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ABSTRACT
 

This report describes the chemical warfare research
 
and development organizations in Japan and the work car­
ried out by them.
 

In Japan there was no real connection between the
 
Army and the Navy organizations, and their work was car­
ried out independently of each other with very little
 
liaison uct'-veen the groups . Neither had a Chemical War­
fare Service as such, but the research and development
 
work on chemical.warfare subjects was confjned, in gen­
eral, to organizations working only on CW subjects* In
 
the Army the Sixth Military Labo-~at~ry havir.^ a total cf
 
715 personal did the principal chemical warfare work.
 
The- Eighth Laboratory did vor\ on flame thrr^r^s , and
 
the Third Air Technical Laboratory worked on chemical
 
warfare subjects of interest to the Air Forces, In the
 
Navy only the Chemical Study Department of the Sagaiai
 
Naval Arsenal worked on chemical warfare subjects.
 
This laboratory employed 300 people. The work carried
 
out by the Array Organization was in general much superior
 
to that of the Navy groupe
 

The status of the work done on chemical warfare sub­
jects is summarized below?
 

a* Both the Army and Navy had gas masks which gave
 
good protection agaJnst gases such as pbosgsne and mustard,
 
They realized that their mask did not protect against HCN
 
very satisfactorily and were concentrating on this work.
 
Apparently they wr.ee unaware of the desirability of im­
proving the protection against CK.
 

br After the development of the model 100 portable
 
flame thrower and :hr latest model mechanized, one in 194-4,
 
work was stopped en these weapons by the /rrny because they
 
believed that thei..? shortage of fuel would lirii, the use­
fulness of this weapon. The Navy, however continued work
 
and developed a light weight portable flame thrower which
 
was never produced,
 

Co Both the- Army and the Navy had impervious clothing,
 
but neither had developed satisfactory permeable prote>bi\e
 
C-Lothin."-;, Their 7/crk consisted of trying to use Chlcra^lne-

T as the imp: t rnating material. Shortly before the v;ar ' s
 
end the CW Laboratory in Manchuria initiated the develop­
ment cf carbon--:impregnated clothing which they considered
 
vary promising.
 

d. Practically all the research and development work
 
on smoke was completed several years before the end of the
 
war and is of little interestc The latent information ob­
tained was used in ths design of munitions which were stan­
dardized »
 

c
 The work on the development of detector kits re­
sulted in the standardization of several kits prior to the
 
end of the war.
 



f. No unusual methods or agents for decontamination
 
were developed. The Japanese report, however, that the
 
methyl ester of anthranilic acid is an effective deconta­
minant for mustard on the. skin. The system of gas proofing
 
buildings and fortifications was not improved over the
 
standard methods.
 

g. Both the Army and Navy had carried out extensive
 
work on the search for new agents <• Except for the limited
 
production of a "non-freezableM mustard only the common '
 
agents mustard, lewisite, phosgene, hydrogen cyanide, chlor­
acetophenone, and diphenylcyanarsinb were produced. Work
 
on CK and KN-3 was carried out, but they were not adopted.
 
No evidence that work was done on agents of the tvllor:
 
group exists« Except in tY& case of HCN no Instability of
 
the agents was encountered during storage. The Japanese
 
used approximately two percent of: copper net or powder,
 
AsClo, or' SC'2 with the HCN and reported that the material
 
was "Ehen staole for at least three years.
 

Shell and bombs were coated on the inside with a
 
Bakelite typ? rosin, This was belic-vc.i to prevent corro­
sion, but in the case of HCN it was not considered helpful
 
to the stability of the material.
 

The toxicity cf the standard agents had been st-.v1.­
led using rabbits, guinea pigs, pigeons, etr,,.; hue ths in­
formation concerning the dosages required for nan were very
 
dDubtful, Particularly in the case of the effects of mus­
tard vapor the data were inadequate.
 

h, The raw materials usually used in the production
 
of the common toxic agents and the ordinary materials of
 
construction wsre very scarce in Japan, consequently5 the
 
pilot plant work was directed to developing methods of pro­
ducing the agents r^t of materials irora readily obtainable
 
and is of little interest or value.
 

i, A cons id arable number cf fie-:".-;!, tests vera carried
 
out by the Japanese in studying the effectiveness and be­
havior of toxic agpnts Then used in tie field. Uuoh of
 
this work was done before they initiated tns war with the
 
United States and at that time they probably had better
 
information on this subject- Work during the war has not
 
proceeded apace that of the Allies, hoover.
 

,i« The Japanese did very little work on the devel­
opment of incendiary munitions,
 

k. No unusual weapons of great 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 treatment used before the war were standardized.
 



I* INTROrUCTION.
 
This report describes the research and development work
 

done by the Japanese on chemical warfare subjects. 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 eliminate from the report known informa­
tion. No comparison of the chemical warfare work of the
 
Japanese with that of the United States is mads. Neither
 
is there included a discussion of the state cf chemical
 
warfare knowledge since it is believed that experts in var­
ious subjects will be more competent to evaluate this from
 
the report than can this group0 In general more history
 
of the development work and related inforraaticri has "bô . in­
cluded than is necessary !"• a strictly tecnnicai report.
 
This material has been recorded ?o that the overall devel­
opment picture can be more easily visualized,
 

Shortly after the Japanese agresd to surrender, QVC.GTS
 
were issued by the Imperial General Headquarters to destroy
 
all records and reports of Japanese research and develop­
ment work. Even though those ord̂ r-i were countermanded
 
within several days? a very thorough 'job of destruction
 
was apparently done for few documents cf importance con­
cerning ohemlcal warfare work have been located at thi"
 
time. The report is, therefore, based en verbal informa­
tion obtained from Japanese officers, officials, and pro­
fessors connected with chomical warfare work and on re­
ports prepared by the Japanese for sucrr.ission to this of­
fice. Great effort bas been.made to verify the information
 
obtained and to uncover additional infer-matien which the
 
Japanese may not desire, to disclose. The success of these
 
efforts is difficult to determine.
 

Reference is n-ao'e to the report on Japanese Chemical
 
Warfare "Report c;i Scientific Intelligence Survey in Japan",
 
Volume IV, 1 Ncv.-:-r.ber 194? issued by J:.he Pĉ sri'cific and
 
Technical Advisory Sect ion",' .'AFPAC, For the sake of com­
pleteness and unity certain information from that report
 
has been included in this one,. At other places only a
 
reference is made to the report for data and detailed in­
formation.
 



II. RESEARCH AND DEVELOPMENT ORGANIZATIONS
 
Even though there was no clearly defined Chemical War­

fare Service in the Japanese Armed Forces? research and de­
velopment work on chemical warfare subiects was confined 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 consequence of this fact, separate chptnical warfare resear­
ch and development organizations doing parallel work exueed
 
with little, if any, liaison between thsm. The Air Forces,
 
while not independent of the Army, carried out development
 
vvork on munitions of interest to the Air Forces,
 

In view of the sharp division between the Army e-.nc5. Navy,
 
this report will be similarly divided,
 

A. Army CW Research Organizations
 
1. Table of Organization
 

The table oi' organization of the Japanese Army,
 
showing only those groups connected witn research and devel­
opment work on chemical warfare su'n̂ ecr.s, is given below*
 
The organization snewn is. the one vhich was in existence on
 
1 August 194p.
 

General Staff Vfar Departasnt
 
Office (7.'ar Ministry)
 

(Imperial Hdq.)
 

Air Force rviy C-dnance 
Headquarters 

3rd Army Air 
Technical 
Laboratory 

_JL 
6th Pilitru 
Laboratory 
for C.W. 

j?th Mili­
itary Lab­
loratory 

for 
{Materials 

* There is a total of 10 Military Laboratories, but only the
 
6th and 8th 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 laboratory from a chemical warfare viewpoint i£
 
the most important one in Japan; consequently, it will be dis­
cussed in detail. It is located at ICO Nincho 4 chome, Yodo­
bashi-Ku, Tokyo.
 



a. History
 
In August 1919 the Array established a science re­

search station - one part at Kaisnikawa and the other at
 
Itabishi. This station was divided into two sections, the
 
first working on rhysical armaments and the second working
 
on explosives and chemical warfare. In 1922 the station
 
was^moved to its present location. The Second Section was
 
divided in April 192 5 into the second and third sections
 
with all research on chemical warfare subjects being done
 
by the Third Section. At this time research on the'fol­
lowing subjects was started.
 

(1) Chemical Warfare agents
 
(2) Hygiene and treatment of gas casualties
 
(3) Offensive weapons
 
('':-) Protection fvcm gas
 

In August 1932 responsibility for research on explosives
 
was removed from this station and the Third Section became
 
the second department, This department was annexed to tne
 
Army Technical Bureau in June 1941 and the name was changed-

to the Sixth Laboratory of the Army Technical Bureau. In
 
October 194-2 the 6-;h Laboratory was placed under the Ar^y
 
Ordnance Bureau, Part of the laboratory was burned in an
 
incendiary raid in 194-5 and the personnel of this part
 
were evacuated to Takaoka, Toyama I-en, but they were u ^ M e
 
to begin work again cefcre the end of ths ^ i  \ TL was
 
planned that the substation set up hers would be the chief
 
one of a number se"0 up to replace the Sixth lab, wnich v-as
 
considered to be too vulnerable to bombings. The plan pro­
ceeded no further, for on 5 September 194-5 > the Sixth Army
 
Laboratory ceased to function because of tne war's end.
 

b. Functions
 
The function of this laboratory, as defined by
 

the Army Ordnance Bureau (Army Ordnance Administration
 
Headquarters), to vhich the laboratory -.vas responsible, was
 
to carry out research on chemical we^povs, to test the wea­
pons developed, to study chemical agents-, and to do medical
 
and veterinary research related to chemical warfare. This
 
includes research on defensive measures for gas warfare and
 
research on the prevention and trs^tmeni of gas casualties.
 
