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ABSTRACT

This report describes thc chemical warfarec research
and development organizations in Japan 2nd the work car-
ried out by them. ‘

In Japan there was no real connection betwecen the
ATmy and the Navy orgesnizations, and their work was car-
ried out independently of eecch other with very little
liaison wctween the grouns. Ncither had a Cheirical Wer-
fare service as such, but the rcscarch ond development
work on chemical warfarc subjects was confincd, in gren-
cral, to orgenizaticns working only on CW subjects. In
the Army the Sixth Military Laborat-ry havirg a total cf
715 personrel did the prineipal chemizal warfarTe Work.

Tas Eighth Laboratory did work on flame threwers. and

the Third Air Technical Labvoratcrv worked on chomical
warfare suirlects of interest to the Air Foreces., In the
Navy oniy the Chemicnl Study Department of the Sagama
Naval Arsennl worked on chemicnl worfore subjects,

This lanoratory cmpiloyed 300 pcople. The work carricd
ovt by the Arny Orgenizaticn was in gonernl much superior
to that cf the Navy group.

Thz stacms of the work done on chemicel warfare sub-
Jects 1s svmmarized below:

2.  Beth the Army and Nevy had gas mogks which gave
good pro%tection against gascs such as phosgene and mustord,
They reniizcd thot their mask did not protect against HCW
very satisfactorily and werc concentrating on this worlr.
Apparently they woree maawarc of the decirability of im-
proving the protection ngainst CK.

b.  Affcer the dcvelopment of the mndel 100 portadble
flame thrower and tn¢ lntest model mechanized one in 1944,
work was stoppcd cn these wcapons by itos frmy hecnuse they
believed that *thcie shortoce cf fuel wonld iivmiz the usc-
fulness of this weapon. 'he Navy, hewever continucd wWork
and developed a light weight portable fiame thrower which
W13 NnCver procfluced.,

c. Both thz arry and the Navy had impervious clothing,
but neithcr had developed zatisfactory permenble protecstive
ciothing, Their werk consistcd of trying to use Chlcvamine-
T as the imprecznating mrnterial, Shertiy beforc the wiar's
end the CW Laboratory in Manchuria initicted the develnn-
ment cf carbon-impregnated clothing which they considercd
very promising.

d. Practically all the research and developnent work
on smoke was completed scveral years bafore the end of the
war and 1s of 1little intercest. The letezt information oh-
tained was used in the design of muritions which were stan-
dardizea.

¢. The work on the devclopment of detector kits re-
sulted in the stardcrdization of scveral kits prier to the
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f. No unusual mecthods or agecnts for decontamination
were developed, The Javpanesc rcport, however, that the
methyl cster of anthranilic acid is an effective deconta-
minant for mustard on the Sﬁin. The system of gas proofing
buildings end fortifications wos not improvcd over the
standard methods.

g. Both the Army and vay had carried out extensive
work on the scorch for new ngents. Except for the limited
producticn of a 'Ynon- freeudb¢c“ must-rd only the common
”gcnts musterd, lewisitc, phosgene, hydrogen cysnide, chlor-

s.cetophenone, “nd deneny]cyﬁncr51nc were produced. Work
on CKX and HN-3 was carried out, but they Wﬁrb not adootcd.
No evidence that work was dﬁne cn ngants ol the triisn
group exists. LDxcept in lre cace of HON no instnbility of
the agents was cncountcered during stornge. The Japancse

used appreximately two percent of ccopper net or powder,
AsClqy, or &0, with the HCN ond reported that the material
was then stnole for at least threc years.

Shell and bombs were coated on the inside with a
Bakelite typ° resin, This wns belicval to prevent corico-
sicn, vut in the case of HCN it was not consluered helpiul
to the stnbilaty of the moterinl.

The toxicity c¢f the standnrd agents had been stnd-
ied using rabthits, guinea pigs, pigecns, etc.,, hut the in-
formation conzerning the dosages reguired for non were very
douhitful. Particulaorly in the case of the effects of mus-

ard vapor tne data were inadequate.

Lo The raw moterials usually used in the production
of the common toxic agents and the ordinary materials of
conqtrvf*ioq wesre vory scarce in Japan: consaguently., the
p 20t plant work ws directed to develoning methods of pro-
ducing the agents ~n%t of materinls mrora readily obirinable
and iz of little Interest or wvalue.

i. A considerable number of fienol tests wera coarried
out by the Japanese in studying the ef¢CCT1venes< and be-
havior of toxic agents when used in tie fleld. MNuch of
this woilk wns dene befors they initictzd tne war with the
United Stotes nnd at thet time they probably had hetter
informoticn on this subject. Work duvring the war has not
proceeded apace that of “the Allies, howzver,

i~ The Tﬂpﬁrese ¢id very littie wocrk on the devel-
opnent of incendiary munitions.

k. No unusual weapons of grent interest were devel=
oped.

1., .Some work on the treatment of gas casualties had
been carried out, but no improvements in the common methods
of treotment used before the war were standardizsd

’_‘:IJQ (




I. INTROIUCTION.

this report describes the research and development work
done by the Japanese on chemical warfare subjiects. The re-
sults of their work and the conclusions reached by the Jap-
anese are also included. For the sake of completeness no
effort is made to elirinate from the report known informa-
tion. ©No ccrparison of the chemical warfare work of the
Japanese with that of the United States is made. Neither
is there included a discussion of the state ci chemical
Warfare knowledge since it is believed that expsrts in var-
ious subjects will be more competent to evaluate this from
the report than can this group. In general rore histowry
of the development work and related informsticn has howe~ in-
cluded then is necessary in a strictly tecnnical revort.
This material has been recorded so that the cverall devel-
opment picture can be more easily visualized.

Shortiy after the Japanese agreal to surrencer, oviec
were issued by the Imperial General Headquarters to deziroy
all records and renorts of Japanese research and develop-
ment worx. XEven though these orders were countermanded
within seversl days, a very thorough job of destructicn
was apparentiy done for few documerts of importance cun-
cerning ~hemical warfare work have been located at thic
time. The report is, therefore, based cn verbsl informa-
tion obtained from Jepanese officers, offizials, and pro-
fessors conrecte¢ with chemical warfars work ana on re-
perts grepared by the Japanese for supurission to this of-
fice. Great effort has besn made to varify the information
obtained and to uncovrer additional informaticn whicn the
Japanese may not desire to disclose. The s..ccecs of therce
efforts is diffieult tc determine,

Reference is mefe to the report on Japanese Chemical
Varfare "Report cin Scientific Intellisence Survey in Japan',
Voiume IV, 1 Ncverber 1947 issued by “he Scoencilic and
Technical Advisory Sec¢ticn; AFPAC. Fcr the sake of com-
pleteness and vnity cer®tain information from thet report
has been included in this cne. At other places only a
reference i5 made to the report Tor data and detailed ir-
formaticn.

o
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II. RESEARCH AND DEVELOPMENT ORGANIZATIONS

Even though there was no clearly defined Chemisal War-
fare Service in the Japancse Armed Forces, research and de-
velopment work on chemical warfare subjiects was eonfined to
organizations which were set up for this purpose. In gen-
eral, the same subjects considered to be chemical warfare
SUbJects by the U.S., Army were studied by these organizations.

The Army and Navy were independent of each other and, as
a conseaquence of this fact, separate chemical warfare I'esea.:r‘-~
ch and davelopment crganizations doinhg parallel work existed
with little, if any, liaison between th=2m. The Air Fcrces,
while not independent of the Army, carried cui develonment
work on munitions of interest to the Air Forcas.

In view of the sharp divisicn hetween ¥The Army end Navy,
this report will be similary divided.

A. Army CN Research Organizations
1. Table of Organization
The table of organization of the Jspanese Army,
showing only those groups connected witn rese-rch and cevel-
opment work on chewmical warfare subﬂe”?a7 is given below.
The orparization sncwn is the one whdch was in existence on
1 August 1945,

r

)
Gereral Staff .m~_*_*%¢ War Departuwent
Office < - (ilar NlleLTY)
(Tmperial Hdg.)

- —

- L

Adr Ferce Arry O“dﬁdu &'
Headguarters l *wrnzu }

S i — | — T

| i . : f 1 { o
3rd Army Air 6th TllLukLJI, lgfh Vlli—
Tecetnical * Laboratory g itary Lab-
Labcretory ‘ for C.W, cratory

- . — S e ——— —~ for

\’atexlals

* There is a tntal of 10 Military Lahoratories, but only the
6th and €th did work pertaining to CW.

%% There is a total of 8 Air Technical Laboratories but only
the 3rd did work pertaining to CW.

2. Sixth Military Laboratory (6th Army Technical Research

Institute)

This laboratcry from a chemical warfare viewpoint 1s
the most important one in Japan; consequently, it will be dis-
cusged in detail., It is located at 1CC Nincho 4 chome, Yodo-

bashi-Ku, Tokyo.
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In August 1919 the Army estabilizhed a science re-
search station - one part at Faishilkawa and the other at
Itabishi. This station was divided into twn sections, the
first working on rhysical armaments and the second working
on explosives and chemical warfare. In 1G22 the station
was moved to its present location. The Second Section was
divided in Arril 1925 into the second and third sections
with all res=arch on chemical warfare subjects being done
by the Third Section. A%t this tire rescarch oci the fol-
lowing subjects was started.

(1) Chemical Warfare agents

(2) Hysgiene and treatment of gas casualties
Oif\ﬂ5¢ve weapons
i Protection fvcm gas
In August 1922 responsibility fnr research on explosives
was vemoved from this station and tis Third Seztion bvecaie
the second cZenartment. This department was annexed to tae
Army Technica’ Bureaun in June 1941 ané the name was changed:
to the Sixth Laboratory of the Army Technical Bureau. In
Cctober 1942 the é:h Laboratory was riaced under the Avay
OrAdnarce Burcau, Part of the laboravtory was burned in an

incendiary raid in 1945 and the rers scnnel of this part
were evacuated to Takaoka. Toyama T en, but they were unarle
to begin work again tefecre the end of ths war, Tt was
planned that the substation set up herz would be the chiel
one of a numnber sev up to replace the Sixth iab. waich was
consicered to be too vulnrerable to bomiings. The plan pro-
ceeded no further, for on 5 Septerber 1945, the Sixth Aruy
Laboratory ceased to function because cof the war's end.

b, Functions

The funchion of this laboratory, as da2fined by
the Army Ordnance 2ureau (Army Ordnance Administration
Headquarters), to wiiich the laboratcyy was rezronsible, was
to carry out reseawch on chemical wespans, o test the wea-
pons developﬁd to study chemical agents, and to do medical
and veterinary research related to chemical warfare, This
includes resenrch on defensive measures ror gas warfare and
research on the prevention and t"ﬂfbment of gas casualtics.

The functions of particular sections will be given in detail
below.

0 RG
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¢, Tetle of Organization
The table of organization of the laboratory is as

follows:
'
Commanding General !
R |
T RN D R B - I
General | | First | Second I | Third

Affairs | Sdection | Secticn ' Section
| Section ‘ | ; |

| —
|

I
i Takacka Subsecticn

UNCLASSIFIED
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Since this laboratory is the most impor
establishment in Jaran, the key personzer cf each section will
be listed along with their duties.
(1) Major General Kinsei Akivara - Commanding General
(2) General Lffairs Section - This section handled all
the admiristrative matters of the laboratory.
Col. Shinji Ichino, chief
Col. kashimoto, in charge of Takaola substation
I'ajsr FKanaya, in charge of pronerty
tYajny falmurai, in charge of photograpii and eleciric
equipment
¥Majer Nagao. in charge of military weapons srnd ma-

terials ,
kajecr Szrogami, in charze of meteorolilcogy and moche-
matical calcniations
Captzin Higashiura, in charge of perzcnnel

Car*uin Shirohata, in charge of transportaticn

Czniain woomi, in charge of finance
The follcwirg perscnrel were in the process of being trenc-
ferred rfrom tris lzboratory to the manuiocture of explosives.
Their spzcla!ties zre listed oppesite Ttheilr names.

Col. Saverxi - Protection iiocm gas

Lt. Col., imaoka - former nead of the secticn of the
attack arms and studied sncke candles ard cthor weapers
Major Iwata - testing of gas in the field
Major Hotta - gas analysis
l:ajor Satac - gas weapons to attack the tank
lMajor Tanawa - flame projectcr and the flare tank
or Sac=ki - CGas analysis
Onishi -~ Rocket gas shell
Taekokuto - Rocket gas shell
Mutoo - (Cas analysis

Itoc - Recket gas shell

. IHitsuichl - Gas weavon to attaclt the tank

Lt. Inone - Rock=z=t Gas shel;

Lt. Umezawva - Focket gas shell
The Takaoka substation was set up to carryv out werk on chem-
ical materizls to be used in weapons and equirment designed
by the Sixth Laboratory.

(2) First fecrtion

Thie scetion vas responsible for the search for new
chemical warizce agents and for information on the manufac-
ture of chemical agents.
Group 1 The study <f poison gas (Including the develcorment
T of new gases)

Chief Engineer Hayashi

Col. Nekegima

Capt. Yosuca

Lt. Yeno

Lt. Awxita
Group 2 The study of the synthesis of arseneous acid

UNGEASSIFIEL
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Lt. kEinoshita
Lt. loriroto
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Group 3 The study of a practical met miacture of
mustard using ethylene oxide from accrylen€
Major Takada
Major Endo
1st Lt. Sasamori
Group 4 The study of separating arseneous acid from coal
gas
Major Seerekl
It

Mainiy Qkora

<

Japt., Yurezo

Group 5 The s*tudy of use of chlorine obtained as a by-
prociiet in the manufaciture of magnesium
mz. Yolocyama
(4) Szcornd Sﬁctjon
This secition was responsible for work on gas deo-
tection ani .as protection.
Group 1 The study - detecting apparatvs
' Maicrs Kosoki
Copt. Kowedl
Capt. Xawai
Fngr. Hisashi
Group 2 Tne study of protection from gases
Capt. Kondlo
Lt. Ibaragi
Lt. Kitanare
Engr. Mizutani
(5) Third Section
This section was responsikle for studies concerning
the medical trectument of gas casualties and for toxicity
studies.
Groun 1 The study o emergzen cV treatment of casualties of
mustard ona i
Lt. Col, Jiipura, chief
Group 2 The study ci ths Joisonous character of nitric Yper-
—"' ite and arsine applying to animals.
Surgicai Capt. Ucixida
Surgical L5, Naka
Surgical Lt. Neorishiri
“"*p?f*? Lt. Nakxagawa
Group 3 The auvdy of piotection to military horses and dogs
Veterinary P ajor Niemi
Veterinary Cept. Oyama
Veterinary Capt. Saito
d. Personnel
(1) At the eni of the war the following personnel were em-
ployed at the laboratory:

33
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Distribution Scnior Junior Emp..oyees Total
Lccording to Cificials Officaals
Work
Nilitery 64 83
Civilian _° gié
Total 73 /15
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Included in the employees were 212 women. Of the 715 worlters
200 were assigned to the Takaoxa substatior. In 1943 cnly
500 people were employed at the laboratery, but the drafting
for the armed forces of trained and experienced personnel re-
sulted in a decrease in the efficiency of operation and ne-
cessitated the hiring of more workers.

(2) During the past fifteen or twenty years the labor-
atory follicwed the policy of hiring sclentifiec personnel im-
mgdiataiy after tiey finished school. These mon remaincd
civilians and were assigned to specific fields in which they
bcececame specilolistz. Not until hostilities hrolke out hetween
Japan 2.4 the Uniicd States did these men become officers in
the LArmy.

(3) Litvw.e use was mede of civilian scientists by the
laboratory. .pparently the Azamy did not tale civilizns com-
pletely into their confidence. Certein professors, Lowerer,
were givern :pacifis problems on which to worit. These arc
listed belcw.

Heklkaico Imperial University

Prof. Jiro Horiuchi - Synthesis of arsenic acid
Prel. Zernichi Shibata - Stuly ¢f the extraction >F
arsenic acid frem iron manufacturing pirants

Nagova High Technica2l Szhool

Prcf. Yesniaki Mastunaga - Study of smckss
gl

Prof. Tashizo Cnhitani - Synthesis of arsenic acid
Toncku Impericl University
Prof. Rienzebhuro Hara -~ Synthesis of arscnic acid
Tokyo Imrerial University
Prcf. Tane:sohure Samejima - Study of smoke
) .Prof, Miorizo Isnitato - Study of the wochaniem of
poisoning
(e) The budget for the laboratcry for each year since
1940 1is given below,

Yzar Biiget Yen*

1640 = = = = =~ = = = = — = 1,500,0C0
1941 = = = = = = = = = - - 1,600,000
1942 = = = = =« = = = = = = 1,20C,0C0
1242 - - - - - - - - - - - 2,100,000
1944 - o = 4 = - = = - = - 2,300,000
1945 - - - - - = = - - - = 2,90C,0CC

For the fiscal year 1945 the budget was broken down as
follows:
Yen 1,500,0C0 Salaries (civilian employees)
300,0C0 General affairs section
450,000 First Scetion
390,0C0 Takaokn substaticn
10C,00C Sccond Section
200,000 Third Section
(f) Attacked is a ground layout of the leboratory.
xValue of Yen was pegged at 23 7/16 cents.

% " S f«,., 3 4y '
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3. Chichihara, Manchuria, Laboratery
_ Little accurate i’f srmation concerning this lahor-
2tory is available since it has not becn ccressible to
United States Intelligence Tcems. Interrcogation of per-
sonnel who were stationed at or who had visited this lzhor-
atory indicates that approximately 2(C people vere emnlovnd
thert before the end of the war. The laborntory was s~ppar-
ently set up to do chemical warfore resenrch and dcvelorment
work for thz Kwaniong srmy. It is believed thst the labor-
atory worked mainly on the develovrent of defensive mater-
ials such as nask: and protective clothjng, but some work
was carried ouvt to determine the behavior of chemical agents
in the Tield. It is further reported theht annroeximatzlv six
months bhefor- cnc cnd of the wa» this laborﬂlbfy was convert-
ed from n stu'y cf CW problems to work on exnlcsives. Trhe
information ”V“ll&ble concerning the werk cariyied cut 2t
this strtion will De found in Section IIT of this repert,
4. Fignth Miiitary Laboratory
Koganci-Machi, Kitatama-gun, Tokyo
a. Hivtory
Prior to June 1941 this Jaco
the Army Sclentific Research Ius*j tute which wus subordinate
to the Army Technical Hecdouarters. At this time the Insti-,
tute was ahscrbzd by the ’fray chhnlku; Headnmarters and
certain sections of the Institulte were made intoe indzpen-
dent and seperate laborateries such as No 6, No 7, No &,
and No 9. In 1942 further administrative c1 anges wWere mnde
and this labcratory came under the adulinistrative control
of the Army Ovrdnence Administrative Headguariters. In Nov-
ember 1943 the Leatoratery moved from its crammed location
at Okuho to its prescnt cne at Koganei. In September 1945
the ILabcretory ceacsed to function.
b. Functinns
This labteratory was respensible for investigoa-
ting, plonning, testing of, and researcies on fundamental
materials for munitions, rcsearches on chemical industrianl
meterials, nnd investigitzon of basic Tasts concerning
specifications and prescrvation ¢f munition materials. Al-
though thece functions are not directly connectcd with
chemizcal werfuzre, cerftain subjects of a chemical warlore
nature fall within this laboratory's responsibilities and
were invectigated by it. Thesc subjects were (1) flane
thrower fuel, (2) activated charconl, (3) arca smoke screch,
and (4) incendiary bomb material.
c. The table of organization of the laboratory is
given below.

ratery wes a part of

&
¥ Cocmmranding Censral
T Jus NI i )
S g PR B S — i
Tirst | [Sczond | Third . Fourth |
Scction Section i Scction! lSectlon
....... —_ b | J—
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(1) The General Affeirs °P0+Jcn Wh S “Tf%ﬁonolh¢r for
plenning, personnel, finaace, and miscellaneous affairs.

(2) The Fqut Secticn wes responsible for carrying
out basic researches in metallic materials.,

(3) The Second Section was responsible for carrying
out basic researches in non-metallic materials

(4) The Trird Section was rcsponsible for carrying
out b°51L re earches in materinls for chemical industry.

{5, The Fourth Section wes responsible ior cavrying

out bacic reseorciies in agricultural resources.

d. ?ers\ ne-
(1) ileving is the list of personnel empleoved bty

the labo?ato:y,
Officers 1242 1943 124d 1945  Auguih 1943
General - 1 1 L
Mai, to Co%., ’ 5 8 9
It to Copt, </  t 20 36 43 42
Non~-coms - 10 12 11
Civilizns
Experts 2 3 1 1 1
Engincers 11 16 19 23 247
Male workers 30 50 103 157 135
Femzie M 15 3 78 144 129
Clerks 28 43 85 el _78

Total c 167 338 470 434

(2) This Zabhrreatory used civilian ascizntists to some
extent, The Limy assigned cond fincnccd the prorrear.  0aly
worlkk cn the activat-on of cribon is of CW intecrest.

€. Buaget

The budgei for the laboratory for each car since

1941 is given below.

fear Pudget - Yen
1947, 40C, 000
1c42 1,250,000
1943 2,500,000
1944 a.ooo 00C
LG4 '61.7,800

Only & portion of this was uvsed for C\ Work. The exact amount
could not be determined.
f. A ground laycut of the loboratory is attached.




5. Third Air Technical Lahorqtnr"'
Tachikawa Air Basc, Tokyo Prefecture
a. History

In 1931 the Air Force Laboratorv became respon-
sible for chemical warfare research in the Japanese Air
Forces, and work was tegun on both offensive and devensive
matters.

In 1942 the Air Force Lahoratory was divided
into eight separ:ets orgoniz ations, known as Army Air Tech-
nical Labvoratoriez, The only one of these having 2 chemical
section wos Une Third Army Air Technical Laboratory at Tach-
ikawe LAir Bese -

Ir: decision wag mnde in 1943 by the Japanese Air
Force GHQ toc veduce chemicel worfare resenrch o the minimum,
and since thnat time the work of tne chemical section was
mostly on smoke and incendiary bhombs.

e Third Air Force Technicnl Lahoratory was com-
pletely destroyved hy on air raid in April 1945. The rgari-
zation moved elsewhere, but by that time the chemical section
was no longer operating.

b. Functions

The Loboratory wns responcsible for the develop--
ment of 21r chemical munitions, and in the pe'iod from 1938
to 1943 research was done on toxic gas bombs, smckxe Ttomos,
incendiary bombs, toxic gas spray tanks, and smcke spro
tanks, .

Defense against chemical attack was 2lso studied
by the laboretory, and between 1935 and 1943 projccts were
carried out on gas detection cdevices, dccontrmination wcthods
for airfields and ajirrlanes, protective covers for sirplanes,
and protective suins and masks for air crews.

c. Table ¢F Crganization

Third Army Air
Technical Labcratery

Maj. Gen Ho MNosaks |

T
4

f I , [ ] T i 1
General Bombs Rockets Bomb Trajec-i Chemical
Affairs k Release tories | Warfare

| | | L Q;;Db,1H¢Aamef
[ | (
Defense Offence Mito
B ! Test
1. Protection of 1, Bombs Section
o, Airfields 2. Spra | (at lito)
b. Airplanes Tenvs :

¢c. Pilots

2. Decontamina-
tion

3. GlS Masks

}. —— e et —




d. Personnel

The total personnel of the Third Army 2ir Tech-
nical Laboratory was 300, of whom 30 were scientists. The
Chemical Viarfare Section had two officers and seventeen
men,

e. Budget

The average annunl budget for the period during
the war wes 1,000,00C Yen, of which 30,000 Yen were a2llo-
cated for the Chemlcal Werfare Section.

f. Groun® Layout

ine Lovoratory was housed in seven buildings,
of which one was rssigned to the Chemical Warfare Section.
No drawing i shown, as the whole latoratory was dezstriyed
by air raids.




B. Navy CW Research Orgenizatior® ., 6 " !}

1. Table of Organization by~

] The table of organization of the Japanesec Navy
showing only the groups connectcd with rescarch and de-
velopment work on chemical warfare subjects is given
below. The organization shown is the one which was in
existance 1 August 1945,

~

1 — _
I Navv General Staff] > Navy Department

c———— 1 E :
Pt T DA T T T .t T STy
‘ joma b e o i
Naval Modica. | !Neval Technical News 1 Aeroniutjcnll
Collecge ! ! Departments Departmeat }
Sagemi Navy lst Naval Technuical
ard . Arsenal
- -=- ! |
Chemistry Fxp- De¢partment ot
eriment Depart- Bomb
ment

2. Sagemi Novy Arsenal Chemistry Experimenc Department
This organization is the only one set up fer re-
search on chemical warfare subiects in tne Japanese Navy.
Work for the naval air force was done by this instellaiion
whenever thce lst Naval Tcchninel Arsenal recuested it,
One excepticn was made to this prorcedures chemical bomes
were designed by the Depertnant of Bomps., The Cagaml re-
search installaticn was located next to the Naval powder
factory 2t Hiratsuka, Kancgawa ¥Yen, Honshu.
a. History
In 1923, the first naval loboratory of chemical
munitions was established as a scction of the Naval Tech-
nical Institute at Tsukiji, Tckyo. In 17925, it changed
its attachment to the Scientific Research TIepartment and,
in 1931, movcd within the bounds of the Naval Powcer Fac-
tory at Hiratsuka where it was located at the end of the
war. After the tlanchurian affair in 1932 the perconnel
and the recearch work were gradually increased and in 1934
the organization bccame independent and known s the Naval
Chemical Experiment (Study) Department. In the early years
of the laboratery, the characteristics of agents end, short-
ly thereafter, the manufacture of agents were studied. After
the outbreak of the war, the development of the laboratory
was eccelerated becnuse of the necessity of increasing the
production of chemical warfarc materiais. By 1943, it had
greatly expanded and became the Sagaml Navy Yard (or Arse-
nal). The experimental work continued under the Chemical
Experimental Deparimens, a branch of.Sagami Arsenal. Two

of the twelve buildings lqéglggg}ary raid
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in 1945,

After the war the labvore
b. Functions

pperation.

The functions of this instecllation were to do

resecrch and development work on the following subjectss
Ges protective equipment
Smoke weapons
Menufacture of toxic gases
Gas zhells and bombs
Incendiaries
New gasex= \

'edical treat
*Fynlosivng ¢

t for gas casualtics
amrunition for merine troops

AEN
va R
- 4

“a
"
»
L.

*Be.loons
*Lunber w.aperns
*These subjects did not pertain to CW but were assigncd ©
the laboratory
cd

Table of Organization
The tatrle of orgonization of the laboratory is

given below:

-
Chief of Researchg
T : s
e . PR, W
| General Affairs | Sections |
{ Section J 1 1 -9
i

Sceticn 1

Section 2

Section 3

Section 4

Section 5

Section 6

oo

o
°

ao

oo

Analysis and Stnninrdizing
Fagireer K. Chuj~. Chief
Gub Li. K. Hiros=
Sitb Ly, ¥, Osawn
Frncaw:ontal Research
L%, Cowdr, K. Yoznlda, Chief
Sub Lt, H. Hameda
Eng. R. Fto
H., Tamura
"Gos, Smoke ond Inccndiaries
%, Comdr, H. Kuwabara, Chief
Sub Lt. V., Asai
Eng. M, Doshi
Fneign K. Cuga
Lrzign T. Saito
S¥nthesis cf agents
ist Lt. J. Yoshida, Chief
1st Lt. H. ishii
Explosives and munitions (not chemical warfare)
1st Lt, K, Onashi, Chicf
ist Lt. T- Taxen
1st Lt. G. Noana
Sub. Lt. M. Xamiya
Sub Lt. Owaki
Defenzave Yeanens
Li, Comir. T, Ishihara, Chief
lst Lt. H, Kamava
Ensign T. Yocsghino




Seetion 7: Wedical Research for misc. chem. products{not gas)
~ Comdr, I. ”\ﬁiﬂb“a, Chief
‘ Lt, Comdr., M. Shinonaga
Section 8: Medisul Researzh for Gas
Lts Comdr. T. Takafujl
st Lte. T. Iwermoto
lst Lte A, Nakamoto
Section 9: Techrnical work for production of ngents
Lte Urmdr, T, Arimn
‘ng. i, Mitsuishi -
*nb» ut. S, Fujishima

A? *H" end of the war there were 300 peonle -
ployed in th: latoratery. Thicty of these (EA naval 2ad 6
civilian engainecers) were scisntists, The laboratory had

certain nro:bos*“f or experts to whom they assigned zpzol-
fic probiloems. A List of these people ond the subjects con
which they worked follows.

