.~ t\irtii8hbcl. Piontill:IY. rsonc.l is endoavoring to develop bet­
ur powdol'j but it is belie·..",d t.hnt it mll be.necessary to obtnia
t.1'UI flight in order t.o increase t.:1erange.

At EdgewoodArsenal the attempt to inorease the range ot
the mortar is no. confined to experiments with 6tabilizers and
wlth the ogival head until t.he development.o£ a slower burning
~er by Picnt.itmYArsenal.

A detailed study of results obtained on stabilizer fir­
ing to.dnte is being made. It appears thnt th~ee main features
cOll1#ributeto the non-unitormi:ty of flight. observed with a givell
~ype of stabilizer. These features are:

(d) Tba't 'the Ame.~ean SIJIOkb shell .....n!'kI reintol'':ed
by shrinkint:: 1_1/4" ba.,d on the bass of tha ;
body and turrliag 'to the guiOI) diam9i:.&rwiths"~and8
8uccessfully greatly incre ed gun pressures
wheneencroce filled. T' limit. has not yet
been determined.

-
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Five portable chemical cylinders ~5rk I were modified
lot having the bottom head out out. and reassembled ..r..th th'9 h3ad
oonv.x inatead ot concave as vi3WEa frOM the be"tom elY...I..: The
head was then gas butt welded to the bod; of th~ cyUndtJr.,he.. oylin4en were tested hydrostati09.i..l.yto allc3~"'ljai!1dafe
wol'k:lng pressure. It was tound that the cyl: n-ior3 v:ouJ~6 tam
applied preS8U1'e ~ 7'15 !bs. per square inc' .latera the mei:.a~be­
pa ito distort. At approxiJDntely950 !be. ~r E'c;u.m:a inoh th~
c~1bdera ~e!8D to bulge along the sides and c.,hc3!,would eventQQl.
~ rupture before 1260 lbs. pressure had been applied.

A total of thirtj' cylinders have been reCJomitioned
lD t.1Ie above manner(too tested to deD-tl'Uotion. and in no case
did the welded joint toil. It. is planned to reeonditioD QB ad-
41tlocal fifty oylinders for further testa aDdobaern"UoM be­
tore closing this project.

;

It hns also been found. that the full eharge of black
pcr.rderconto.j.nedin the lfark Vi. fuse ~ bseauae of ·(.hl)siI!al.l-:1r
vol:! s?e.ce in t.he ~.. she:_l. is teo severe and thS::"6fo!'9i!l(.er~
i'&r8 nth the proper funotioning of ~·heetart'3r app2ied to the 3"
Stokes. By reduoing the charga "f iJlaok p,YHJar ::'u'..he ~rk VI
fuM to five grams. proper functio.u.ng of. -the etarlel' is oiltainad.

An ntteopt·wi11be madeto secure a s~+,)'lU'Qotoryshe~
" I»lding blOOD ot C.N. ane. smckAleBspowder to a &:;'zewhip.hwill
ti~ t.he shell 1008ely to dippir.g thesF)~loe!cs in molten CeN., and
then inserting the block in the ~.ullllo

It wae found that when loaded by this cet-hod. mixtures
OOIIt.aln1ng 30% or DOl"e ".-: C~N~ bU:"·i.~d too s...u't71y; while t.hose oon-
talDlDg only 28%C. J.IJ. £:r.plodedin :'ift.eeI1 aeco 'dRe .

Severnl 3" Stokes shell were loade~ hy p'r~BsingWo
t.he .bell a hot plQstio mixture ot C(lN~an,' .30 caliber Bookoless,...&-.

The' carta have standiird Ford wheels am machine gun cart
.batts, in order to standardize the parts 908 t~r as possible with
eaa~ obtained motorial.

3" STOKES MORTARS~,)KE SHELL, B~N!NG TYPE. EXPER~~

Detailed d!'trri.ngs for ·the St.okes mortar cart are nearly
completed, and t.he oans t'or t.est. at. Fort Benning are now being
manutaotured. ..

stcpk!! Uortar cart..:.

..
·r
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An attempt. was Dade to produce a plastio mixture which

oould be packed into the oontainer in small lumps. en account of'
the amaU amount of mixture whioh could be packed in the oandles
ana the le~h of tlma required tor preparing the mixture" thia
method waa 00.. 14.re4 1mpreetioal ami was abe.monacl.

-:51.

ExporiooDts Tlero conducted to adnpt ··:.heC.N. .30 calibre
aooko1G8s powder t:4.xture to tho 2 lb. a.c. cornie oontainer. Dey
Dixturoa of C.N. Md .30 calibre stnokoloSDpor'io!" did not, give satie.
taotor,y result. in this container. Fnir~ satisfoctory results
are obtAined 17beDthese dry c:b:turoa wore mo:1atenedrith_ acetone

• &lid the reaulting small lunps allowed to ~2;'Y before being packed
lato ~~ ca,ale. ~ this ~tho4 ot loading was diacontinued on ao­
GOunt of the cUfticulty of drying tile mixture •

c. tJ. CANDLES

Three springs were c.e.defrot1 Uovoorucible oo.at steel .
• elected grode FF for Tmtoh 'prings, tor usa in a codified Bpri~
exploder. Theso Trore ho.rdened ond the drnw temperatures varied.
Tiith t11e first spring draml 0.1; 9000 F ti two ,squibs ware fired through
2&0ohns resutllnce. This spring fired 99 out of 100 sC1uibsin
field test. The seoond spring drawn nt 8500 F. fired tflo squibs
through 280 ohcs am in the field fired 107 out of 198 squibs.
'.:be third spring drown at 4500 F. 'R'ith the tvo ends d~ at 10650
.-. broke while wiDd.ing to place in the spring retainer. It it o.p­
.:,r rent. tMt- the mDOUD copt (.ity which ecn be attClic~d with t~is
r .?rlng will be with the spring drawn e":J,Gwhorebetl7een ";;f;OoF. and
~30° F. The lower the drew teoperctu.""'e. the greater the strength.
'the llDit ploced on this strength will. however~ be that with wl'-.ic.h
IUttioient. enc1urance ecn be obtnincd. The normal (1nciuranoe l1£e
01 spring atoel decreases rapidly with fib~r utress above a definite
limiting w,luo. Tbis ecn bost be df)tel"L:;..~odby firing epringa to
•• structlon.