The functions of particular sections will be given in detail
 
below.
 

c. Table of Organization
 
The table of organization of the laboratory is as
 

follows?
 

Commanding General_ !
 
'r
 r

General 
T First I Secord i Third-

Affairs Section j Section ! Section 
Section ! 

i Takacka Subsection
 

UNCLASSIFIED
 



Since this laboratory is the most important CV/ research
 
establishment in Jaran, the key personnel cf each section will
 
be listed along with their duties.
 

(1) Major General Finsei Akiyama - Commanding General
 
(2) General Affairs Section - This section handled all
 

the administrative matters of the laboratory.
 
Colo Shinji Ichino, chief
 
Col, Hashimoto, in charge of Takaoka substation
 
I-'aior Eanaya, in charge of property
 
Kajor Samurai, in charge of photograph and electric
 

equipment
 
Major* Nagso5 in charge of military weapons and ma­

terials
 
Major? S:-, ̂ agami, in charge of meteorology and m^che­

matical calculations
 
Captain Higashiura, in charge of personnel
 
Cap-,^in Shirohata, in charge of transportation
 
Câ y'-.r'in Noomi, in charge of finance
 

The follov,ir_g personnel were in the process of being trans­
ferred from this laboratory to the manufacture of explosives.
 
Their speciaj ";:ies -ire listed opposite "jheir names.
 

Col. Sayeki - Protection irort gas
 
Lt. Col, imaoka - former head of the section of the
 

attack arms and studied snxke candles ard ether weapons
 
Major Iwata - testing of gas in the field
 
Major Hotta - gas analysis
 
I'jajor Satao - gas weapons to attack the tank
 
Major Tanaka - flame projector and the flar.re tank
 
Ik a j or Saeki - Gas analysis
 
Major Onishi - Rocket gas shell
 
Major Tek?kn.-bo - Kocket gas shell
 
Capt. Kutoo - Gas analysis
 
Capt. Itoo - Rocket gas shell
 
Lt. Kitsuishi - Gas weapon to attack ^he tank
 
Lt. Inone - Rockst Gas shell
 
Ltc timezfiv/a - Rocket gas shell
 

The Takaoka substation was set up to carry out work on chem­
ical materials to be used in weapons and equirment designed
 
by the Sixth Laboratory,
 

(3) First Section
 
This section vas responsible for the search fz-r nev/
 

chemical warfere agents and for information on the manufac­
ture of chemical agents.
 
Grpuj) 1 The study of poison gas (Including the development 

of new gases) 
Chief Engineer Hayashi 
Colo Nakagima 
Capt, Yosuda 
Lt. Yeno 
Lt.. Akita 

Group 2 The study of the synthesis of arseneous acid 
~~ Lt. Eastui 

Lto Kinoshita 
Lte 

UNCLASSIFIED 



2L The study of a practical ne #acture of 
mustard using ethylene oxide from acetylene
 
&!a,ior Takada
 
Major Endo
 
1st Lt. Sasamori
 

4
 The study of separating arseneous acid from coal
 
gas
 
Major S^r?ki
 
î ajor- Okr.ra
 
Capt, Slurezo
 
Lt.. i-.eto
 

.5 The study cf use of chlorine obtained as a by-

p:rod;:?'G in the manufacture of magnesium
 
En 5- Ybiioyama
 

(4) Secr-r.d Section
 
This section was responsible for work on gas de­

tection a rid ;.; a s pr:: r, a c t i on *
 
Group 1 The ;-:tud3- of detecting apparatus
 

MaTiu,: Kosaki
 
C:ipt, Koyedi
 
Capto Kawai
 
Fngr, Higaohi
 

£•££££ <=. The study of protection from gases
 
Capt, Kondo
 
Lt, Ibaragi
 
Lt, Kitahara
 
Engr, Mizutani
 

(5) Third Section
 
This section was responsible for studies concern.-.ng
 

the medical treatment of" gas casualties and for t.oxic:-ty
 
studies.
 
Grj3U]2 =. The study of emergency treatment of casualties of
 

mustard ^••\•l prussic acid.
 
Lt, Col, C'-.vjnura, chief
 

GroujQ 2 The study of the poisonous character of nitric Yper­
ite and arsine applying to animals„
 
Surgical Capt* Uciiida
 
Surgical Lt. Naka
 
Surgical Lt, Morishiri
 
S i•v gi c a 1 Lt. Nakr- g ava
 
Trie x'yz&y of protection to military horses and dogs
 
Veterinary r a.ior Niemi
 
Veterinary Capt, Oyama
 
Veterinary Capt. Saito
 

personnel
 d . 
(1) At the eni of the war the following personnel were em­

ployed at the laboratory?
 
T ot al
 Distribution Senior • - • • - J u n i o r ETTJ)
 

According to Officials Officials 
Work 

Military 64 83
 
632
 Civilian
 

Total 73
 



Included in the employees wore 212 women^ 5?* the 715 workers
 
200 were assigned to the Takaoka substatioi^,. In 1943 only
 
500 people were employed at the laboratory, 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 followed th« policy of hiring scientific personnel im­
mediately alter t'o.^y finished schoolt These men remained
 
civilians and wer^ assigned to specific fields in which they
 
became ;imedalists. Not until hostilities broke out between
 
Japan a/..d the-) united States did these men become officers in
 
the Army.
 

(3) Litv./,e IT^S was mc.cr nf civilian scientists by the
 
laboratory, .apparently the ATiny did not take civilians com­
pletely into their confidence, Certcin professors, Lcwe-Tor,
 
were giver, ->pooific- problems on which to work. These arc-

listed brlc-iiv,
 

Hokkaido Imperial University
 
Prof r Jiro Horiuchi - Synthesis of arsenic acid
 
Prr.f. Zenichi Shibata - Stu--"Ly the extraction of
 

arsenic acid from iron manufacturing plants
 
Nagoya High Technical School
 

Prof, Ycshiakl Mastunaga - Study of smokes
 
Osaka Imperial University
 

Prof- Tashi.3o Chitani - Synthesis of arsenic acid
 
Tohcku Imperial University
 

prof, hienzpburo Plara - Synthesis of arsenic acid
 
Tokyo Imperial University
 

Prof* T^nccohrro Same.iima - Study of sroke
 
Profe Moris? Ishltato - Study of the ircchanism of
 

poisoning
 
(e) The budget: for the laboratory for each year since
 

1940 is given belew.
 
Yen*
 

1940 15^00,000
 
1941 1,600,000
 
1942 1,8OC.OCO
 
1-343 2^100.^000
 
1944 2,'̂  00 J 000
 
I94.5 2,900,000
 

For the fiscal year 1945 the budget was broken down as
 
follows?
 

Yen 1,5005000 Salaries (civilian employees)
 
300,000 Genera], affairs section
 
450 ,Ore First Sc-e^ion
 
3 50,0 CO T a ka oka s ub s tp. t ion
 
ICC ,00C. Second Section
 
200,000 Third Section
 

(f) Attached :i s a eround layout of the laboratory.
 
•Value of Yen was pegged at 23 7/16 cents.
 



3» Chichihara, Fanchuria, Laboratory
 
Little accurate information concerning this labor­

atory is available since it has not been accessible to
 
united States Intelligence Teams. Interrogation of per­
sonnel ̂ who were stationed at or who had visited this"labor­
atory indicates that approximately ^CO people were employed
 
there before the end of the war. The laboratory was appar­
ently set up to do chemical warfare research and development
 
work for ths Kwantong Army. It is believed that the labor­
atory worked mainly on the development of defensive, mater­
ials such as nask£ and protective clothing, but some work
 
was carried o\y-: to determine the behavior of chemical agents
 
in the field. It is further reported that approximately ?ix
 
months before the end of the war this laboratory was convert­
ed ̂ from a sturiy-of CW problems to work on explosives. The
 
information available concerning the work carried out at
 
this strtjon will be found in Section III cf this report;.
 

4» Eighth Fiixtary Laboratory
 
Koganoi-Machi, Kitatama-gun, Tokyo
 
a. History
 

Prior to June 194-1 this laboratory was a part of
 
the Army Scientific Research Institute which was subordinate
 
to the Army Technical Headquarters. At this time the Insti-,
 
tutc was absorbed by the ^rmy Technical Headquarters andd
 
certain sections of the Institute were made into indepen­
dent and seperate laboratories such as No 6., No 7? No 8«
 
and No 9« In 194-2 further administrative changes were made
 
and this laboratory came under the administrative control
 
of the Army Ordnance Administrative Headquarters. In Nov­
ember 194-3 the Laboratory moved from its crarroed location
 
at Okubo to its present one at Koganei. In September 194-5
 
the Laboratory ceased to function.
 

be Functions
 
This laboratory was responsible for investiga­

ting, planning, testing of., and researches en fundamental
 
materials for munitions, researches on chemical industrial
 
materials, and investigation of basic f-iots concerning
 
specifications and preservation cf munition materials. Al­
though these functions are not directly connected with
 
chemical warfare, certain subjects of a chemical warfare
 
nature faZ.i w:-.thin this laboratory's responsibilities and
 
were investigated by it. These subjects were (1) flane
 
thrower fuel, (2) activated charcoal, (3) area smoke screen,
 
and (4) incendiary bomb material„
 

c. The table of organization of the laboratory is
 
given below *
 

General .First Second Third" Fourth 

Affairs Section Section Section Section 

Sec cicn 

mm
 
" ' hi
 



(1) The General, Affair^ Section w" s^M^onsiblc- for
 
planning, personnel, finance ,"* and" nn scellaneous affairs,
 

(2) The Fl̂ rsjt Sectjxn was 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 Third. Section was responsible for carrying
 
out basic researches in materials for chemical industry.
 