Professor or Logatlon Rroblen
Exper
N. Somiya Toltyo University a. Analysis and separation of

micro~quantitics of watcer in
oily liquid.

b, fnalvsis of white ohos-
nhorus in red "%'ophoru*

N. Kameyama Tcuvvo Universaity Calcivm hysride anc Hy gen-
erating agants
T. kogi Toxve Unliversiiy Applicaticn of fluorescence

and rhosphorezcence to CW

J. Semechina Tokyn University Filtering of Smoke

H. Fndo Tcohoizu University  Hydrochloric e r-d proof allays

E. Teominaga Tohclu University Cziiizing agent for CO and o
OXygen ccn\rlti ng agents

K., Nozu Kyoto University Detc~u_on of Gos
M. Kotelie Osaka Universicy Svinthesis of ECN and styrene
Y. Tancke Dlh‘hcn Rubber Rubbcr mnterials

4.5

Resecarch Tnsvi-
tute, Tokyo

T. Shono Osaka City Indus- Adhering Agents
try Lesearch Ins- \
tituvion
N. Salmma Yeokohomn Gomu Co. Polymolecular Compounds

B. Kusano Yasul Yagaku Co. Ethyl zinc and polyvinyalcohol




€. Budget e’ A
The e¢stimated budget is given helow.

Ycar Amount in Yen
1040 - = = = = = = = 600,000
1G4 - = = = = =~ - 700,00C
]C,/‘ 2 ————————— 900 5 OOO
LD e SR U 900,000
3OLL e e e e e e 1,000,000
1A L o - - - - - -1 300 OOO
f. G . nayent

EIREE bha i
T}e ground ioyout of the labor~tery is ottached.




III. RESUGLTS OF THE RESFARCH AND DEVF %u BEOR]
The results of the work arec d1scussed under the
individual subject headings.
A. Gas Mosks
1. Japanese Army Work
The Japanese Army first carried out werk on the gas
ask at the ifilitary Ycdical School, but no results of any
value were obtained. In 1922 the gas mask was considered 2s
ordnance meterial and studics werc cariied out at the Mili-
tary Scientific Institute (former organization of the Sixth
Militory Laboratory), stondardization was done by the frmy
Technical Headquarters, =nd procurement and supply ty the
Army Ordnance Headquarters., 1In 1927 the type §7 grs mask
wns adopted as standard. Administrative changcs resulted
ir 1930 from the classificac iun of the geos mask as c¢lcthing
rather then ordnonce material and the Army Cliothing Head-
quarters tcok over procurement and supply of the masks.

Following tihis change the type 91 mask was developed in 1931,

type 95 in 1935, =nd typb 92 in 1939, Vith the beginning
of war with the United ¢ uatcs tbc shortage of materials,
especinlly rubber ~ond cctuon cloth, inecrcascd and work was
cnrried cut to develop a direct type gas mask without hose.
In 1944 the Arny Clothlng Headquarters was mrde responsible
for all werk concerning gas maskse.

Frior to 1937 the 4ir Forces showed little interest
in gas masks, but ot thet time they requested a small size
gas mask which the pilot can put on with one hand. The
devcioprent of such & mnsk wes undertnken by the Army Sci-
entific Institute. The nearly completcd design wrs turned
over to the Third Millit-ry Leboratory of the Japanese Air
Forces, who complcted 1it.

a. Developrient of the Canister

(1) Fundamental studies of filtration
The Japanese Arny did little fundamental re-
search on filtration mechanism, They state that all their
information cawme from reference hooks, *
(2) Studies of Absorbents
The absorbents for the canister of the type .
€7 gas mask contained Dutch charcoal "Norite" with soda
lime impregnated with a solution of Nalin0O4 as the auxil-
iary absortent. In the type 91 canister charc0ﬂl made
from hardwood and activated by steam was used. The same
auxiliary ﬂbsorbent wes used in the tyre 87 canister. The
canister of the type ¢5 mask contained active carbon made
from a mixture of powdered charcoal and coal tar which was
carbonized and then activated by steam. As the auxiliary
absorbent, soda lime (without perrﬂngcnate) was used. The
same type of chercoal was used in the type 99 rask and a
type hopcalite for the catalytic oxidation of hydrocyanic
acid was used 2s an auxiliary agent. Proportions of each

agent were as follows.
E g@ﬁfi’“, i .”51'




Active Charcoal volune

Hopcalite (Brown grain or Katzurya) volume
Composition of the Hopcalite was:

fanganese Dioxide 497 by volume
Copper Oxide 21% by volume
Calcium Hydroxide 207 by volume
Sodium Hydroxide 5% by volume

agnesia cement (binding material) 5% by volume
Resecrch on the activation of charcoal has been
carried out by the Fighth Nilitary Laboratory. Three pro-
cesses hove been developed and are described below.
(2) Steam activuulon p“ﬂﬂess
Charcoal ruowher. preferably L“om coccnuts
or hardwood, and cosl powder, toth of mesh 140 - 200, ava
mixed in the ratio of three to one. This is unen mixed
with ccai tar in the proportion of 10 to 6, and the mix-
ture is eg;tuted with steam at 100°C. for 3 hours. After
this time the raterial is made into pellets 2 - 2.3 mm in
diameter and 2.5 mm in lergth and dried at 120 to le””
The <ried mnte.;al is then carbonized in two steps. Thne
first step is fer 3 hours at 350% - 400O C. and the sac-
ond sten is of 4 hours duration at a temperature of 750° -
80C9C, The resulting material is then activated in an in-
clined revolving furnace by superheated suesam at a tempera-
ture of 8500 - 9009C. Tfor 24 hours. Careful control of
thiz step i1s necessary in order to prevent softening of
the charcoal. Tha charcoal used by the Army after 1941
was manufactured by this general process.
{(b) Zir> Chloride Process
Man parts of sawdust (240 to 200 mesh)
are mired with 6 parts of ZnCl, and cﬂough water to make
a poste. This materinl is then mace into D°J19uS, dried,
and carbonized at a temperature of 6500 to 70CYC, for
one hour., The pellets are then washed with HC1 to re-
move the zinc, water washed, and dried. The advantages
claimed for ~This process are= no high temperature fur-
nace 1is reqnired no high q¢uality coal is required, no
special echnLCMA s¥ill is required. The ran in charge
this work 3aifd that no analysis of the final procduct
Was radzs ana that the zine content was unknown. This
process was never adopted for the manufacture of absor-
bents.
(c) up°Ciwl Activating Process
cterial A, consisting of sawdust and zinc
chloride in the ratio of 16 to 6, is mixed with moterinl B,
consisting of 100 parts of sewdust and two to four parts
of a 20/ sotution of CJ(\P3,¢(OH) or Cu(NH;),(S804). The
ratio of Fuuu-'al 4 to material B varies be%ween 3 to 1 and
4 to 1, depsnding on the kind of gnses to be absorbed. The
manufwrturlhg process is the same as process (b) previously
described. This prccess vas devised after it had been
learned that the addition of 2. 5, of oxidized heavy metals




such as Cu, Ni, Co, Fe, etc. to tle car n reased the
HCN absorblng capa01ty ol the charcozal Pilot plant work
wes initiated, but an incendiary raid deSuroyed the plant
before data were obtained. The composition of the final
product is not known, because analyses were not nade.

The solution used to mix with the sawdust in material B
was mode by mixing CuSO, and NH40H solution. The final
composition contained 6% 3 g/1. of NH3 and 5.6 g/1. of
copper.

Charcoals were tested in the laboratory
by filling a 2 cm. tube with the charcoal to a height of
10 em. Air containing 0.5% toxic gas was passed th roagh
at a rate of 500cc/creminute at a temperature of 20°C.,
and the time required for the test solution or paper to
chznge color was determined.

The comparative absorbing capacity of
the active charcoals are as follows:

Time in Minutes
Chloropicrin Phosgene Hydrocyanie

Aeid
Steam Activation process 100 - 1i5 30 - 33 TiE
Zinc Chlicride process 120 25 i2
Special activating process 100 - 110 45 - 50 45

(3) Filter Material
In the first type masks such as the type €7
a filter cap rade out of wool was used. In the latter
types the filter was lantern shaped and made of Egyptian
cotton, parper, pulD and asbestos impregnated with Congo
Red dye, This imp T'fwnwtlon improved the fiitering pro-
perties, tut the vagnﬁse didn't know why.
(4) Dosares required to penetrate conisters.
Air dried by calcium chinride and Yy sul-
furic acid is mixed with water vapor and tecii: agent in
such gquantities as to have a relative humldlfy of 507 at
209C. and to have the desired concentration. The mixed
gases ~re pacsed through the canister and through a test
paper which changes coler when the toxic agent penetrates
the canister. The time regquired to penetrate the canis-
ter is determined. The fcllowing results are listed:

Time (kiinutes for breakpoint to be renched

Ges Flow Rete Conc. Time to penetrate (min.)
1/m vol.%# Type 99 Canister

Chloropicrin 30 0.5 20 - 2%

Phosgene 30 0.5 18 - 23

HCN 30 0.2 12 - 16

Information is not available on other canisters, but the
Japanese who furnished the information helieved that type
87, 91, ani 25 guve only 0.1 the HCN protection but ga
greater protection for gases such as phosgene or chloropl-

crin than the type ©9.
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(5) Protection against Carbon Mcnoxide
Only one cenister for the absorption of CO
was cdeveloped. A diagram of this canister is given below.

e e A
Qi B Agent
/Jﬁm Active Carbon
26 mp A Agent
GO 1 B Agent
Nz
K:—-—-— /1 E»vimn — =

) i
This cenister weighs cpproximately 1 Kz and has no type
number., Composition of A znd B agents are as follows:
A Agent  VManganese dioxide  70% (by volume)
Copper Oxide 304 v "
Materinl is approximately 2 to 3 mm in diameter
B Agent  Calcium Chloride ¢4
Silica Gel 409 .
This canister is said to protect for 480 minutes against a
concentration of CO of 20,000 mg/m> at a flow rate of 30 1/m,
terperature 2OOC., and relative humidity 509.
(6) Protection against HCN
Even though the Japcnese knew that their
canister gave very poor protection cgainst HCN, they diad
and were Joing little work on the problerm. Th=sy adcpted
the use of 30% brown grain (See above) with 70% charccal
to increcase the HCWN atsorbing capacity, The Eighth Leb
which werked on charcoal did a certain amcunt c¢f work on
the addition of rietals to the charcocal to increace the
absorbing capccity for HCN, but the results of the werk
were never used. They finally plarned to use charcoal
similor to that found in the latest captured American
mask (type urknown) althcugh there 2re no indications
that they knew how to make it, knew what was in it, or
hod the materisls to use.
b, Face Fleces
fLy Design cof Facepieces
(a) For different shoped feoces:
The Japanese Army had masks of only one
shane bhecause the shepe of Japanese feaces
does not vary much.
(b) To 2llow weezring of glasses:
No change is made in the design of the
facepiece to zllow for the wearing of glas-
ses, but the glasces cre rodified. The
arms of the ordinary glasses are taken off
and a piece of rubber tape 1s fastened to
the glasses and is worn around the heac.




UNCLASSIF

(¢) To improve speech transri

Little work was carried cut on this sub-

ject. A mica plate was atteched to the

expiratory valve, but this resulted in

practically no improvenent in the speech
trensmission properties of the resk.
(d) To enable use of binoculsrs

On some of their mnsks an attachment wos made

to enable the use of binoculnrs.
(e) For special functions of jobs

l. For use in tanks, the canister is smaller
than the one with the type 99 maZk.

2. For the injured, facepieces are dosigned
to cover the head and to he fasctenad and
rade airtight at the neck.

3. For battle at the "sea side' the Japanese
had developed a hose attachment abcut two
feet in length which contained the valve
in the end of the hose. The ton cof. the
hose was tied to the upper part of the
head of the wsarer,

For protecting "shooter in fortress'" from
high concentrations of gns a long con-
necting tube is attached tn the bottom
of an ordinary canister and placed out-
side the fortification.
(2) Mnterials used in Facepioce
Rubber pressed on cotton cloth was used in the
ranufacture ¢f the faocepiece.
(3) Penetrction of facepiece ~nd hose by mustard gas
Two ©o three hours 2are required for liquid mus-
tard to penetrate the rubber. Vapor (200 mg/A~3) 1s s2id not
to penetrate the rubber.
c. Carriers
Crrriers were rnde out of cotton cloth soaked in
aluminunm acetate for water proofing.
d. Cety on latest gos nask
Ses Tslie I. -
e, Ccmparison of Japanese mask with rasks of other Nation
Tr.. Tollcwing table gives the information obtained
from the Japoiiese on this subject: Table II.

I~
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Jepan,

America England Soviet Russia China Germany
- ; unknown
- 98 type e o e e —m e e -4 NKNIOWN unkmown
95 type i 99 type Special iio. 1 . unknown unknown A B
Y- Hipgon Xako To. ~Nippon Kako | kine Safty | C.B.Gorman
‘| Pugilura Kogyb Co. | Coe . Co. Co. — ) made in Auer Co.
; ’ Holland
Atility of w.cke 99.80 99.98 | 99.98 98.80 99.90 99,92 98.Q 87.5 99.90
filtration (%) 3
Ability CoClp 30 2 : 148 60 30 65 120 1 20
of (COI’IC. 005%) '
Gas - e . RO SO ST
Absorption _ j 65 120 12.5 15
Time in_ | CCL,10, 50 28 L 29.6 30 40
Minutas) (Co'nac- 0.5%) i _
HCN 4 15 216 100 . - 65 - - 0 6
(conc. 0.2%) ‘ ,
e b - e B I S - -+ - B -
% co 0 0 420 _— . - . . - - -—
(conc. 0.2%) (340 above)
-Resistance for fl owing
. air 12.5 10.5 25 15.5 12,5 18.5 2y - 20 15
{om. water/30 1./ min. :

UNELASSIFIED
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fo Information on use and serviceability in the field
of the gns mask.
(1) Wearability of the mask
Tests carried out by perscnnel of the Army

Chemical Warfare School at Narashino indiccoted that under
hot weather conditions one hour in action was about the
maximum length of time that the mask cculd be worn. The
Sixth Leaboratory thought that the maximum werring time
was incrensed by 2 or 3 times if the temperature was ce-
creased to ordinary or to winter temperatures.

(2) Replocement of masks and canisters

It wes first intended, in case of the use of

gas, to replace the canisters derendlnv on tha number ¢l
tires thev had besen used. 0n account of the dirficuities
encountered in producing enough canisters woric was carvied
out on rafreshing ther. The refreshing appartitus consisved
of an oven in which the canisters were placea, Then Lot
ailr at 12C° was passed in. This procedure had not been
used at the end of the war.
g. Gas Mask vork at Chichihnru, Manchuria

The Chemical Warfare stntion at Chichiharu, Man-
churia dicé scrie work on gas masks. Froo 1navrrcg“ulﬁ*u of
personnel who were there but are now in Japan 1t was Llenrred
that their most important development in this fizll wes an
emergency mask. It consisted of cotton cleth instead of

rubber. Nine pieces cof cloth socked in ~n impregnoating co-
lution were put together and mnde to fit over the nose and
rmouth, Two °o1ut¢®ng were used for impregnating the cloth,
The first was 2 sclution of hexamethyliene-tetiramine, scdium
carbonate- and nickzl sulfote or zinc ncetate., The second
and better soluticn had a composition as felilcowe:

Active corbon pcwder 50 grars

Zinc oxide 50 - 160 "

Lire 1CO "

Woter 1 liter

It was plenned that air tight goggles would be worn with
this mack,
h. Research in progress at the end of the wa
Tne Janpanese rex lecd that their cunlstpr wn“e in=-
ferior to the Mmerican wmosks in adsorbing power for HCN. They
consequentliy considered that their main research problem was
to increase the HCN protection of their canisters.
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DEVELOPMENT OF CANISTER
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2. Japonese Navy | ; b - '

In the Nevy the resesrch cnd monufocture of gas
nasks were cormencad in 1926 by the chemical warfore
section of the Naval Technical Institute, lsukiji, Tokyo.
Changes in design were made as the work continued until
the following mnsks were deve¢oped
Year Kind cof Vask Remarks

1927 2 type, M1

1933 93 Type, M1

1936 93 type, M2

1937 97 type

1938 98 type For optical work, not monufactured
1938 0Oxyzen gas mask

1940 xyren mrsk, nodlfied I

1241 93 sype, }9(qo sub canister)

1942 93 tvpe, M4(sub conister)

1943 3 tybm Not manufactured
1945 5 type Oxygen gos mask M "

1945 Tirect Lype " "

1945 5 type " "

a. Development of the Cmnister
(1) Fundnmental studies of filtration
The Japanese Nnvy apperently did no fundomentel
studies on filtration mechanisr even though that was a fune-
tion cf the laboratory’s 2nd Section,
(2) Studies of absorbents and filters
The chiel absorbent filled into the canister
consists of ceoceonut snell activated carbon nnd granulated
soaa lime., A7ter gsone resenarch it was decided to use the
following proporticns:
2 typre and 93 typc gns mask Carbon 7 parts
Soda Lire 3 parts

93 type M2 gas rmask and all Cerbeon 8 parts
thereafter Sodn Lire 2 parts
The cor osition cf the sode-lime 1s as follows:
tked lime -~ -~ = - - 67% by weight
Cement ----- 21%
Kieselgurr - - - - = 9%
Coustiz Soda - - - - 39

The coconut shell active carbon wns produced by steam activa-
tion. At the end of the wor coconut shell hod become so scn-
rce as to necessitate resenrch on the use of wocd charcoal
impregnated with zinc chloride. This type cnrbon never was
used in the field, however.
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. The materials used in the filters of the masks are
listed below:

Iear Kind of mask Waterial Filtering Ffficiency
1927 2 type Felt 857
1933 93 type M1 gilk-~cotton* filled 949

into the canister

1936 92 typ2 M2 and gilk-cotton and 29,8%
&ii tnose there- fiber of moxa mixed
alter except AS in proportion of 2:1

model. and made vp as filter
paper with lantern
shape.
1945 Direct type Silk-cotton and 99%.

£

moxa fiber mixed in

the rrororticn of

3¢:2 and made up as

filter paver with

lantern shep=.
#¥S5ilk-cotton'is Kanck fiber.
The research workers seam to be ccnvinced that their silk-
cotton moxa filter material was the best in existence.

(3) Decsages rzquired to penetrate canisiers
Canisters were tested by passing a 0.59 con-

centration of gas at a ccntinuous rate of 30 liters per
minute through them and measuring the *ime required to
reach the break pcint. This point was deternmined'ry the
change in coler of an indicator soluticn or parser through
which the gas was vacgzed after going thrrough Lhe canister,
The temperature cf the g=2s entering the canister was 200C.
except in the casc of the testing of CO when the lempera-
ture was regulatel to 15°C. The reascn for tils was ap-
parently to meke *the CO canister looik better than i1t would
have if tested at the higher temperature. The foilowing
results were ohtained:

Time (mwinutes) recquired for break point to be reached

93 type 93 type present system canister
M M2 coconut coal No. 1 coconut coal #Z
Chlorine > 70 >40 25 20
Chloropicrin 90 - 110 60 - 70 30 25
Fhosgene 30 - 35 20 ~ 25 - -
HCN 11 - 13 7 - 8 3 -5 approX.

15
(4) Protection against CO
For prctection against CO an auxiliary canister
filled with Hopcalite is connected to the main canister,
The Hopcalite has a composition of 70% active manganese
dioxide and 309 copper oxide. The 93 type M1l sub canister
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containing 300 grams of hopcalife mfgg
to insufficient effectiveness it was improvad to the 93
type M4 sub canister., This was more satisfactory. The
complete assembly included a three way valve to bypass the
sub canister when no CO was present. Besides the hopcalite
a drying agent was present, This agent was ccmposed of 60%
silica gel and 40% calcium chloride. At 209C. it could
absorb 974 cf its weight of moisture.

T'ata on tacs, sub canisters follow.
93 tvpe M2 2§ tyoe M4

Wweight, grams 530 60

Air re51sta nce, mm of Hp0 3 -5 5 - 7

Cxidizing capacity, min 30 - 90 .- 120

Weight of hcpcalite, g. 300 ]60 - 180 g. and
€0 g. drying agent

(5) Protection against HCN
For protection against HCN a speciel horvcalite
was worked on, but it was never satisfactory enough to be
used in service canisters. Even though it was reallﬂea bv
the rezearch pecovle that thelr canisters gave verv po
protection zzainst HCN, troops werc tauzht that the sub
canister pFUVPCIed tnom, At the zame time work was teing
carried out to develop a satisfactory absorbent for HCN,
At the end ol the was the coconut cnal No. 2 had Lzen
develcped. It was macde by dipping crdinary active carbon
into a 36 - 40 pe cent sclution of CuS0, coa*taining 0.5
percent gelatin, then dipping the acil”“ carbon into a
10 -~ 20% golution of Na~CO, also contsining C.57 soliuvtion
of gelatin, and then QR%lhg the material. Thils charcoal
gave 3 to 5 times as mu:xh protection against HECN as the
No. 1 type coconut coal.
b. Faceplie-ec
(1) Des.gn of Facepieces
(o) For different shapsd Caces
The Navy 2 type gas mack W s made with
three facepiece sizes ighty nercent
were modium size and iO? were large and
10% small, This division of sizes was
determined after the examination of 500
sailerst faces.
(b) To alrlow wearing of glasses
No special gas masks for wearers of glasses
were worked on. A small amount of work
developing glasses with thin rims and
handies to be worn inside the mask was
carried out.
(¢c) To improve speech transmission
The Navy a.wavs has ccnsidered speech trans-
mission imporvant and placed the exhaling
valve at the front of the mouth to improve
this quelity in its first mask(2 type). In
the 97 type mask the exhaling valve was made
larger for the same reason. The need for




a mask having espscialily good speech
transmission nropertj s for commanding
officers resulted in tihe dbvc*opmunt of
the 97 tyvpe mask. This mask has a thin
rubber diaphragm about 80 mm in diameter
placed at the front of the mouth. It was
believed that this 97 type mask was 9C%
efficient and the 93 tvpe 709 efficient
in comparison with vcice transmission
without mask.

(d) To enable the use of binoculars
The 98 type gas mask with a round, small
eyepiece had been developed for uzer:s of
binoculars. It was nct menufactured
because 1t waz uncomfortabis to wesr, 1t
allowed no adjustment for distaince Letwee
the centers of the eyes, and it lachked
antidimness.

(e) The oxygen mask
The Navy develorped two oxvgen masks. Data
on these two are given beiow.

Oxygen Cas Mask

Fodel 1 5 _tiype
Componedu Frcat part Latter
Part
OXygen Sodium Peroxide 90% KMnO, 80, 07 67.77%
Generating X¥nd, and NaOH 10% Iron Pcwder 13.0% 9.21%
Agent about €00 g. of Ferric Oxide 4,987
cgznt in the granu- MnOp 3.0% 0.787
lated state is filledNasCO, 13.55%
into the canis*er. Asbesros 4,0% 3.82%
Leight 185 ¢.
Oxygen produced &0 liters 150
Fffective life, 60 - 20 min. gyprox. 30 min
Vearing weight 4.3 Kg. 5.0 Kg

,(f) 3 type gas mask
Thiz mask 1s used for working with broken
batteries in submarines and protects

ciiefly sgainst chlorine gas. It censists
of a canister, mouthuiece, and carrier.
Canistaer Char“c“vrlst
Weight . . e o o o o o 270 grams
Breathing r931stanpe (30 l/m) . . o« 15 - 20 mm water

Absorbing capacity for Cl,(C, 59 per 10 1/m) 30 minutes
(g) Hose maSk
The faceniece is the same as the 93 mask and
is squipped with 4 to 6 lenghtns of hose each
5 meters in lengthi. Breathing resistance
is 3 mm water per 5 meters of hose.
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(2) Materials used in face piccﬁ"
Naval gas masks are made from rubber, rein-
forced with knitted goods. The thickness of the Lubber is
as follows:

Type Thickness mm.
Facepiece Hose

2 type 2.5 - 3.0 -
3 type 2 2.0 - 2.3 2.0
type 1.6 1.5

With the idea of increasing the durabiliity
of the facepiece against heat and 011, work was carried out
on increasing the carbon tlack content of the cuhpew with
favorable results; however, the informetion was not ussd.
Near the end of the war the loss of the Japanase souices
of rubber necessitated research on materials suzh as pulp
and silk cotton to replace rubber in the mask.

(3) Penetraticn of hoses and faccpieces by mustard

More than two hours is reguired for liguid
mustard to penetrate the rvbber. Nec work was done on the
penetraticn of the rubber by mustard vapor-

c. Carriers

At first cotton was used in the constructicn of
the carrier. During the war, however, sill: canvss partially
replaced the No. 10 cotton canvas. Frulsicns have boen
tried fcr waterproofing but recently this has been abandoned.

d. Data on Latest Gas Masks

See Tatble II attached.

e, Comparison with Captured American Masks

Since nc reccrds remain, exact infermation on this
subject is nct availables however, the following conclusions
had been reached concerning the comvarison ﬂl thair 93 type
M2 mask with Amerizaean masks (of unknown modsl)

(1) The smoke Tiltering efiiciency ci their mask
is 99.85%. Consequently, it was considered superior to
other masks,

(2) The mainanister of the 83 type mazk had
superior absorbing capacity for all gases except hydro-
cyanic aclid. Capacity for hydrocyanic acid was inferior
to American gas maske and work on No. £ active carbon was
being carried cut to improve this,

(3) Sirce the 23 type mask was designed to have a
large visual scope. it has a better field of vision than
others.

(4) The materials used in the Navy gas masks were
considered to be worse in general than the American materials,
particularly in respect to the aging of rubber

(7) The constructisn of the canister and facepiece
of the Japanesz2 wask didn‘t allow mass production as readily
as did the American mask.




f. Distrivution of Masks
All battle troops and front line auxiliary troops
were e issued masks, but only 60 percent of the troops in
the rear and auxiliary troops were to have gas masks avail-
able. DNear the end of the war there were only approximately
60% enough masks to equip the troops as above.
g. Information on use and servicability in the field
of the gas mask.
(1) Vearability of the mask

Under moderate working conditions it was
believed t:at the mask could be worn for about four hours
but only cne hour under severe working conditions, such as
continuous gun lcading, It was believed tha©t the decrease
in efficiency due to the wesring of the mask vas approximately
10% except for the users of optical instruments wnere the
decrease was unknovn but much greater. The ahove are
impressicns obtained during observations of the wearing of
masks, No fieid tests were carried cut.

(2) Life of the Mask

The deterioration of the material in the
facepiece dve to mechanical wear was very gre:t. For
example, the facepiece was useless in about one or two
years when the mask was worn in engine rcoms. Research
was carried out to increase the durabilily zgainst heat
and oil by using rubber containing carbon tiack,

For gases easily hydrolyzed such as phosgene
or chlorine. the absorptive capacity of the standard canister
was telieved to increase with increase in moilsture content.
Hopcalite is reported to lose its ability to ogidize carhbon
monoxide if over three percent water has been ahsorbed.