LIVE liS PROJECT OR

The "'bree types of . ulvos for t:1S cylitder # the }!ark
W, t.he McBride and the Brocford. bO'ling been codified so &S to
.~ approxtmotely the soce flow of &a8~ ere tested to deter­
.&.. the best type ~ -ore-Jsn'..leaknge. . IS Mark 111 'Valve baa
• rigid steol &~nk fitting on .he comot\l teel sea"'. In the
IlGdford velve the end of the shllnk is s···;'v~llecl. aM the McBride
ftlve is si:'lilo.r exec 'It thct the st)al is forIJSd of sofl, metal
ft\tlng a~.inet Il r::" ~ sbnped st.)~t. A fou..-th valve has been pro­
,..d by Major F. s .. Seydel similEU·to t:le h!"(,~rj -ie valve but do­
l1li Qwoy with the rot"-'jionnl fricticm between the valve and its
e.t. which it is thought may reduce -the Cha1"1'9 of leaknge £ rxl
iDoresa9 the lite of tho valve. One of theG(;) valves baa beeD
maDUtllotured and vil1 bo tssted uit.h the others.

, r
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One hutdre4 elevoft 2 lb. 40uble .."me4 oo.Ddleewere
1iblte Phospborue fillod. hot mlter teet.ed to 100 C. and subjeC'ted
to an eDdul1lnc8 teat ·~odete1'lllne the reaietCDO. of t.he double
eea.me4 joW. ago.ir:st. eprea41ng.

Of thea •• lewD were teate4 to,. twenty-tour houre. 1'e­
oelv:lng 448'~iolt.a etloh. The t'1mll hot weter teat ahor.ed t.hAt
aloc of ~ ea bDc1 wit.batoed the teat while two ccndlea were
lea.kSeg • clue too the c:lnd1ea having oomein contAct with 0. n:lil
1180.4in the bottoa of ihe __,. aurlDl' ,he bolting test. the re"
EiDiD& ODe buDdred cnndlea were teatecl in bot wnter to 600 C••
I1Ddthen jolt.ecl tor ODe hour. receiving 20.400 jolta ec.ah. No
leaka d8've1ol)eC). att.er the finn). bot wc:ter t.en. The contc.1nsr
is nc:m' ooDiidere4 to be ao.t1ste.otory.

In vi<m of tho tact. th:1t one ot the biggest ite_ or
ooet in 1~ C.N. CQrdlee is the cost of mixing by bend, t.he
problem ot c. meoboDloc.lm.r b:la reoeived cotJ8iderc.ble o.ttentioll.

A emoll m12er. vtth 0. water jaoket. wo.e tried out. WI ing
et.eam imateocl of wnter in the j~kut. Several methode \Tere t.ried
vlth t.bie lDQohiDs, but witboat. euooea ••

A ~ aUZ"Ve7 of ont.o.loge l'ICamldo aDd aev"'rtll patent
'.'urmls "re read. Complete speoifiec.t.loDi for WO patent a oovel'-
1."'lg maohinee "biob look pr0mi8i~ ~ve been oNenxl.

the aw.ndard C.~~.onulle mixture b1:rncd too slowly ia
Uda type ot container. Very l»';)'Xl result ~ were obtained by mak­
Sal the orifice of t.he candle 8mar~er nne sing a mixture compos..
.. of 31% CoN~ and 69% ccSO ,-ulil-re ~keless powder. Work i.e be­iIII oom.inued using smaller ar.ounta ~ Jo~i.

Very &atis:t-c~~ry caDdlE'sbo.ve ~en obtained by malting
C••• , adding t:.agnesl.\Ll oxide and W'9.rm5..ng; \:~, o.:1~l.ng ">30<:elibre
,a.der e.ndmixing tho!"oughly. The plc.st.io 1.~..:l8 is th3n ~lt....ed in
• .,ld so the cake \1111 fit the R.Co ot.nne. 'l.:.Q cake ramoveCl~1'0Il
\be mold when oooled, imDersed to nthin one 1UU!. ~ch a rem :";~.af.no
t.D ~lten C.N. The block is then plac.ed in the O~lt'o.inel' W"i~hthe
anooatec1 ond up and et. ;.it':' ""'oured over t.he CJtposed c'a'1 of the
1Jlook. This method r':"u5..rc s dies for prossing the mir~ and a
_ohanicol JIIOt·hodof mixing L'.rge qunntitios. The fa.ot 't"r...'\"c. the
mzture eete quiokly. even in elevnted tomporntures mba the tIlQ.n­
aracture ot the mixer a difficult one.
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After prelimino.rY ~sts on vurioUB smoketnriuree in

the 2 lb. B.c. cnndles, two 50 lb. 6" x 6" X lstt c~le8 were

50 lb. H. C. CAIDlES

If Q ,inc containing Q higher percentage of zino oxido
ia found, to bo 8otistoctor,y for 8mokecandles: it i8 possible that
in the future some IX)l19Y ean be saved by changing the 8pecifioo.tions
on zinc in roga.rd to oxide cont.ont.

Some of the bluo powci.erdnc on hand at EdgewoodAraono.l
kl8 becomohQrd and lumpy due to oxidation in storage. An in­
watigo.tion is being conduoted to determin" _bother this zinc ecn
be used to produoo snt1sfaotory scoko can· -os. Rosults to do.te
lMicQte thnt it will be possiblo to .mnkegood candloe from thia
linc by drying" grinding, meshing, and reducing the usuo.l OJDOunt
Of zinc oxido usod in tho formula to alla;r for the bigher oxide
eoDtent. of the blue ?'" .der.