(5) The Fo^vrth Ŝ c_ti_qn was responsible i'or carrying
 
out baric researches in agricultural resources,
 

d; Persennel
 
(1) yolloving is the list of personnel employed by
 

the laboratory,
 
1243 1Q±1 1^12 Au^rt 124 2
 

General
 .L
 1 1
 
Maj, to Col, 7 / 20 5 8 9
 

/ 4^ 42
 Lt, to Capt,  [  ̂ u 36
 
10 12 11
 Non-coms ^
 

Experts 2 3 1 1 1 
Engineers 11 16 19 2^ 28 
Male workers 30 50 103 157 135 
Female " 15 35 78 144 129 
Clerks 28 43 85 81 78 

Total 93 167 335 470 434 

(2) This ] alvrratory used civilian scientists to some
 
extent, The kvmj assigned and financed the prorraT. Only
 
work en the activ^t-'.on of carbon is of CW interest.
 

e. Budget
 
The budgrl for the laboratory for each year since
 

1941 is given below. 
Year Pu^get - Yen 

1941 4005000 
1S42 lo250?000 
19^-?i 2^00,000 
194 4 2j9QC,00C 
LCii^ 2o6"'7oP80 

Only a portion of this was used for C^'work. The exact amount
 
could not be determined,
 

f, A ground layout of the laboratory is attached.
 



5.	 Third Air Technical Laboratory
 
Tachikawa Air Base, Tokyo Prefecture
 
a. History
 

In 1931 the Air Force Laboratory became respon^
 
sible for chemical warfare research in the. Japanese Air
 
Forces, and work was begun on both offensive and devensive
 
matterso
 

Tn 194-2 the Air Force Laboratory was divided
 
into eight separr.to organizations, known as A m y Air Tech­
nical Laboratories, The only one of these having a chemical
 
section was tne Third Army Air Technical Laboratory at Tach­
ikawa Air Ba->-..,
 

Tr: J decision was made in 194-3 by the Japanese Air
 
Force GHQ to reduce chemical warfare- research to the minimum,
 
and since th.11; time the work of tne chemical section was
 
mostly on smoke and incendiary bombsc
 

The Third Air Force Technical Laboratory was com­
pletely destroyed by an air raid in April 1945* The organi­
zation moved elsewhere, but by that time the chemical section
 
was no longer operating.
 

b.	 Functions
 
The Laboratory was responsible for the develop­

ment of air chemical munitions, and in the period from 193$
 
to 194-3 research was done on toxic gas bombs, srioke bonnos.
 
incendiary bombs, toxic gas spray tanks, and smcke spray
 
tanks.
 

Defense against chemical attack was also studied
 
by the laboratory, and between 1935 an3 1943 projects were
 
carried out on gas detection devices, decontamination methods
 
for airfields and airplanes, protective covers for airplanes,
 
and protective suir.s and masks for air crews,
 

c. Table of Organization
 

! Third Army Air
 
[ Technical Labcratcvy
 
! Majc Gen H, Masaki
 

General Bombs Rockets Bomb
 
Affairs
 

Defense
 

1. Protection of
 
a. Airfields
 
b.	 Airplanes
 
c. Pilots
 

2. Decontamina­
tion
 

3.	 Gas friasks
 

Release
 

Offense
 

1. Borahs
 
2.	 Spray
 

Tanks
 

Trajec-j
 
tories |


L
 

Mito
 
Test
 
Section
 
(at Mito)
 

Chemical
 
warfare
 



d. Personnel
 
The total personnel of the Thjrd Army M r Tech­

nical Laboratory was 300? of whom 30 were scientists* The
 
Chemical Warfare Section had two officers and seventeen
 
men.
 

e. Budget
 
The average annual budget for the period during
 

the war was 1,000,000 Yen, of which 30,000 Yen were allo­
cated for the Choraical Warfare Section*
 

f. Ground Layout
 
The Laboratory was housed in seven buildings,
 

of which ono was assigned to the Chemical Warfare Sr-cxiom
 
No drawing i;; sho'.vn, as the whole laboratory was destrc./ed
 
by air raids..
 



B.. Navy CW Research Organisation^**" w'J, ''"*' - '
 
1. Table of Organization
 

The table of organization of the Japanese Navy
 
showing only the groups connected with research and de­
velopment work on chemical warfare subjects is given
 
below. The organization shown is the one which was in
 
exi stance 1 August 194-5.
 

Navv General Staff Navy Department
 

Naval M.:dica... I !Naval Technical Naval Aeronautical
 
College I Department
 

Sagarni Navy 1st Naval Technical
 
Yard Arsenal
 

Chemistry Fxp- Department of
 
eriment Depart- Bomb
 

ment
 

2. Sagami Nnvy Arsenal Chemistry Experiment Department
 
This organization is the only one set up for re­

search on chemical warfare subjects in the Japanese Navy,
 
Work for the naval air force v;as done by this installation
 
whenever the 1st Naval Technical Arsenal requested it*
 
One exception was made to this procedure; chemical bombs
 
were designed by the Department of Bombs. Tne Cagarni re­
search installation was located next to the Naval powder
 
factory at Kiratsu«.a, Kanagawa Ken, Honshu,
 

a. History
 
In 1923, the first naval laboratory of chemical
 

munitions was established as a section of the Naval Tech­
nical Institute at Tsukiii, Tokyo, In I?25, it changed
 
its attachment to the Scientific Pesearch Department and,
 
in 19319 moved within the bounds of the Naval Powder Fac­
tory at '.Hiracsuka where it was located at the end of the
 
war', After the iManchurian affair in 1932 the personnel
 
and the research w ork 'were gradually increased and in JL934­
the organization be-came independent and known as the Naval
 
Chemical Experiment (Study) Department, In the early years
 
of the laboratory, the characteristics of agents and, short­
ly thereafter, the manufacture of agents were studied * After
 
the outbreak of the war9 the development of the laboratory
 

accelerated because of the necessity of increasing the
 was
 
production of chemical warfare materials- By 1943> it had
 
greatly expandc-d and became the Sagami Navy Yard (or Arse­
nal) . The experimental work continued under the Chemical
 
Experimental Department, a branch of S". garni Arsenal. Two
 
of the twelve buildings v^ M i^§e^ i^^n incendiary raid
 



in	 1945. After the war the labors. peration
 
b.	 Functions
 

The functions of this installation were to do
 
research	 and development work on the following subjects?
 

Gas protective equipment
 
Smoke weapons
 
Manufacture of toxic gases
 
Gas shells ani bombs
 
Incendiaries
 
New gase-":-: \
 
red ioa l tveatoent for gas casualt ies
 
*Ex^losi-r-:s civA arc-munition for marine troops
 
•Balloon.-:
 
*Ru t:b c r 7/.-. a pcr: 3
 

*These subjects did not pertain to CV' but were assigned to
 
the laboratory
 

Co Table of Organization
 
The tatle of organization of the laboratory is
 

given below;
 

Chief of Research
 

—->-..J —
 
j General Affairs i
 

"Sections "1
j Section I
 
1 - 9
 

Section Is Analysis and Starv^rdizing
 
F:agir:eer K, Chuj",. Chief
 
Sub L'c * Ko Kiros"
 
Sub Lv , X, Osawa
 

Section 2i F:mdafr-;ntal Rcseri'ch
 
Lt. Coû -r-3 K. Yc-;hida, Chief
 
Sub Lto H^ Hamada
 
Eng. R, Eto
 

H, Tamura
 
Section 3t 'Gas, Smoke and Incendiaries
 

Ltf, Comdr, H. Kuwabara, Chief
 
Sub Lt, V", Asai
 
Eng, M, Doshi
 
Ensign K. Cu.ga
 
Lrjsign T, Saito
 

Section A-t Synthesis cf agents
 
1st Lt, J, Yoshida, Chief
 
1st Lt. He Lishii
 

Section 5% Explosives and munitions (not chemical warfare)
 
1st Lt-, K, Ohashi, Chief
 
1st Lt- T- 7rakeo
 
1st Lt . C- Fonma
 
Sub, Lt, ¥.- Kainiya
 
Sub Lt. OwaVi
 

Section 61 Defensive Weapons
 
Lt, Covodr, T, Ishihara, Chief
 
1st Ltc H, Kamata
 
Ensign T. Ycshino
 



Section 7s Medical Research for misc. chem* products (not gas)
 
Comdr, I, Tuniroura, Chief
 
Lt, Condro M, Sh.inonaga
 

Section 8s Medl-aT Research for Gas
 
Lt, Comdr, T. TakafUji
 
1st Lt0 T, Jwanioto
 
l,-5t L'c« A, Nakamoto
 

Section 9s Technical work for production of agents
 
Lt« Ocradr, To Arima
 
j?!ng r. J/A, Mitsuishi
 
•rVa'b Ijtr S. Fa^ ishima
 

d 8 p-fi'scirnGl
 
At- the end of the war there were 3^0 people en­

ployed in tij;.- laboratory. Thirty of these (24 naval and 6
 
civilian engineer 3) were scientistso The laboratory hat?
 
certain pro^oscr^-or experts to whom they assigned speci­
fic probloiii:-;-, A list of these people and the subjects on
 
which they v/crked follows.
 