In subcanicster No., 4 this defect was avoided by using a
drying agent. If this subcanister absorhs orgenic vapor
such as gasoline, the canister is ruined by ovcrheating.
They say that this was experienced ciftan during accidents
on airplane carriers. No solution had been reached by the
end of the war.

h. Research in progress at end of the war.

At the end of the war all work on the gas mask
was directed toward the dsvelcpment of masks which could
be reacily meas produced and which used very small amounts
of rubber and uetal.
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B. Flame Thrower !fIEB
1. Army Work

Vorld Var I convinced the Japanese thﬁt the flame
thrower would be a very effective weapon; onsequently,
its deVelopmcnt was begun in 1918 and was uon51dered to
be one of the Arry's most important projects. Two types
were worked on in the beginning - 2 large one to be placed
in trenches and a small one to be carried by one soldier.
By 1920 a portable flame thrower had been desioned and is-
sued to an engineer corrs. Defects in the units designed
in 1926 were discovered, and the M93 flame thrower was
built to replace the earlier model in 1932, Thils mcuel
was used in the China~Japanese incident, Turing tho
period 1933 to 1940 it became aprarent that the large
flame threower for trenches would be of no va Lao, and re-
search cn it wns stopped. In 194 re M93 molel wag re-
designed agz2in, and the resulting 3¢OO type was distributed
to the infantry and engineer corps to be used in the Zouth-
ern and China area during this war.

Fxporwm@nts on the mechanized flame tbrower were
carried outv aduring 1920 to 1934, and a regiment with
Cntcpi]ld“éd vehicles provided with this unit as ivts
main weapon was formed in Manchuria. In 1537, the 1126
flame thrower, an improved model of the first one, was
designed and tested on two M97 medium weight tanksa The
mechanized flame thrower is reported to have been used
very rittle in the Chino~Japanese confliict or in the war
with the Uaitced States, Information available indicates
that no resecrch program for flame thrcwer develcpment
wes carried out after 1943,

The Third kilitery Laboratory, under the Army
Ordnance Acministration Headquarters, was rcsponsible
for the work on flawme throwers. Some Work k;vuvc;, was
dcne by the Fightih Military Laborataory on the thicken-
ning of fueils and methods of ignition cf the fuel. The
Engineer branch of the Army was responsible for the test-
ing of the (l-me thrower units.

a. Furda FOut‘l and Fngineering Studies

(1) Nozzle Design

™e u?panSC studied thre fundoamentals of
nozzle design ising mcdels. Teter to which a colurcd
solution had heen added in such a way that streamiines
could be secen was passed through a nozéle and the re-
sulting streamliines photographed. Tnese photographs
were studicd to determine friction loss in the nozzle.

The ratio of pipe diametcr to nozzle
diameter was studied and the desired ratio was found to
be greater than 20 to 7, but for practical reasons the

*See "Report on the Fcsearches Made Vith a View to
Increase the Range of Flame Fuel"., This Japanese report
was not completely translated before being forwarded to
the Vashington Document Center.




20 to 7 ratio was used with the WHE The method of

changing from pipe diemeter to nozzle dinmeber wos. studied.
Chonges in range no greater than ten perceat resulted when
rodical chenges in nozzle design were m~de- In view of
this finding no further work wns done on this feoture.

It wns believed by the Japanese that the for-
wation of spray ofter the liquid had left the nozzle was the
primary foctor influencing the range of the flome fuel. The
sprey tendency of the fuel becores greater os thie velcocity
et the nozzle is increased; consequently, optimum volue of
pressure for maximum fuel range existed. Severcl methods
to decrease the spray tendency were tried. The first one
consisted of placing « set of fins (4 to €) inside the
nozzle close to the back of the nozzle in order to decrense
the turbulence.
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No incrense in range using the device could be establiished.
In the second method & needle shaped resistance body of
strecmiinad form having vanes wns inserted near the beck
of the nozcle. As an improvement to ithis a cylinder of
diameter cne third the main pipe was used to replnce the
needle shared body. (The length ~nd exact locaticn con be
determrined by consuiting the report referred to cbove.)
In the case ol the [FlCC flame thrower the range could be
increased three to f.ur meters ~t the 25 meter ronge. In
211l this work watar was used as ths test liquid. When
their standard fizpe thrower fuel wns used, thney reported
that the incrs=sase i1n range was not so anparent nnd that
the renson for this wos uninown. It wos believed that the
formation cf svorny was Sue in lrrge port to the difference
in velocity betwesnn the outer part of the fuel ceolumn and
the centrel vart of it; consequently, 1t wns desired to
fintten the valocity distribution curve in the nozzle eos
much @s possitie, The insertion of the objects in the
pipe was belizved to accomplish this in port.

Another mrethod wrs tried to decrecse the
spraying tendency of the ejected fuel. An 2ir current
was set up around the fuel to reduce the relative velo-
city of the fuel end the surrounding air and thus decrense
the disturbance of air 2nd fuel at their boundry. Two
devices were tried., The first consisted of a tube with
diameter 10 times that of the nozzle fastened over the
outside of the nozzle. Air streamlined by means of fins
waes passed throvgh this tube.
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A diagramatic sketch is shown
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In the case of an aoir channel 50 cm. long the range was in-

creased by flve meters if very high velocity cir 1s used.
It was soon decided that the device was not practiccel aond
the resenrch was stopped. In the second method a number
of smell orifices through which air is forced are 1ccated
around the fuel nozzle, The results of tests were ncot
promising. (See "Report on the Researches Made with the
View to Increcse the Range of Flame Fuel)

The wmain ﬂmouqf of work on nozzle design
was done betwsan 1941 and 1943. Since that time no
systematic studies on this subject have been undertaken,

(2) Fuel

L{ter a number of experiments it was decided
that for n definite nozzle dinmeter an appreciable increase
in range could not be expected by improving the nozzle de-
sign or by increasing the pressure above o certnin value.
In view of this it wns decided that the only practical way
to increase the range cf the flame thrower was to increase
the viqoosity and the specific grovity of the flame fuel.
The effect of these two factors wos consequently studied.

A viscous fuel was made as follcows: Crude
rubber woes cut into small strips and anded to gasolire
(10% by welght). ”q¢a mixture is allowsd to stond for ten
days (in the summer) after which time a paste or jelly-
like substance has been formed., The material 1s diluted
to the desired viscosity by adding mere goasclire and light
0il. The viscosity of the mixture was measured with o
Stormer viscosimeter talting the viscosity of water as 1,

Trom tests rade with this thickened fuel
it was conclnudad that at any nozzle diameter there exists
an optimum viscoziity ond the larger the diameter the larger
the optimtm vizcesity. With ~on increase in nozzle dilameter
and fuel visenzity the optimum pressure increases 2ls0.
The values for viscosity and pressure for optimum range are
given below.

Nozzle Diameter Relative Viscosity Pressure Range
mm ., (Water - 1, Temp. unknown) kg/cm< m.

5 -7 3.5 25 25 - 3¢

g - 10 7 30 - 35 40 - 50

12 - 14 9 40 60 ~ 70

16 - 20 12 50 €0 - 20
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Besides rubber it was found that a pclymerized
soy bean o0il cculd te used to increase the viscosity. Its
use was not investigated thoroughly due to the greater need
for it as a food product. Vith increase in range with the
increase in viscosity established, work was done on increas-
ing the specific gravity of the flame fuel. At the same time
the problem was confused ty attempting to give the fuel other
characteristics such as the high temperature combustibility
of metallic materials and inorganic agents, and high adhe-
sive properties so that the fuel will stick persistantly to
the object which it contacts in addition to its increase in
specific gravity.

To obtain all thece characteristics a fvcl
containing the following typc ccomponents was finally decided
upon:

(a) Inflammable oil

gesoline

(b) Thickener
Rubber

(¢) Agent to give high temperature combust-
1bility

Al, Mg, or Magralium
(d) Stabilizing solution
Nitro cellulose solution

The specific composition of one of the fuels i1s as follows
in order of mixing:

Fagaesium = = = = = = = = = = - 12 grams
Nitro celiuvlcse solution - - - - 5 cc.
Gascline = = = = = = = = - - =~ 5 cc.
Rubber wsolution(5% rubber in - - 10 cc.
gascline) '
sSulfur e T T S 1l gram
NH Ci0p = = = = = = = = = = = - 10 grams
Gazoling = = = = = = = = - - - = 5 cco.

Other probtlems of course resulted when this
fuel was used. First the pipe loss was increased which
resulted in o7 increase in the discharge time, To c¢nr-
rect this tho pressure had to be inzcreased. However the
greatest provlem, apparently, was the prevention of
senaration of the soiild materials in the mixture. The
first step to solve this problem was to use metallic
particles ground fairly fine (50% of €0 - 150 mesh and
509 of 150 mesh and above). The next and most important
step was the use of a nitro cellulose solution. When this
was mixed with the gascline and rubber sclucion, the nitro
cellulonse forms heir like fibers and surrounds %he metal-~
lic particles, heclding them in the mixture. This use ef-

fectively solved the settling problem.




The next problem was to make the mixture
stable. The Mg and sulfur in the solution tended to
cause the formation of H,S gas. The usz of Al to re-
place Mg prevented the formation of the H,S, but its
substitution was not desirable for severa% reasonss
consequently, magnalium (€0 to 90% Mg) was tried. The
formation of H,S gas was decreased but not stopped so
they resorted To coating the particles with nitrocel-
lulose by mixing the zine with nitrocelluloses =zlution
and evaporating the solvent., This was the final, al-
though not altogether satisfactory, solution.

The beneficial effect of increasing the
specific gravity was considered evident when the fucol
of specific gravity 1.00 te 1.05 gave a rarnge 30 per-
cent to 50 percent greater than that of fuel with
specific gravity of 0.85 to 0.90.

Additional studies were carried out on
increasing the specific gravity to 1.25% by the addi-
tion of a thermit mixture to the solution, but no
actual firing tests were made.

Thie use of the high specific gravity
material as flame thrower fuel never advanced beyond
the experimental stage.

(3) Methods of Ignition
(a) Cartridge type
No work on this type ignition was dne
after the develonment of the cartridge which was used
in the field. Since information on this subject is
already avallable, no discussion of it will be given
here. '

(b) Elcctrical

In order to develop an igniticn
system capable of consistently ignitine long range
fuel of high viscosity, electrical isniticn methihiods
were studied., although this method was never uscd
for the portable flame thrower igniticn, the final
solution 1s gliown below.

Auxiliary nczzle diameter 2 mm.,

Source of elzuirical ignition batteries

Spark High tension spark by
induction coil

Flectrode Viedlge type, two poles
Gap 2 mm.

Discharging voltage About 5000 V.

Interrupter Small automobile type

No. of interruption

60 - 100 times/sec.

Driving motor 1/6 E.P,

1000 - 150C R.F.M,
Friming matter Gasoline
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On opening main cock of injection pipe,
at the time of fuel injection, switch is closed and high
tension sparks take places at electrode. And on opening
auxiliary cock, priming matter is injected and ignited.
By auxiliary nozzle alone, flame reaches 7 - &m. long.

(4) Causes of death by flame
No systematic research work was done on this
subject. From clinical experience it wrs decided that the
causes of death by flame and by burn are icentical. In
case of high degree flame burn it is reported that most
of the patients die of shock within 48 hcurs, Among the
remaincer of the patients, many die of sympitcms ¢f tlcod
intoxicaticn within one wezitafter the burn. It is believed
that the high degree burn of respiratory organs by ilasviring
flame is the main reason of death.
No snecial devices were advocated for protec-
tion against flame, All that wzs taught was to prevent
the flame from contacting the body by ary means available,
. I'esign and specifications for the latest rodel
fizite thifcwer,
(1) Portable Flame Throwsar, M100
This flame thrower is the latest model de-
veloped by the Army. Since samples of it have been taken,
only a brief description of it will be given.
The M1I00 was designed to e used in surprise
attacks on feortifizations., It consists of the ejector,
oil tank, compressed alr cylinder, and miscellenenus
accessories. The igniter has ten ignition charges, and
the throwing and ignition of the fuel can be dine by pul-
ling one handie.,
Data on the flame throwers

Range of the flame 25 my{nozzle diameter 7 mm.)
20 m.(nozzle diameter 5 mm.)
VWWidth of flane about 3 m,.
Nozzle ciameter 5 mm., and 7 mm,
Throwing time 10 sec. (nozzle diameter 7 mm.)
19 sec. (iczzle diameter 5 mm.)
Flame thrower fuel gasoline 5C%
light oil 50%
Fuel quantity about 11 liters
Quantity of compressed air about 4 liters
Throwing method by compressed air (20 to 25 A.P.)
Ignition methad percussion type
Length of the ejector ’ 60 cm.
Equipped weilght akcut 23 Ig.

Gross welght about Y1 Kg.
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(2) Mounted Flame Thrower

Samples of the mechanized flame thrower
have been taken; consequently, only a brief description
of the latest models will be given.

The flame thrower mounted on the M97 type
tank was built to be used to attack movabhle targets. It
consists of the ejector fuel pump, and fuel tanl. The
pump is a turbine type driven by the tank's engine.

(a) Data on this flame thrower

Range of flame 43 m,

W7idth of fliame about 5 m.

Diameter of nozzle 12 mm.

Throwing t ime 100 seconds

Flame thrower fael light oil (same as the tank
rurning fuel)

Quantity of fuel about 750 liters

Throwing methed by turbine pump

Throwing pressure 18 - 20 A.P.

Ignition methed Semi~electrical type

Length of ejector about 1 meter

c. Lines of Future Development
In view of the great shortage of fuel the
Japanese Army had stopped development work on this
flamethrower over a year before thne end of the war.

2. Navy Work

Before 1937 the Japanese Navy bought the Army tyre
flame thrower for their use. They considered tinis weapon
to have the fcliowing disadvantages:

The total weight was too great for one msn to carry.

It used eitner compressed nitrogan or crmpressed air

which are bLoth difficult to furnish in ths Tield.

It could only be carried on the back or shoulders.

After it became necessary for the Navy to do most
of its fighting on land and with instructions to develop
weapons to atiteck the tank, work was started at the
beginning of 1945 to develop a flame thrower with the
following cheracteristics:

The tco*tal weight should be near 10 Jig.

Comprecsed air or nitrogen should not be used.

The method of carrying the weapon should be simple.

It had been planned to produce about 40CO by the
end of 1945, but with the war's end none were manufactured,
The only model which was constructed was reportedly dis-
mentled and destroyved before the entry of United States
forces after the end of the war.




Some Wwork was ¢ one on the Dbt
but no improvement over the Army nozzle could be made so
a similar ons wagc adopted.
The fi=zme fuel is heavy o0il mixed with gasoline.
The proporticng wary zczording to the temperature at which
the weapon iz 1o o vsed; but the optimum viscosity is
not known., The ve!lz2tica between viscosity and pressure
was detc*minﬂi. ol the data were destroyed. DResides the
oil-gasoiine (el . carton disulfide thickened with crude
rubber WAas aLss uhol “:i g&re longer range, tut the supply
o practiceale,
ne lla* athrower,
the flams thrower is attached as

figure 1.

Th@ sreasure bottle is made of 1.6 mm. steel
L2 »ldeG nonstruction. It was tested at

50 kg/cm bhv ne "@Ywmwn pressurs generated in the

bottle is 20 - 25 sg/er~ The geﬁeratlﬁg system which

is separated fx On the fﬁ y means of lead packing

o

plate and

)
which is broxk when prussure is generated.
At fi SC refh*l formate and sulfur trioxide
were used to generate the pressura. When the shortage
of methyl formate hecaine apparent, it was plsnned to use
water and cal.: ¢Lm hWydride which was wore readily available
in Japan. No trouble wes encountered with h,drogen ex-
plosicn. Th-2 <a1"1um nviride s put in the rressure room,
and when prez<ure is desired, water is released by punctur-
ing its contiiner. .

The nozzle has a lead sheet ccover held in place
by means of & stopper. %hen the weapon is Iired, the
stopper is tihxrown out by means of a srring and the lead
cover is blown of allowing the fuel to be thiown out.

To ignite the fuel a friction primer g used.

A pull match 1gn1tcs the combustipie ruvber mix con-
taining magnesium metal and this in turn 1gn1tes the
flame fue Two fri 2tion primers are used to insure
ignition.-
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The performance data were:
Pange zbouzt 30 meters for heavy oil
about 50 meters for CS, with rubber

Quantity of fuel ., § liters
Fuel eJ‘Ttloﬂ time 7 seconds
Total weight 10 kge. heevy oil

12 kgo 082
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UNCYASSIFIED

The flame thrower development work which the
Japanese have beea carrying out since 1918 resulted
in three typss of flame throwers: (1) The Army purt-
able flame thrower M100, which had a cartridge igni-
tion system and used norpreﬂsed air to expei the fuel,
(2) The Army mechanized flame thrower which had an
electrical ignition svstem and used a turbine pump to
expel the erL, and (3) The Navy flame thrower which
used a calcivm hycéride-water gene“ator to develnrp
the pressure to exoel the iue mork on this develop-
ment was stopped by the Army uvel a year befcre the

war ended, but the Navy carried on werk until the
surrender.

3. Summary
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C. Protective Clothing

1. Army Work

FYor a Llong time the Army had worlked cn the develop-
ment of clothing tec he worn for protection against vesicant
agents. This werk was zarriesd out by the feorond Section of
the Sixth Milizerv labhcratory. The descripltion of the work
will be brokea o inte two parts: impermeabie clothing, and
permeable cioching.

a. Jrpemneanle Clothing

The work on ﬁﬂeimaabLe clothing resulted in the

developmcdn 31 the U l]OWlnE
:bq iight, which was macde out of rukber,
loghane. The suit consisted of trousers,
and a bresst cover. It weighed approxi-
« The mustard penetrating time was about

silk clorq 30
gloves, overs!
mately 1,200 gran
24 hours (30°C.).

(2) Type 96, heavy, which consisted of the type
96, light, with a cas protectlve coat with hood and a

applnp cloth. The total weight of the suit was approxi-
mately 2000 grams. This clothing was very uncomfortable
and in the tropics it could be worn no longer than 20
minutes.

(3) There was an impermeable suit developed for
the Air Force. It was made of pure rubber and was con-
structed so that arms, legs, etc. could be removed by the
pilot in flight when the need for protection had passed.
This was developed so that the pilot would nect be sub-
Jected to the discomfort of wearing the suit any longer
than necessary.

Sampies of these materials have been obtained
and will be forwarded to the United States for examination.
b. Permeabie Clothing

Realizing that the impermeable clothing which
they had developed was inadequate, the Army tried to de-
velop a permeable clothing.

(1) Chloramine T Clothing

The Army did some work on using chloramine T
to impregnate clothing. Their final suit consisted of a
khaki cotton undershirt waterproofed with Al socap and
paraffin., This was worn to protect the skin from the
¢hloramine T in the gauze shirt which was worn over the
undershirt. This gauze shirt consisted of three layers
soaked in a chloramine T water solution immediately prior
to its use. ‘Along with this was worn the type 96, light
impermeable protective clothlng and a khaki cotton ccat
with hood, waterproofed to spread the drops and increase
the rate of vaporization of\uhe material., The total weight
of this suit was approximately 200C grams. It was believed
that this suit might be worn for three hours and protect
against a Ct of 2000 mg min/m3 of mustard vapor if the
suit remained danp.




(2) Carbon Impregnated Clothing

The ieboratcry at Chichiharu in Manchuria did
some work on the carbon impregnation of silk clothing,
General Akiyama whe was stationed at that lz2boratory and
has returrned stated that about £0 grams of activated char-
coal were placed inside of two layers of silx material
(for one suit) and that this was heated to 7¢ - £00C. at
which tenmperaturs the fibers soften and the charcoal ad-
herecs to them. Field tests were carried out in which per-
sonnel clothed in suits rmade of this material stayed in an
area contaminated with mustard for an unknown tire. These
suits protected the rerscnanel and were considered very
promising. Orders were to be placed in Manchuria to pro-
duce sore of these suits, but the wer ended beforc that
was done. The work described abhove was carried out in
June 1945 and was still in progress so General Akiyara
does not beclieve that the work was officiclly reported.

2. Navy Work
The work on protective clothing for the Navy was
carried out by the Chenical Study Departrent of the Sagani
Naval Arsenal.
a. Impermeable Clothing
The model S8 protective suit was the latest model
developed by the Nevy., It consisted of coat, trousers, and
gloves made of gas-proof cloth coated with rubber, boots
and a carrier. The penetrating time for vesicants was
given as 60 to {C minutes. The suit weighed approximately
4.5 Kg. Samples of this suit have been obtained so no
rrore detallcd descrintion will be rede in this report.
b. Perneable Clothing
At Cavite a document marked secret describing
the permeable protective clothing of the United States
was captured when the Japanesc occupied the Fhilippines.
The nature of the impregnating material was not mentioned
but the Japanese assumed thot it was chlcramine T and
went to work on the develorment of a sirilar clothing.
They determined thet 2 nixturc of 167 chloranmine
T, 817 bentonite and 2% sea water soap uscd to form a 2 -
3% chlaramine T watcr soiuticn wus the hest lwpregnating
solution. Underwear made of absorbent material is dipped
in this solution pricr %o use. # coat is worn over the
underwear in ovrder o decrezze the rate of evaporation of
the water. In tria’: these guits were more comfortable
than the rubler proteotive svits.e When tested feor the
effectivenesy in prwveniting wvesicant vapgors penetrating
the clothing {ratbiis covered with the material), littic
advantage seeiied. to Tesultb,
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D. Smoke

The chief agencies engaged in research on the use of
smoke for wer rmritions were the Sixth Military Laboratory
for the Taparnazse Arny and the Labcratory of Sagamil Arsenal
for the Javansse Navy, In general, this recesarch con-
sisted of <he devslinuent of a specific wunition. However,
two prcienis dauling with damental research on aerosolsé

-
. \,

particle 3izz, and 210 1 Were pursued over a perio
of five voars ' taion of the Sixth Military
Laboratcry and by Profescor Sameshima

of Tokye Uniwvesrsits Zartain other latcratories did a
limited =mcunt of 7ith mon.srritant sroxe mvanitions.
Experiments ve2rteining “o vhe tactical use of smcke were
performes at the Nararhino Scohool and will be reported
elsewhere (Rzpaort on “Training in Chemical Warfare, Of-
fensive and Devensive", Office cf the Chief Chemical
Officer, AFFAC.) This work will be describted in the fol-
lowing section, which deals with the research topics in-
vestigated by the abtove agencies.

In brief., it may bve said that of the various agents and
munitions inwvestigated only the fcllowing presented interest-
ing features: celf-projecting smbke candles; the compounding
of DC with celiuianic whose combustion vaporized the agent;
smoke from the reaction of meinllic scodium with bodies of
water onto which it wac proje~ted; the ~ompounding of
Thickol and ®7; pressure for nieum-chicrsuilfcnic acid smoke
generator obtained by reacticn of methyl formate with the
803 . ¢

1. Japanese Naval Research Laboratory, Sagami Arsenal

(Capt. S. Tsuruo)

a. Develiopmuent of Type 91 Smoke Cenerator

A smcke generator utilizing oleum-chlorsulfonic

acid was originally developed as Type €8, (192¢). This
was modified to Type 91 (1931) which was adopted for pro-
duction., The generator conzists cf fosir units mounted in
the stern of the shiv. =2ach with a stecrage tank, smoke
tank, and nozzle. Comgvessed air redvced from 150 kg/cme
pressure to less than 10 kg/cm?2 pressurs forces oleum-
chlorsulfonic acid from the storage tenk to *he smoke tank
as required and fr~na the smoye tank through the nozzle.
This nozzle is of tlie rotating disc type utilized commonly
for domestic nil worrers., Lgent is fed through a central
tube and impinges i tna diz: where 1t is turbulently
mixed with ccupress~. s.r filowing through the annular
space around the azonh cnde. This comgressed air is from
the sams sour:ce as “hat used to eject thie liquid from the
tank. Eech ginoke +zvin ncntains four such nozzles., Opera-
tion is contrciled 7

‘7o a central control panel located in
the fantail. WMcving this panel to the bridge was unsucessful
The total welght of *he generator was 2000 kg. and its capa®
city was 1000 kg. of oleum-chlorsulfonic acid of the fol-
lowing composition: S0, - 57%; ClHSO3 - 43%; HoSO, - trace.




Experiments indicated that approx 1ma ams of this
agent were raqired per meter length of efleCTlve smoke
screen. Consumption of agent and crersting capacity thus
varied with the velaecity of the vessel.
b. Smcka Rombs

Around 1930 the ¢aborato“y ex imented with a
WP smoke bowmb. It was fcund that this @ mushroomed
up leaving alrost ro effective gnmoke scroen at sea level,
When meta’i_c scdaivn w23 added, the screern wes considered
effective i experimental wuns, but the fleet officers did
nct like te carry smoke bombs and no naval smoke bormb was
ever standaardised

c. 3mroire Candles
I 1C3% reszareh was undertaken on smoke candles
and pots for uze chiefly by naval landing forces. The

following types were developed

Tyve Weight Operating Time Use  Production
Special small type 100 gr. 5 minutes Training Less than
1000/year
Small type 400 gm. 50 seconds Training i
1 kg. type 1,000 gm. 1% minutes Training 30,000 pe1
Lznd Bavile year
10 kg, tyre 10,000 gm. 5 minutes n Less than
200/year
30 kg, type 30,000 gm. 5 minutes " 5,000

¥ s .
A1l of these munitions except the special small

type candle used Berger Mixture of the following composi-
tion: CCl, ~ 50¢; Pcwdered Zn - 25%:; Zn0 - 2C%; Kieselguhr -
5%. A small fracticu of the produotlou used CECL in place
of CCig mixcd withy the other constituents in Lie same pro-
portions. The opecial sma.ll type candie ccnsisted simply

of HC packed in a zinc-piaved cylinder which accounts for
its long burning time. The metal wail ¢f the container
melted down with The mi¥ture as it burncd.

At the clcse of the war the laboratory experi-
mented with celf--projecting sroke candles to be used in
anti--tan) defense. 100,C20 cancdles similar to the Army
Type 9¢ using FEC were crdered for August 1945, Meanwhile
the laboratory experimsnted with the use of chlornapthalene
to replace scarce KC and also worked on the use of 'special
rubber" smowe candles to save steel (¢f. project)., This
woerk was coinsidered successful, but the war ended before
the develorment had been completed. Zinc was also scarce
in Janan and at an earliier dete the laboratory experimented
with the usc of jron sand., (The beaches of Japan contain
considerable quantities of iron ore.) This work was

abandoned when it was found that the presence of moisture
caused spontarncous ignition.




d. Sea Smoke Shell ' T
In 1937 the 1= boretoly worked on a shell which
could be use? to treoviac a smoke screen for destroyers
preparing tc atiack the enemy with torpesdoes, Require-
ments were for a Larrc smount of smoke with a relatively

short range e Tinal deslgn was For a shell with a

long hcdy, ria e 20vity and minirman wa 41 thickness to
safeliy witiztond a roanoed "qarge The molie agen®t was
small pienes of Tio pedium presced irto a cyilindrie
cal chape. Tots i1 in a plate sterl container btuilt
in four e <1 vogether, The sviinder was held
in *he of a base plate attacted to the
casing L1 *he head of the cylinder was

a steel cacied u7 oa charge cf Bliack peowder.