B. C. SHOKEmXTtJRF

The second c:ltldle WOoS looded with 20 lbe ~ of atllDOn1:wn
altrat,e-ohnrcOGl fuel and 14 lbse or D.ll;l This candle gnve ott
a oloud of D.ll. scol'o 4.or 11 min':+,es. The fuel continued to burn
tor on ndd1tionn1 6 minutes. shol'll.ngthat a cl..l!1s:lderableexcess of,.1 hila been used. ~he color of the smokevaried from OQDQry yel­
J,c,.r at first to white o.Ri tinnlly to brOV1n. It is not known de­
finitely to wbQtextent deooznpoaition een be judged by oolor. but
In the po.at. oolor Me been considered Q8 giving n rough ideo. of
4ecompo.ition. .

Both of the candlos tested wore ooverod nith ~ 1/4 inch
lnyer of asbostoa to prevent excossive loss or heo.t.by rodio.tion.

TwoQdditioml OAperinento.l co.ndl08o.re boing construot­
ed. one will }lQvethe :fuel oo::ttlino:' trAdelongor co 0.8 to hold
about ono-t.hird moro powdor. TWentygauge insteo.d of fourteen
~au~e metal will bo used in the conatruction of this co.ndle in
~:,C:orto roduoo tho ~oight of tho containor. The sooond candle
,l :..,lg constructed i8 a duplicate of thoso already testod o.ndwill
bo lended with ammoniuo nitrnto-ch~rcoal ruel.

Twooxporlment.al 60 lb. D.M. cnndles ~lCl~ebeer, tested.a. CGndlewos loaded with 21 Ibs. of S .lokeless powderand 16 lb••
DeM. This cClndle burned over 0. period of 12 minutes 50 a8coDda.
lUll gnve off 0. uniform volume of co.no.ry yell"lWsmoke. However.
_sequent. exnmino.tio~ showedtbnt 6 lbs. ._.D. ·U. ho.dnot been
nrolved.

60 lb. !).li. Candles
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The loading of 1791C.N. rifle greMdee and 1790 C.N.
bnnd grenadee co.llod ;':or on this order htls been completed, ~11 of
t.hese grenades having been delivered to the Elnnt.s Division for
painting in Jo.nunry.

Sis thouso.nd seven hundred tU(lnt.y 08sembled C.N. oandles
called tor on the order bQve been delivered to tho Plants Division
for pninting.

Loading and Q&oembling9660 B.C. ;moke onndles is tlp.
proxim.o.tely ~ ooaplete.

'.0.NUFACTURE CF )fJNITIWS FOR lfILiTIA BUREAU-

A oomparison of the obsouring ?or.er or ~ red phosphorus
oandle (glycerine 16.6%, rcd phosphorus 62 .5%. eodiu~ nitro.te 20.9%)
and the B.C. cQndle lIAs been mode. The results were coneidero.bly
in favor of the red phosphorus calXlle, but the experiment rill be
repented for more oonoluoive dnta.

This nowprojeot ~ started on acoount of tho danger
in t.ho uao of whlto phcsphcrua» Red phospborus iD non-poisODo\lS
ond oftors no danger of fire. It is apparently oonverted to
whita phosphorus 1n burnir~. Mixtures of red pbospboruD and
vario'WS mdiling ngents wero tried in 2 lb. B.C. Sl!loke onndle
container with encouro.ging results. A ni..xture of 2BJ' oodiun
u!.trate o.nd 1~ red phosphol"Wlwce found too sOllDitlvEh lensi­
ti\~ty18 deorensed by 20%glyoerine o.dded.

Candles with various mixtures ~Ell'\,,) ne%t tested with tha
I'tltio of smoko outlet to horlzontc.l crosr-3ootion roduced, elM 1'0-
,ults wore Jt1lchbetter than thos~ ~oviousJ.y obtained. It 1e bop­
ed to oontrol the burning ti: 0 and keop a highor porcoDtage of
lmom procluci~ rrAto~·io.lsin tho oixtun.

Three 60 lb. B.C. Gmoke ctlMles of tho sa.madesign
but of different mnterials were than mndeand tasted. The 8tum
II" oportiou of smoke outlet to horizontc.l croes-section as in thG
2 lb. B.C. sraoko oo.ndle woo \~ed. In all ecees the burning \70.&
too fact nnd the cloud diasioated ~.pidly.

test.ed in November of 1923. 1! 11" ean 'WO.smade nen o.IJd teet.ed.
aatisfnctorily. except tho.t tho d,~,rt.er had to be ehtlnged to give
1e08 ':iolent results and one or t.o r.lincr ehangea in the mixtUl"e
c~ container were found deairo.blo. Full volume of smoke cloud
12~minat.es. total time of burning l.4i minutes.



SprO:Yiftg D~ce8:

A number of testa with the expcrimen~nl spl'Qylng ap­
pIlrntus on Q. l!o.rtift bombor nt A'b3r"-t'lGn t'rovi1'l ~ G·o.l.:ld, using F .M••
hnve fairly •• ll eotabliehe4 the follan1~ pOLnt,:

1. t1hen l1qu:l.d F 'OM. is c.·~om1.~eoSby 0.:' lcr.Ting 1t to I'Wl
out ot Cl plr.o ct an 8i;lbj_~ to t.~s ll"!.; .rll"st: m of en c.tI~·,\t':_I£''t.e!.t
produceo only about. one-31xth 0.0 muoh omoke CDwhen vnpor izsd in
the engine ozhQwstc). .

(t) S1lJ"VeiUOMe teete Qte belbg conti1aae4 _ the tol­
IGWlng G441tloaal munltlonel

SbeU, •• Stoke. eortcr. SmoD 1!Dl'kI, W,
B.C. BvDl~ type, Exper1me1ltGl .

Sbe11, 4,. St.okee oorta!'. Scoke ~Ql'lc I, 1!.:l.
C.N. Bundag type,. Experimental

A1wd.1:DIIl ~hol'it.e
0"D0.4•• RUle C.I.
Grenade, 'lra.ln1Dg
Orenncle, Rltle top Toxio Smoa
Bo., SII1O)re8 01. (Baby Smoke Bomb)
Bote. lnoeY'44iol7. 8 0&. (leb)' lneeD4lo.,- B_)
B.C. SmokeCQb4le (St.arten AJld BiNl.I'I)
Ccra4le. 0.5.