Professor or	 Location Problem
 

N.	 Somiya Tokyo University a. Analysis and separation of
 
micro-quantities cf•water in
 
oily liquid»
 
b, Analysis of white/phes-1
 

phoTi.:.s in red phosphorus
 
N.	 Kameyama TcVvyd UnIvers:/::;/ Calcium hydride and Hg gen­

era ting agent s
 
T. .toogi Toi'iyo Ui:::l\;ers:L";:y Application of fluorescence
 

and phosphorescence to CW
 
yn Universally Filtering of Srooke
 

H, Fndo Tohoi:u Univer^itr Kyclronhloric acid proof alleys
 
H. Tcminaga Toheku University	 Ccr.liizirjg agc.rj.ti for CO and '
 

oxygen generating agents
 
K, Nozu Kyoto University' Detection of Gas
 
M. Kots-.ke Osaka University	 Synthesis of HCN and styrene
 
Y. Tanake	 Dinihcn Rubber Rubber materials
 

Research Insti­
tute, Tokyo
 

T. Shono	 Osaka City Indus- Adhering Agents
 
try Research Ins­
titi:"''ior.
 

No Salnitna1 Yokohama Oomu Co.	 Polymolecular Compounds
 
B. Kusano Yasui Fa(:,aku Co.	 Ethyl zinc and poiyvinyalcohol
 



e. Budget
 
The estimated budget is given below.
 

Year Amount in Yen 

l?40 
1̂ -1 
394 2 

600,000 
700,000 
900,000 
900\000 

- 1,000,000 
- 1,300,000 

?'i (-. ground .L.r.youb of the laboratory is
 



III. RESULTS OF THE RESFARCH AND
 
The results of the work
 arc- discussed under the
 

individual subject headings.

A. Gas Masks
 

1. Japanese Army Work
 
The Japanese Army first carried out work on the gas
 

mask at the Military ^cdical School, but no results of any

value were obtained,, In 1922 the gas mask was considered as
 
ordnance material and studies were carried out at the
 
tary Scientific Institute (former organization of the Sixth
 
Military Laboratory), standardization was done by the / m y
 
Technical Headquarters, and procurement and su ply by the
 
Army Ordnance Headquarters, In 1927 the type 7 gas mask
 
was adopted as standard• Administrative changes resulted
 
ir 1930 from the classification of the gas mask as clothing
 
rather then ordnance material and the Army Clothing Head­
quarters took over procurement and supply of the masks *
 
Following this change the type 91 majk was developed in 1931?
 

With the beginning
 type 95 in 1935? and type 99 in 1939^
 
of war with the United States the shortage of materials/

especially rubber ?nd cotton cloth, increased and work was
 
carried cut to develop a direct type gas mask without hose.
 
In 1944 the Army Clothing Headquarters was made responsible
 
for all work concerning gas masksc
 

Frior to 1937 the Air Forces showed little interest
 
in gas masks, but at that time they requested a small size
 
gas mask which the pilot can put on with one hand. The
 
development of such a mask was undertaken by the .Army Sci­
entific Institutec The nearly completed design was turned
 
over to the Third Military Laboratory of the Japanese Air
 
Forces, who completed it.
 

a. Development of the Canister
 
(1) Fundamental studies of filtration
 

The Japanese Army did little fundamental re­
search on filtration mechanism. They state that all their
 
information came from reference books. fc
 

(2) Studies of Absorbents
 
The absorbents for the canister of the type «
 

87 gas mask contained Dutch charcoal "Norite" with soda
 
lime impregnated with a solution of NaKnO4 as the auxil­
iary absorbent. In the type 91 canister charcoal made
 
from hardwood and activated by steam was used. The same
 
auxiliary absorbent was used in the type 87 canister. The
 
canister of the type 9? 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 permanganate) was used. The
 
same type of charcoal was. used in the type 99 mask and a
 
type hopcalite for the catalytic oxidation of hydrocyanic
 
acid was used as an auxiliary agent. Proportions of each
 
agent were as follows.
 



Active Charcoal by volume
 
Hopcalite (Brown grain or Katsurya) U^A by volume
 

Composition of the Hopcalite was;
 
Manganese Dioxide 49A by volume
 
Copper Oxide 21$ by volume
 
Calcium Hydroxide 20f- by volume
 
Sodium Hydroxide
 5£ by volume
 
Magnesia cement (binding material) 5% by volume
 

Research on the activation of charcoal has been
 
carried out by the Fighth Military Laboratory. Three pro­
cesses have been developed and are described below.
 

(a) Steam activation process
 
Charcoal powrlsr. preferably from coconuts
 

or hardwood, and co^l powder, both of mesh 140 - 20G, a-:-a
 
mixed in the ratio of three to one* This is tii&n mixed
 
with coal tar In the proportion of 10 to 6, and the mix ­

•H
ture is agitated with steam at 100°Co for 3 hours, After
 
this time the material is made into pellets 2 - 2,3 mm in
 
diameter and 2,5 mn in length and dried at 120 to 13C°C.
 
The ari.ec!imterial is then carbonized in two steps. The
 
first .step is for 3 hours at 3J0° - 400° C, and the sec­
ond step Is of 4 hours duration at a temperature of ?rj0° ­
80C°C, The resulting material is then activated in an in­
clined revolving furnace by superheated steam at a tempera­
ture of 850° - 900°Cc for 24 hours. Careful control of
 
this step is necessary in order to prevent softening of
 
the charcoal,. The charcoal used by the Army after 1941
 
was manufactured by this general process,
 

(b) 21.ro Chloride Process
 
Ton parts of sawdust (140 to 200 mesh)
 

are mixed with 6 parts of ZnCl2 and enough water to make
 
a pasteo This m-vcerinl is then made into pallets, dried,
 
and carbonized at a temperature of 650° to 7OCuCo 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 ares no high temperature fur­
nace is required, no high quality coal is required, no
 
special technical skill is required. The ran in charge
 
of this v;orV .said that no analjrsis of the final product
 
was TPCAB and that the zinc content was unknown. This
 
process was never adopted for the manufacture of absor­
bents.
 

(c) Special Activating Process
 
Material A, consisting of sawdust and zinc
 

chloride in the ratio of 10 to 6, is mixed with material B,
 
consisting of 100 parts of sawdust and two to four parts
 
of a 20?;' solution of CuCNEo) ,, (0H)2 or CuCNflh^CSC^). The
 
ratio of material A to material B varies between 3 to 1 and
 
4 to 1, depending on the kind of gases to be absorbed. The
 
manufacturing process is the same as process (b) previously
 
described. This process vas devised after it had been
 
learned that the addition of 2.% of oxidized heavy metals
 



such as Cu, Ni, Co, Fe, etc, to the caTTOh HfMr%ased the
 
HCN absorbing capacity of the charcoal. Pilot plant work
 
wo.s initiated, but an incendiary raid destroyed the plant
 
before data were obtained. The composition of the final
 
product is not known, because analyses were not made.
 
The solution used to mix with the sawdust in material B
 
was made by mixing CuS04 and NH4OH solution. The final
 
composition contained 6b,3 g/1, of NH-. and 5.6 g/1. of
 
copper. 3
 

Charcoals were tested in the laboratory
 
by filling a 2 cm. tube with the charcoal to a height of
 
10 cm. Air containing 0*5f toxic gas was passed through
 
at a rate of 500cc/cnvminute at a temperature of 20°C,
 
and the time required for the test solution or paper to
 
change color was determined.
 

The comparative absorbing capacity of
 
the active charcbals are as followss.
 

Time in Minutes
 
Chloropicrin Phosgene

Steam Activation process 100 - 115 
Zinc Chloride process 120 
Special activating process 100 - 110 

30 ­
2 ^ 
4^ ­

33 

50 

 Hydrocyanic 
Acid 
" 1 5 

12 
4-5 

(3) Filter Material 
In the first type masks such as the type 87
 

a filter cap made out of wool was used. In the latter
 
types the filter was lantern shaped and made of Egyptian
 
cotton, paper, pulp,, and asbestos impregnated with Congo
 
Red dye, This impregnation improved the filtering pro­
perties, tut the Japanese didn't know why,
 

(4) Dosares required to penetrate crnisters.
 
Ai.c dried by calcium chloride a?~d by sul­

fur ic acid is mixed with water vapor and toxic agent in
 
such quantities as to have a relative humidity of 50^ at
 
20°C. and to have the desired concentration. Ths mixed
 
gases are parsed, through the canister and through a test
 
paper which changes color when the toxic agent penetrates
 
the caniste.To The time required to penetrate the canis­
ter is determined. The following results are listed;
 

Time (Minutes for breakpoint to be reached
 
Gas; Zi°w Rg-te C_on_c. Him® to £vjieĵ ra_te (min.)
 

~T7m vol.#VOl.f:  Type 99 Canister
 

Chloropicrin 30 0.5 20 - 25
 
Phosgene 30 0.5 18 - 23
 
HCN 30 12 - 16
 0.2
 

Information is not available on other canisters, but the
 
Japanese who furrished the information believed that type
 
87', 91, and 95 g:ive only 0,1 the HCN protection but gave
 
greater protection for gases such as phosgene or chloropi­
crin than the type 99.
 



(5) Protection against Carbon Tfonoxide
 
Only one canister for the absorption of CO
 

was developed. A diagram of this canister is given below
 

B Agent
 
£ Ca rFon
 

A Agent
 40
 

B Agent
 

This canister weighs approximately 1 Kg and has no type
 
number, Composition of A and B agents are as follows?
 