[
time fu:e in The mooez ol the suell dsrnited the black
pcwder resnitisg in the releasze of the sodium metal over
the suriacs of the ocean. The shell was fired from stan-
dard 12.7 ci or 14 cm guns located in the bew of the destroy-
er. neula contained 5 %z and 8 %g of sodium rebnect¢vely
Total weignw c° ine shells was the same as HE shell, 23 kg -
and 38 kg. Range wrs shout 20(0 m, 0Only several thou-
sands o:i these shells were produced.
€. G*auvﬂ Smewe Shell

In 1939 a shell was dcvelopcd which ceuld be
fired from naval vessels to the shore to protect landing
forceu. These suclls contained standard HC mix with the
addition of NH,2l10, and coal tar. The agent was pressed
into a stcel cube which was contained in the sheli. A
black powaeL ~aares in the nose of the shell fived by a
nose fuze ejecssd and ignited the smoke cyliniler which
burned for av vt tan miautes The tubes were designed
for use in stanJiard nosc-’ﬂzc shells of th:z following
beres: 15 em. 14 2, 12.7 cm, and 12 cm. OCnly several
hundreds of +inzz< shells were produred.

f. Develoumont of 40 Xg. Sroke Cvneruuor(Smoke Rox)

In' 1212 *“ne Jjaboratory was called uzon to develop
a floating smrke vroduczr L0 pe used {0 3creen sicw-noving
vessels. DRescarcr ied Lo the adegtion of a 40 kg smoke
generztor céntalning 25 kg. of oleum-chlorsulfonic acid,
referred to Ty Navy versonnel as a''smoke box". The gen-
erator consi:cts of a steel tank with a nozzle similar to
that used in the Type 91 smoke gcnerator eccentriczlly
mounted. Directly under the centrally-located cover is
a can containing 200 cc, of methyl formate, In the center
of this can i1s a hlasting cap which may be exploded by
striking a pin in the cover. This ruptures the methyl
fcrmate can and pernits its reaction with S04, to generate
CO. This gas dtV’lopS a preszsare in the tané sufficient
to eject smoire agent for abocut 5 minutes. The pressure in
the can never riscs above 10 kg/cn“. At the end of the war
this weapon was veced chiefly to prov1de smoke screens for
air-raid protection of important factories. The pressure
can was ruptured by a nail struck with a hammer.

b
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4y be uc‘d t) liW1t en@my tank maneuverabi 7 by tenp-
punrily linding the crew. A spherical glass flask 8 em
tnodian e Lyr and containing 200 cc of liquid smoke agent
var wduplted. Originally the agent used was FM, but at
bnc end of the war oleur-chlorsulfonic acid was used,
1"ha+ agent, glass wool was added to increase the
enfuh «f generation to about 30 seconds.
I, Sphcial Rubber IMortar Shell

A suoke harrage shell for the 80 mm. trench mortar
was developed and produced in 1944 - 1945, The smoke agent
uvsed wur ”spaﬂwal rubber" compounded of the following com-
positiciis Thiokol - 9.3%; Crude rubber - 5%; Stearic Acid -
Ca2%; ULqur - Ca5% KNOq - 8%: Zn = 27%y CoClg - 50%.
2C0 grains of this mater%al were contained in the shell
vith 200 grams of explosive., The shell was timed to ex-
rlode at a helght of 1000 meters 13 seconds after firing,
thiy steel tube containing the smoke agent being expelled
at that tine, The tube is suspended by parachute and
generstcod smoke during its descent. The explosive was
provided to damage any planes which fouled the parachute
lines, '

1. Smoke Agents

The agent in rost general use by the Japanese
Navy was oleum-chlorsulfonic acid. This was mixed in
various proportions according to the following table:

Suoke Agent %803 #C1HSO3 %HaS04 Remarks
A 57 43 Trace For general use
B 57 33 10 For airplane spray
C 38 0 62 For cold weather operations
I 25 0 <75 Produced in large quane—
' tity but not considered
effective

Type A was most widely used and was the nixture
for Type ¢1 smoke generator, 40 kg smoke generator, hand
sroke hottle. Type B was an improvement developed for
snrav ternks, In general Capt, Tsuruo felt that the

ents actually filled in the munitions discussed above
lO the best of the possible agents studied for the
srecific application involved.:, He felt that HC was a better
riix than Berger Hixture for smoke candles because the smoke
nroduced over a longer period of time and the filling
oneration was non-toxic. However, CoClg was diffieult to
obtain. The substitution of chlornapthalene for C4C1,,
already mentioned, did not provide as effective a Smo e.
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. Irritant Smokes SN A
In 1941 some experiments were under aken on the
use of 30 kg floating candles filled with DC, It was found
that this smoke rose too fast for effective use and DC was
not adopted for smcke purposes. A certain amount of I'C was
produced at qegum1 Arsenal and filled into shells and borbs,
but the agent was uvsed onlv for its toxic effect. No ex-
periments with other irritant smok=s were revealed,
2, Firetl Naval Air Technical Arsenal
a. Spray Tanks
Fegearch on the use.of spray tanks was undertaken
by the First Naval Adir Technical Arsenal at Yokosuka, This
research is fuliy deszscribed in "Raport on Ja oeu:se Navy
Chemical Smoke Taniks™, Advanzz Echelcn, Far East Alr For-es,
4 December 1945, Copies of thic report are availatlc from
Air Documents Division, T-2, "right Field, Dayton, Giile.
The research covered tne period from 1232 to 1240 ana
culminated with the adeption of the Typne 99 tank, which
was produced in very limited quantit es, The re"earch
appears to have beoen carried out undsr the assumption that
smoke wust bz discharged froum the tank at the sare velozity
as that of the plane., It was fel:t that this resvlted in
the formation of a screen rather than a clcvd, In view
of the specds necessary for pre:ent operauthoq no gatis-
factory tank was devolcped by the Japanese Navy, cince
thelir best tank cculd cnly te used at sneeds vp to 140
knots.

I
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3. Sivih I1ild 3

Imqu , Director of Srmcke Researchss)

With the excention of the thaeoretical work of Naﬁor
Sakagema and FProfesscor Samejima /de50ﬁ¢bed at the end of
this uection) the work pertaining to smoke undertaken by
the Sixv<ih h11ltarj waboratory centzsred on ths “Aeveiopment
of specific muniticns., Thsse munitions avre deicrived else-
where ("Capturea Japanese llateriel Tecnnical Repcris',
fiied at ths Office of the Chief, Chemical WarTlaTe SPrvice,
Washingtcny D.C,) and are treated but brielly below.

a. cmnoke Candles

Over & period of years from 1924 to 1930 Ma;
Nobuharu Iunzto doveiloned the various stendard snoke c
in use Ly ftne Jspanese Army. A small Berger Mixiurs
was adopted in 1928 as Type 88. This was later slightl
modified, aand in 1934, Type 94A and Type 94B small, large,
and inﬁtng cendies (Dots) were adopted. The "A" and
"B" refer to thas ftype filler used, "A" being Berger Mix-
ture and "B" HC. Berger Mixture was preferred by this
latoratory as the smcke was found to be denser and to te
emitted over a shorter pericd of time. Rerger Wixture was
thus vsed in ail these munitions, It was found, however,
that tne CCigz tui’ud to evaporate from the ¢loaL1ng type, so
that HC was usad in producziion after 1940, Since the qtaﬂ"
dard small valdles were considered too expensive for train-
ing purposes, a "substitute" candle of lighter constructicn

tary Laboratory (Lt. Col. Ycneichiro




- dont&ining less agent wa% ﬂ@velcnné in 1913.
bs Smoke Gepsrater for Landing Croufe
Engineer Chokltuu Onodeéra worked on & TiCl, smoké
generator which was to be mounted in landing eraft and iised
to provide a screen for landing operations. PRottles of
compressed air supplied the pressure necessary to expel the
fluid from Venfuri«type nozzles. Experiments were under-
taken ovsr = periocd of years from 1633 .. 1933. The gen-
erator was never “ahptea as it was found that ocrdinary
smoke pots mounted in the boats prcved more practicable.
C. Smnke Genorator for Tanks
Farallel Co the above sxperiments on a smoike gen—
eratcr for bcats, Col. Takoo Viej?mn Soaduet
from 1930 - 1832 on the usa «f a siniizr device to b2
mounted in tanzs. This was alss sunsrseded vy tha uvne
of smewe pots, whiczh were deeméd more economizal. 1Tha
equipment wzg later used as a mechanized flame 1

n_.
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thrower,
Chlorsuifonic acid and FM were the only agents investi-
gated. ‘
d. Persiztent Smoke Shell

A sncice snell for the S0 wnm, llggt trench nnrtar
was developed by Col. Nobuharu Ichino in the perind fraom
19534 to 1937. This shell was to px’Vide a more persistent
snoke than the ordinary WP shell developed 1ty Tuo Fivst
Military Laboratory. Ths chell zaa‘given Tha teial pro-
duction nunmber Mark I and precduced in al¢ qntﬁuiyy by
the Scoond chyo Military Arsenal. Ib ntained six emall
1C smoke caondles, but was not consido4ed to supply a sul-
ficient gquanticty "of siiize and so never adoptel,

o fr
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Zianc wes a critleally short material in Japan
and the laboratory LJucht to find a substitute matal for

the produgticn Di‘aﬂOAO candies, M2ajor Nobhub: o Iwata

studied this praoblem during the yesrs 193y - lyaQ.
Various materiais were studied, inclnding iron, siuminum,
and magassitr. Tt was fiaally dﬂ“lﬂﬁu Thet Ti0, noszezsed
the bess potentiaiities, but. the D:ciuctLon of this material
was nov~r in sufiicient guantity to warrant its use in

12 RS RGN The ultimate scturce of titanivm
fJL unLD ” cxllon was to pe from shadl refineriss wring
beach s:snid 23 <rs. (Beaches in Jﬁpa contain a ia:ge cuan-
tity of ivon and other minerals.) No material ovher than

zine was uzsd in actual production.
- f, Head Smoke Tottle
In 1940 Lt, Col. Imaoka developed a small glass
smoke grenade. Thisz was modified by the Third Military

1
i har work on the 7#@12J° for uwse wirth

Al
!‘t’ (91

Laboratory, and fur
HCN was conlusted Dy ladbl Axio Satrn of the Sixth Military
Laboratory. Ia iwus flﬂui form, the 7illed grenade was
knovn as the “chibi' ("“small') grenade and consisted of

a flat~bottomed, spharical, glass flask 10 cm in diameter

with a short neck ccvered with a steel cap and rubber
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gasket., It was to be used as an enti-tank gretade to
"blind" the driver and guianers, and was to be thrown
from a distance of five reters or less.
g. Aquatic Srmoke Shell
In 1940 .- 141 Yajior Iwata experinented with
a shell to lay a sgmuoke screen over hodies of water.
WP and HC sh?lls w2re found unsuitable for this pur-
pose and the axperiments investigated the use of metal-
lic sod:zim w1¢cn wis to produce smcke ©y reactlon with
the water. It was found that the speed of sneke gen-~
eration could not he controlled and that explosions
were likely. For these reasons the runition was nevsr
standardized.
h, Arti-tank Smoke Shell
A SAOLl weighing apHut 4C0C grars hmwtalnzag
1000 grars of Flf was developed oy liajor Satn and Lt.
Mitsiushi cn a project started in September 1944 and
lacking a Iew rontihs before completi;n at the close of
the war. The shell was developed to be fired from an
8 cr: r2coil-lecs gun at a range of 200 neters. The
shell ,JaiaLneﬂ no fharge, the agent being reliezsed by
the rurfure or a cast iron head uvroan irpact, The reccil-
less feature involved the use of a sana-~-bag which was
expelled to the rear a diztance of abcut 10O meter
i, Sr:cize Cempoesitions
Corpooit rns o the various smoke agents used
in the runitions discussed above are a:z follows:

Srroke A (Berger Mixture)

Zn . 2)/0
Zn0 209
CClyg 50%
Diatcomaceous earth 5%
Sroke B (FAC)
Zn 28%
Zn0 229
CoClg 50%
fcr use in flcating smoke pots
Zn 23%
zZn0 20%
C2.C16 47%
N:L'\TOB %
Substitute smoke
J.lO’\ 30%
CL/.L/l 5%’%
KC10, 109
Diatoraceous earth 5%
- 44 -

#ﬁw«w*’
CONF ﬁ

‘[)3 UL 9‘




wfﬂLéifﬁfﬂﬁr

.':;;1 v
Liquid smok it a7
quid smoke skt b B g
Ticl, 50T ‘5 ég: '
Aquatic smoke
Na 907
Mg powder 10%

Jo Irritanr® Smecke Munitions ,
In 193L -- 1933 Lt. Col. Imaoka experimented with
irritant smoke miztures and the design of an irritant
smokxe candle. In 1933 a candle containing DC mixed with
granules of pumice was standardized az Type 224 later
slightly mcdified to Type ©7- Heat for the gencration
of the smoixe was cbtained ty the cowhustion »f charenal
rrixed with NH4NO5. From 1935 - 1938 work was dcne with
an agent c-rposed of DC mixed with small particles of
celluloid. The celluloid acted as binder and to produce
heat for smuoke gersration. The mix was used in Type 99
srall and rediwn caridles and Type S& and Mark I large
smoke pots. (Mark I was the same as Tvpe 92 except that
it inciuded a 2 mm steel plate at the bottom for stebiii-
zation when flcated on water, The manufacture of tne
Type. 97 candle was complicated and expersive, btut 1t
was fcund that the celluloid mix was not sufficlentiy
stable for long storage. It was produced cn.y on a trial
basiz. In 1939 and 1940 Col. Ichino developed a self-
projecting irritant smcke candle cf silightiy different
cormposition. This was standardized as Type 90 and Type
100, For training purroses a substitute irritent srole
candle was develored in 1932 - 1933 by Engincer (Onodera
and standardized as Type 93. This candle was filled with
¢! and flour.
k. Trritant Smoke Agents
. In 19%4 -- 1935 Lt., Col. Imaola experirented
with diphery?ciiicrarsine, diphenylbrorarsine, and DM,
He decided that DO was superior to these, and sc ceased
work on other irritant smoke agents, 4t first DIC was
considcred - very effective agent since it penetrated the
Japanez2 ga¢ rask, Hewever, ar-~und 1935 the mask was mod-
ified by the iacorpcration of aspestos fibers in the
filter. Col. Iinaoka claimed that the mask then prctected
against DC and the agent was only considered tacticalliy
for use against unmasked troops. The compositions of the
various rixes used in runitions are as follows:

Puniice Type (used in Type 93A and Type 97 medium candles)

e 40%
Powdered purnice 60%

Heating (combustion) compound
N¥i, NO- 7
Chércdal 4




Celluloid Tyre (used in T"he 9%, smﬂl
large; Mark I large)

DC 497%
Powdered celluloid 50%
Mg0 3%
Cel cld Type (used in self-projecting, Mark I)
DC 35%
Powdered celluloid 62%
MgO 3%

1. Tundaniental Eeserrch Conducted by Professor
Jitsusaburo SdreobLJa
Fron 1936 to 1941 Professor Sameshiva, of the.
Tokyo Impsrial University, perfor“ed some experiments
pretaining to the mezhanism of filtering sricke particies
with a fibrous merbrane., These @Xperipents were per-
forried in ccajunction with the Sixth Milatary Taboratory.
A dpsc:i;ulcq of Frofessor Sareshira’s experiments and
conclusione is given below.
(1) Perreabiiitv of Solid and Licuid Sroke Particles
An mnnaratuq consisting of a sroke cha ﬂber,
filtering chaicher, and Cottrell precipi itator was used to
study the filtration of smcke through rilter paver orzoke
particles of apncnium chioride were formed by hea tlng
of crysials cr b7 the ezticn of dry HCL on NH At a
terperature cf 199C. and at 52% hwridily thes% rticles
were fcuand tc be s01id, Liquid particles were cained by
bubbling the smo%e thrcugh water to produce arcolets of
an agueous scintlon of Nﬂ4Cl which were 1nchd1 ?d into
the smoke chamher containing an atncsorere scatursted with
water vapor. The smoke pa:ticles cnurl.t on uhe filter
paper, and those rassing through to the Cottreil tube
(which was fcand to precipitate the perticles corpletely)
were analyszed senarately. The sonvles were discsolved
in a standard quantity of water to which a given
guantity o1 Nzz=ler's coluiicn was added, Turbidity
Tras neaszuives withh a Pulfrich cclorimerncer, Particle size
was dateriinel by chserving settling velocity with an
ultrairicrosacpe ~nd cing the Stokes-Cunninghar equation.
The exverinencs sheowsd that the filter paper perritted
the pacsage of roughly twenty times imore liquid naterial 4
than sclid. The rean perticie diameter was arout 1 X 107
cri, the filter paner had a mean of 1.48 X lO"3 crr and
interstice thickness of C, Q180 er, The average filtering
rate was 67.7 cc/uin, X crta and the amount triitered was

1 liter.
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From these experiments Professor Sfakeshima
drew the following conclusions: (1) Sieve actionwas not
significant since Lh;ymean dianeter of interstitial
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cepillaries was found to be thout seven tire reater than
the mean particle diareter, (2) differences in hydrodynaric
action (the collision of solid and liquid perticles with
filtering fibers) were insignificant, (3) differences in
Brownian noverment of the two kinds of particles were also
insignificant, Fron this, the theory was developed that
solid particles tuilt up in the interstitial spaces,
tending to bhlock therm while liquid particles rerely wet
the fibers and do not decrpease free space, 'he theory
wos substantiated by further experirents which shoved
that the resistance of the filter peper increased with
the filtration of solid particlcs of armroniur chloride,
1retallic oxides, and stearic acid while there was ngc
aprreciable increcasc for liguild srokes of phosphcric
acid, crmomium chloride, or cleic acid, The permeability
of the filter paper for liquid perticles was found tc vary
with the a»ility of the liquid to wet the paper.
(2) Tfficiency of Filtration of Liquid Particles
with Varying Filter Thickness
Professor Sar.eshira used the sarc a pparatus
as above to tezt the cfficiency of different thickness
of pepcr in filtering liquid particles of armroniur chlor-
ide, phospheric acid, and oleic acid. Thickness was
aried by using mirbers of sheets of filter paper fror
zero to five., It was concluded that for srokes of horo-
geneous particle size the following rciation helds:
¢p = Goe~KT where cp denotes the arount of sroke raterial
end k 1s a constant.
(3) Effect of Particle Size on Filtration
Accersing to Professor Samcshirn’s theory,
the filtraticn of sroke particles depencs on thn col-
lision of these purticles with the fibers of the filter.
The nurber of cellisions should depcna on the kiretic
encrgy of the poriicle and Brownian rcover.enc., The forner
should govern fi.tration of large pnarticles, and the latter
that of siall particles, To test this theory, particle
size of szrcke beiore and after filtraticn was measured.
The rrplitide of vibretion of cherged pnrticles in an
alternating elicctric field was observed by 2 nicrometer-
ultram crosesoe. (The charged particles were obtained by
henting stewiic acid in an electric furnnce.) The nean
radius was then calculated using the following cguations:

6.. rv(l £ AL )1
r

and Tv - 2a
where E is the field density (6C0 - 700 volts/cm?), e
the partisle charge (considcred to be one electron on
the basis of other unpublished experirents), r is the
radius of the particle, v its velocity, T the period
(0,8 sec) and o the amplitude of vibration, and the
quantity in parentheses is Cunninghan's correction factor
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where A is-a constant, 1 the mean f*ge Do g fi o
the value of AL wos taken s 9 X 107 a was taken as
the rean of fifty recdings observed over an intervel
of 2 - 3 rinutes.
From the results, it was concluded that
the percentage of particles with a radius grecnter than
2 X 1077 decrecases by filtration: No conclusions could
be drawn cbout smaller particles.
(4) Filtraticn of Charged Particles
Stearic acid particles (obtained from sub-
limation by hemting) were charged by one of threce methods:
point dlS”hPrgé vltraviolet roys, or passing through
coal gas fLarc, The percentages of rositive, ncgative,
and neutral particles was cdeterrined Ly observiag the
drift cf perticles coward electrodes by reans of a
ultranicroscope. The percentzages of these ntrﬁi,Jc
was then ‘hwﬂrde =fter the swoke had been passed tarcugh
2 special cel Tulose~ fiber fllter both plain and dyed
with melachite green. It was thought th2t the use of this
basic dye might affect the filtration., No significant
change in percentnges was obtained.
m. Fescarches Conducted by Major Sakagari
During the period 1936 to 1941, Fe jor Sakogari
of the Sixth Militarv Loberatory condnr tcd VATINUS eX~
perircnts on the clogging of ra sks, the stabilizaticn of
cerosols, and the mecsurerent of porticle size. This
resecarch is described below.,
(1) Clogging of Filters
Using ¢ sirple apparstus consisting of a
glass filtration chamber (volure ca, 1 netcr. fiiter 10
ciz diareter) the resistance of the filter to the

Falid 't -
A La I‘Ft
tion of abeout 200 s:oke corpounds was gtudied. EResis-~
tance was reasvred by a U-tube ranorcter and plotted
vs. time, a comstant quantity of raw sroke ratevial (2 gm)

being used to gererate the sroke in all instances. Flow
rate was regu'lated to cerrespond to & rate of 30 liters/
rin through twe caponese Type 95 canister. It was found
that the beha LCT of smoke corrpocsed of solid particles
differed 1« r1 v fror that of liquid partieles. For
SO'LO:, "C_J:'“Hle ﬂnﬂ“bcvcd rapidly at first but thren

cre slowl.y, ~pproaching a rather low final resistaace
asy ptuu?:?;iv On the other hand, resistance for
liquid particlt s LHCteascd very graduclly et first and

very rapidry a period of tlmeo If resistance is

. curvos are obtained resembling parabolas

g
aft
ire
the tTire axis for solid smokes and the re-
il
0N ¢

plotted vs. t
whose axis 1s
sistance “x”s
pared on the 1
establish a rocsicstance corre spondlng to 10C0 rm HoO in
the ranoricter. The best rmoterinl studied was a nixture

of 0,75 gr: solid NH,C1l with 1.25 gm lanolin with which
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liguid smokes, The raterials were cor-
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a rcsistance of 1000 mm was obtaig2§&%&ﬁﬂﬁ4é e

Fxperiments were run in 2 gas ﬁh&ﬁbrr with
hunan subjects wearing Japanese Type 95 m“sks in a con-
centration of zboun 1000 mg/m3 of = sroke consisting of
90% pine-resin and 10% NH,Cl. In 35 - 40 rinutes the
resistance was .such that the subjects could no longer
brcathe through the masks., The results wcre not re-
producitle, being affected by numercus veriables in-
cluding uevpcr‘ture, hunidity, and inmpurities in sroke
nix, It wos concluded that the project was not practic~
able, and the rese~rch was discontinucd.

(2) Prrticle Size and True Density of Srioke Particles

orioke particle o:re is usually reasured L7
observing settling velocity with an ultraricLuhcopue This,
however, involves the usc of S cke's law (or one of its
rrodificationsg) which contains the density of the particle
as a variavie, In order to neasure the density of the
partlcle, Mo jor Smkogewi used en clternating electric field
oriented in thc vertical direction, If thc chorge on the
particle is ne, where e is the electron unit and n thce
nurber of thesc units, the follewing equatiocns hcld:

61TV, T 4/31Mrdp g # nek
67TrV, e = 4/37r3 g ~ nok
6?TT(Vf -~ V)7 I 2neE

vhere Vg ﬂni V are the felling and ascending velcoclties
of the particlé in the ficld, r the radius of the particle,
*\the viscosity of air, g the gravitational constant, E the
density of the field, andssthe density of the particle,
The number cf the charges on the particle wes changed by
boitbarding the particle with X-rays and the path cf the
particle wrs photographed. Since the chnrge on the par-
ticle rust change by an intcgral nurber of clectron chﬂrgcs,
n, the greatest cormoen d¢v1aor of the ratios (V - V.)
('P -V,)o s (Ve =~ V, ) «+o corresponds to a vqluc G0t
v - v 8 n )
For the experiments, particles of dinheavl-
cyanarsine, dighenylchlorarsine, and diphenylbrorarsine
werc used. The model value of the sizc distribution was
gdlus of 5 - 6 X 1072 cr and the range was from 5 X
lO‘ to 1.2 X 10=%. The normal (bulk) density wns en-
countcred in the largest number of cases, but in an ap-
preciable number values of 1/3 and 1/5 the norrmal density
were nct,
(3) Stabilization of Srioke
Snoke particles have a tendency to coagulate
which increases the falling velocity of the particle., Co-
agulation wos rensured for various siiokes by reasuring
concentrotion with tire, using o light source and photo-
electric cell., Cocgulation of particles of nepthaline,
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phthalic acid, and soot produced tfﬁf @ benzcne
was readily observable. It wns found tha 1id paraf-
fin was mixed with napthaline or phthalic acid their sriokes
becane very stabl:. This wns not effective for soot. No
stabilizers could be found for diphenylcysnarsine or
diphenylchlorarsine.

(4) Mcchanisr of Srioke Filtration

Me jor Sakagami developed = corplicated
theory for the nechanisim of sroke filtration. The
assurptions arc: (1) since the sizc of the smoke particle
i1s srell corpared to the frec space of the filter, sicve
cction is insignificont, (2) the particles describe sirple
horronic riotion obout o strearline (an approxiration te
provide for Brownina roticn). If the anplitude and wave--
length of the vibration are knowvn, the probatility of the
collision of n prrticle with a fiber r'ay be calculeted.
The probntiiities of all strear 1lines are averarcd to
obtain the effective breacdth of texture necessary to
filter the particlces. The theory indicates that filters
ranufactured fror thin textures arc rore effective than
those ride froi: thick textures. The theory wazs tested
by filtering siroke particles with glass wool filters
with fiber dinneters of 1 - 10 nicrons. It wns considered
that the results substantiated the theory.

4, FEighth Military Laboratory (Maior Teiji Takada)

From January co April 1944, Major Takada and
colleagues cf the Eighth Military Lahcrzatory concducted
studies on the use of various "substitute" smoke agents
and on methods of generating chlorsulphionic acid smoke
without pressure. The results of these experiments are
summarized below from translations of the prianved labora-
tory reports of the Fighth Military Laboratory.

a. Frxperimreats with Smokes from Grasses, Leaves,

end Strew,

Experiments were conducted with the incomplete
combustion (carbonization) of fresh and dried leaves,
grasses, and straw., Techniques were devsloped for area
screening from smoldering fires c¢f these materials. It
was found that about 7 - & times as much by weight of
these rmaterisis were required for effective screening
than the Japanese standard Berger Mixture., Invectigetion
of resourccs of these materials was made. It was cal-
culated tnat 30 tons of this material would be required
to provide a smoke screen four by one kilometers for a
duration of one hour. In view of this, plants were re-
commended as a possible substitute smoke agent.

b. Studies of Smoke Screens from Anthracene and

Coal Tar

Smoie composed of black carbon particles from
the incomplete combustion of pools of anthracene and
coal tar in smell pits was studied. It was found that
about 4 - 5 tiwes the weight of these materials was
necessary to provide a screen of the same dimensions
{Barger Mixture).
£ e o QISR Hﬁﬁﬂﬁ%ﬁgagents
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for about one hour. The smoke was also found to be more
stable (settled less rapidly) than standard agents. These
substitute smoke azents were proposed for ares screening
of military targe.s against air attack.
¢. Measurement of Screening Abiility of Various

Smcke Agents

Measurements were made comparing the effective-
ness of varicus smoke agents. These were reported as the
length o7 a smoke screen that could be produced which
would have a cross-section of one square kilometer and
last one hour, using as a basis air observaticn of
screens from Type 94A large smoke pot (Berger Mixture).
Results are tabulated below.