'sURVtILlARCE CF CHEMICAL WABFAREMUNlTIOm

(0) Two R.C. oo~1.8 aeeemblec1 nth 3'-19-10 .tArter
(aiM. lttItimoZW. QM potGa.ium perol\lornte as used ill t._ B.c'.
ee41. llDrk I), elM ODO ocu:a4le with t.he bmndmoaltle4 _to~a4
ataf'ter In ecmt.not.with the nok.e lId.xt.ure \Qa use4 in tblt I.e.
It.obl ehell) were teste! after fUt.een mom-hist.oro.,•• 41d fDDD.,
'10u4 1IO,.11y.

(b) ,,",0 CQ!tloo lotIc!ed wit.h lIorvico B.c. '1Ip-.~­
tuM were tire4 Gftor two ye~" stOl'nge, dill foU1l4 to tunotlcJl
BOI'mQUy ... the oU 57-B-14stnrter bAct beon nplooe4 bt tbl
" ....10 Dt~rte~.

(e) After' be1111 in an oven tor <me aonth, oM C.,N.
gNDDUfrom those being held nio 600 C. aM one troD thos. be~.ng
hoW at. ~o C. wen tire4. Both grenndea fU!lotioned in tl no~1
CADJ18I'.



. .. ~a-

·Plying into the "1M which v.1a blr,nng about. wo miles
pel' Ilour. t.he aaroplnM. at an elevn~loD C' .. trom 500 t.o 600 feet,"ton loyiJIg tN>·om·OkoGc·reen at 9 :30 A.l •

"the sky wna entirely ove~ot c.t tht1t bO\2l'emS t.he
Ught. ws entirely Wlitormtt1t.hout ahodcrno. the plane, approaoh­
be trom Q c11ato.noe of about 3/4 at 0. mile, lett 1D i t8 wake a t.il2J
t.clpering elo_, whioh 4eecellding in rcgged jc...;e;eclr1rt.. of broken
etnaka of smoke, beC&lt8 diffused in Q cuoul.ous JlI?BS ot cloud,
tormlns a veritClbla curtaill- thoro wes a gt'C'.dU({1. set.tling, o.u1
d. t.he expirnti;)D of fltteen clmstes the whole mOB bed oprea4'0 Q sutfloient unifondty to oompleti7 tJbooure both bntt1eGh1pa.

• Ultimately • the screen clritUn& with the wild, passe4
"he 'att1eahip. o.Ddfrom otem t.o bOll t.he entire ship otood 811-
houette4 o.gciDDt t.he sky. The complete o~ncealment lQsted o.boat
toa tinutea, the bo.ttlosbip beoomillg visible only when the oloud
1ID4drifted pG.t. It required about wsnty-tl ve minuteD for the
e1eul to drift chout. 0. mile, showing t~t t.be wind velocity wns ex­
eeptioI\Q117 1017, aM aUo detlODStl'at~ tttnt uncleI' thD.t eoncl1tioa
thla type ot SOJ"ee1lrill pr09G moat etteGtive." (Report of obserwr)

It ohou14 be noted 1n this oomeetloll that the ooreea
1D t.M. CAM woe Dot. lAid ll\ the arumer in whioh it. woulcl he uae4
t.aot1oaUy, but. iD G way ccloulllted t.o show it. to advc.~.to t~
oI».. ",.,r. present. In aot.Uf11 nrl'ClN Oil the seQ. it 'CTou1410 JDODt,
00_ be ~i4 from G higher nltlt. fer the purpoae of s.reeDlng
the apPI"OClobof bo1!lbl!!gp1cDeo from the o\eenntioa of ships,
I'Gtber t.~n tor the purpoae or eoreen1_ag 0_ chlp from another.
t... at, however. 'SnUI outtio1eDt. to clemoDStl'Clteito ette.tiveMBs
,- toM. purpose.

Z. flben F ~ .0 is spray€'\ o.S 0. raiD from an UI'OplaDe
,_ PI'Oduoea • ee reen nbout 500 to 600 fe~t dee~ ";7ben .spro.yec1 at,
U. "te of 11&Qllonr. per tie~ond from 0. plane t.raveling about
II _1.. per hoUl' or .i25 teet, per seoond.

S. Consic1e:'"ab'e deto"\led do.to. with regard to nppcro.­
t.. requirememe. pre::::'ZQ.·J.1nscEls:J&X]for dis'lharge, athoc1e at
haaIlling_ eto., .. e~-e ob~i.\1eci end used sa t1 beau fof' the dealp
of a lnrger spro.ying appGratws.

Apparatus woa deelgnec1, oOMtl'UCte4 am iDatnlled OIl
\wo o.eropla.nes elt. Aberdeen Proving Ground to be used in bombard­
_at. t.este elpinat. bo.tt.leohipe. A test of one a.ppo.ratWlClt
A1terd.oen. Q.D~ F.H.. gQve an exoellent soreen across the riD1
over n mile long and about 600 teet deep, whioh oftered obDour­
•• e tor obout ten mimltee in n wind of about 5 miles per hour.
Wit.h hi~ W'iJd the life of the oloud Will probo.bly be shorter.~1D8'" weN ~e to opernt.e this appnrelt.us iD bombelrdmBnt.
teete. r



The a??nrntus for tho counting of snoke pc.rticlos c.t
the concentrrtion loborct~~ ~s beon : )dified by tho o'ibstitution
of a scopling line about one inch in di,~t.or fo r tho ,rcvious lino
of 1/4 inch glr:e~ tubing. Since tho le~th :If this tubing \r.:S cbout
fourteon foet it c?ncrrcd ~r~btblc th~t the ')nrticul~te nutibcr night
hove boon redueod by tho ~~rtieloDotickin, to the walls ~f the

FUNl)lUENrAL S1'ODY OF TOXIC St:OKE

~e yot no entirely GQtisroct~ry oothod of oecsuring
the reflection of light by sraoke hee been foWld. The oetbodo
suggeoted for una in place of the n~n-lUminous torget oeesure~nt
hcve not proved prnctic~l. Honover. by ~ noro accurate eontrol
of o'Pe:'~ting condi tiona \100by ehcnging the tr.rget usod. it hac
been found ~oaoible t~ Qbt~in muchbotter checks nith the n0n­
luminous t~rgot tbcnuerc f~rmerly obtcined.