A Agent Manganese dioxide 70% (by volume)
 
Copper Oxide ~j>Ofl. M
 

Material is approximately 2 to 3 ram in diameter
 
B Agent Calcium Chloride 60#
 

Silica Gel &6%
 
This canister is said to protect for A-80minutes against a
 
concentration of CO of 20",000 mg/mP at a flow rate of 30 1/m.
 
temperature 2 0 o C , and relative humidity 50%
 

(6) Protection against HCN
 
Even though the Japanese knew that their
 

canister gave very poor protection against HCN, they did
 
and were 'ioing little work on the problem. They adopted
 
the use of V^fc brown grain (See above) with 70$ charcoal
 
to increase the HCN absorbing capacity. The Eighth Lab
 
which wcrkerl on charcoal did a certain amount cf work on
 
the addition of netals to the charcoal to increase the
 
absorbing capacity for HCN, but the results of the work
 
were never used. They finally planned to use charcoal
 
similar to that found in the latest captured?. American
 
mask (type unknown) although there are no indications
 
that they knew how to make it, knew what YJP.S in it, or
 
had the materiaIs to use.
 

bu Face Pieces
 
Î"i Design of Facepiecss
 

(a) For different shaped faces;
 
The Japanese Army had masks of only one
 
shape because the shape of Japanese faces
 
does not vary much.
 

(b) To allow wearing of glasses:
 
No change is made in the design of the
 
facepiece to allow for the wearing of glas­
ses, but the glasses are modified. The
 
arms of the ordinary glasses are taken off
 
and a piece of rubber tape is fastened to
 
the glasses and is worn around the heac:.
 



(c) To improve speech 't fan si
 
Little work was carried out on this sub­
ject. A mica plate was attached to the
 
expiratory valve, but this resulted in
 
practically no improvement in the speech
 
transmission properties of the mask.
 

(d) To enable use of binoculars
 
On some of their masks an attachment was made
 
to enable the use of binoculars.
 

(e) For special functions of jobs
 
1. For use in tanks, the canister is smaller
 

than the one with the type 99 mask.
 
2. For the injured, facepieces are designed
 

to cover the head and to be fastened and
 
made airtight at the neck.
 

2« For battle at the "sea side;t the Japanese
 
had developed a hose attachment about two
 
feet in length which contained the valve
 
in the end of the hose. The top of.the
 
hose was tied to the upper part of the
 
head of the waarer.
 

4, For protecting :ishooter in fortress" from
 
high concentrations of gas a long con­
necting tube is attached to the bottom
 
of an ordinary canister and placed out­
side the fortification.
 

(2) Materials used in Facepiece
 
Rubber pressed on cotton cloth was used in the
 

manufacture of the facepiecec
 
(3) Penetrrtion of facepiece and hose by mustard gas
 

Tv;o to three hours are required for liquid mus­
tard to penetrate the rubber. Vapor (200 mg/ro) is said not
 
to penetrate the rubber.
 

c, Carriers
 
Carriers were made out of cotton cloth soaked in
 

aluminum acetate for water proofing.
 
du Tata on latest gas mask
 

See -Table I,
 
e, Comparison of Japanese mask with rasks of other Nation
 

TV _• 'Hewing table gives the information obtained
 
from the Jc p?.i< ;e on this subjects Table II.
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Jc.pan America England Soviet Russia China Germany 

T. unknown 
98 type unknown unknown 

Kind of 95 type 99 type Special no <• i ; unknown unknown A 
—„.—ftako OP . Nippon Kako j~kIne~Saf ty C.B.Gorman 
Fujiicura.Kogy3 Co. I ! Co, ! Co. Co. made 

Holland 
Auer Co 

Ability of -99.80 99.98 99,98 98.80 99*90 99-92 98.Q 87.5 99.90 
filtration (%) 

Ability 
of 

C0CI2 
(cone. 

30 24 148 60 30 65 120 11 20 

Gas 
Absorption 
(Time in CCIJO 50 28 29.6 30 40 

65 120 12.5 15 

Minutss) (colic/0 

HCN 
(cone. 0.2$) 

4 15 
t 

216 100 . 65 ­ 0 

CO 0 0 420 ._ 
(cone. 0,2#) | (360 above) | 

Resistance for fLowing 
air 12-5 10.5 25 15.5 18.5 20 15 

water/30 1./ min. 



f• Information on use and serviceability in the field
 
of the gas mask.
 
(1) Wearability of the mask
 

Tests carried out by personnel of the Army
 
Chemical Warfare School at Narashinb indicated that under
 
hot weather conditions one hour in action was about the
 
maximum length of time that the mask could be worn. The
 
Sixth Laboratory thought that the maximum wearing time
 
was increased by 2 or 3 times if the temperature was de­
creased to ordinary or to winter temperatures.
 

(2) Replacement of masks and canisters
 
It wan first intended, in case of the use of
 

gas, to replace the canisters depending on tho number cf
 
times the2^ had been used. On account of the difficulties
 
encountered in producing enough canisters work was carried
 
out on refreshing their:. The refreshing appai'iti;? consisted
 
of an oven in which the canisters were placed. Then Let
 
air at 12C° was passed in. This procedure had not been
 
used at the end of the war.
 

g<. Gas Fask work at Chichiharu, Manchuria
 
Th3 Chemical Warfare station at Chichiharu, Man­

churia did seme work on gas masks8 Fror. interrogation.: of
 
personnel who were there but are now in Japan it was learned
 
that their most important development in this fiolJ was an
 
emergency mask. It consisted of cotton cloth instead of
 
rubber. Nine pieces of cloth soaked in an impregnating so­
lution were put together and made to fit over the nose and
 
mouth, Two solutions were used for impregnating the cloth.
 
The first was a. solution of hexamethylene-tetra^ine, sodium
 
carbonate-and nickel sulfate or zinc acetate, The second
 
and bettor solution had a composition as fcll.cwL-t
 

Active carbon powder 50 grars 
Zinc oxide 50 - 100 » 
Lire ICO » 
Water 1 liter 

It was planned that air tight goggles would be worn with
 
this mask,
 

h. Research in progress at the end of the war.
pg
 
Japanese realized that their canisters were
Ja in­

the- ,Ame:-?i a  adsorbin  power for HCN
ferioferiorr ttoo the ,me:?icann masks iinn adsorbngg powe f HCN* TThey
 
consequently considered that their main research problem was
 
to increase, the HCN protection of their canisters.
 

m
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2. Japanese Navy tywi
 
In the Navy the research and manufacture of gas


masks were commenced in 1926 by the chemical warfare
 
section of the Naval Technical Institute, Tsukiji, Tokyo.

Changes in design were made as the work continued until
 
the following masks were developed;

Year Kind of Fnsk Remarks
 

1927 2 type, VI
 
1933 93 type, Ml
 
1936 93 type, 1*2
 
1937 97 type
 
1938 9? type For optical work, not manufactured
 
1938 Oxygnn gas mask

1940 Oxygen mask, modified I
 
194-1 93 type, K3(ao sub canister)

1942 93 type, M4(sub canister)
 
1943 3 type Not manufactured
 

5 type Oxygen gas mask " "
5
 
Direct type " "
 

1945
 5 type " "
 
1945
 

a. Development of the Canister
 
(1) Fundamental studies of filtration
 

The Japanese Navy apparently did no fundamental
 
studies on filtration mechanism even though that was a func­
tion cf the laboratory's 2nd Section,
 

(2) Studies of absorbents and filters
 
The chief absorbent filled into the canister
 

consists of coconut pnell activated carbon and granulated

soda lime. After come research it was decided to use the
 
following proportionss

2 type and 93 type gas mask Carbon 7 parts
 

Soda Line 3 parts
 

93 type M2 gas mask and all Carbon 8 parts
 
thereafter Soda Lire 2 parts
 

The composition cf the soda-lime is as follows;
 
Slaked lime - - - - - 67% by weight
 
Cenent - - - - - 21^
 
Kieselgubr - - - 9%
 
Caustic Soda - - - - 3%
 

The coconut shell active carbon was produced by steam activa
 
tioru At the end of the war coconut shell had become so sea
 
rce as to necessitate research on the use of wood charcoal
 
impregnated with zinc chloride. This type carbon never was
 
used in the field, however.
 



The materials used in the filters of the masks are
 
listed below;
 
Year Kind _of mask Material UtI>A^L%IkK Ffficiency
 

1927 2 type Felt 85? 
1933 93 type Ml silk-cotton* filled 94% 

into the canister 

1936 93 typ-3 M2 and silk-cotton and
 
all those there- fiber of moxa mixed
 
after except AS in proportion of 2s1
 
model * and made up as filter
 

paper with lantern
 
shapeo
 

Direct type Silk-cotton and 99^
 
moxa fiber mixed in
 
the proportion of
 
3°,2 and made up as
 
filter paper with
 
lantern shape,
 

""Silk-cotton"is Kapok fiber.
 
The research workers seam to be convinced that their silk-

cotton moxa filter material was the best in existence*
 

(3) Dosages required to penetrate canisters
 
Canisters were tested by passing a 0 •, 5A con­

centration of gas at a continuous rate of 3° liters per
 
minute through them and measuring the time required to
 
reach the break pcintc. This point was determined"!.^ the
 
change in color of an Indicator solution or paper through
 
which the gas was passed after going through the canister.
 
The temperature of the gas entering the canister was 20°C.
 
except in the easy of the testing of CO when the tempera­
ture was regulated to 15°C, The reason for this was ap­
parently to make the CO canister look better than it would
 
have if tested at the higher temperature, The following
 
results were obtained?
 