Agent Length of Color of Quagntity of Method of
Standard Screen Smolke  Agond, Le- Ceneratior
Km. quired
Metric Tons
Yhite Phosphorus 94.0* Vhite 1.380 Combustion oz
Explosion
Fuming H,50, 6 50% Yhite 2.000 Hezting or
E¥plosion
SnCl, 280% White  3.400 F:plosion
02C1 290% White 4,500 Explosion
Berger Mixture 260 White  4.800 Combustion
ClHSOQ 330 White 3.850 Heating
95% E5S0, 230 White Not Given ©Not Given
Anthracene 140 Black 9.300 Comtustion
Pitch 100 Black 13.0CC Ccmbustion
Crude Rubber 100 Black 13.000 Ccmbustion
Wood Tar 95 Black 13.700 Combustion.
Napthaline &8 BRlack 14,700 Combustion
Coal Tar 85 Black 15.300 Combustion
Kerosine or
Light 0il 84 ‘Black 15.500 Combustion
Heavy 0il 20 Rlack 16,300 Combustion
Cresol 75 Black 17.300 Combustion
Gasoline 50 Black 26.000 Combustion
Twigs of Japonese
Cypress 40 Yhite 32.500 Smoldering
Hay and Straw 30 “hite 42.000 Smoldering

* Figures obtained from other experiments.
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d., Experiments on the Generation of Chlorsulphonie

Acid Smoke without the use of Pressure

Smoke {rom chlorsulphonic acid was generated
by heat, either from (1) direct heat from combustion of
various materJals, or (2) chemieal heat of c¢ombustion.
The best formula for the latter was found tc be
cblorqaLohcnlh acid, white phosphorus, and water in the
ratio 2:0.1:0.06. Fieid tests were mads, and it was
found that the best screening effect was obtained by
direct heating of chlorsulphonic acid by combustion of
nepthaline or anthracene. This produced an effective
screen length of 500 meters, and it was caicnlated that
by this methcd 3 metric tens of chlorsulphonie acid were
required to effectively screcon 1 square Filameter. The
smoke was grey in color and was composed of a mixture
of particiecs from HClSO3 and the heating material.

]

E. Detector Kits

In view of the fact that samples of the detector
kits c¢evelcped by the Jspanese hare been obtained only
a briefl de:c*1yt10n will be included in this report.
No research has been done since the development of the
standard kits.

l. Army Kits

The following table jncludes the information on

the Japanese Army detector kit:

Names of Use, sensitivity, change Constiturion
Parts felsiiietetifer o and reagents
# Used to get off mask for Glass tube.
Detect-  gases having no odour. Test ( (CHR),NI>CHO
ing CoCl, 30 mg/m3 Paper ( (CﬁhquNH
Tube Wem—D Vo (alcchiol

Sealed tube
57HgCl, in alc. sol.

#4 H3As 50 mg/m3 Glass tube
WeeDyV. = Db, SLO gel 2g.
ﬁgCl2 in a2lc. sol.
#3 HCN 50 mg/m3 Glass tube )
y.bo—_')' doblo O—TOlidin

CU.AC2 ) AlC. SO].‘
Sealed tu?e
CH,CH

Al Q@@Wﬁnm; }
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Names of Use, sensitivity, change
Parts of color and reagents
#2 CC1,NO, 50 mg/m3 Glass tube
CW e eV, Silica gel 2 g.
n
L\ j“OH 0.5 g.
Of1
Seal@d tqpe
(CH Ty 0.01 g.
éo% C.1 cc.
#5 CoCl, 50 mg/in3 Glass tube
SlO2 gal 2 g.
y.—-%-blo‘v. - g' (CI? ) Tq CHO 0002 go
Sea§98 tube
(CE 0,001 g.
Sstica
#6° Lewisite Glass tube
SlO8 gel, 2 g.
> T Cu,Cl,
Nd?) 11 < 0.1 g.
Seflad tube
NalH 1579 ag. sol, O.l5cc
#7 N - yperite Glass tube
Si0, g21 2 g.
— T, Seaied tube
NH4B1J &g, sol. O.l5ce,
Detect-  Yperite, Lewisite, etc. (Dithizon 1-2g¢g.
ing (persistent gas) (Zn0 R0 g.
Paper Red spot on yellowish (Yellow pigment 30 g.
green surface of detect- (Talc 3C g.
ing paper. (gelatin water
Note l. y: yellow, b: brown, bl: blue, ©r: red,
r: violet, g: green
2. alc. sol. alcoholic solution
ag. sol. aqueous solution
A rubber aspirator is also included in the kit, This kit

was designed for two purposes: (1) to identify toxic gases
and (2) to determine the time when the mask may be removed.

i{-u ;ﬁ“‘ "er‘n ;&M
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Instructions for the use of the klt ar
Operation:
a, To determine the time the mask may be removed
No. 1 detecting tube is used and operated as follows:

(1) Collodion film of the tube is broken and
the sealed glass tube is snapped at neck.

(2) The detecting paper in the glass tube is
moistened with the reagents in the sealed glass tube,

(3) The right end of the detecting tube is
inserted in a rubber stopper of a rubber bulb.

(4) The rubber bulb is operated by hand ten
times and color change of the detecting tube is ccmrared
with the standard paper and the chance to get off gzas
mask is judgzed.

b. Identification of main poison gases.,

(1) For temporary gases (phosgene. chiorpicrine,
hydrocyanic zcid, and hydrogen arsenide) To identify of
main poison gases, we operate as follcws:

No. 2, No. 3 and No., 4 detecting tubte are
fittead altnget er to the rubber stopvyer as de seribed above
and orerzte rubver bulb. Kinds of gases are icentified by
colors produced,

) (2) For persistent gases (except yperite) No. 6
and No. 7 de*tecting tubes are used. Two tubes ave fitted
to rubber stopper at right hand side of the rubber bulb.
Lewisite and N-yperite are identified by =zclor changes.

A large detector kit was designed for use at head-
quarters. A uoscL¢p+i0n of it may be found in the Repart

on the Scicntific Inteliigence Survey in Japan, Vol 1V,
Seientifiz and Technical Advisory Seutlon, AlDuu, page

2. Navy Kits
The Navy gas detector equipment is comrletely
described in Eenort on the Scientific Intelligence Survey
in Japan, Vol Iv AI“PACa page TW-2i-5, Samples have been
taken so no déualls will be included in this report.




F. Tecontamination Methods
1. Army Viork
Fesearch work on this subject has been completed
so only the standardized procedures are giwgn.
a. Clothes
A total of five methods for the decontamination
of clothing were approved by the Japahese Army. Fach of
these m>thcds has certain advantages and while the super-
heated steamprocess was known to be the most effective,
other methods were retained as substitutes when steam was
not available,
(1) Saturated Steam
Contaminated clothing was placed in a
saturated steam for a pericd of twenty minutes. It Was
relatively simple to use this method even ir the fiel
but the fiber of the clothing subjected to this trcat—
ment is weikened. This weakening was caused by the
condensed water from the steam and acids from the de-
composed gas,
(2) Superheated Steam
¥ith superheated steam and ammonium
hydroxide, clothing can be decontaminated by ten minutes
steaming at 350°C, In this way decontamination is ac-
complished 1n a very short time and though the clothing
shrinks, its strength of fiber is not matlerially affected.
This method was found to be the most effective. The ¥-1
Type A, horse-pack type decontaminating equipment, and
1'=99 Type B deccntaminating vehicle were both equipped
to use this mezthod,
(3) Hot Air
Using hot air, clothes can be decontaminated
in about two hours if the air is at a temperature of 100°
C. This process 1is effective but rather slcw considering
the large amcuuv of equipment it uses-
(4) Sun Light
By expozure to sun beams for one or two
days in the summzr time clothing can be decontaminated.
This procesz tikes a long period and is entirely de-
pendent cn the time of year and weather conditions.
However, nc =pecial equipment 1s necessary.
(5) Chemicals
By washing the clothes in gasoline or
carbon tetrachloride for about ten minutes and then
hanging them in the air to dry decontamination is
accomplished, This method is effective but requires
large quantities of chemicals.

In addition to the approved methods attempts
were made to decontaminate clothing by using Chlorine
in a chamber filled with clothes. Also bleaching powder
was experimented with but when used in effective strength
to decontaminate, the powder destroyed the clothes.
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Metallic parts of munitions we
a cotton cloth which had been soaked in solvent, usually
kerosene. Wooden parts were decontaminated by rubbirg
with a paste made of 70% bleaching powder and 30% water.
The paste did not prove to be effective on wood but was
the best available.

c. Suoes
(1) Solvent
The shoes are soaked in gasoline or carbon
tetrachloride for ten minutes and then dried in hot air.
This method is effertive but it requires much solvent
and tends to injure the leather.
(2) Hot Air
By blowing hot air for about ore and a half
hours at 7£0C. This process is most effective and wiil
completely decontaminate even gas that has penetrated the
leather. Also this method does not iniure the material.

(3) Bleaching Powder

The contaminated parts are rubbed with
either the bleaching powder itself or a paste made of
bleaching powder. This 1s effective only on the gas on
the surface and material treated with the powder loses
its usefulness.

The approved method for choes as well as
for all other clothing was hot air or superheated steam.

d. Buildings

External parts of buildings were to be left to
the sun light for decontamination. In some cases washing
with large guzntitles of water served to hasten the action
ol the sun znd wind.

Handles, doors or anything which was necessary
to touch was wiped out with kerosene, carbcn tetrachloride
or bleaching powder paste., If none of these materials
were availahle, water could be substituted. For the
inside of rcoms vaporization by fuming charcoal was
recommended .

e. Airvlanes and Airfields

Fcdy sarts and wings were decontaminated with
water or scit. Yor the moitor and machine parts kerosene
or carbon teotrachloride were used.

Bl.eaching powder was effective when scattered
over the ground. If tleach was not available, ccvering
the gassed area with fresh earth, weeds or grass would
be partially effective and was recommended.

f. Personal Decontaminations

(1) Two types of protective ointment were ap-
proved for use:

(a) 01d Type

Potassium Permanganate 60%
Magnesia 40%




(b) New Type

Chloramine T 20%
Talc 109
Zinc Oxide 659
White Clay 5%

Both of these decontaminating agents were
issued in metal containers with a cloth bag for carry-
ing. 100 grams of the agent were in each can. Produc-
tion of these agents was negligible due to shortage of
necessary chemicals.

The only agent available in sufficient
quantity for actnal use was blezching ncwder. t Was
issued to the soldier in a rutber pouch which contained
150 grams of bleach. In event of contamination the
first step was the removal of the larger drcos of gas
using one of the five pieces of gauze included in the
pouch. Thzn the bleaching powder was mixed with water
and applied to burned area., This mwixture was to be
rubbed 30 times to insure thorough decontamination.
Immediately after rubbing, the bleach was washed off.

If gas could still be noticed by odor on the skin the
procedure was repeated.
(2) Experimental Protective Ointment
(a) Anthranilic fcid Methyl Dster

In the attempt to discever a nore ef-
fective ointment for the treatment of mustard contamina-
tion ex perlwents were conducted at the Army Medical
School and at the Sixth Military Laboratory. Results
of these tests showzd the methyl ester of anthranilic
acid to be efieciive. If applied within the first two
minutes after contemination, it has the same dezontaminating
effect as chloramine~T. In the event of a larse of time
of over twec minuccs between the cortamination eand the
treatment antnrenilic acid ester is conqldered better.
It was found that chlcramine-T has a beneficial effect
on a burn up to five minutes after contamination while
the acid ray be used with beneficial results up to
thirty rminc's=s. Even when applied as late as one hour
after contawination, it reduced the size of the burned
area. Mcadiccl officers were notified of the effectiveness
of this coarpcound, but no production of this product was
undertaken.

Results of the Japanese Research on Anthranilic Acid
(1) Animal test

Five mgs. of mustard gas were dropped on
the sheared backs of albince rarbits and at varying times
the area was rubbed with wooli saturated with anthranilic
acid. ‘me following results were obtained. Five rab-
bits were used in each group.
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Group Flapsed Legree of Swelling o% Chot é@ﬁg

Time 1 hr. 3 hr, 6 hr. 10 hr. 24 h¥. 4€ hr. Effect
I 3 min. - - - - - - LA A
II 5 nin. - - - -~ - - A LA
I1T 10 min. - - £ £ # A £ £
IV 15 nin, - # # A4 A£ A A
v 20 win, - # AF AA AL AAEF
VI 30 min. # £ A AA Ao LA L
VII 1 hr. (A) AL A A AL A -
Control-No Rubbing - - - - - - S/

(2) Human test

The doctors and their assistants participated
in the test voluntarily. In the first experiment 3 ﬁgc of
rrustarad wa s drorped on the inside of their forecrms and
ten minutcs later the area was rubbed with anthranilic
acid. 1In the second phase the time element remaincd the
same, but the amount of mustard was increased to 3 mg.
Results were read from 24 to 48 hours after the application
of the mustard.

USE OF .3 mg. OF MUSTARD

TOTAL r , EFFEOT
PARTICIPANTS NO VOUND OR |1 rwm,  Omn. SVALL BLISIGR (LARGE
| SLIGHT FIPFIA RUBFLLA qu REMARK ARLE RUBFL-BLISTER

! 'OR EDENA LA OR .ELEMA E 2 cr,
10 | 5 L | 3 1
USE OF 3 mg., OF WUSTARD
TOTAL o EFFECT
PARTICIPANTS'HC wOUND (R RUBELLA MANY BLISTERS | LARGE.
'SLIGHT EDEMA:OR EDEMA, 1 - 2 mm. | BLISTER
{ | . 2 cm,
’ |
30 20 3 6 1

CCNCLUSION(DRA'N BY THE JAPANESE)

Anthranilic acid methyl ester is an effective
method of preventing or lessening the injurious effects of
liquid mustard gas on the human skin, but it must be used
within ten rinutes after contamination.
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g. Gas Proofing of Ruildings

The problem of gas proofing any portion of a
typical Japanese building presents difficulties due to
many openings and lightness of construction., <The follow-
ing conclusions were reached on the subject but no large
scale application was ever attempted. First the most
suitable roor in the house is selected and then made air
tight. Lu*ger openings, as doors and windows, are sealed
by double huifer plates using wood, felt and rubber sheets.
Windows are sealed using parer or oil clay. Wnhen it is
pnssible to obtain them, filter boxes and ventilators
are installed. A higher pressure of purified eir is
kept inside the rcoir thus preventing the low pressure
outside air frocm entering.

h. Dugouts and Caves, Gas Proofing

There were no special measures fcr use 1n the
field for nrotection against gas. It was expected that
the indivicdual soldier would wear his protective clcthing.
Entrances to caves and shelters would be closed by wocden
plateu, rubberized cloth, or any other means at hand.
These measures were 1ntended only as temporary ones. 1t
was realizzd that filter boxes and ventilatcrs were ne-
cessary, but they could nct be rade available.

As a resuit of this shortconing cpecial research
was carried out regarding the use of special gas prcof
cloth. This special cloth 1s one that has a layer of
powdered activated charcoal covering c:ilk cloth. Ry
experiment thnis clcth was found effective against rustard
gas.

i. Gas Proofing Tanks

Research on this subject was carried out about
ten years ago. 1t was never carried past thc experimental
stages,

Principle involvcd was that by 1aintaining a
pOSlthe pressuie of 2 to 3rm. inside the tank the gas
in the outcside oir could nnt enter, Purified air for
inside the taak was passed through a filter box using
an air blower, To meintain this pressure inside the
tankx large quzntities of air were needed and the necessary
equipment o ccatrol this could not be fitted into the
limited sypave in the tank.

2. Navy Vork
Reae’”fa on this subject was done by the Naval

Laboratory at Sagami Arsenal and resulted in the standardiza-
tion of six agents., Of these agents, number five was the
only one available in sufficient quantity for actual use.
Research was nct pressed, for the production lag caused
disinterest in research. The newest ointment T-Toyaku was
not listed by the Japanese with the other decontaminating
agents. It contains 104 of gum mastic and 90% of water
glass.
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Decontaminating Agent #1 contains 150 graffs—afy potassium
perranganate., It is used with decontarinating agent 52,
Decontaminating Agent 72 contains 1000 grams of scaly
sodium hydroxide. These agents are to be dissolved
separately and added to sufficient water to make 30
liters of solution. Decontaminating Agent #3 contains
bleach and was to be used against liquid blister agents.
Decontarinating Agent #4 contains 10 grams of chlorine
dissolved in 40 grams of carbon tetrachloride. Vhen the
bottle is broken, this agent reacts with sneezing and
blister vapors and neutralizes ther. One vial per
thirty cubic meters of air was recormended. Decontaminating
Agent #5 contains 16% Chlcramine-T, €1% Bentonite and 3%
of Sea water foap. When mixed with twice 1ts weight of
water it forrmed a cream to be used on the boly. Vhen
mixed with three times its weight cf water, it fcrred
a cream Lo be used on clothes to decontarinate blister
agents. Eesearch on this agent centered about the ninimum
amount of Chlorarmine-T which would be c¢ffective against
blister agents. Decontaminating Lgent #6 contained:
Decontarinating Agent 10
1st Reagent - Hightest bleach 1 Gn.
Bariur peroxide 8 G,
Ferric Sulfate 9 Cr,
2nd Reagent - Calciun carbonate 8 Gm,
Active Carbon 4 Gr,
Filtering Bag 1
Filtering Cloth 2
Detecting Tube 2
Test Faper
Test Tube 1
Pincette
Color Comparison Table
Accessories

Arsenic compounds yprecipitate by producing additive
cormpounds with ferric icn or by coprecipitation with
colloidal ferric hydroxide. The detecting tube contains
a sodiuvm lend ailoy which forms arsine in the test,

The test paner is a mercuric bicnleride paper which
changes colcrr in the presence of arsine.

Interviews with Japanese Naval research leaders
indicated cthat Chlcramine-T or bleach had been accepted
for all decontamination procedures, fcr personnel, clothes,
munitions, and ships, It was impossible for the Navy to
obtain sufficient Chloramine-T for distribution, and
bleach was the only available decontarmination agent.
Further research for decontamination materials was thought
useless as bleach would work. The difficulty of obtain-
ing production for new agents, should they have been found,
contributed ‘to their lack of interest.
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The Navy was disinterested fﬁ' e@flng buildings
for land based personnel, Certain scctlon 9T their
larger ships had collective protectors. Tne compartments
of ships are gasriroof in nature, but the entire ventilation
system would have to be made into a glant collective pro=-
tector to cormpletely gas proof the ship. As this was
practically impossible, sore of the vital control rooms
were gas procfed with collective protectors. The other
parts of the ship would have to be decontaminated if
necessary.
3. Prctection Methods in the Imperial Palace Grounds
An investigation was conducted in the Imperial
Palace grounue to determine the protective methods
against gas atiack used there, A report on this subject
will be submitted after the information obtained has
been trancslated.

G. Toxi¢ Chemical Agents

Introduction

For over twsanty years the Japanase Armmy and Navy were
independentily engaged in work on toxic chemical agents.
This work has included the search for new agents, the
production of agents, and studies on the toxicitlies of
the -compounds. The main amount of werk was dona Dhetween
1930 and 1941 with the greatest effort being expended
in 1935, After 1941 the search for new egente was in-
tensified. After the beginning of ths war with the
United States the Japanese requested information from
the Gernans concerning new toxic agents, The Germans
revealed that the PBusgians had a nitrogen muztard and
pho¢ge1° oxime, vat taey did not disclose any information
concerning thelr cwn agents,

The subject »f agents is covered in "Report on
Scientific SU“"CY in Japan' Volume II, dated I Novenmber
1945 by the Ccientific and Technical Aavisory Section,
AFPAC. Certzin material from that report is included
in this one fecr the sake of corpleteness.

1. Agents used by the Jaranzse

The Japarese Army produced or had plans for the
procductieon of the following toxic agents:
a, Musbtard (dichlorodiethyl sulfide)
\L, Thiodiglycol process
(2, Sulfnr chloride process (distilled)
b. ”Non freezable rustard®
c. Lewizite
d. Pnosgens
€. Hyﬁrogencyanide
f. Chlcracetecphenone
g. Diphenylcyanarsine
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Whenever bormbs were filled with vesicants, a
nixture of mustard and lewisite (50 - 50% by volunme)
was used in order to prevent the freezing of the agent
at low terperatures. It was planned, however, to re-
place this riixture with the non freezable mustard when
adequate quantities of it became available.

The "non freezable rustard" was a rixture of the
various chicroethyl, chloropropyl, and chlorotutyl
sulfides., It is variously reported to freeze from -20°C.

The Japanese Navy produced the following toxic
agents:

a. Mustard (thiodiglycol process)

b, Lewisite

c. Chioroacetophenone

d. Diphenylcyanarsine

For filling bombs the Navy thickened their rustard
by adding 7% polyvinyl chloride and 2% methyl rethacrylate.
They did not mix mustard and lewlisite to prevent freezing.

Samples of these raterials have been obtained and
are being forwarded to the United States where all the
necesssry analyses ray be rnades The Japanese have not
been able tc furnish satisfactory analytical results.

The production of the above agents is discussed
in the report on "The Manufacture of Cheriical Warfare
Material by the Japanese' which is being written by
this office,

It is believed that no toxlc agents other than
those listed above were considered beyond the laboratory
stage.

2. Search for new toxic agents

The Japanese Arny expended ruch effort, time, and
rioney in trying tc discover and develop new toxic agents.
Considerable attention was given to the relation of cer-
tain nolecular groups to the physioclogical activity of
the toxic material. It is reported that no useful cor-
relaticn was obtained by this work. In addition to the
work being done at the Sixth Military Laboratory a group
of worrers &1 uhe Osaka Inperial University were engaged
in looking fov new agents., A list of 1000 compounds on
which work was done has been obtained and was safehanded
to the Chief, Cherical Vvarfare Service. A copy of the
document dces not exist in this office and cannot be
appended to this report but certain information obtained
from the document is surmarized below. The list of
compounds synthesized and tested include the following.

a. Inorganic compounds

b. Crganic halogens

c. Nitrils

d. Isonitrils

e. Isccyanates

f. Phosgenes

g. Mercaptans

UNGLASSIFIED
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i, Organic sulfides

jo Anriines

k. Nitro compounds

1. Nitroso compounds

. Organic fluoro compounds
n. Organic metallic compounds
0. Organic selenium compounds
p. Crganic arsenic compounds
q. Phosphines

r. Alkaloids

s. Proteins

t. Oxines

Cyanogen chloride was studied and toxicological tests were
made, but apparently no further consideraticn was glven it,
Many ansic-cuss of mustard including sesqui rustard were
studied but rnone were considered superior to rustard. HN-3
and its hydrochloride were studied, but HN-1 or HN-2 were
apparently not considered. Nicin 2rd acotine were con-
siderad as agents for darts, meta nitro phenyl dichlcrarsine
was studied, ené so was nitroso methyl and ethyl riethane.

Tt is believed that the Japenese 4id no work on
agents of the trilon group. From the inferriatZlon available
it is also believed that no work was done on

a. Cadniurm compounds

b. Fluorcphosphates

¢. Fluoroacetates

d., Phnzphine oxides

The Ariry concluded fror their work that none of the
couzpounds which they had studied were better than mustard,
lewisite, phosgene, or hydrogen cyanide. They did believe,
however, that th> chloracetyl derivstive of pavacresol was
twice as effective as chioroacetophenons (It wasa't manu-
factured due to the shortage of the necessary raw materials.).
They also 3t2ted that they did not believe that any country
had develcped toyies supsrior to the above corpounds. For
further infTorration on the ccripcunds tested by the Arry
such as structural fornuvla, state, boiling point, freezing
point, ard toxicities the 1ist of 1000 compounds wcrked on
by the Jepan~se which is now in the O0ffice of the Chief,
Chemilcal Worfare Service, Washington 25 D,C. should be
consuited.

The Navy Gid not rake as extensive a search for
new agents as did the Army. Theyreported that in all only
about 100 new compounds were synthesized. These are listed
below.

1. Br fth o-Nitrobromobenzylcyanide
CH
L
--NO,

e




10.

12,

13.
1la,
15-’

16.

17.

1€.

B HpH p-Nitrobrorobenzylcyanide

Br CN Bronobenzylcyanide

Cn.CH,CO00 Et
CN,COZCH3

ICH,.C0, Et

2

HyFe(CN) .
Diphenylarsinebronide
Lirhenylarsine fluoride (difficult)
¢l Gl

Tetrochlorodinitroethane N02 C———C-éNOZ
Cl C1
Gl

Chloropicrin Cl-~g“*~N02
1

Hexachlorodirethyloxalate gOOC 013
00C Cl




Piphosgene

,,OCCI3
Hexachlorodiariethylcarbonate CO\\
0CcCl
3
ClCH:CH AsCl, - COCl corposition unknown
Bromclowislits
Fluorolewisite (HF) Very good
AsF
Flu%rolewisite 4 NOCl
Bromolewisite £ NOC1
Diphenyichbroarsine
Dichenvlbroroarsine
Diphenyliodoarsine
Diphenylcyanoarsine P
n~Nitrcphenyldichloroarsinel __ 7~ AsCi,
' NO
2

)

Tetrachlorophenyldichloroarsine cl __C1

___>AsCl

¢l C1L
ﬁ’/C2H4AsC12

~
C2H4ASC12

//02H4ASC12

~N

CQH4C1

o~Toluyvidichloroarsine
pr=Teluvldichloroarsine
D--Teiuvldichlorcarsine
o-~Cnlorocphenyldichlorcarsine
r—Mhlorophenyvidichloroarsine
p-Clilorophenyidichicrearsine
o-breonophenvidichloroarsine
11 -Erorzecphenylidichloroarsine
p -froirophenyldichleroarzine
~-lWaphthyidichloroarsine
B-Naphthyldichloroarsine
S(CHTCHOCI)2
S (CEZCHZF)
S{CH,CH5Br 2
S(CHLCHSI) 5
Chlcroacetophenone
o-Nitrochlorcacetophenone
r--Nitrochloroacetophenocne
p~Nitrochloroacetophenone
Dichlorodinethylether
DibroroGinethylether

S
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56, Diiododimethylether (negative)
57. Methviarinedichloride CH,.N. Cl,
58. Perchrloromethylmercaptan 3°
59. CHanLuCHO Acrolein
60. Phénylcarbarinechloride
61. Methvldichloroarsine
62, FEthyldichloroarsine
630 Propvidichloroarsine
64, Butyldichloroarsine
65. Anmyldichlorcarsine
66, .Fydreczinehydrate
67. Cunlcoroanestone
6&. Droroacetcone
6S. Todcacetone
7u° Chlcrormethylrercaptan
., Dichlorcdipropylsulphide
75. UChlorcethylrercaptan
74. Fthylchlorsulphate
75. Methylrhlorosujphate
76. CLCH:CH AsS (Ship Paint)
77. CLCH,5Ch AsO
78. Diphénylarsinesulphide (Ship Paint)
76 . Divhenylarsine organic acid derivatives(Ship Paint)
80, Diphenylarsine ferrocyan*de (Ship Pa2int)
81. Diphenylarsine ferricyanide (Ship Paint)
82. Phenylphosphcrousdichloricde (didn't core out)
83. Dichicrdiethylsulfone and its derivatives
84. Trichlerotriethylarsine, HC1l, HBr ASvl3 salts,
end ite derivatives
85, Broicpicrin  Br,.C.NO,
86, Chloial Compcunds
87. Dichl!crvinylarsinchloride (cyanide)
8¢e., Phosgene oxine
89, Hydrsoxylarsine
20, Tetranitrcdichloroethane

Their corments on the compounds tested are as follows:

a. Nitrc-derivatives of bror -benzyl-cyanide only
slightly in:zrease the lschrymatery eflect., They all are
irritatiryg (o ithe skin and all decorpose in contact with
netals (excent lead). The synthesis was difficult, so it
was conciuisd that the brom-benzyl-cyanide was preferred

b. In CN conpounds the teoxicity depends only on the
CN groups. HECN, BrCN, C1CN sometimes explode spontaneously.