It hoo elso boon f~und thl.t over tho rnnge te~ted, thio
~~riction "f obscurir.g '~'3rTOrmth concontrction ic rogulcr. i.o ••
tho rolr:tionchip betweon T.O.? end concontr:-tion can be expressed
by nn el!l;)iticol formula.

Recent work hoe consisted in ClCkl.ng sever~l dupliccto
I'WlS of 200 gron chargca of obi to phosphorus, counting smoke
pc.rticlell. C'.nd obtcining data on R.C. smoko clouds and grey sncko
clouds (produced by mixing Dn?htholone with B.C. smoko mixture).
the latter dctn WOG used to test out c ~~rmulQdevolo~_i for ecl­
culeting the ~oint of dis~ppecronC6 of ~he non-luninoUD t~rget fron
the obsorption (or ?6netrat.ion) of light OCl'ourerent. In genom
it hao been found thot tho cgreement of the eclculntod ~ oboervcd
distcnce of dis~ppecrcnco of the tcrgct ere go~. In the ecse of
white phouphor-us tho agreement is excollt.' ~. It io believod tho.t
thie formula. will be very volucble since it mll 0110\1' us to col­
culnte tho distnnce at 1'/hich tbo tcrget -nll diGoI'pocr mtb looor
ooncentroti-::nc of emr~u such as 4lre used in the field. Concon­
t.ration of smoko ifl .!. importance since it. has been found thc.t \"dth
chllrges of 50 to 400 gro.ms of "hite phos , horus c. higher cbocuring
power ror unit ueight is shown by t.he 1017crconcent.rction.

FUNDAl.1ENTAL STUDY OF SCREENING S!.lOKE

Extrusion tubac of vorivus lengths uerc lo~ded vitb
tetryl to be usOd for p~oof test of bombs ~J the Ordnnnee Deport­
ant. This test showed thct on oxtruoion would not provide for
burst above water and demonstrated the need of c eu~r-sensitive
,rimer deton~tor c.ssel!1blyfor woter impoct. Therefore, the ?rc­
ject to use checical bombs in the boooing of the Nw Jersey and
the Virginia hod to be given up.



On Ja!N01')'6th (l thorough inspeotion ot tho boilor
D~t-up on the destroyer Brucowus modoQ~ the Philadelphia N~

'ISPERSION OF SnOKEFRON SRIFS

Etton is boing m!ldoto find a ...ethod of dotemining
t.ho v1eo08ity ot smokeby work in the laboratory end newmethod
of dotermining V1SC':>Dityot air by use of a dolicate monorneter.
utilizing interference ~~inges f,~~d when~onochromnticlight
teUs on very thin glr.ss diaphrngI!lon the surPc.ccof which rests
Q thin glaDe plate. Advantage- very r~pid roadinge ~ be
tnkon on a very smcll passage ':>t smokethrough tho oapillary tuba
th'U8 decretlBin&the ologging effoot of smoko.

In conneotlon with tho Dtudyot wind oddi08 and tur­
b·'· )ftCO a numberof white phosphorus aho?te VIeraconpletod. In
t:dying the datQ collected grnph3 ho.vebeon :?roparodwith the
objeot of dotermining tho relationship ?f the eftect ot terrain and
oh:mges in wind volooity and direotion CJI cloud trnwl ..

A reo"lrdine hot wire anemometeris being devolopoclfor
obt41n1nga picture of the fi:~r structure of the air currents tor
use in oalculating the travel ':>fsmokeelol''1o.

In eonnect-Lcnwith t.he ~tudy ,,~ the relative eeneen­
UC'.tion of clouds. with varic.tions in height. a numberof whito
pJiol'US shoote have boen cOl:1pletedin which sr.cplce woro t.aken
DOQI' the ground and ::rt. an elevation of 50 to 60 foet. Rosults
indicated that txt pointe two or threo hundred ycrdo from the fir­
in&point. clouds vary considerr.bly in concentrc.tion 'Withvarintion
in height.. but. at 11 distance of 500 to 600 yards froe tho firing
lina. the denSity 18 gonorally unifo~ froo tho groundup to c
height of 60 feet.the highest point oonsured.

'Whitephosphorus shoots havoboonA~l~hiChhaight,
width and cbeeurenee moosuroment.ewero mnde, in on effort, to do­
termine relc.tionship botwoentho rate of riae of tho cloud and,be dii'!'erenco botween nil' and DUTfacetemperatu.re.

TRAVEL OF GAS CImD

~ t.ube. Several runs '71erethen mcde durin& .Moh t.he two
aa.pling eystems were alternnted in order to get a co~~orison ot
the nsulta with the small and the loro~ tubeb. Although these
~ justified the reasoning which led us to substitute the l~r.se
tulle. the difference was not oe gretlt os woe anticipated. and
a.:JQDte4 to not morethan 5% durilll the o('r-y stages of the oloud.
81... the lor!e tube obviously gives mre 'ccurote re8ults iteWI. baa been odopted a8 Q permanentpart vi the apparatus.
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A quantitative method tor the detoctiob of u.S. hoe
been doveloped Md i8 8tltiBfact.oey tel' tho dotermiNltion ot B.S.
1n t.bo laboratory 01' in the field when butyl c:el'capt.Clft •..net dietb¥l
ISelenide 81'e not present. Ono-thouanndth a.!l. of mu.tar4 gee ~n
be dotected. which ill below the point whoro 1t can be deteoted by
odDr (.oo2~ mg/l.) The teot dopendc on tho foet, that chlorine in
4lluto wot.er 8olution roaets with t:IlCltnrd nd will cleo decoloriz8

Dotection ot B.S.