Time (minutes) required for break point to be reached
 
Gas
 

93 type 93 -ype prasont system canister
 
Ml M2 coconut coal No. 1 coconut coal #2
 

Chlorine > 70 >40 25 20
 
Chloropicrin 90 110 60 - 70 30
 
phosgene 30 35 20 - 25
 
HCN 11 - 13 7 - 8 3 - 5 approx
 

15
 
(4) Protection against CO
 

For protection 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 30^ copper oxide. The 93 type Ml sub canister
 



containing 300 grams of hopcalTce Ms^rSfrdW-developed, rue
 
to insufficient effectiveness it was improved to the 93
 
type M4 sub canister0 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 composed of G0%
 
silica gel and 40^ calcium chloride. At 20°C. it could
 
absorb 9'-v? of its weight of moisture,.
 
Tata on these sub canisters follow.
 

93 type M2 23 type M4 
Weight, grams 530*' ' b*30" 
Air resistance, mrn of H2O 3 - 5 5-7 
Oxidizing capacity5 min 30 •- 40 90 - 120 
Weight of hcpcalite, g. 300 160 - 180 g, and 

80 gs drying agent 
(5) Protection against HCN
 

For protection against HCN a special hopcalite
 
was worked on, but it was never satisfactory enough to be
 
used in service cani-sters* Even though it was realised by
 
the research peor>le that their canistsrs gave very poor
 
protection against HCN, troops were? taught that the sub
 
canister protected tnem. At the same time wcrl: was being
 
carried cut to develop a satisfactory absorbent for RON,
 
At the end 01 the war the coconut coal No.. 2 had been
 
developed. It was made by dipping croinary active carbon
 
into a 30 - 40 percent solution of Cu30jr containing 0^5
 
percent ge.latin, then dipping the active? carbon into a
 
10 - 20£ solution of NanCO^ also containing 0,5? solution
 
of gelatin, a;xl then drying the material, Th: s charcoal,
 
gave 3 to 5 times as mu.jh protection against KCN as the
 
No, 1 t yp e co0 onu+. coal,
 

b. Facepie:er.
 
(1) Des -gn of Facepieces
 

(a) :'-'CT different shaped faces
 
The Navy 2 type gas mask was made with
 
three facepiece sizes. Eighty percent
 
v,-ere medium size and J.OJ? were large and
 
10^ small. This division of si.̂ es was
 
determined after the examination of 5'00
 
sailors1 faces.
 

(b) To allow wearing of glasses
 
No special gas masks for wearers of glasses
 
were worked on. A small amount of wcy."k
 
developing glasses with thin rims and
 
handles to be worn inside the mask was
 
carried out.
 

(c) To improve speech transmission
 
The Navy always has considered speech trans­
mission important and placed the exhaling
 
valve at the front of the mouth to improve
 
this quality 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 especially pood speech
 
transmission properties for commanding
 
officers resulted in the development of
 
the 97 type mask. This mask has a thin
 
rubber diaphragm about 80 mm in diameter
 
placed at the front of the mouth8 It was
 
believed that this 97 type mask was 90^
 
efficient and the 93 type 70? efficient
 
in comparison with voice transmission
 
without mask.
 

(d) To enable the use of binoculars
 
The 98 type gas mask with a round., small
 
eyepiece had been developed for U3«r: of
 
binoculars- It was not m?.nu.tactu.red
 
because it was uncomfortable to we;-:.:r, it
 
allowed no adjustment for distance between
 
the centers of the eyes, and it lacked
 
antidimness<
 

(e) The oxygen mask
 
The Navy developed two oxygen masks- Data
 
on these two are given below.
 

Oxygen GH_S Mask
 

Component Front part Litter 
Part 

Oxygen Sodium Peroxide 90^ KMnO, 80,0^ 
Generating KM11O4 and NaOH 10$ Iron Powder 13^0^ 
Agent about £00 g,, of Ferric Oxide 

cgsnt in the granu­ Mn0P
lated state is filled]\T a2C0^ 
into the canister. Asbestos

 3.0% 

 4.0^ 

4.98^ 
O.78? 

13. 55% 
3.82^ 

Veight 185 g. 
Oxygen produced 8.G liters 1J0 
Fffective life. 60 - 90 min. spprox, 30 rrin 
V/earing weight' 4,3 Kg. 5'o0 Kg. 

4(f) 3 type gas mask
 
This: mask is used for working with broken
 
batteries in submarines and protects
 
chiefly against chlorine gas.. It consists
 
of a canister, mouthpiece, and carrier.
 

£§nlsj::3r Characteristics
 
Weight . . . . . 7 , "0 *\ . . . . "". 0 0 . . 270 grams
 
Breathing resistance (30 1/m). . . . . . . 1? - 20 mm water
 
Absorbing capacity for Clp(C,5/^ per 10" 1/m) 30 minutes
 

(g) Hose mask
 
The facepiece is the same as the 93 mask and
 
is equipped with 4 to 6 lengths of hose each
 
5 meters in length0 Breathing resistance
 
is 3tfira water per 5 meters of hose,,
 



(2) Materials used in face pieces.
 
Naval gas masks are made from rubber, rein­

forced with knitted goods. The thickness of the rubber is
 
as follows?
 
2Z££ Thickness mm..
 

Facepiece Hose
 
2 type 2.J-3.0
 
93 type 2 2,0 - 2-3 2.0
 
5 type 1.6 l.J
 

With the idea of increasing the durability
 
of the facepiece against heat and oil, work was carried out
 
on increasing the carbon black content of the rub be"" w.v;"h
 
favorable results $ however., the information was not used.
 
Near the end of the war the loss of the Japanese sources
 
of rubber necessitated research on materials su-ih as pulp
 
and silk cc'tvton to replace rubber in the mask.
 

(3) Penetration of hoses and face-pieces by mustard
 
More than two hours is required for liquid
 

mustard to penetrate the rubberc No wcrk was done on tine
 
penetration of the rubber by mustard vapor-


c. Carriers
 
At first cotton was used in the construction of
 

the carrier.?o During the war, howevery silk canvss partially
 
replaced the No. 10 cotton canvas<• Fmulsicns have been
 
tried for waterproofing but recently this has been abandoned.
 

d. Data on Latest Gas Kasks
 
See Table II attached.
 

e. Comparison with Captured Ameri can Mask s
 
Since nc records remain, exact information on this
 

subject is ret available* however, the following conclusions
 
had been reached v?oncernin.£ the comparison of their 93 type
 
112 mask with American masks (of unknown model) .
 

(1) The smoke filtering efficiency of their mask
 
is 99'£5%> Consequently5 it was considered superior to
 
other masks,
 

(2) The main canister of the 93 type mask had
 
superior absorbing capacity for all gases except hydro­
cyanic acid* Capacity for hydrocyanic acid was inferior
 
to American g^s rcasks and work on No, 2 active carbon was
 
being carried out to improve this,
 

(3) Sirce the 93 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,
 

(5) The construction of tbe canister and facepiece
 
of the Japanese irasfc didn't allow mass production as readily
 
as did the American mask.
 



f. Distribution of Masks
 
All battle troops and front line auxiliary troops
 

were to te issued masks, but only 60 percent of the troops in
 
the rear and auxiliary troops were to have gas masks avail­
able. Near 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) Tearability of the mask
 

Under moderate working conditions it was
 
believed tl at the mask could be worn for about four hours
 
but only cne hour under severe working conditions, such as
 
continuous gun loading. It was believed that the decrease
 
in efficiency due to the wearing of the maskvas approximately
 
10$ except for the users of optical instruments where the
 
decrease was unknown but much greater. The above are
 
impressions obtained during observations of the wearing of
 
masks. No field tests were carried cute
 

(2) Life of the Mask
 
The deterioration of the material in the
 

facepiece due to mechanical wear was very gre::t0 For
 
example? the facepiece was useless in about one or two
 
years when the mask was worn in engine roomse Research
 
was carried out to increase the durability against heat
 
and oil by using rubber containing carbon black,
 

For gases easily hydrolyzed such as phosgene
 
or chlorine? the absorptive capacity of the standard canister
 
was believed to increase with increase in moisture content.,
 
Hopcalite is reported to lose its ability to oxidize carbon
 
monoxide if over three percent water has been absorbed-

In subcanister No. 4 this defect was avoided by rising a
 
dr3ring agent, If this subcanister absorbs organic vapor
 
such as gasoline, the canister is ru:.nod by overheating.
 
They say that this was experienced of ban 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 development of masks which could
 
be readi.'iy ir^s produced and which used very small amounts
 
of rubber and metal.
 

Lf
 



UNCLASSIFIED
 
B.	 Flame Thrower
 

1- Army Work
 
World v?.r I convinced the Japanese that the flame
 

thrower,would be a very effective weapon; consequently,
 
its development was begun in 1918 and was considered to
 
be one of the Army's most important projects. Two types
 
were worked on in the beginning - a large one to be placed
 
in trenches and a small one to be carried by one soldier.
 
By I926 a portable flame thrower had been designed and is­
sued to an engineer corps* Defects in the units designed
 
in 1926 were discovered, and the M93 flame thrower was
 
built to replace the earlier model in 1933. This model
 
was used in the China-Japanese incident„ Turing tho
 
period 1933 "to 1940 it became apparent that rhe large
 
flame thrower for trenches would be of no value, an3 re­
search en it was stopped. In 1940 the M93 n?ciel was re­
designed a3ain, and the resulting K100 type was distributed
 
to the infantry and engineer corps to be used in the South­
ern and China area during this war.
 