C, HalcveAS-acetic acid esters caused some lachry-
matory action, but this was reported in the literature.
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d¢. C,H.OC. "0

N

275
1
I—I:CASCl2 H?ﬁs(06H5)
CoH50C—0 CoHg0C==0
CoH50C =20 0=COC,H,
HC-—~As———C

|
CQHSOC""O #50=t00 JHs

and allied arsenicals are not as toxic as the
original arsenicals.

e. Scrie nitro derivatives of benzyl chlceride, o-
corpound give skin irritating action, but they tend to
deconpose in contact with metals. The lachrynatory
effect 15 nct improved.

f. Cyvan-adarsite hydrolyses easily and is decozposed
by explosion,

g, H. l,\CN) produces the theoretical arount of HCN
when heated” siowly, but carbonizes when heated rapidly.

h. In the diphenylarsine series, the fluoiride was
difficult to synthesize. Others showed no diffsrence in
prope“+"es fror the chlororcyan corpcunds.

i. In the chlor-nitro methane series the lachrymatory
and lvng irritant effect increases with their chlor-content,
chlerpicrin being the most active. Dinitro-tetrachlor
ethane 1s an excellent tear and lung irritant gas and is
even better than chloropicrin, It decomposes easily on
explosion, hcwever.

js In the phosgene series the lung irritant aetion
depends only on the amount of phosgene producsd, but
diphosgene is somewhat inferior to the former. Hexachloro=-
dimethyl oxalate proved to -be the most desirable as it is
easy to work with (solid, low vapor pressure) and produces
three CCC1, and CO on the burst of the munition. The
odor of phOsgene homologues increase with increasing
molecular weight.

k. Lewisite (primary) CLCH==CHAsCl, and its hcmo-
logues were mixed with NOC1l gas in a cool”place. (See
compound 21) A liquid without the lewisite odor and a
non arsenic containing solid were formed. The liquid
was twice as vesicant to the skin as lewisite (animal)
but it gracdually decomposed. It was easily hydrolized.

1. Halogen substitutes of lewisite, the fluor
compounds, ClCH—~CHAsF2 were the most active with regard
to toxicity, stability§ and humidity.

m., Ary-arsine dichlorides were prepared but none
were better than phenyl arsine dichloride.

n. The bromo and iodo acetone were better than the
chloro compouid, tut none was as effective as chloroaceto-

phenone.




o. Nitration of chloroacetophenone increases the
skin irritancy but the lachrymatory effect and the thermal
stability are decveased.

p. Halogenated methyl or ethyl ethers have no
value as chemical warfare agents°

" g. Methyl amine dichloride decomposes .in such a
way as to prcduce prchably polymerlved HCN products
which decompose in some cases viclentliy.

r. Aeroleine and crotonylaldehyde were not good
lachrymators.

s. Methyl and ethyl arsine dichloride are perhaps
better agents than lawisite but the lagk of production
equipment dictailesd that they not be manufactured., Ercmo
compounds have lco low a vapor pressure, Jloco compounds
decompese teon ewrsily. The propyl or amyl arsine di.-
chlorid=s are tcc active and have too low a vapor pressure.

T - chhlorodip“onyl sulfide has low vapor pressure
and proved uO be a good persistent agent. Its vesicant
toxicity is % to 3/3 of mustard, but it is sometimes
mixed with muvfgrd to lower the f*e\ zing point.

u. Dicnjiorodiethyl selenide has a bad odor, but
is not as effective as mustard,

V. Dichlorodiethyl sulfone and its derivative is
not as easiiy decomposed by bleaching powder as mustard
but they are not as texic and are solids.

w, Trichloro-triethylamine and its salt (HClA5013
ClCH CHAsCL, were thought better than mustard even
though it i§ less toxic because it is not easily hvdro-
lized, it lacks odor, and is difficult to deccentaminate.

X. Dichlorcdivinyl arsine chloride and cyanide
were not effectiie as dinhenyl-arsine compounds.

y. Phosgene oxime was not considered of importance
due to the ease of 1ts hydrolysis.

The Navy ~onciuded that all things congidered no
new agent superior to mustard, lewisite, chloracetorhenone,
hydrocyanic acid, and dlpqenV1cyﬂnar53ne were studied and
planned to produce only those compounds.,

3. Statilization of Agents

ntorage tests indicated that mustard manufactured
by the thioligiycol process, lcwisite, phosgene, chloro-
acetophenone, and diphenyl cyanarsine were stable. C(on-
sequently, no wcrk on the stabilization of these materials
was carried out Lty the Japanesc.

a. Hydrocyanic acid (HCN)

The Japanese Army recognized that hydrocyanic
acid was unstable and in 1933 initiated work to stabilize
this material after containers of HCN exploded. By 1937
copper hed been accepted as a satisfactory stabilizer.
After the beginning of the war with the Unitcd States,
copper became difficult to obtein, and work on the
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devclovment of new stebilizers was initiated. Due to the
explosion cf some copper-stabilized HCN filled containers,
some dissatisfaction with copper exist=d so a better
stabilizer ws dos'rcﬂ at the some tjmp, Bcsidus the

certaln D*o €SSOID at the O aka and Ly oto .qp eria
Univers 1t¢co were pult to work on the j“ob~nm,

SON i believed to be unsterc.e uf allaline
materials Lrbu¢bnag from incomplete purification of the
HCN arc prescnt, Watcr in amounts grcater than two
percent was belicved “o make thc matcrial uastable.
Quantities Zess than Two percent were not conzidered
harmfvi, Recently cxvgen wns suspecied as the cause
cf the instabilivy. The Bakslite used to coat the in-
side of sonie muniticns if not properly hardencd was
believed %o be dcletcrious, buv otherwise it was con-
sidercd to have 1o effect. Metallic materials such as
iron, tir, and copper were relieved to have no had ei'-
fec1“ and, partizularly the case of copper, they were
consiiered to be ohnoficiul Leoca is believed to be
detrimental to the stability of HCN, Vork on cother
mctals such as alumlﬁum wzs doney, but the rccords
were buwrncd and the results of the tests are rnao krnown,

Fxperiments with the following materials (3
percent by weight added to the HCN) were carried out:

(1) Azids

H,50 HC1: ClHSO4° HNO3 CH COOH: HCCOH:

(2) DchréﬂaTlng agents

Call-3 Active carbon: Silica gel: Alumina
(3) Smeking Agents

A”,f.° SnCl,: TiCl
(4) Oz élc sol$enus

CHz_3 CCigs CgHg: CgkE CH

(9 Lopper gauze, copper Coduder

The following conclusions wcre made from the
ebove experiments:

(1) The best stabilizers

0,50, , Asb13 copper gauze and copper powder

(2) TAe 7air stabilizers

HC1l, HCOCE, CaCls

() None of the others were satisfactory
It should be notcd that thesc experiments were carried out
in glass.

In the case of copper as the stabilizer, storage
tcsts indicatcd that the HCN was stable for approximately
five years if the copper was of sufficient purity. The
usc of AsCly was believed to make the HCN stavle for three
years. SuO*SFQ tests on this matcrial have not been
complcted so its actual value is not known. Work on the
use of 802 as the stabilizer was startcd late in the war.




Vhen two percent was added to theéé ﬂted aging

tests indicated that the material would be stahle for
three to five years. (It was considered by the Japanese
that 1CO hcurs ot 5000, was equivalent to three years at
room temperatare; Teczts were carried out in which HCN
containing tws porocrt 30, was stored in shells for two
years, After this *time the contcnte of the shell had
not changed in colior #nd no preccivnitatc nad rformed,

ﬁ Prom titis work it was conclvded That £0,,
AsCl,, and corpcr arc the best stabilizers for Fcﬁ
with”Cls being tie preferred one., It was iurther con-
cluded That the 1ife ¢f the stabilized agent was from
three to Tive yeris,

The Joienese hed a policy to redistill the HCN
every thrce years, but such a procedure had not becn put
into efvent befcre the war ended.,

The Japanssc Navy has done cnly o small amﬁunt
of work on the stabilization of ECN. AsCl, (5 - 10% by
weight) was added to the HCN and mars satisfactory rc-
sults ware ovitaincd., Tcests with this stabilizer were
not in progrecss long cnough to determine definitely
the valte cof this method., In all work with HCN fiilcd
bombs or shnll the inside of thc munitions was ccvered
with bakelicte. :

b. Mustard

The mustard manufactured by the French method
(Ethylene¢ plus suifurchloride) was kncwn to be unstable
and all the matcrial manufactured by thot precess was
distillcd becfore otnrﬁgp Oor usc.

c. Musterd-Lewisite Mixture (50 - 50% by vol.)

Instapility of the mixture rcsulted vhern
French process rustard was mixed with Lewisite. This
problem was scolved by either using Cerman nrecess
mustard or distiiled French process mus tard to mix
with the lewisite. The Navy did not use this mixture.

d. Thickened Musterd

No trouble was encountcred with the munitions
filled with thzckened mustard (79 polyvinyl chloride and
2% methy: methacrylate;. All the munitions testcd however
were coated ni tno inside with a Bakelite type resin.

e. Inside coatings for mvnitions

The Army used a phenol resin vernish for
coating the inside of its munitions. It was considered
effective for all chemical agents except HCN and was
adopted ns standard., For HCNbare metal Wwas believed
to be more satisfactory.

The Navy did practically no work on linings
for their sh21l1 or bomb. A Bekelite coating was con-
sidered satisfactory.

e




4. Toxicological Data =
As this report has previously poiﬂted out the
Japanese did a thorough job of destroying the records
of the chemicol warfare resesrch and development work
chrried out by them. The toxicological dota contained
herein are, consequently, estimntes and opinion ob-
tained fror the Japanese and ore subject to inﬁccurﬂcies.

The vrocedures and the laboratory equicment used
by the Army and Navy in moking their toxicological
studies were crude in comparison with those uced in the
United ftates and do not warrant detail study., Their
gas chambers mrlo" in size with the leargets belnu
12 to 15 feet in diameter. The gas in these cham
was cirzulated by means of 2 fan loented at the tou of
the chamber. No epparatus exisved for mointaining
constvant iomperature or humidity, and there was no
completvely satisfaztory method of setting up toxic gas
concentrgt¢ons° As test animals mice, guinen pigs,
rabbits, and occnsionclly dogs or monkeys were used.,

Birds (urelcacn domestica) were also empleyad on occasion.,
As a me:sv“? of toxicity the Ct (the produci of con-
centraticn and time) required to kl1il 50 porc¢nt of

the test uhgmulb wos used, In gend“al the tine was

held conztant (at 10 - 30 minutes except {or qirick

acting toxics such ns ECN where 2 to 10 minutes was

used) and the concentrotion was varisd. For any particular
test it wrg Jdesirad to hold the conccutration constant,
but usually there was a decrease with time,

The Japanesz €5 not admit having UQGG &lt
Japanese or allred piisoners in their toxi~i 3
and no information has been obtained to lead to
belief that they Linve,

Toxicolog*vgl data on the commen agerts are given

her
b
th

lies

o L"$

below:
Name Ct Mg min/m3 (50% mortality)

‘ Mank  Fapbit Gtivea Pig Pigeon
Mustard 2000 5500 2300 1500
Non freezable
mustard ? 7000 3000 2000
Nitroczen ifusinrd 2500-

(chH”uhg N 6000 6000 2500 1800
Lewicite 3 2000 5000 2000 1000
Phosgene 2000 5000 2000 1000
Diphosgene 12000 2500 24000
Hydrogen Cyanide 2000 700 15%0 to 200 - 250
30C0
Chlorine 30000 10200 20000
Arsine dog 20000 75000 75000 75000

*The data for man are only estimates which varied somewhat
with different individuals. The values given are believed
to represent the opinion of the best informed Japcnese
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research men. The data on the other animals Were based
on an exposure period of 1C minutes (except for HCN
when exposure period was 2 minutes) and an observation
period of seven days. Approximctely five animals were
used per expcsure.

Comments on vorious agents and additional informa-
tion cconceruing the common ones are as follows:
2, Hydrocyanic Acid
In general the Japanese believed that HCN was
their most toxic agent (Personnel at the Narashino CW
School. however, tncurht the toxicity wos much lower
than generally beileved ard fixad its value ot 5,000
to 10,000 mg/min/m>). The loweast effective dosage was
belie7ed to be around 300 mg/min/m3. The gns was usnally
effectiva in 30 to 60 seconds when lethal dosages were
inhaled. The Japanese recognized the =2bility of the
body to detcxify small quantities of HCN indefinitely
ang also hnd noted the increase in hreathing rate which
resurted Irom irhaling HCN.
b. Pllosgane
Aithough the Japanese considered this one of
their stancdard agents, they exhibited little interest
in it.
c. Mustard
The Jepanese had made few studies on the effects
of mustar Particulerly in the case of mustard vaper
wns the work siighted despite the fac® that freguent.

.

casualties resuited from the manufacturing crerations,
They repor-t that some werk was carricd out a nwumber of
years ago using o continuous flow vapor cup, but the
results were nct reomembered.

Fven thcugh experimental work vins not carried
out the Japanese estimated a dosage of 100C mg/mindm3
of mustard vapor wos required to blird 2~ man, and a Ct
of €000 to mnke a casu~lty of a man with mask but no
protective clothing, The values given nre for temperate
climates. They telieved that the dosage required to
produacae casus tilas in noy wsather wouldl be reduced
approximnte.s 1000 mg min/mS for the €000 figure, This
conclusior wns reached because the workers in the manu-
facturing plants received more and werse burns in the
summer, It was supposed that the Ct required to blind
wag not a constant but varied with the concentration -
for constant Ct the higher the concentration the more
domage was done to the eves. They found that the
genitals were offescted first followed by the axillae,
neck, and tenicr tissue.

The toxieity of the non freezable mustard had
been only slightly studied. They reported that for
liquid on the skin it was 50 to 75 percent as effective
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&s the dichlorodiethyl mustard. No work had
1ts vepor effects.

The Nevy hed practicelly no understnnéing of
the real effects that could be obtained with mustard
vapor. They were requested to fill out a chart on the
dosages required to produce injuries and reported that
they had mnde no experiments on this and could not fill
in the chert.

d. Lewisite

The Jopanese believed that lewisite was really
more toxic than mustrrd, but due to its repid hydrciysis
the LCt (50) was considered the same for both. Foro
unkriown reasons most of the well informed CW persounel
preferred mustard over lewisite, The Jnpencse telioved
that lewicite sprayed on rice crops would polscnn the
rice due to its arsenic content.

e. Nitrogen Mustard

(C1CH,CH )3N wnas the only nitrogen mustard
compeund Worked on, Its lethal Ct hnd not accurately
been determined and values ranged from 2500 - (00O
mg min/m°. The skin injuries cuLsed by nitrogen musiard
are not as severe as those due to mustard and they neal
more rapidly., The injury to the eyes was believed to
be the same as those caused bty mustnrd.

f. New Compounds

The 1list of 100C compounds referred to pre-
viously contnins the toxicologicnl det2 for all the
new compounds and should be referred to for information
on the subhject.

been done on

H. Processes nnd Methods of Production of Chemical

Warfare Agents

The Army and Navy of Jopan worked separately in
developing processes for production of chemical worfare
agents., Information wns exchonged freely until the
processes were as good ns European processes usad during
the first World War,

After that time, the relations between the Army ~nd
Novy Resecrch Departments were not as good 2z before
although the exchnange of information was still carried
on.

The development work done by the Army and the Navy on
methods of production is given in parts a2 and b of this
section.

1. The work done by the Japanese Army on processes
for manufacturing of chemical warfare agents mentioned
in this section was conducted by the First Scecilon of
the Sixth Military Laboratory under the supervision of
Military Engineer Shigeru Hayashi.




UNCLASSIF!

The following consists of rmethods of production
nnag informntion pertnining to the production of sever:nl
chemicnl warfere agents used by the Sixth Military
Leborntory.
2. Froduction Vethod for "Anti-freeze" i'ustnrd
STEP I: Production of ethylene-propylene mixture
Conl gns, containing 40% ~ 507 hydrogen
cnd 29 - 4% ethylene ond propylene mixture is liguified
and froctionnted to recover the hydroccrkon mixture.
This mixture consists of 1 volune of ethyliene to 2
volumes of propylene,
SYEP II: Synthesis of ethylecne chlorhydrine ~nd
propylene chlzraydirine
Tne rencior {cr the second step
joeckoted ircen trrk with a ferrosilicon linirg and ¢
ped with r. stirrer wnich rotates o2t 300 rep.m. The
bottom of the renctor hns o porous pinte mnde of sintered
glass so ns to brerk the gnseous rengents into smnall
bubbles for quick renction. The volume of the rernctor
is 4 cubic meters.,
The renctor is filled with water which
is agita%tzd. Chlorine gas and the mixture ~f ethylene
and propylene nrs bubbled into the watzr slouwly. The
temperatucre 1s kept between 20° and 259C, and the bubbling
of the gasestus rengents 1s continued fcr 10 hours. Dy
this tims *he conceatration of the chiornydrinss s 7% -
8% ~nd thz reaction is stopped.
Reaction:
3C1, # CpHy # 2C3Hg # HOH —~-=

a

L=

7]

)

Q pe
o

ClC2H4OH 4 2C1C3H60H A 3HCL

The solution contains o trece of free
chlorine, n trace of dichloretihane and 3.54 BCL, which is
neutralized with sodium carbon-te.

STEP III: Synthesis of the thiodiglycol and

thiodipropylene glycol

Ethylene chlorhydrine, formed from
ethy’ene I~ m ethyl alecohol, ond the mixtures,.of
ethylene ch.orhydrine and propylene chlorhydrine from
the coal grs, are mixed in equal portions ~nd rencted
with 579 excess sodium sulphide. The renction gives
o mixture consisting of the following:
CH. CHCHCH5~?-C3H.,SHCHCH, (Thio-Divrepylene Glycol) 159
CH%CHOHJR§~5~CH53H2OH {Thio~Propylene Glycol-Ethylene

- Glycol) 35¢

OHCH2CH2~S~CH2CH20H (Thio-Diglycol) 50%

STEP IV: Synthesis of Anti-freeze lust=ard

Chlorination of the thio-glycol
mixture is ~ccomplished by reacting them with 367 HC1.

UNCLASSIFIED



Four volumes of the HC1l nre used for one volume of the
thio~nlcohol.
The resulting mixture constitutes "onti-freeze mustard".

CH3CHClCP —S-CH2CHC1CH3 159

2
CHCHC1CHp=S-CH,CHoC1 35¢
C1CHpCH,-8~CH,CH,CL 50%

These percentnges are o pproximate and the mixture contrins
other 1mpur1t1es. The freezing point of "anti-freeze
mustard" is minus 35°C. and the effectiveness is szid to
be 50 - 75% of that of regular mustard gos.

Rem~rks: The renctor described in Step II is used ot
flitsui Chemical Industry Co., Omuda, Fukuoka Prefecture.
There ~re five such renctors.

' b, Lewisite

The Army carried out rese~rch to find = process
which would reduce the amount of secondary ~nd tertinry
lewisite formed.

‘At first, the secondrry lewisite wns converted
to primery lewisite by reccting it with arsenic trichloride
with ~n iron cotnlyst.

Leter it wos found thnt, if 2 cuprous chloride
crtalyst wns used, acetylene would react with nrsenic
trichloride to form prim-ry lewisite with little of the
secondery ond tertisry lewisite being formed.

Additionnl work pertoining to processes done
by the Sixth Military Lobor-tory:
(1) The cluminum oxide cotrlyst used to mnke
ethylene from ethyl nlcohol wns prepared in o specinl way.
Aluminum hydroxide wns purified by reacting
it with 509 sulphuric acid to form a~luminum sulphate.
The aluminum hydroxide was dehydrated at 3000C. to form
2lurinum oxide which is used s n cotnlyst. The ~luminum
oxide cotolyst is said to have 10CO hours catalyst life or
twenty times the life os acid-earth catalyst. It wns
pointed out that the sulphuric ncid must be 50% and the
ammonium hydroxice step carried out at 50°C. No renson
was given.
(2) Chlorinction of Fustard Gns
A continuous chlorinntion process for con-
verting thiodiglycol to must~rd gas by feeding thiodiglycol
ond hydrochloric ccid into coils of glrss tuving wos
developed. No details nre believed necessary.

UNCLAS®IFIED
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(3) Production of diphenylcyanzrsine
The Sixth I'ilitary Labecratcry developed
the following process to eliminate several steps in

the product 1cn oF divhenylcyanarsine:

=nyl arsencus oxide was reacted with
phenylarsenic ach at 180°C. in the presence of con-
centrated °u+ohr“1c acid to produce diphenylarsenous
oxice, Rweaction: Hg”'OLL

2C,H_AsO # 2C H AsO.H

6 5% 6 3 >
((C6q5)2A8)20 7/ 2HOT'\ % A5205
The diphenyl arsencus oxide is then reacted with liguid
hydrocyaniz acld to make diphanylceyanarsi
i A7 S

Reactisns: QC6H5)2A%/2
This prozess was still in pilot plant scale at the end of
the war.

'\)

0 £ 2HCN —_ (c6 5 hsCl £ HOH

(4) Synthesis of Hydroecysric Acid

The Japaness had versy iittls sodium cyanide
so it was nccessary to synthesize hydrocyanaic aczd by
other means.
thod of producing hvdrceyanic acid by
thane with ammeonia at 1C000C. uvsing
¢ of aluninum ecxide and thorium
% of tne ammonia tc hydrocyanic acid.

A me
the reacticn cof ue
a cataLy"I COTPCe
oxida coanverted 80%

21,0
Th 3

Reaction: CHy # NHy -~———3 HON /£ 2H,
10c00C,

By reacting carbon monoxide with ammonia at 600°C. with
aluminum cxlds cstalyst to make hydrscysnlc acld, a
yield of 4359 was cbtained. An amronium sulphate~aluminum
sulphate catalyst gave a yeld of 707.

CAT. .
Reaction: CO # Ny - —— s HCN # HOH.

620°C .
Another moihcd of paszsing armonia th Ohgh charcoal at
1000¢C. wi hrat a catalyst gave a yield of 35%.

Reaction: NH, £ C £99000?> HCN # H,

2. Processaes and Vethods of Prodnction of
Waricrs azents Developed by the Japeinezs Nevy

R adaetion methods of chemical warfare cgents

have been wo<lied on by the Navy Chemical Study Department

later named the Chewical Experlmental Department of Sagami

Naval Arsenal at Hiratsuka. lost of the pilot plant work

-
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was done by the First Factory of the First Tepartment of
Sagami Naval ALSeﬂal at leatsulfa° The synth=sis of
agents and small scale production exneriments were carried
out by the Chemical Experimental Derartment., Naval Capt.
S. Tsuruo was in charge of hoth the First Department and
the Chemical Fxparimental Dcpartment.

The folleowing consists of methods of production
and inforustilon pertaining to the production of several
chemical warfare agents developed hy the Navy.

a. Pilot Plant ork on Mustard Gas

The First Factory of the First Department of
Sagami Navy Arsenal performed the pilot plant work on
mustard gas,

From 1932 to 1936, the production method of
mustard gas worked on by the First Factory was the
following:

Fthylenc chlorhydrine was produced by bubbling
chlorine and ethylene into a tower containing water which
was agitated by a mechanical stirrer. The Tesulting
ethylene chlorhydrine sclution was concentrated by
evaporaticn of the water. Sodium sulphide was added
to the solution producing thiodizlycol by the fcillcwing
reaction: 201-CoH40H # NayS ——> S(C,H,0H), # 2NaCl

The pilot rlant was cecnstructed for this process in 1933,
The mechanical stirrer used corroded so badly that the
process was changed using a continucus flow method
without a stirrer., Unifcorm concentration of the chlorhy-
drine was difficult to obtain also

The process was changed in that the ethylene
chlorhydrine formed was decomrpeosed by sodium hydroxide
forming ethvlzne oxide. The ethyvlene oxide was then
reacted with hydrogen sulphide t+ produce tnis diglycol.

The process 1s as follows:

STEF I¢ Production of ethylcene

Ethyl alcohol is vaporized by a steam
heated evaporator and passed through a furnace-heated
generating n1n9 which contains an 301d clay catalyst
neated to 40C° - 450° Cuntigradc. The alcohel 1s split
into water and ethylenz.

The vapor mixture of ethylene and
water is cooled by a partial condenser which separates
the water and allows the ethylens to flow tc the storage
tank. Reaction: Heat )

CoH_OH - > C,H H,O
279 Catalyst 274 2

STEP II: Synthesis of Ethylene Chlorhydrine
The reactors consist of six porcelain
cylinders with a diameter of 250 mr. and 2500 mm. high.
The apparatus is filled with water which 1s circulated
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| .
by a purp, Chlorine ané ethylene are added at the rate
of 20 Kg and 6.5 cubic meters per hour respectively and
allowed to react at 20° - 250 for 2% hours until the
solution becomes 5% chlorohydrin. At this point water,
chlorine, and esthylene are adced at the rates of 311
liters, 13.2 ¥g, and 513 cubic meters per hour respect-
ivelyc Fiwe percent chlorhydrine sclution is drawn off
continuousiv. The solution is neutraiized with sodium
carbonate vatil only slightly acid, The capacity of
the apparatus is approximately 70C0 liters of 5%
chlorchydrin solution per day.

Reantion: CoH £ Cls / HOH —= C1C.14,0H £ HCI

4 2 R

The yield is 70% - 75% based on chlcrine and 804 - 90%
based orn the echylene. ‘
CTEP III: A. Generation of Ethylene 0xide.

Five hundred liters of ethyliene
chlorhydrine soiution are pumped into a steel tank,
capacicy 2000 liters, and maintained at 82°C. by
steax hcating at a reduced pressvre of 560 mm. Fg.

Thirty pf“ﬂgnt caustic soda soluticn is povrad in
slowly., genz2rating ethylene oxide TV the reacticn:
C102n4OH 4 NeQH ——=> C,H,0 # NaCl # HOH
4
The steam is separated from the ethylene oxide by a
condenser . Average vield is 504.
STEP I1I: B. Generation of Hydrogen Sulphids

Fi1fty percent suipnuric acid solution
is acdded to a 40% sodium sulphide soluticn which generates
hydrogen suipnide, The hydrogen sulphide i3 stcred in a
gas holder. Yield is 207,

SYEP IV: Synthesis of Thiodigivezol

Three hundred liters of C.5% - 1% caustic
soda qolutlon are pumped into a 1C00 liter, lead lined,
iron tank. Tha solution is maintain-od at 50°C. by Steam
heat and agitated witn a mechanical stirrer. The ethylene
oxide ana the hydrogen suivhicde are added at a gas volume
ratio of 3 5 to 1. The hvﬁrogen sulyhide is absorbed by
the caustie sniution and reacts with the ethylene oxide
forming tnicciziycol oy the reaction:

HoS # 2C,H,0 > 5(CoH,0R),

When the solution 1s 50% thiodiglycol, the reaction is
stopped and the solution is pumped to a steam heated
still where it i3 concentrated under 10 - 2C mm. Hg.
pressure until it is 95% thiodigLJcol
STEFP V: bynth?sls or Mustard Gas

200 ¥g. of thiodigivcol and 550 ¥g. of
3€% HC1l are pumped into the reactlon tank and heated
to 90°C. The reagents are stirred slowly for 4 - 9
hours forming musters gas by the reaction:

S(CyH,0H), # 2HC1 —=3 5(CyH,C1), # 2FOH

UNCLASSIFIED
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The mustard and water formed are cooled and pumped by
vacuum 0 a settling tank. After setvlirg. th= upper
layer, which is mostly water, is decanved and decon-
taminated. The lower layer, which is crude mustard
gas, ls neutralized with sodium carbonate,

Remarks: The Pirst Factory was used as a pilot plant
to produce mustard gas so as to solve the problems of
produc~ic: »rior to sharting large soxle production

in cther f2aotories. The other factories were converted
to produce glycol, diglycol, and styrol, so, when an
urgency for the production of mustard gas crcese during
the middle »7 the war, the pii-t pl“ﬂt was orparaced

as a prcducticn plant to nroducs mustard gas for
militar-y use. At the beginning of 1945 the pilot
plantc was converted to produce diglycol for srokxezless
powder il to produce ethylene oxide for the produc-
tion of siyrene,

In the splitting of water from ethyl
alcchol to make ethylene, it wes reparted that ALAL2
had 2 catzivat 1ife 20 times the sccid clay catalygt-
which wazs n2-¢d originally.