GAS DETECfORS

Bleaching ?owdor and liquid mutarcl woro plACed in •
.,alum si,OO d08icco":-'or, the blec.ching powder resting on the bot..­
"- f)t the desiccator II end tho mustard. T:hich was place4 in Q
petri 4ish. resting on the perforcrt.ed pOl'oelain plate. l1eigbed
wat piecce of tho metals of equal al'E)6wore 8U1S;:>ended trom glo.ae
"COkD, tho motQlo hanging soverAl ineho. above tho petri d.ilsh.
T~o top of the desiccator wos replaced and tho motels wore aU0\7 ...
ed to be exposod for fortY-Oight hours, atter which they woro 1'0-
mtr\'04aM wnahod. Thoy wore then dried and reneighed. From tho
Aroa and 1090 in weight, tho incheD ponetration of motal per
month woo oalcul~tod. In praotice tho quantity of blenohing
pol1der ueod will be in oxeeaa of tbe quantity ot matnrd which
is to be dostroyod, honeo, tho oorrosive action will not bo oxaot­
ly oOll!paJ"(4bleto the above.

Calculations have boon mado on difforent t.ypo. ot
filters tor tho roooval of gases and DookeD troo tho oil'. Thc0p'
oalculo.tione indicato that 0. cultltubulor fi1tor hnving tubea l'
to 1-1/e" insido dioraoter and Q 3/4" loyor of charcoal is ~Uo*,
tor Cl givon' flow. o.t oil' than tho other tYPOI .t\ldioc1. It WQe
found that filter. gaTe excels ro'iet.~co. prObably d~c to. •
gelotinoU4 ,sUbst.ance found botwoon the _'ibore otter tOl'm6tion ot
the filter. A differont grodo ot Inatoriol wae seourod. ana til­
tore mode from it ahow no indicat10b of the gelntlno\l8 film ob-'.1"do4 on other g~dea. .

NEtlTJ!ALIZ~foN OF GAl.:!!

SHIP PROTECfION

A 4ie~erBion p1nnt has beon eot up Qt, Edgewood£r­
.. DCl for uso in conneotion with the study of diepersion of
emote. froe ships.

ter4 eo aa to be able ';;'0 .....10:1 methode ot int.roducing mteria1
1Dto t.he at.o.ck.



tendo.

The results from the tes'tof the tOxicity of chlorine
pnoratecl near piling by elect.rolya111 of seo.-vroter hove shown thnt,
ohlori.ne 80 generntec1 had only slight toxic properties.

A number of pieces tUder test 80 f:tr sbow no nttac1c by

llARIlE: PILING INVESTI(,J-..tICII

Exporimontal anti-foulin& ~ointo bave been ~o up for
test. A different tmti-oorrosive ~ must 'be uoe4 to offset
the oorroolve propertiee of encb ClJrt,i-fouUng peint. These have
0110 been prepared.

Experirnentnl work on the Edgewood(plaatio) tY1'tl of
~Dint is praotically completed. as fr.r 03 new formulae are eonoern­
eel. Severe.l sr.mplee ""o.vebeen mc.deend sent to Beaufort for ex­
l)Oeure test. A numb~r of these ;,~int8 are being te6ted at Edge­
wood by suspending ~einted plQtee in 8ec-~tor.

ANrI-FQ,bLlyG PAINT FOR smp BO'rl'O}£

started.
Proliminary \7'01ic on J:lC.ter1els for suoh Cl suit hes beon

frotecti'V'e Clothing (Ventile.ted Typo)

It is found thnt light increc.seo tho dooomQosition of
IlJPregnito liB". High relativo hUI:li.dityincrenses the rtLte of de­
oampooition. High te~crc.turc olono does not cnterinlly inorocse
the !'Gte 'but wOOnthe matorial is ox.,ooed to light, high humidity
aD! high toopornture tho rete of deooopoeition is quite high.

DeYelopmont of Nnvy Proteotive Suit

Sevore1 nodel suite hove beon !!!tIde. Chnngcs in dc­
aisn are necossary_

PROTECTIVE CLOTHIl\"G

The test. is very delicate for n: taro, which gives a
~~ oolor, diathyl selenide (brown) and U-l (whito or pale
,.1~) • The following subetr.nces do not interfere \'11th 'the
ten I butyl IOOrot\pt.nn~hydrogen :sulphide, phosgene, ohlorpiorin-

.. rtaln dye" _ Consequently i~ musttl):d is :_1resant.it rae-ete riUl
the chlorine end t:he dN8 is not dGoolorized.
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Chlorine apptlrc.tus for trontr.ont of eoldo hoe boen
developed aM tested with good reeulte. Report E.1...H.ll.D. No.
21 ohowuvery largo percentoge of aurae.

An investigntion 01' the action of O16tnrd within the
body is being r:mde o.t. Edgewocd Aroenel. Difference vas found
b~·!..>7eent!;U&t.o.rdand Bel in anioolo but no difference on plants.
Thlo it> ancther item of proof t.hnt the toxicit~ of must.crd is due
to the aot.ion of the entlro molecule.

MEDICAL RESEARCH

en Noven:bor22. 1923. a conference wns hela ot Edge­
'WoodAreoncl botween the Chemical Uortc.!·e Off'i )ert. Put ..~O Heelt~
Cf~ici~1a of Bnltimore and Philadelphia, ~ represent~tives of 0.
m'!ll!;a~' <::f gee c:oapcniea. for the ,?urpoee of discussing t.he pea­
G1l5.~."~'Yof r1~ing I! rr.etllod tor preventing necidcnts :1nd suicides
wit:::. :'~l'Jl""inc.tingges. e.nd findi~ locks i'. gco mine. It wruJ
dc"icl.3tl -!-hct the coet difficult part of t!.l probloc WQB to ob­
to.!.n 0. roothod for ClDintainint t.he checicnl agonte in suspension in
tho Jtoa,; cmd tMt cnpsaisin W:1S the moet ?romieing tLllt.ericl for
tm purpcees The rcG\!lt of tho conference ".'Jasthat the Chemical
ilerf) .ro 5eJ"Viceis to be intorr.od whena suitable place foe q.
per-':L:l)r.ti8 is found nnd not.ified of t.he ClI:Ount of mtcrinl nee­
esoary to conduct experiments whon nct.ion will be t.cken to de­
t.o!"lUl.!lO i.n :7b~t. mrmer the _tenal will be 0:'~o.ined. end in .,hnt
\.'-Y' tha Chemoo.l l1crtore Service ctlll auoist in making the ox­
::or1mantc.