Fxperiments on the mechanized flame thrower were
 
carried out during 1930 to 1934, and a regiment with
 
catapillared vehicles provided witn this unit as its
 
main weapon was formed in Manchuria. In 19375 the I.!96
 
flame thrower, an improved model of the first one, was
 
designed and tested on two M97 medium wei&ht tanks, The
 
mechanized flame thrower is reported to have been used
 
very little in the Chino-Japanese conflict or in the war
 
with the United States , Information available indicates
 
that no resec.rch program for flame thrower development
 
was carried out after 194-3­

The Third Military Laboratory, under the Army
 
Ordnance Administration Headquarters, was responsible
 
for the work on flsme throwerso Sorne work, however, was
 
dene by the Pighth Military Laboratory on the th.icken­
ning of fuels and methods of ignition cf the fuel. The
 
Engineer branch of the Army was responsible for the test­
ing of the .tl?.me thrower units*
 

a. Fu.r;dane:atal p.nd Fnginerring Studies
 
(1) Nozzle Design
 

The Japanese studied the fundamentals of
 
nozzle design "ising models. V^ter to which a colored
 
solution had been added in such a way that streamlines
 
could be seen was passed through a nozzle and the re­
sulting streamlines photographed. These photographs
 
were studied to determine friction loss in the nozzle.
 

The ratio of pipe diameter 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 Researches Made v'ith a View to
 
Increase the Range of Flame Fuel". This Japanese report
 
was not completely translated before being forwarded to
 
the Washington Document Center.
 



20 to 7 ratio was used with the 7 TffiWnfJgjtf. The method of
 
changing from pipe diameter to nozzle diameter was. studied.
 
Changes in range no greater than ten percent resulted when
 
radical changes in nozzle design were raade- In view of
 
this finding no further work was done on this feature.
 

Tt was believed by the Japanese that the for­
mation of spray after the liquid had left the nozzle was the
 
primary factor influencing the range of the flame fuel. The
 
spray tendency 'of the fuel becomes greater as Lhe velocity
 
at the nozzle is increased; consequently, optimum value of
 
pressure for maximum fuel range existedo Several methods
 
to decrease the spray tendency were tried0 The first one
 
consisted of placing a set of fins (4 to P) inside the
 
nozzle close to the back of the nozzle in order to decrease
 
the turbulence,
 

No increase in range using the device could be established.
 
In the second method a needle shaped resistance body of
 
streamlined form having vanes was inserted near the back
 
of the nozcls. As an improvement to tnis a cylinder of
 
diameter one third the main pipe was used to replace the
 
needle shaped body* (The length and exact location can be
 
determined by consulting the report referred to aboveO
 
In the case of the [••100 flame thrower the range could be
 
increased three to four meters at the 2 5 meter range. In
 
all this work wat?r was used as tha test liquid, 'When
 
their standard fl:.:me thrower fuel was used, thoy r eported
 
that the increase m range was not so apparent and that
 
the reason for this was unknown. It was believed that the
 
formation cf spray was due in large part to the difference
 
in velocity between the outer part of the fuel column and
 
the central •art of it; consequently9 it was desired to
 
flatten the --:\locity distribution curve in the nozzje
 s
 
much as possible., The insertion of the objects in the
 
pipe was believed to accomplish this in part.
 

Another method was tried to decrease the
 
spraying tendencjr of .the ejected fuel* An ?ir current
 
was set up around the fuel to reduce the relative velo­
city of the fuel and the surrounding air and thus decrease
 
the disturbance of air and 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
 
was passed through this tube.
 

KIFIEB
 



A diagramatic sketch is shown
 

[ Vg:
 

In the case of an air channel 50 cm, long the range was in­
creased by five meters if very high velocity air is used.
 
It was soon decided that the device was not practical and
 
the research was stopped. In the second method a number
 
of small orifices through which air is forced are located
 
around the fuel nozzle„ Tho results of tests were not
 
promising- (See "Report on the Researches Marie with the
 
View to Increase the Range of Flams Fuel")
 

The main amount of work on nozzle design
 
was done between 1941 and 194-3 • Since that time no
 
systematic studies on this subject have been undertaken,
 

(2) Fuel
 
After a number of experiments it was decided
 

that for a definite nozzle diameter an appreciable increase
 
in range could not be expected by improving the nozzle de­
sign or by increasing the pressure above a certain value.
 
In view of this it was decided that the only practical way
 
to increase the range of the flame thrower was to increase
 
the viscosity and the specific gravity of the flame fuel.
 
The effect of these two factors was consequently studied.
 

A viscous fuel was made as follows; Crude
 
rubber was cut into small strips and added to gasoline
 
(10$ by weight). This mixture is allowed to sr-r.nd for ten
 
days (in the summer) after which time a paste or jelly­
like substance has been formed. The material is diluted
 
to the desired viscosity by adding more gasoline and light
 
oil* The viscosity of the mixture was measured with a
 
Stormer viscosirceter taking the viscosity of water as 1,
 

From tests made with this thickened fuel
 
it was concluded that at any nozzle diameter there exists
 
an optimum viscosity and the larger the diameter the larger
 
the optimum .̂Isc-csitvc With an increase in nozzle diameter
 
and fuel viscosity the optimum pressure increases also.
 
The values for viscosity and pressure for optimum range are
 
given belowo
 
Nozzle Diameter	 Relative Viscosity ££.§££3iH§ Ra
 

(Water I 1, Temp, unknown) kg/cm2
 
m
mm.
 

5 - 7	 3-5 2? 25 - 35 
8-10	 7 30 - 35 40 - 50 
12-14 9	 40 60 - 70 
16 - 20 12	 50 80 - 90 



SSHD
 
Besides rubber it was found that a polymerized
 

soy bean oil could be used to increase the viscosity. Its
 
use was not investigated thoroughly due to the greater need
 
for it as a food product. Fith 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 by 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 these characteristics a fuel
 
containing the following typo components was finally decided
 
upon;
 

(a)	 Inflammable oil
 
gasoline
 

(b)	 Thickener
 
Rubber
 

(c)	 Agent to give high temperature combust­
ibility
 
Al, Mg, or Magnalium
 

(d)	 Stabilizing solution
 
Nitro cellulose solution
 

The specific composition of one of the fuels is as follows
 
in order of mixings
 

Fagnesium - - - - - - - - - - - 1 2 grams
 
Nitro cellulose solution - - - - J cc.
 
Gasoline - - - - - - - - - - - ^ cc.
 
Rubber solution(5$ rubber in - - 10 cc.
 

gasoline)
 
Sulfur - - - - - - - - - - - - l gram
 
NH4CIO4 - - - - - - _ - _ _ 1 0 grams
 
Gasoline - - - - - - - - - - - - 5 cc.
 

Other problems of course resulted when this
 
fuel was used. First the pipe loss was increased which
 
resulted jn jn increase in the discharge time, To cor­
rect this tho piessure had to be increased. However the
 
greatest problem, apparently, was the prevention of
 
separation of the solid materials in the mixture. The
 
first step to solve this problem was to use metallic
 
particles ground fairly fine (50% of 80 - 150 mesh and
 
50^ of 150 mesh and a bove), The next and most important
 
step was the use of a nitro cellulose solution, v̂ hen this
 
was mixed with the gasoline and rubber solution- the nitro
 
cellulose forms hair like fibers and surrounds the metal­
lic particles, holding 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 H2S gas. The use of Al to re­
place Wg .prevented the formation of the HoS, but its
 
substitution was not desirable for several reasons;
 
consequently, magnalium (80 to 90$ Mg) was tried„ The
 
formation of KpS gas was decreased but not stopped so
 
they resorted to coating the particles with nitrocel­
lulose by mixing the zinc with nitrocellulose solution
 
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 fuel
 
of specific gravity 1.00 to 1,05" gave a range 30 per­
cent to 50 percent greater than that of fuel with
 
specific gravity of 0.P5 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.
 

The 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 cone
 
after the development of the cartridge which was used
 
in the fieldc Since information on this subject is
 
already available, no discussion of it will be given
 
here.
 

(b) Electrical
 
In order to develop an ignition
 

system capable of consistently igniting long r-inere
 
fuel of high viscosity, electrical irmticn methods
 
were studied, Although this method was never used
 
for the portable flame thrower ignition, the final
 
solution is shown below.
 

Auxiliary nozzle diameter 2 mm.
 
Source of electrical ignition batteries
 
Spark High tension spark by
 

induction coil
 
Flectrode ^"edge 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 P.P.
 
1000 - 1500 R.F.M.
 

Priming matter Gasoline
 



On opening main cock of Injection pipe,
 
at the time of fuel infection, 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 - £rn.
 

(4) Causes of death by flame
 
No systematic research work v/as d one on this
 

subject. From clinical experience it wrs decided that the
 
causes of death by flame and by burn are identical* In
 
case of high degree flame burn it is reported that most
 
of the patients die of shock within 48 hours , Amori^; the
 
remainder of the patients } risny die of symptoms of blood
 
intoxication within one we&i: after the burn* It is believed
 
that the high degree burn of respiratory organs by inspiring
 
flame is the main reason of deathr
 

No special devices were advocated for protec­
tion against flame, All that was taught was to prevent
 
the flame from contacting the body by ary means available,
 

b.	 Design and specifications Ior the latest model
 
f 1-::.i: e thr ewer ,
 
(1) Portable Flame Thrower, 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 M100 was designed to be vised in surprise
 
attacks on fortifications. It consists of the ejector,
 
oil tank, compressed air cylinder, and miscellaneous
 
accessories^ -'-'he igniter has ten ignition charges, and
 
the throwing and ignition of the fuel can be done by pul­
ling one handle,
 

Data on the flame throwers
 

Range of the flame	 2 5 m,(nozzle diameter 7 mm.)
 