. f“stard Gas From llonochlicro Sulphicde
JuO ¥g. of S,Cl, are charged into a morcelain
vessel and sgitated conistantly., Fthviene gas 23 bubblzd
into the S,01_ fnrring mustard gas d?*occly Ly the

of the ves > The imstard gas is removed end diluted
with weter decompose the excess So(llz° The matard
gas is then sep»rated from the water he“settiing and
decantation.

lany rroblems were encountered so that this
process has not been put into producticn,

The main proelem is that auy small armount of
water pre sent in the reagents causes the mustard to
form into a bwyownish bla:k paste.

c. Produsiion c¢f Chicracetophenone

(ioorncetonhencne was first produced by the
pilot plant Iy the process using ClCH ”OCl and C E, with
AlClQ to catztlyze the reaction, The Product was Impure
so trey pagan o make acetophencne using as reavoats
acetic acid and ktenzoic acid with calcium hydrovide as
the catalyst. The acetophenone formed was chlorinated
with iiquid chlcrine.

Becance of the shortage of bhenzoic acid and
the inefiicianny cf the preccess, the method of manufactur-
ing chlcracetophienone by svnthesis with acetyl chloride
and benzene w-. cdopted in 1935. The pilot rlant was
run by this process to produce chloracetophenone for

UNCEASSIFIED

ecuaticon: 5?2 A 2L2d —» S(C,H ;L) . Tiie reaction
iz evetharm_¢ s6 the TeZctor was eiu a% 450 - 50°C. by
external ccoling.
The free sulfur deposited sinks to the bottom
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0

E
9]



UNGLASSIFIED.

training purposes and filling of Nava
1944. The process 1is as follows:
STXP I:; Synthesis of Acetophenone

_ €50 Kg. of AlCl, are added to 1500
liters of benzene and agitated. iEO Kg. of acetyl
chloride are added slowly., The reaction tank is
dooled and kept at 19° - 20° by a brine cooling system.
The rensctinoa centinuves for five hours at which time
the temperature is raised to 40°C. for about three hours
to comﬁlete,the reaction.

, AlCly ,
Reaction: CgH. # CH,COCL ~—-= C(C H_COCH, »# HCL
S RO R C I

The prodbct is poured slowiry into a decowp siclon tank
which contains 2,000 Kg. of ice and water. Ths =iviture
separa%e= into two layers, the lower one being discarded
and thc upner one belna transferred to the ctill., The
benzene L:uuulon is removed at 80°C. The pressure is
lowered to 50 mm. Hg. and the acetcphenone fraction is
separated at 3200 -~ 130°C., The yieid iz 559,
STEP II: Synthesis of Chioracetophenone
400 Kg. of water and 100 Kg. acato-

phenone are charged to tne reaction tank and i1he tenrvera-

ture is meliatained at 50° - 55°C. 55 Kg. of clhiiorine is
bubbled in®to thsa tank in three hours.
Reaction: 5cc\,H L 012 - C6H5(‘OC 5 Cl 4 EC1

The lcwer layer, COﬂbBlDlﬂg chloracetophenone, is pumped

by vacuuvr to the ciye«tallizing tank and cocled. Taoe
chloracetophencne crystals formed are remcved from the

liculd by fritrecion and centrifuging.
Remarks: The acetcjphenone equlpmoﬂt was being converted,
after 1944, to (roduce styrene with renzene ord ethylene
oxicde. This conversion was not compieted by the end of
the war.
d, Dinhenvlcyanarsine - Production Methods

Worx was pegun 1n 1931 to produce diphenyl-
cyanarsine frcm divhenylchlorarsine which was prepared
from bencess 4lazoniuvia chloride by the complicated
German pic- caz. (References '"Chsmiczis in Wer™ - Prentiss,
p. 204) By mhis process a pilot plant was erected in 1933

Al erfort was made to produce diphenvicyararsine
by treating chlcrbenzene and arsenic trichloride with
metaliic sodium, forming triphenylarsine which, in turn,
was heated witl more arsenic trichioride to produce
dlphﬂnY1Cth;mr »ine, This would be converted to dirhenyl
cyanarcine by reactlon with sodium cyenide. Neither of
the abote menticned processes were efficient and the use
of metailic scdium was dangerous so the diphenylcyanarsine
was produced by the following process:

Aourr IEL
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STEP I: Formation of Aniline Fydrochlorlde and

Benzene Diazonium Chloride

To 200 liters of water and 400 liters
of 36% HCl, 150 kg. of aniline are added in one hour.
The solution is agitated during that period and is left
to agitate for ten extra minutes. Reaction:

06H5 5 £ HCl — CgHgNH, *HC1

The solution is then transferred to the diazo-reaction

tank. A solution of 100 ¥g. of sodium nitrite dissolved

in 350 liters of water is added slowly to the enlllne
hydrochloride solution. The time required is 13 hours
and the temperature is maintained at 0° - 3°C.

Reaction: CgHNHy+ HCL £ NaNO, ——> CgH NpC1 # NaOH # HOH

STEP II: Formation of Sodium Arsenite Solution

400 Kg. of sodium carbonate are dis-
solved in 200 liters of water and maintained at 80°C.
and agiteted in a reactor. 200 Kg. of arsenous oxide
are added to the solution.
reaction: =
Eeaction 3Na2003 4 As203 —_— 2Na3AsO3 # 3c0,

The sodium arsenite solution formed is made up to 350
liters and cooled.
STEP III: Synthesis of Sodium Phenylarsenate
The benzene diazonium chloride
solution of Step I is added slowly (4 hours) to the
sodium arsenite solution and agitated in a reaction
tank. The agitation is continued for 30 minutes after
the addition and then neutralized with HCl.
Reaction: CéHS—N2Cl £ Na3AsO3 C6H5ASO3 £ NaCl
The total solution is filtered and the filtrate pumped
to the reduction tank.
STEP IV: Formation of Phenylarsenous Oxide
The sodium phenylarsenate solution
12 made slightly acidic to form phenylarsenic acid:
Reaction: C6H5ASO3Na2 # 2HCl —— C6H5Aso H, # 2NaCl

The total solution is then warmed to 75° - 8o° C. and
300 Kg. of sodium hyposulphite powder are thrown in
from the manhold. The temperature is maintained for
15 minutes and the solution is agitated. The solution
is left to settle for 48 hours; the phenylarsenous
acid formed sinks to the bottom.

Reaction: CgHgAsO3H, # Na,5,05 — 2C¢H ASOHH; # Na,50,

Hy80, # H,0

The top layer of water endacid is drawn off and the
phenylarsenous acid is dehydrated by steam coils which
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ﬁrodugeg phenylarsenous oxide./ The yleld is about 300
g ASOLE, ~—e=wd C H_.ASO # HOH
67577 22 heat 675
STEP V: Formation of Phenyldichlorarsine

216 Kg. of 36% HC1l are put into an
acid proof double kettle, 100 Kg. of phenylarsenous
oxide are added. The solution is warmed to 80°C. and
agitated for five hours, It is then allowed to separate
into two layers, the lower one being phenyldichlorarsine.
Reaction: ¢6H5Aso £ 2HCl ——3» C6H5ASC12 ¥ HOH.

The yield is 110 Kg.

STEP VI: Synthesis of Diphenylehlorarsine.

200 Kg. of phenylarsenous oxide and

85 Kge« of phenyldichlorarsine are melted in a kettle
be steam and a gas flame at 90°C. As soon as they
become liquid, agitation is begun and 13 Kg. of con-
centrated H 804 are _slowly poured in. The solution
is maintainfd 4t 90° - 1000 C. by passing water
through the steam coils. The reaction continues for
one hourj the liquid then is cooled, pumped by vacuum
to another tank, and settled. The upper layer ig
siphoned to a crystallizer and cooled to 8% - 10°C.
The crystals are separated by a centrifuge from the
liguor and are diphenylchlorarsine of 98% purity.
Reaction: 306H5AsO £ CéHs,AsCl2 —_— 2(C6H5 2AsCl £ As203.

STEP VII: Synthesis of Diphenylcyanarsine

To 250 Kg. of diphanylchlorarsine
in a reaction tank, 60 Kg. of sodium cyanide, dissolved
in 250 liters of water are added. It is slowly agitated
at 40° - 459C, for 20 minutes and then allowed to settle.
The lower layer of diphenylcyanarsine is transferred by
vacuum to the still where it is removed at 180° - 200°C.
at the pressure of 5 - 10 mm. Hg. It 1s the product.
Reaction: (CgHg)pASCL £ NaCN —>- (06H5)2ASCN 4 NaCl.

Remarks: The diphenylcyanarsine was used for filling
shells for the Navy. The pilot plant production was
stopped in 1943 to convert the plant to the production
of alcohol from sweet potatoes. The conversion was
not accomplished.

€. Production Method of Lewisite

Lewisite was manufactured from 1933 until 1938

be the process of passing acetylene through arsenic
trichloride using aluminum chloride 2s a catalyst.
This process produced secondary and tertiary lewlsite
to considerable extent so it was changed to the fol-
lowing process, using cuprous chloride as a catalyst
in 1938,

S
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150 Kg. of cuprous chloride are dissolved in 600
Kg. of 23% hydrochloric acid to act as a catalyst. To
this solution, 15C Lg. of arsenic trichloride are added
and the solution is cgitated. Acetylene is bubbled
for 24 hours at 40°C. The amount of acetylene used is
14 times theoretical.
Reaction: A5013 £ CoH, ClCH:CHA3012

The crude lewisite layer is pumped by vacuum to a still
and evaporated from the unreacted arsenic trichloride
and secondary lewisite, 85 - 90% primary lewisite is
obtained.

I. Effectiveness of Toxic Gases 2nd Testing of Gases
in the Field
1. Objectives

Vork on the field behavior of toxic agents was
carried out with severzl objectives; to study the nature
of the agents, to instruct in the technique and tactics
of use, and to detcrmine the ammunition requirements.

2. Crganizations

The most important work in this connectionwas
done by the Sixth Military Laboratory at the direction
of Maj. Gen. Akiyama. A mathematical "theory of effective-
ness" was developed by Maj. Sakagami, and the calculated
results were compared with actuazl field tests of gas
cylinders, shell, bombs, and spray.

A branch of the Sixth Vilitary Laboratory was
set up as the Chemical Department of the Kwantong
Army at Chichiharu, Manchuria, its mein function being
cold weather researches.

Tropical tests were condugted at Koto Airfield in
Formosa by the Sixth HMilitery LeMsratory, with assistance
from the Chemical Section of the Narashino Army School.

In connection with treining and studies on tactics,
the Narashino Army School performed simple field tests
with 21l chemical warfare munitions.

All agents in shell were tested by the Artillery
School at Yotsukaido, Chiba-Ken.

The I'ikatagahara School of Gas Defense (Air Force)
at Mikatagahara Field near Hamamatsu, performed various
field tcsts, mostly on mustard spray, and cooperated
with other organizations where airplanes were required.

The Shimashiju School for Observers (Air Force)
participated in spray tests with the Narashino School.

Tests by the chemical section of the Air Force
Laboratory (later the Third Army Air Technical Laboratory)
seem to have been directed towards munitions development
rather than tewards the field behavior of agents.

The Secgrmi Naval Rescarch Department at Hiratsuka
was the only organization in the Navy doing field tests
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on chemical agents. Exreriments were with mustard
borrbs and with CN and DC shell.

It was cleimed that the records of all the
above organizations were destroyed ot the end of the
war, and all information included here wes obtained
by 1nterview or by reports prepared from memory by
the Japanesc. The best such report, prepared by #ai.
Sakngoml and describing the whole program of the
Sixth Military Laboratory, is attached to this re-
port as Appendix A.

3. Theoretical Work

Maje S. Sakcgami of the Sixth Military Laboratory
was responsible for o detailed mathemotical theory of
atmospheric diffusion. This work is completely de-
icribed in Appendix A, and will only be summarized

ere,

The purposec of the theory is to describe how
the concentration of gns ot any given point vories
with timc 2ccording to the munition expended and the
meteorologicrl condition. A ccrtain distribution of
concentration is sct up by the functioning of the
munition, and the subscquent bechavior of the agent
is simply a mntter of thc diffusion phenomena in
free z2ir or in ¢ geographical feature.

A differentinl equation of diffusion is developed
upon the following basic nssumptions:

2s In verticsl diffusion ncar the surface of the
carth the momentum treonsport theory holds, and the
vertic2l diffusion coefficient is lincar with height
above the surfoce.

b. In horizontcl diffusion the velocity transport
theory holds, and the horizontal diffusion cocfficients
arc isotropic @&nd constant.

This differcntial equation is then solved for
the conditions of on instantaneous point source of gas
with coordinntes moving with the velocity of the wind.

Transformation is mode to fixed coordinntes,
resulting in o fundamentzl equation expressing con-
centration nt any time and position downwind from an
instentaneous point source of gas.

This fundamental equation is sct up in several
different ways for integration (cpproximatex*) with
respect to time and with respect to the horizontal
coordinntes, giving formulac for the followings

a. Total Ct et any position downwind from an
instentancous point source of gas.

b. Concentration and total Ct a2t any position
downwind frow o continuous point source (applicable to
the discherge of non-persistent gas from a single cylinder)

* The integrations are siwmplified by considering as constont
certoin terms which are varicble to o lesser degree.

UNEEASSIFIED
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¢. Concentration and total Ct a2t any positien
downwind from 2 continuous line source (applicable to
discharge af non-persistent gas from a line of cylinders
arranged perpendicular to the wind direction).

. d. Concentrotion at any time and position for a
continuous planc source (appliceble to the vaporization
nf persistant gns from an evenly contamineted area).

This formulece requircd a toble of numerical values
for ccrtain integrals, but thc table was destroyed and
would require nine months for assembling.

An expression for thc exponentinl decrease
upwards of gas from the explesion of non persistent
bombs or shells is combined with the same fundromental
cquation for concentrntion uscd cbove. This combination
is integrated (approximate*) with respect to time =and
the thrce coordinotes in 2 number of different ways to
give the follewing re¢sults:

oo Coneentrrtion ond total Ct for an instantaneous
3-dimension~l source (zopplicnble to a single non per-
sistant bemb). The required numeric~l tnble for integrals
was net supplied.

b. Coneentr-tion and totsl Ct for an instantaneous
3~dimension~l source (applicnble to the dropping of a2
number of non-persistent bomts with one point of nim).

cs Cmneentration and total Ct for an instaontaneous
3=dimensionnl source (applicoble to the uniform dropping
nf o number of bombs on on crea).

de Coneentration and total Ct for a continuous 3-
dirensionnl seurce (applicrble to the firing of shell
with one point of aim).

The use of the abovc formulne depends on field
tests t® establish the vrluc of the diffusion ceefficients
and to determine the initinl conditions of concentratinn
set up by the various rmunitions. The diffusion coef-
ficients were found to depend upon wind spced, but
verticrl tcmperature gradient was considered %o be of
less influence than was previously supposcd. The greater
effectiveness found in tests of gas under inversion
conditions is ¢xplained by the cbsenec of the frequent
wind shifts which are associated with lapse conditions.
It wrs believcd, hewever, that with large scale use of
gas on the battle field the effect of wind shifts would
be mueh less.

Several examples of practical results based en
the formulae are included,

~n. A nomograph for determining munitions rcquire-
ments for the discharge of gas from a line of cylinders.

b. & sct of figurcs showing the calculated Ct
2000 isolines for the uniform dropping of HCN bombs
under vorious conditions.
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c. A set of figures showing the calculated Ct
2200 isolines for the firing of HCN shell a2t one point
of aim,
4. Methods and cpraratus used in field tests
2., General
Field tests were usually corried out with
gridded sampling arcas of one to sixtcen hectarcs
and with 5 to 25 yards between sampling positions.
Total dosage =nd interval samples were taken and
rabbits, guinen pigs, marmots, and dovcs were used
to check the chem%cal s~mpling. Dosnges were expressed
as Ct (mg.min. /M), and dosngc isolincs were drawn -
usually for Ct of 2000, which was considered to be
the effcctive dosnge for mustnrd, lewisite, phosgcne,
and HCN. Wind speed and direction, =2ir temperaturc
nt several heights (for example 0.9, 1, 3, 5, and 10
M), ground temperature, and humidity were observed in
an area adjacent to the test arca.
b. Special apparatus used in field tests
(1) Gos inspirstory device
An nccordinn type bellows is used to
drow a sample of air through thc gas nbsorbers. The
bellows is 50 erm. in diometer nnd 70 cm. in lcngth
when extended, giving a volume of over 100 litcrs,
An e¢lectricnlly opercnted lever rclesses the 20 Kg.
welght attoched to the bottom, and air is drawn
through orifices of diffcrent diameters (1 - 5 mm.)
to give flow rotes from 1 - 10 liters/min. The
orifice is ususlly 2.5 mm. in diameter for a flow
rote of 3 litcrs/minute, this rate being maintaincd
within®5% for about 20 minutes.
(2) Air semple distributor
A 12-wry clock operated stop-cock is
used to regulante the flow of somples through the
absorbers. The time interval may te varied from 5
to 60 seconds, ~nd sometimes 2 or 3 of these stop
cocks are connected in series.
(3) Absorbers
Two general types of absorbers are used,
For rustard and lewisite, or for their mixturcs, the
sample is drawn through a2 10 X 80 mm. glass tube con-
taining 10 - 12 mesh silica gel. For phosgene and
HCN, the semple is passed through approprizcte solutions
in § X 20 cn, glmss bubblers,
(5) Concentration recording mcter
An instrument for the continuous recording
of gns concentrntion consists of threce moin parts -
ntomizer, ~mplifier, ond recording millicmmetcr., An
atomizer operated by compressed ~ir (C,2 atm,) draws
contaminsated air into n glass chamber nlong with a
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spray of absorbing solution. Platinum electrodes are
inserted in the strear of absorbing solution, one pair
before the atomizer and ore pair after. The difference
in electrical conductivity of the absorbing solution
at these two points is amplified by an alternating
current theatstone bridge. The unbalamce of this
bridge 1s reasured with a recording irilliarmester.
Before each test, the appraratus is callbrated in a
gas chamber the conecentration of which is deterrnined
by ordinary analysis.
For HCN the absorbing solution is 5%
NH,O0H., The sensitivity of the apparatus depends on
thé ratio of the resistances in the Wheatstone gridge,
and gas concentr%tion ranges of 50 to 200C rg/ii2 or
200 to 4000 rg/iid are generally used.
For phosgene the absorbing solution 1is
0.05% NH,OH, and a reasuring range of 50 to 3000 mg/M3
is available.
Mustard vapor concentratlons cannot be
tested.
(6) Meteorological Instrurents
No unusual neteorological instrurents were
used. Ordinary measurerents were rade with Roblnson
tyre aneronetors, recording wind vanes, and Assman's
aspirated psychrometers and therrojunctions., For
special rieasurerents, wind speed was recorded at
several helights with a hot wire anemoreter consisting
of a 0.02% rm. platinum wire, a Wheatstone bridge, and
a recording ridlliarmeters For wind direction, the
rotion of an "inertialess'" wind vane was recorded by
a spark discharge betweeén a needle and an axially
rroving paper covered retal cylinder.
c. Methods of analysis
(1) Phosgene
The bubbler absorbing solution of 5%
NH4OH hydrolyzes the phosgene, and chloride ion is
deterrined by the silver nitrate (Volhardt's) rethod
for olutions of high concentrati~n or by the mercury
nitrate riethod for solutions of low concentration.
(2) HCN
For high concentrations, the ahsorbing
solution of 4% NH,OH is analyzed by Denige's rmethod,
and for 1law concentrations the ahsorting solution of
29 NaOH is analyzed by Schlek's method.
(3) MNustard
For cherical analysis, the rercury nitrate
nethod was used. Silica gel from the adsorption tuhe
is transferred to a flask and the tute is washed into
the flask with 30 cc. of absolute alcohol. Five cc.
of 30% H,0_, and 5 cc. of NaHCO, solution are added and
the mixtfir® is reflexed for ong half hour. The solution
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1s decanted into another flask and the gel is washed
with 20 cc, of water., Finally the solution is titrated
with n-HNOy to pH of 3 or 4 (brorphenyl blue turns pink).
For liquid rustard drops, test plates and

test dishes are used. The test plate is prepared from
Japanese paper which is painted with a reagent of the
following approximate composition:

nigrosin . . . . 0.1 parts

ZnO2 « « « « 25,0 parts

glue .« e e 1.0 parts

water . . . , 100.0 parts

Nigrosin disselves in liquid rustard and gives black
spots on the plates which may then he compared with
standard plates.

The test dish is of standard size and
contains a rixture of concentrated Hgso and 1% aqueous
solution of Se0,. lMustard drops are caﬁght in the
solution, which®is then warmed for one half hour. The
pink cnlor produced by reduction of SeO2 is compared
with standard colors.

(4) Lewisite

Usually lewisite is in rixture with rustard
and the sane chenical procedure descrired above for
rmustard is used to deterrmine the total chlorine. The
arsenic fror lewisite is then deterrined by Gutzeit's
rmethod.

Test plates and test dishes for lewisite
or for rixtures of rustard and lewisite are the sare
as described above for pustard only. Standard test
plates, however are different. The test dish solution
rust be analyzed separately for lewisite by the Gutzeit
rmethod.

5« List of Field Tests with Descriptlon and Results
where available
a. Sixth Military Latoratory

llai, Sakagari's report (Arpendix A) describes
ten field tests conducted by the Sixth 1"ilitary Laboratory
on the island of Honshu since 1940:

(1) Test of HCN trench rortar shell at O0jyoji,
Viyagi-Ken in May, 1940.

(2) Test of HCN trench rortar shell at Ojyoji,
Miyaga-Ken In Tecember, 1940.

(3) Test of HCN trench mortar shell at Fuji,
Shizuoka-Ken in February, 1943.

(4) Test of phosgene trench rortar shell at
Fuji, Shizuoka-Ken in June 1941.

(5) Test of rhosgene and dirhosgene shell
(static) at Numata, Gurra-Ken in Tecerm™er 1G42.

(6) Test of 500 Kg. HCN borb at Hamaratsu,
Shizuoka-Ken in Septeriber 1943.

(7) Test of HCN trench rortar shell at Numata,
Gurma<Ken in November 1943.

(8) Test of rhq cylinder gi
Twate-Ken in June 1943. iiiﬁ‘fgl g dggiritﬂ ’
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(9) Test of HCN airplane spray at Hamamatsu,
Shizuoka-ken in October 1644,

(10) Test of liquid projection of HCN against
pill toxes and tanks (carried out several tiries between
184C and 1¢4%)

Col. Ichirio prepared frow remorv a report on
field tests of 50 Kg. HCN borbs in June, 1938. His
report follows:

Gas Effect Testing in Field of 5C kg HCN bomb
(Colonel Ichino)

(This is not correct data, because the report was burned)

Objective:

Objectives of this experirent are to judge the value of
use and to search the necesssry number of bombs per one
hectar (100 rn X 100 1) to kill the ran.

Date: June, 1038
Procedure of Experirent-
Nur:ber of boribers W —-—-----

Nuriber of boibs W —==ee- 15 (each experirent)
Air area =00 —ecee- 100m x 100 =
Flying height = = —e-e-- 1000
Throw down distance ------ 20 n
Beside distance of borbers - 30 n
Kind of bomb  e-eeee 92 tyre 50 kg HCN borb
anount of fillings @ —----- 9 kg
Equipment for gas W ------ Gas catch instrurient and
effect testing =  «—-=e-- srall anirals (rabbit, pigeon)
Tires of experirents ------ 3 tires
Results:

Eesults of the experiments are shown in figures I,II, & III
Conclusion:

1. Vhen it will be thrown down 15 borbs for one hector at
the best condition of meteorology, the ran and horses who are
stay in this area are killed instantareously.

2. The gas effect changes by the reteorological condition,
especially it changes remarkably by the wind velocity.

View:

It is éifficult to use the 5C kg HCN borbs always,
tecause the gas effect changes by the reteorological
conditions remarkarly.
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b. Cheirical Department of the Fwantcng Arvy at

Chichiharu, lNanchuria(a branch of the 6th

I-ilitary Laboratocry)

(1) Gen. Akiyarma was in charge cf extensive re-
search projects on the effect of cold weather on the use
of gas (Ses AT17* Report No., 271). Scite of the rore
irportant conclusions are airmarized as follows:

(a) Gases in the vapor state arz more ef-
fective in cold weather because they stay closer to thes
ground.

(h) In cold weather, air cherical attack is
rore feasible than ground atta-k.

(c¢) ECN is no* =atisfactory in cnld wealher
ecause it has to be rixed with anti-freeze 304 a suf -
finientilv hich concentration of gas cannot bc preauced
with the 3i.uted HCN.

(d) Crdinary rnustard is not suitable for
cold weather but lewisite, mixtures of lewisite and
rusward, or "ner-freezable rustard” acre suitabie. The
rate ol avir~ilyveis of lewisite is siower in cold weatlhiar,

2. Cus- 7. Oxada of the Jepanese Air Force descrih-=d
tests at llzkuzyashi, Manchuria in Cctcbter, 1942 fu:
coniparison c¢f rustard spray and borbs ‘See ATIG Ezpcrt
No, 1%), bat no resuits were included,

3. A descripticn of field tests of HACN borbs near
Hokujozni, "M.uachuria in July 1943 is included here in

J

the formn cf Gen. Al iyama's report.

* ATIG - Air Technical Intelligence Group, Far Eastern
Air Forces.
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The Field Fxperirment of the HCN Borbs UMhchuria)
Vritten by Maj. Gen. K. Akiyana

Tiize: July 1943

Place: Heidai (near Hakujoshi) Manchurila

Chief of *tle testing troop: Colonel K, Akiyara

Organizzticn ~f tre testing troop: Colcnel K, Akiyvama
Coimissioned officers o s & & s s o & s
Non-cormissioned officers and soldiers. .100 ca.

Object of the experirment: To obtain the effectiveness of the
100 type HTN vurbs in fielad,
Munitions 2ud other materials used:
a. 100 type 50 kg HCN bonbs ~-- €0 ca.
{®=z~h bomb contains 6 kg ca of HCN liguid and 2 kg
ca. ¢ T methyl fornic acid)
Total guantity of HCN --- 480 kg ca.

b. Aircroft --- 97 type heavy borbers > « « « o o o 7

¢c. G2s catching apparatus (Lantern type) ¢ « « « . 49
FEDDITS ¢ ¢ o o o o e o o o o o o o« 2 o o o « & 100 ca
PigGOﬂS . . . . . [ . 3 . [ . . . ° . ° . . . . 200 Ca

Procedures:
a. Bormbing nethod
Fcriuiavion of heavy bombers - « - - .close order
Height = - - - - = “ = = = = = - = 1900 m,
Sirulteneons borbing

Tire = = + = = = o & o = o = = = = irmediate after the

sun rlse

b. Gas ratching period - - = -« -« - - rore than 15 minutes

Height of gas catching position - 50 er ca above the
ground

c. Meteorological cbservation
Faoir (Trz:re wers few clouds)
Ce'n 1.3 v /sec)
Temnc aiure 15°C.
Invsraion of temperature (between 0.5 r and 3 r above
grouud, pius 0.3 to 0.5°C.
d. Gecgraphical features:
Flat and cpen

gragss-height - -« = = - = = 30 to 40 cr.
qua.iity or ground - - --- redium hardness
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The result is shown in Fig, 1. In the range where
boribs dropped, there are few points at which the wvalue
of Ct show more than 200C but generally it was concluded
that the area of Ct rore than 1000 was ahout 4 hectares.

Discussions

Ve expected that when 30 HCN borbs (400 kg ca of HCN)
are dror»ci n 4 hectares, the area of Ct rore then 2000
would be ore than 4 hectares. BRut in the experirent, the
result was a half of this expectation.

This result was considered mainlv affected by “,teovo-
logical conditions:~specially the wind-velocity of 1.3 1/sec

If the wind velocity were less than 1 r/sec anc there
was the Inversion of terperature, the area of Ct rore than
2000 weculd ave been nrore than 4 hectares.