PREVENtION CF ACCIDENrS BY ILLUHINMING GAS

Specii'icatioD8 for all Checico.l Tinrtnl'OService mn­
torial are being prepared. 155 rC~Q.ining t.o be wr1tt.on out. of 11
totul of 535.

SFEC~ICATI0NS

Comolet.e report of .:-:.. to date has b4e1lprepcrecl rux1
1. to be inel~e<1 tn t.be report of ·the Commit.t.ee on Marine Pilins
~stigntionB. National Research Council.
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Dict1onna1.re deB :~Qtiere8 Exploaivee.
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Warfare Service. these pubUeotlollS QJ'e a.o.ilcble 1'01' use ot
all officers and employees ot the Chemical Warfare Service •
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3191

3196

3195

3189

3199

Alabaon. Battleship: before boObing,
October. 1921

Alabama, Bonhing; Effeot of H.E. bomb
containing 136 lbe. of T.N.T. drop­
ped from 3000 ft • altitude.

Alobamn, Bombing: - H.E. bomb bureting
on bo\'1

Alobo.mn, Bombing - lOO-lbe~. bom
bursting on boWe Dropned trom
about 3000 ft.

Alcbor:.o, Bombing - Smoke cloud from
100-lb. 11.P. bomb in 3196

AlabQmo. Bombing - Smoke cloud froUl tl.P.
bom. See 3196 and 3191

3193

NuoberTitlo

Lantorn slidao are in the TeohnioQ~ Division, orfico
of tho Chiof ot Chomical i·jarrare Servico, aM ere avo.ilr.ble for
loon on requost. Aoong those are the following:

The CheDienl \{arf:'are Service in the \7orld. ;'01'.

Activitios of t:lO Cllecical TIadare Service

"

The following motion pi.cture filmB are in t.he ~r.:).Al~,:··.:~
Division, Office of the Chief of ·Chemical Uarfare Serviee. Thc::;o..•
ere ow; lr~la for loan when there will be "-0 interference ,-rit-h
plane fel· their use by the Office of t.he ,"::.ief of Chemical 1101'-
fcre Sorvice.

'f1bat about Chemical 17orfaro" by Zuiek
Hit'l :Iii -:.1:. t ·1~.F~-~.~ G:.sb~, te.t16er end i601luil1ll

MOTIONPICTUREFILMSAND
LANTERNSLIDES

365
Z 4
355
L262

\1al' of the Future" by von BernhardiS56
B 457

(The) Victor,y at Sea" by Sims365
S1 58

(Die) Technit im Ueltkriege" by Sc~rte355
Se 95

Technioal )letbods of Analysis" by 'Griffin54S
G 816

Studiee in Map Readi:~g ar.c. Field Sketching,
by Shnw

S2S.?1
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Nm.l8of .'ublicc.tioaClue rb.



1940
2004

2005

013

0101

0100.

021

8260

3251

020

3249

3248

3208

3254

3238
S226

3263

3252

3246

3236

3223

3221

Number

Alabama, Bombing: Showi~ wreckage on
deck.

Alllbflma, Bombing: Bombing planee on
their woy to carr,y out taste
against the Alabllmc.

t.labama, Bottbing'\: A &ood hit omidsbip
with Q 25-1b. Vi.P. bomb.

AloblllU1, Bottbing: Showing hole WIder
bridge.

Alabama, Bombing: lOO-lb. 'IT.P. bomb
equipped with ~ater in~act fuze
bursting about 25 ft.· astern

Alabamo, Bombing: Airplcne abovo battlo­
ship dropping four 100-lb.U.P. bonbe,
one of whioh struok in the fighting
top.

Alabamna Boz:blng: View taken 1~min.
after 3252

Alobat:.Q, Bot:blng: Viow takon 3 to 6
min. ofter 8262.

AlllbalUl, Bocbing: Besult ot BeE. bomb.
A1Ilbllm.Q,Bot:bing: Showing deok and guns

a.ftOI' tombardmont. with "IT .P. andB.E.
Alc.bllm:l, Bowing: Showing Irllrks on deck,

turrot, and oquipment from burning
phe sphorue ..

Alaoortn, Bot:bing: Officers on board
trearing gas DruSa ai'ter bombing
mth C.N.

AlabalUl, Bombing: Navy type Sl!Iokebow,
floating-

Alobo!!AI Bot:lblng: Smoko screen dElVOlopE>a
around ship by NaYy typo smoke bomb.

A1obaJ:.Q,Bombing: Sa:oke soreen from NIl~
typo sDOke borbe.

Aml!Unition Chart. - Ammunition res ir04
to CQueo wearing of rospirator­

AlIDtunition Chart - Atm'iUIlition required
to COue6 fatal offects.

Airplane Glider - special Germnn gUe: r
from photogravure.

Airplane GUder - special GermAn glidol'
froI!l another view of 0100.

Bomba and Dorta
Candle, D.M., ~eG{' - Smoke cloud tro!!l

rear. Cloud not nt maxil!:Wh
Candle, D.Y., Test. - Berlin, Md. Saolm

cloud, close view, trom rear.
Cho.rt, Chemical Uorfare Servico orgcuUzn-

tion- Plnte 1.

'l'itl:e

,_..__ _.-,---.- - -'-~-""'- -..---.



3190

2936

2935

2943

2005

:5390
1940
2004

2678
3132

3109

031
2685 .
2692
269S

030
0:51

014

2229
2943

Chc.rt~ CbeDient llfll"fo.ro Service. Fiolcl
Service. Plo.te 2.

cnnale. smoke. B.L
Ccndles. D.U. - Development. of A cloucl

trom eight D.!!. ccndlo8. Pictures
~de nt intervQ~s of one second.

Chlorine. View showi.ng boat equip!'lCd
with €lppcrntus for ehlorin:rt.ion ,-·t
lmtor in Tidlll Bosin. -:;nahington.D.C.

Chlorinotion (sCJ!Je)
Chlorine. View showing instn.llc.tion o~

ohlorine cylinders end fe&ulctore -: r
cblorinnt.ion of '\7Qt.er sUP'"1Q.

Cblor1nntion (oQOe)
Chart: Compo.rotive vn1ues of gases.
Chart.: Mnrkinge of Artillory Shell
Chart: Belative r~es of Artillery OM

oomparntivo quontities o£ gas projocted.
Chacia::.l \i~rtc!'O Service Di.mICr: !birc1

Annuc.1 Di rmcr of tho C.U.S. at. lle5 boo
ington. D.C.

CbecioQl fio,rtcro Service Insignia
Ohemenl flo.rtcre SorviCE! School: C.U.s.

officers plo.ying b:lSobn.ll in ges
I!l.Qska

Co('1 tAr t.reo
D=-:"ts and Bocbs
D.ll. CeDIlla 'test. Berlin. !'.d. Smoke

cloud from 1'Otu'. Cloud not ot
.JOXill:W!l.

D_. Carnle Tost. Berlin, Mi. Smoko
cloud. closo viQW. from recr.

D.M. CBndIos: Development o£ aloud from
trol:l eight erpe rit!JBnta.l L .0. oQmlcs.

Demonstration of C.ll.S. Uunitions: Smoke
screen at. Camp Mende. W., to permit.
advance of tcnks.

DeJ!.lO~t.rotion of C.17.S.: Intcntry ecrecn­
Noto men in foreground o.r.1iting order
to ndvcnce behind Gmoke cloud.

Demonst.ration of C.'f".S.: Intentey scr en­
~n ready to c.dvt.nccthru smoke screen.

Dirigible: Almriennnon-rigid typo.
Crui£ing rr.dim- 4000 miles; utting
capacit.y 10 nc -. engers ~ 11100Ibn. of
boebS. Ovorall height. 66 it.; die ::otor
42 ft.; overall l~ngth 192 rt,.; c.ir
cc..,aeity 172,000 cu.rt.; 2 300 R.P.
engines. '('eight of envolopo 4700 }be.
Co,r3000 lbs.; ballast 950 lb.

Tit.le

1



The nbavo Ust. will bo oontinued in futuro iS8uo8 ot t.his
digest.

1940

1012

101s

1059

~148

S289

~69

3111

Sl79

3196

2918

316S

Dirisibls: j.not» .. vi8't7 of Amane :l
desoribed ~eJ' 3190.

Drop Bomba. lneendiQry: Showing leek
ot CDreill stomp.

Drop Bombs. Smoke: Smoke cloQ1 OIl
right. produoed by Q 5O..1b. n.p. bom.
Center. bursting of lOO-lb. bomb.
Left shon oloud imned.lotely formed
troe lOO-lb. bo~.

Drop BodJ Towers 75-ft. to_r ot
Bdgcnrood Arsenal £01' 'testing drop
bod»a.

Drop Bomb. 17.P... 10001b. fi.P. bomb
dnppecl frol:l tes'ti tcmer at. Edgewood
Ane_1.

Drop Bod». t7.p. - lOO-lb. 17.P. b()d)
dropped from t.est t.owor at. Edgewood
Arsonal.

Drop Bom. r.-P. - lOO-lb. 11.~.bOl!lb
loadccl to p.ve on ~rd bunt.

Drop Boob. 11..F. - lOO-lb. \yeP. bo lb
lotlded wit.h 126 droms ot tetryl
4eeigned to gift a lotel'Ql burs'ti.

Drop Bomb. tl.p. - too-lb. T.'.P. bomb
about 1 miJJute a.tter burst.

DIop BorD. neP... lOO-lb .. t7.P. boch
locded wit.h 168 droos of teteyl.
Soo 3289.

Drop Bomb.Ineo:'lciiary: ADooti)ly.
loborQtory viow.

Dro? Bocb. Ince:ldic.ry: Det.oile.
loborotor.y view.

Drop Bod>. Incendlory: Explosion
of intensive incondic.ry drop
bcmb Qt. Fort Footo. )(d.

Drop Bor.Ibs e.ndDnrts

Title

..
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"Futuro Armed Conflicts". lecture rewrit.ten
from ttnbat. t.he cext weI' will be like".
delivered by Br.~adler General AmoeA.
Fries.. Chief ot Chemioal Wartare
Service. betore the Philadelphia Porum•

"the Per.cet..5me Value of Chemioal uor-taro" •
eoeccb '>~ Er.igodior GallI :':11 ;"1'\'':1.:1 A.
Frie6 ...Chief ot Chemic .l nlll·fllre
SeAVico. 1'01' broDdca£ .n,. JallUfLl')'
8. 1923.

"Chet:lica1 Agente in Bnt.tlou. address
~eliwred by lliUor E.J..!t.ldsscn. C.U.s.,
at. tho U.S. Nawl Acuderty, }8aroh 11.
1922.

.•.,

"The Vnlud or a CbeDionl WDrt~re Se~ce·.
arti~'.9 "t'Iy P-::lf.o3ier "..l~,",-:,:o.l ArlJD A.
FriS8 e C"h'.af of Cll~'t',:~u'. I"/ori'are
Se=-Vic3 ~ ll:lrch 2l~ l~2Z,

The following lect.uros "':-e on tile in t.he technical
Ittgrenee 1·i:i:M."lr :lOOare C:lTnilnbla for issue tor n period of
a.., ~:-.',~8 t.:> Cil·~ti:el "fr"c:-fare S~v:.:.~ offJ.c3re. for use in in­
.,i rue ",~on ot Res(.Z"VO~'~cars .. R.O:.X.C. Unl.1.e and C.M.T.c.
Ctm.ps:
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