When the boribs ex~loded, the heignht of the explosion
clouds vwas 29 to 3¢ ., This was cenziuled as a cause of
dirinishing the value of Ct near tlre ground.

Conclusions

HCN borbs can be available in good rieteoroclosrical
conditicns for the purnose of killing rier and aninals in
the narrow erea by heavy bonbers.

It is necessary 20 ca ECN boribs for each hestare
when the wind-velocity is less than 1 r/sec, 40 ca HCN
boribs when tne wind- \oloc1ty is 1 to 2 r»/sec- 13 a heavy
boriber has 15 HIN hﬂ"bs, a cor:pany of nﬂavy borbars (9)
is ought to air 3 %o 6 hectares. When the wind-velcelty
is ror= thﬂl 2 m/sec. this borb 1ls considerad a3 unavail-
able. As when iOfllC acid nethylester is mixed as anti-
freezing ag*ﬂ_ the quaniity of HCN dirainishes, it is
superior to use H”N cnly than to use this mixture.
Therefcre, iU is considered not to use HCN bomb in
cold seasnn,

yT§Q§k/\JuH bﬁnt




Fig. 1 - Results
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c. Forrosa tests (conducted by the S1
Lahoratory with the Narashino Army School)
Tropical weather tests were first carried out
near Kato Alrfield, Forrosa in about 1930, and again in
the sarie vicinity in the summer of 1941. Included were
tests on rustard shell, borbs, and spray, phosgene shell,
tear gas spray, and self projecting toxic smoke candles.
Col. Saiki, of the Sixth Military Laboratory
described one unsucessful rustard gas spray test (See
ATIG 127), but no significant results were included.
d. Narashino Arny School
The Narashino Arry School did not have any
projects of its own for research on the field hehavior
of toxic gases, but soretires gave assistance (weapons
and personnel) to the Sixth Military Laboratory and the
Vikatagahara School. Sore field operations carried out
at the Narashino School were in the nature of Jenonstra-
tions for the study of tactics and defense against gas.
e. Mlkatagahara School of Gas Tefense at
Mlkatagahara Field, near Hararatsu
The Mikatagahara School of Gas Defense con-
ducted rustard spray tests for the purpose of training
students in lay and October of 1944 at Tenryu kiver
Delta, and in February and July of 1945 at Mikatagahara.
These tests are described by Maji. Chiken, of this schocl,
(See ATIG* Report No. 196) but no significant results
were included.
f+ Sagari Naval Research Dept. at Hiratsuka,
Kanagawa Ken
(1) Tests to deternrnine the runitions require-
rrents for rustard borbs were carried out vy the Sagari
Naval Rescarch Departrment. A brief description of the
procedure and result follows.
Ten 6C kg. rustard borbs (containing pure
rustard) werc dropped in an area 100 r.eters square.
The vapor concentrations in the area were d eteriiined
by use of enirals, detector paper, gas absorbers, and
vacuw® bottle samnplers. Several such tests were nade
and the conclusion reached was that 10 rustard borbs
per 100 i1ieter sguare will produce effective vapor con-
centrations for 2 - 3 days at 15 - 209C. and for one
half day at 30°C.
(2) The Laboratory conducted tests at Kure
in about 1938 to determine the effect of CN and of
diphenyleyanarsine shells exploded in the interior of
ships., It was learned that ship rooms so contarinated
are unbearable without gas mrmasks, that diphenylcyanarsine
soretires breaks the gas rask canister, and that ce-
contar.ination is very difficult.
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(3) Tests of tear gas shells were carried out at
Faisaura in April 1945, the object being to deteririne the
practical value of these shells in woods and in open fields.
Trench riortars were used to fire the shell, and gas samplers
were operated during the firing. The experirenters entered
the field after firing had ceased. The conclusion was that
tear gas shells are ineffective in the open, and of roderate
effect in the woods.

(4) Field tests on the design of a wooden body
rustard borb were carried out at Heisaura from May to August
of 1944. The purpose of the tests was to exarine the
functioning of the borb, and soil sarnrles were collected
at €1 points to deterrine the area of effective contarina-
tion.. The wooden borh contained 23 kg. of rustard, and
contarrination of a2bout 1CO0 squarc reters with the density
of 5 gn/rie was attained.

J. Incendiary Research

The investigation of Japanese incendiary runitions is
the responsirility of the Air Technical Intelligence Group,
Advance Fchelon, FEAF, and is being mported separately by
that organization. Copies of their rerorts are available
&t Air Tocur.ents Division, T-2, Wright Field, Dayton, Ohio.
A brief surniary of Japanese rescrrch on this topic has been
abstracted fror inforration supplied by FEAF to the Office
of the Chief Chenical Officer, AFPAC, and appears below.

A description of stendardized Japanese Arvy and Air Force
incendiary boribs will be found in Revort No. 197 of Air
Technical Intelligence Group.

In 1942 - 43 Novy Capt. Kizo Hiratsuka developed the

WP Naval borb for plane-to-plane borbing at Sagani Arsenal,
Field tests were conducted at the Air Technical Departrent,
Yokoharia (probablv the lst Naval Air Technical Arsenal).
WP and "special rubber" (thiokol irpregnated with therrit)
were the 1i2in incendiary agents used by thils organization.
The developrent of the "special rubber" coripound occurred
in 1942.

Colonel Ichino of the Sixth Military Laboratory de-
veloped various incendiary riunitions between 1938 and
1940, These included a hand grenade, 75 mr artillery
shell, and 99 rn rortar shell. The incendiary raterial
used was rubber pellets in a solution of white phosphorus
and carbon disulfide (mmixed in equal proportions). These
shells were not considered so effective as ordinary incen-
diary shells,

The chief reserrch on incendiary borbs was conducted
by the Third Air Force Laboratory. According to reports
by the Scientific Intelligence Survey, GHG, AFPAC, dated
1 Oct. 45, 5 Oct., 45, and 11 Oct. 45, this Laboratory
worked on the following nrojects: Threc raior types of
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incendiary bombs were developed. The _ n ordinary
50 kg borb, filled with a2 mixture of WP and CS, in which
pellets of crude rubber werc suspended. The sgcond type
also used the 50 kg casing, but was filled with "flare
thrower fuel", oil in which scraps of rag.or sawdust were
suspended. The bob was ignited by WP. The third type

was the midget (1 kg) elektron (ragnesiur - 907, aluminur -
10%) borb, which was to be dropped in clusters of 16 borbs.
An attempt wes also rade in 1943 - 44. to reduce penctration
of 50 kg borbs by equipping the bomb with a rubber nosc.
This was unsucessful, The Japanecsc interrognted by this
Survey had never heard of using auxiliary gas tanks as
flare Yror.bs.

K. Experirmental Weapons

1. Gas FRocket Shell

Developrent work wns being done on gas rocket shells,

carrying froi. six to ten liters of agent. Diareters varicd
fror fifteen to twenty centineters, and lengths from 105
to 250 centirctcrs (inecluding propellant and fins). A
burster in the warhcad dispersed the agent. The propcllant
was "G-1" of thc following corposition:

Nitroglycerine 309
Nitrocellulose 657%
Centrelite 3%
Graphitec 2%

The louncher consisted of two guide rails 15 centireters
apart and two reters long, six sets of rails corprising
the rultiple launcher. The range of the rockets varicd
fror 2000 to 30CO yards.

2. "Masuka Dan"

The "Mosuks Dan" is a bursterless shell 8 centi-
rretcrs in diareter and 40 centireters in length, weighing
4 kilograris and carrying one kilograrm of either HCN or
TiCly. The shell is fired fror an unrifled recoil-less
gun welghing 2bout 80 kilogrens and designed for carrying
by hand. A retal cup and a srall bag of sand were expelled
fror the breach end of the gun to a2bsorb the recoil upon
firing. Thc soft stecl body of the shell fracturcd on
irpact with the target. ¥ith good hits, Ct's of 5,000 to
6,000 were obtained inside tanks.

3. Flare Throwing Tank

A light, 12 ton tank wes developed to carry five
flere guns, three stnndard long barrel guns end two
pistol type guns. All five guns 2re fed fror a singlc
700 liter fuel tank by corpressed air fror two cylinders.
Platinur-esbestos and hydrogen ignitc the fuel rixturec
of 3% crude rubber in diesel fuel., The range of these
guns is about 70 reters.

UNGLASSIFHR
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4. Gos Fog Friitter

A device for dispersing a very fine spray of HCN
wos developed. Liquid HCN fror a 900 liter steel tank
is forced through o vortex typc nozzle by a pump or by
corpressed air frow: 2 cylinder (20 atr.). A pressure
regulator and e quick opening valve were in the 2ir line
between the pressure cylinder and the gas tank. Much
experirentation was required to develope a nozzle which
produced a sprzy sufficiently fine to rermain czirbourne.
The whole 2pperatus wes rrounted on a four wheeled trailer.,
The 900 liters of HCN was dispersed in about two
rinutes, It weas estirated thnt from 20 to 40 of the
eniitters would be requircd per 1000 reters of front to
give effective concentrations 50C - 10CO reters downwind.
5. Mustnrd Sprcnding Trailer
Studics werc rmacde fror 1929 - 1932 of & track-
laying treiler 1.9 reters in width and 2.8 1reters in
length coarrying o 300 liter tank of vesicont agent.
A tank of covpressed air a2t 1.3 atrosphceres was used
to spray the wvesice-nts for a width of 7 reters behind
the trarler. Operction of the pressure ~nd spraying
rechanisr wi.s by rcrote control fror: the arrored car
drawing the trailer.
6. Vooden Mustmrd Borb Cases
‘ Experirents were rinde with wooden cnses for rustard
boi:be in an cffort to conserve steel. The wooden cases
contained 2 larger proportion of agent than did the
ordinary stecl coscse.
7« The @ cr, Mortar Sroke Shell
A 9 cr., rvorter sroke shell was designed to detonate
at a height of 30 - 60 reters above the ground., Six HC
srioke candles were ignlted and cjected fror the base of
the shell, falling to the ground in an area about 10 reters
in diareter, Thc burning tire of the candles was 2 ninutes,
end n screen ~bout 100 reters long was produced. The
range of the shell was 1700 rneters.,
8. HCN Projecting Tank
The type 97 fl-niie throwing tank wrs experirentally
used for projecting liquid HCN. The only rmodificnation in-
volved was in rakirg the gas contminer (fuel tonk) nore
vepor tight. No atterpt was rode to usc thickened ECN,
ond the range wos about 70 yards. This ronge wns not
considered srtisfoctory. but grenter pressurc did not
scer. feansible in the flare throwing equiprent, and
experirents werc discontinued.
9. Fortable HCN Projector
Ordincry portable flare throwers were tested with
liquid HCN, but no significrnt recsults were obtained,
10, Porachute Mustord Spraying Borb
A few tests were nede with boi'bs which sprayed
liquid rustord os they descended by parcchute.




L. Treatnent of Gns Casunlties

Two orgnnizotions within the Jopanese Arry worked
on the tre~trnent of grs cosunlties =2nd releted subjects.
The Arry Mediccl School studicd both the rechanisr of
cction of toxic agents ond thce trentment of ges cnsuerlties
with the eriphrsis being placed on the latter subject. The
Mcdlenl Section of the Sixth Militory Laboratory worked
on toxicology, first :id for gns cosunltics, nnd the
rrechanisn of actlon of toxics. Work on thesc subjects
hns been in progress since the laborntory was estnblished,
but only in thc last few yeors has the subject been
studicd cayncstly. The work on this problca: was grently
handicnpped spprrently by the inobility of thc group to
consult with ~nd ¢nlist the help of cherists.

The Nawv did its work nt the Chericnl Experirental
Deportrnent. Werk on the subject was started in 1922,
By 1936 the trocedurce for the trentrent hnd been decided
upon ond litile further work was done ¢ xcept to study
the appiiznticon of the procedurecs to the oceasionrl
accidenwal zrsvnliies obtnined during the operntion of
the toxic oirrts. The procedures adopted were in general
token from the literature published shortly cfter World
Vor I.

1. Mustnzd

Tre Aruy authorities believcd that rustord reacts
wilth the SS9 grouo (probably glutathione) of the body.
This wrs substontisted by the faet that the reaction
procecds foirly rapiily in the tecst tube ond by the
experirental fact thost ofter rustord (10 rg) was injected
subcutnnecously into the body of rahbits, it wes found
that the quontity cf glutnthione in the blood (as de-
terrined bty Wocdwnrd's rethod) decreased. It was also
belicved that the ruzward right recct with the armino
aclid rethionine in » =<.i-ilar ronner.

In view of *ho fret that no rethod of revcrsing
the above ronetions eould be found, the theory developed
was of nc procticnl value., No work using radioactive
tracer ratericls in ztadying this probler: wes carried out.

To prevent the toxde action of rustard vapor, the
Jepanese workcd on the njcction of caleiun thiosulfate
subcuteneously in the tody of rats prior to exposure to
rustard vapor in the hope that the rustard rmight react
with the tnicstll~te rather than with the glutathione.

It was concluded that the injcction of these sulfate
salts have sore antitoxic action 2gainst the poisoning
of pusterd. For drnta see Report on Scientific Intelli-
gence Survey in Jepan, Vol IV, 1 Novenber 1945, GHG,
AFPAC, page CW=-22-21,
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Injection of the thiosulfotcs nfte?ua'iiﬁuid rustord
burn wns thought to cause the injury to be nilder. Corpounds
to decreasc the healing tire of rustard burns were not
studicd extensivcly. In general they belicved in letting
the burns heal naturally. After the Seventh Militory
Leboratory reported that o cormpound c21lled Ko Ha with the
following for:ule
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was good for the treatrient of frost bite, therral burns,
or leprosy, sorie work was initinted (April 1945) using
this r'atericl to treat rustord burns. The work consisted
of placing drops of rustard on the cars of guincn pigs,
adriinistering "Ko Ha'" eilther subcutnncously or orally,

and wntehing the ceurse of the skin injury. They believed
that the number of burns, the severity of the burns nnd
the henling time of the burns werc lessencd by the use of
"K¢ Ha'", These tentative conclusions werc rinde on o very
sr:2ll ~arount of dnta and are not nccess~rily belicved even
by thc Japuncscs Sulfonailde, KinO,, Glutrzion, ctec. were
nlso tricd on rabbits and guinen piés which had inhnled
rustord ges, but none werc snrtisfactory.

For the list of redicines used by the Novy in the
treatrent of vesicant cnsurltics see page CW-3-11 of the
report referrcd to above,

2. Lewisite

The ricdical officers of the Arry believed that the
rmechanisr of lewisite action on thc body wns the same ns
that of rustord. Soric work was done on the injection of
thiosulfrtes prior to an exposure to lewisitec as was done
with mustard. The results were inconclusive.. No work
wans done using thio alcohols. Even though the Japanesc
supposedly considered lcwisite as effective as rustard
and cxpected to use it if necessary, practically no work
was done on the treatncent of lewlsite casualties. The
reasons for this are obscurc.

3. Hydrogen Cyanide

The Japanesc gave considerablc attentien to the
study of HCN poisoning. Farticularly during the first
part of the war cncrgetic c¢fforts were rade to obtein
therepcutics and prophylactics for HCN poisoning.
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They tried approximately sixty materials.
cirle ones were as follows:
For Antidotes
methylene blue
sodium subnitride (for changing haemoglobin into
methaemoglobih)
colloidal sulfur (for convertihg HCN into HCNS)
For heart drugs
strichnin
digitalis
strophantin
For respiration center stirrings
coramin
Lobermin
Rabbits were chiefly used in this study. After being
exposed for a certain time or until a certain effect had
been obtained, the animals were removed and treated with
the material being tested and the percentage of animals
recovering was determined. Control animals were used.
Studies were carried out where mixtures of the material
were used. For the approximate data obtained see Report
on the Scientific Intelligence Survey - Japan, Volume II,
page CW-12-10, The conclusions reached from these tests
were that methylene blue, sodium thiosulfate, and sodium
subnitride were somewhat effective. The most effective
measure however was found to be artificial respiration
carried out at a very rapid rate (100 times a minute).
4. Phosgene
Little work was carried out on the treatment of
casualties resulting from phosgene poisoning. The
Japanese recommended venesection and oxygen therapy.

he prin-
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A. The Probable Effectiveness of Toxic Agents

Interrogation of the Japanese concerning the probable
effects if the United States had used gas revealed that
they believed gas had been used against them - after their
radio communications had been knocked out on such islands
as Iwo Jima. It was admitted, of course, that no proof
existed for such a belief and that it was only speculation.

Capt. Tsuruo, the Chief of the Navy's Chemical Warfare
Research Department, stated, "If a toxic gas such as
mustard had been used against any of the islands such as
Kwa jalein, the Japanese troons would have suffered very
much due to the lack of decontaminating materials and
the lack of knowledge by the troops concerning the effects
of mustard vapor." liaj. Gen. Akiyama, cormanding the Sixth
Military Laboratory, thought that if gas had been used
against islands such as Iwo Jima, the islands could have
been occupied with the minimum of fighting by the United
States forces, Personnel of the Narashino Chemical Var-
fare School felt that the use of gas against the Japanese
would have produced disastrous results for therm. Waj.
Sakagami, probably the best informed officer in the
Japanese Armed Forces on the behavior of toxic agents in
the field, stated that the use of mustard against Japanese
troops on islands such as Iwoc Jima would have reduced
United States casualties very considerably and the Japanese
forces would probably have been deciminated to the point
where American decontamination grours could have gone ashore
and decontaminated the areas prior to the debarkation of
the main body of troops.

Against cities, however, the Japanese felt that the
incendiaries produced hetter results than gas would have
done.

It is realized that the above statements are only
opinion. They have been included mainly for interest and
for showing the attitude and awareness of the top Japanese
CW persornel to the probable effects of gas.

IV. Discussion

B. Trend of the Fesearch and T'evelopment work

Frior to the initiation by the Japanese of war with the
United States the Armed Forces of Japan had carried out con-
siderable research on both offensive and defensive chemical
warfare problems. Design for the needed munitions in most
cases was conpleted and field tests had been carried out
to determine the best methods of use. With the Japanese
successes at the beginning of the war the main amount of
emphasis seems to have been placed on offensive work,
In 1943 - 44 however, the change in the course of the war
forced the Japanese to irate, gn the defensive. From
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then until the end of the war the ennh3513 s placed on
the development of defensive materials. During this
perind work on production of toxics was g£opned except for
a little development work on methods of production using
non critical materials,

The Japanese at this time adopted a fatalistic atti-
tude toward chemical warfare. In the words of a colonel
connected with chemical warfare in the Army Ordnance
Administration Headquarters, "It was decided that the
United States would not use toxics against us unless the
situation became a stalemate and if toxics were used we
would be powerless to survive the attack." This attitude
admitted defeat and dictated that all the resources al-
located to chemical warfare be used on defensive measures.
This realized inability to wage effective warfare was due
to two factors: (1) the lack of enough qualified technical
personnel to carry out the development and (2) the lack
of sufficient resources. The second reason by far out-
weighed the first and was the factor which determined the
trend of all of the werk. This shortage of material
forced the Japanese in practically every case to work
not on the development of the best munition or equirment,
but on the develorment of the materials which could be
made with the resources at hard. This is a primary reason
why little of the Japanese work is of any real significance
or value to the CWS.

Since the trend of their research was based on neces-
sity and was not the logical outgrowth of scientific
inquiry, 1t should have no influence on the development
of chemical warfare material by other countries, and to
discuss the course of development of particular munitions
is consequently unecessary.

Wainly as a matter of interest the Japanese Army and
Navy chemical warfare authorities were asked to discuss
the future of chemical warfare in view of the development
of the atomic bomb and of other special weapons and
materials. In every case these authorities felt that
the atoric bomb would probably replace incendiaries as
the weapon used in attacking cities. These people, how-
ever, were mightily impressed with the job the incendlary
had done. TFurther they all admitted that little definite
information had been obtained or was known by them con-
cerning the effects of the bomb so these statements were
speculation only. Special weavons such a flame throwers
they believed would continue to be of value. They anp-
peared uncertain as to the future value of area attacks
with toxic chemicals.

The belief that no new chemical agents or that no
radically different chemical munitions would be discovered
or developnd seemed to be held by most Japanese CW officers,
It is not clear whether this v1ew existed prior to the end
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C. Personnel working on Chemical Warfare preblems

The Japanese were always handicapped in their research
and development work by a lack of qualified and competent
scientific personnel. To offset this large numbers of
laborers and neonm technical personnel were employed in
their laberatories. They alsn adnpted the reasonable
procedure of taking graduates from the technical schools
and assigning them te particular fields of work in the
lahboratery. Some of these men were officers and others
remajined civilians. In both cases, however, the technical
man worked on subjects related to his field. This preo-
cedure developed specialists who were very competent in
their jobs. It was not always follewed, and many of the
people responsible fAr work on certain subjects showed
a surprising lack of understanding of the problems
existing. Posslbly a cause for this was the neeessity,
due to the shortage of techaical persennel, of putting
men on a particular problem for a while until some
solution - any workable solution in many cases - to the
problem was reaehed and then changing thelr assignment
to another entirely ceparate problem. Along with the
scarcity of certain materials this in large part accounts
for wany of the poorly designed munitiens.

D. EKeliability of the Infermation

It was pminted out in the introduction to this repert
that most of the information is based on interrogations
of the Japanese and on reperts written by them for sub-
missisn to this office. Few documents or origimal reportis
have been obtained at this time. A3 a consequence of the
fact that the informatien herein is in general mot based
on recorded data, errors in details prebably exist. It
ls believed, however, that the overall imformatliom eon-
tained in the report is correct. It is altogether -
possible that certain infermation kmowa to the Japanese
has not been hreught out during the interrogatiens.:
Efforts to rrevent suech oacuring if reossible have beoen
nade, however. In many cases the Japanese authorities
have arparently spokem op¢nly and framkly emncerning
the research work. However, throughout the period of
interrogation the Allied autharities have beem arresting
Japanese as war criminals. This has tended to make -the
penple questioned very cautimus in their statements;
moreover, it has made the Japanese emphasize their de-
fensive CW work while stating that nractically no of-
fenzive wark was carried out. Instances have mecurred,
hawever, when definite, and probably intemtiomal, mis-
statemerits of fact have océured. In spite of these it

[Rf A Goronien -
10y

o
o




ASSiFit!

is believed that this report gives an accurate-account
of all of the research and cdevelopment work and that
probably the Japanese have not witheld their most
important data.

Ev Other organizations doing primary chemical warfare
intelligence work in Japan
Besides the groups whose chemical warfare intelligence
work has been directed by the Chemical Officer, GHQ, AFPAC,
two other organizations have done work on this subject.
The Chemical Section of the Air Technical Intelligence Group
has worked on the following specific subjects:
a., All matters pertaining to incendiaries
b. All matters pertaining to CW organizations
attached
c. Defensive tactics which arply to Air Forces
such as decontamination of airfields, airplanes etc
d, Information concerning all munitions and equip-
, ment ' used solelv 'y the Air Forces
e. Supply of C¥ materials to Air Forces
£. Inspection of Air Chemical Proving Grounds
g+ Study of Alr Forces plans and policy pertaining
to Chemical Warfare
h. Study of the tactical application of smeke, spray,
and gas bombs
Reports on these subjects are being written at Vright
Field, layton, Ohlio. They should bec obtained for detailed
information.
The Naval Technical Mission to Japan, Nav Tech Jap, has
also carried out sore investigation of chemical warfare
activities. These reports will be issued by the Navy.

F. Relatlion of the Japanese with Germans in Chemical Warfare

matters

Little real evidence ex1stomhich would indicate that
there was effective liaison between the Germans and the
Japanese on chemical warfare matters, The Japanese have
sald that information concerning new toxic arents was
requested from the Germans, but in answer the Germans only
submitted informaticn of probable agents which were being
developed by the United States or Russia. The Japanese
Navy admits having received a sample of a decontaminating
agent from the Germans, but states that its composition
was not given and that they could not determine it. In
the care of spray tanks the Japanese stated that no tanks
or design information had been obtained from the Germans.
Subsequent investigation revealed several German spray
tanks in storage at the laboratory. Under such circum=-
stances 1t is difficult to assume or rclieve that the
statements made by the Japanese were other than deliberate
nis-statements of fact. Their reasons for so doing are
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somewhat obscure. In spite of these instances the design

of the Japanese munitions and their research work show
little German influence.

V. Conclusion

It is concluded that no further investigation of the
chemical warfare research and develonment activities of
the Japanese aArmed Forces is necessary except to furnish
specific information whiech may te requested after a
study of this renort.




UNGLASS it

Sixth Military Laboratory

No. of Building Use Remarks
600 Research on chemistry,
especially for protection
601 For intendance business
602 The 3rd Factory The 8th Military Lab-

oratory used. Burned
up by air raid.

603 Research on protective
materials Burned up by Air Raild
604 Ventilation and
neutralizing air.
605 Ditto
606 X-ray examination for Repair shop moved to
tested animals No. 641 huilding since
it was destroyed for
protective measure from
alr raid suffering.
607 Motor house for ventilator
608 Neutralizing tower of air
through experiment room
609 Motor house for ventilator
610 The lst Factory %arehouse
611 Wood-working shop
612 Mess house for commissioned
officer and offiecial
613 Fire-engine house Burned up by Air Rcid
614 Storage house of fats
and oils
615 Storage house of chemicals
616 frinting
617 Research on flame throwing
tank.
618 cooking for all persons One part of it was burned
up by Air Raiad
619 .arehouse It was destroyed for
protective measure from
air raid suffering
620 Litto Titto
621 Motor house for ventilator
622 Research on physical chemistry
623 Neutralizing tower of air
through experiment room.
624 The 1lst Test Chamber for
explosion of shell.
625 Mecgazine
626 Ditto
627 Lecture hall and récreation
club.
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No. of Building
628

629
630

631

632
633

634
635
636
637
638

639
640
641
242

43
644
645
646
647
648,

Vedical research. Also

used for library.

Power Station

VMess house for non-coms and

officigl. Used for gas

chamber and warehouse

Business rooms for general

affairs., Research on chemical

analysis and synthésis

Garage

Neutralizing tower of air

through experiment r oom

Motor-house for ventilator

Fire-man's rest house

Varehouse

Neutralizing tower of air

Yarehouse It was destroyed for
protective measure
from air raid suffering

The 5th Factory

“.arehouse

Repair Shop

Shaking test chamber

Warehouse

LCitto

Storage of poison gas

Ditto

Gas discharge room Burned up by Air Raid

Warehouse It was destroyed for
nrotective measure from
air raid suffering

Varehouse of fodder for

testing animal

Garage It was destroyed for
protective measure from
air raid suffering

Warehouse
11

"
" It was destroyed for

protective measure
from air raild suffering

" Litto

¥V'ind tunnel experiment

room

Warehouse It was destroyed for

protective measure
from air raid suffering

ASSIFIED

Heating test chamber
and magazine




No. of Building

660
661

3
664

665

666
669
676
677
678

W:arehouse

Vatchman's house for

testing animal Burned up
Photograph house Ditto

Frafts room .
Neutralizing tewer

of air

The 2nd Test Chamber for
explosion of shell
Varehouse

Ditto

Wareheuse of cylinder
Metallie materlal Warehouse
Ditto
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G-2, WDIT, AFPAC, for GH? Library.

G-2, WVDIT, for transmittal to G-2, Var Department
Office of Chief Chemical Officer, AFFAC,

Chief, Chemical Warfare Service, Washingtor, 2.C.
Technical Intelligence Center reserve files.
Technical Intelligence Center.

Technical Intelligence Center Chemlcal Sectior.
Chemical Officer, AFMIDPAC.

Chemical Officer, AF' ESPAC.

Chemical Cfficer, PACUSA.

Chemical Officer, Fighth Army.

File, Office of Chief Chemical Officer, AFPAC.
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