20 m.(no?.zle diameter 5 mm.)
 

Width of flame
 about 3 K•
 
Nozzle diameter
 5 mm, and 7 mm,
 
Throwing time
 10 sec. (nozzle diameter 7 rom.)
 

15 sec. (nozzle diameter 5 mm.)
 
Flame threes:-? fuel
 gasoline 50%
 

light oil 50%
 
Fuel quantity
 about 11 liters
 
Quantity of compressed air about 4 liters
 
Throwing method by compressed air (20 to 2 5 A.P.)
 
Ignition method percussion type
 
Length of the ejector ' 50 cm.
 
Equipped weight about 23 Kg.
 
Gross weight about Jl Kg.
 



(2) Mounted Flame Thrower
 
Samples of the mechanized flame thrower
 

have been taken5 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 movable targets. It
 
consists of the ejector fuel pump, and fuel tank* The
 
pump is a turbine type driven by the tank1s'engine.
 

(a) Data on this flame thrower
 

Range of flame 43 m.
 
Width of flame about 5 n>.
 
Diameter of nozzle 12 mm.
 
Throwing tims 100 seconds
 
Flame thrower fiel light oil (same as the tank
 

running fuel)
 
Quantity of fuel about 750 liters
 
Throwing method by turbine pump
 
Throwing pressure 18 - 20 A.P,
 
Ignition method Semi-electrical type
 
Length of ejector about 1 meter
 

Co Lines of Future Development
 
In view of the great shortage of fuel the
 

Japanese Army had stoDped development work on this
 
flamethrower over a year before the end of the war.
 

2. Navy Work
 
Before 1937 the Japanese Navy bought the Army type
 

flame thrower for their use. They considered this weapon
 
to have the following disadvantages'
 

The total weight was too great for one man to carry.
 
It used either compressed nitrogen or cmpressed air
 
which are both difficult to furnish in the field.
 
It could only be carried on the back or shoulders.
 

After' it became necessary for the ^avy to do most
 
of its fighting on land and with instructions to develop
 
weapons to attack the tank, work, was started at the
 
beginning of 19̂ -5 to develop a flame thrower with the
 
fol 1 owing ch£.r =>oteristicss
 

The total weight should be near 10 Kg.
 
Compressed air or nitrogen should not be used.
 
The method of carrying the weapon should be simple.
 

It had been planned to produce about 40C0 by the
 
end of 1945, but with the war's end none were manufactured.
 
The only model which was constructed was reportedly dis­
mantled and destroyed before the entry of United States
 
forces after the end of the war.
 



a. Fundamental Studies
 
Some work was done on the deŝ r%ilf̂ jjjyihe nozzle,
 

but no improvement over the Army nozzle could be made so
 
a similar one was adopted.
 

The flame fuel is heavy oil mixed with gasoline.
 
The proportions va~?y according to the temperature at which
 
the weapon is jr.- vse.-l, but the optimum viscosity is
 o

not known, T.'?< .:•:.:.?.v'.;j c.i between viscosity and pressure
 
was d etermineJ. at thf- data were destroyed0 besides the
 
oil-gaso.:.:rne : ? carbon clisulfide thickened with crude
 
rubber W A C a.l:-: i,9.i end gave longer range, "hut the supply
 
was not cor.:-.!'. 6 p~? a. o v i c & b 1 e •
 

of the flarc,ethrower ,
 
A Mi:, ^ of the flame thrower is attached as
 

figure "I.
 
Ths ]XC€c)-n\re bottle is made of 1O6 mm« steel
 

plate and i? .i: voided construction. It was tested at
 
kg/cm^ bu'c the ::iaxinroin pressure generated in the
 

bottle is 20 - 23 kg/cm-, The generating system which
 
is separated from the fuel by means of lead packing
 
which is broken whan pressure is generated.
 

At firsc mehiiyl formate and sulfur trioxide
 
were used to generate the pressure,,. When the shortage
 
of methyl format e bec&:.::e apparent,, it was planned, to use
 
water and calcium hydride which was rr.ore readily available
 
in Japan, No 'trouble was encountered with hydrogen ex­
plosion. Ths <"al:.:ium hylride is put in the pressure room,
 
and when pre•?.-•;ure is desired, water is released by punctur­
ing its container.
 

Tha nozzle has a lead sheet cover hsld in place
 
by means of a stcp-per, ir"hen the weapon is fire*'?, the
 
stopper is thrown out by means of a spring and the lead
 
cover is blown off allowing the fuel to be thrown out.
 

To ignite the fuel a frict: on primer is used.
 
A pull match ignites the combustible rubber mix con­
taining magnesium metal and this in turn ignites the
 
flame fnelo Two friction primers are U3ed to insure
 
ignition.
 

The performance data weres
 
Range about 30 meters for heavy oil
 

about ?0 meters for CS2 with rubber
 
Quantity of fuel , 5" liters
 
Fuel ejection time 7 seconds
 
Total weigiit 10 kg. heavy oil
 

12 kg, C S 2
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3. Summary
 

The flame thrower development work which the
 
Japanese have been carrying out since 1918 resulted
 
in three types of flame throwers? (1) The Army port­
able flame thrower M100, which had a cartridge igni­
tion system and used compressed air to expei the fuel,
 
(2) The Army mechanized flame thrower which had an
 
electrical ignition system and used a turbine punp to
 
expel the fuel, and (3) The Navy flame thrower which
 
used a calcium hydride-water generator to develop
 
the pressure to expel the fuel. Work on this develop­
ment was stopped by the Army over a year before the
 
war ended, but the Navy carried on work until the
 
surrender.
 

v»r,-.
 



C, Protective Clothing
 

1. Army Work
 
For a Long time the Army had worked on the develop­

ment of clothing to he worn for protection against vesicant
 
agents. This vzrrl: war. oarr:. ed out by the peoond Section of
 
the Sixth MJli-orv "Laboratory. The description of the work
 
will be broken up iry'co two parts; impermeable clothing, and
 
p e r me a b 1 e c J. o oh j. n £ ,
 

a *	 3*i2.r;c-3-"ricr? ,̂ i.(? C l o t h J n  0 "
 
The 77<".r> c,;i 1 rap ei me able clothing resulted in the
 

development -r: ti:-c [';ulowings
 
(1) Type c,*6, light, which was made out of rubber,
 

silk cloth.; -ro
rl cellophane. The suit consisted of trousers,
 

gloves, overshoes, and a breast cover,, It weighed approxi­
mately 1,200 grams. The mustard penetrating time was about
 
24 hours'(3O°Co).
 

(2) Type 96, heavy,, which consisted of the type
 
96, light, with a e;as protective coat with hood and a
 
wrapping 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 not be sub­
jected to the discomfort of wearing the suit any longer
 
than necessary*
 

Samples of these materials have been obtained
 
and will be forwarded to the United States for examination,
 

b.	 Permeable 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 soap and
 
paraffin« This was worn to protect the skin from the
 
(ihloramine 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 ^Gt) light
 
impermeable protective clothing and a khaki cotton coat
 
with hood, waterproofed to spread the drops and increase
 
the rate of vaporization of ythe material. The total weight
 
of this suit was approximately 2000 grams. It was believed
 
that this suit might be worn for three hours and protect
 
against a Ct of 2000 ing min/m3 of mustard vapor if the
 
suit remained damp.
 



(2) Carbon Impregnated Clothing
 
The laboratory at Chichiharu in Manchuria did
 

some work on the carbon impregnation of silk clothing.
 
General Akiyana who was stationed at that laboratory and
 
has returned, statrd that about 80 grans of activated char­
coal were placed inside of two layers of sll'.v material
 
(for one suit) and that this was heated to 7C - PO°C. at
 
which temperature the fibers soften and the charcoal ad­
heres to them, Field tests were carried out in which per­
sonnel clothed in suits nade of this material stayed in an
 
area contaminated with mustard for an unknown tine. These
 
suits protected the personnel and were considered very
 
promising* Orders were to be placed in Manchuria to pro­
duce some of these suits, but the war ended before that
 
was done. The work described above was carried out in
 
June 1945 and was still in progress so General Akiyara
 
docs not believe that the work was officially reported.
 

2. Navy Work
 
The work on protective clothing for the Navy was
 

carried out by the Chemical Study Department of the Sagami
 
Naval Arsenal.
 

a. Impermeable Clothing
 
The. model 98 protective suit was the latest model
 

developed by the Navy* It consisted of coat, trousers, and
 
gloves made of gas-proof cloth coated with rubber? boots
 
and a carrier. The penetrating tine for vesicants was
 
given as 60 to fC minutes, The suit weighed approximately
 
4.5 Kg. Samples of this suit have been obtained so no
 
more detailed description will be mode in this report.
 

b. Permeable Clothing
 
At Cavite a document marked secret describing
 

the permeable protective clothing of the United Ftates
 
was captured when the Japanese occupied the Philippines.
 
The nature of the impregnating material was not mentioned
 
but the Japanese assumed that it was chloramine T and
 
went to work on the development of a similar clothing.
 

They determined that a mixture of 16^ chloramine
 
T9 8l£ bentonite and 3> sea water soap used to form a 2 ­
3% chloramine T water solution was the best impregnating
 
solution. Underwear made oi' absorbent material is dipped
 
in this solution prior to U3C, A coat is worn over the
 
underwear in orde.c re decrease the rate of evaporation of
 
the water. In tri-vi.'; s "hose suits were more comfortable
 
than the rubber pro-i-̂ ,-: tivr- r.uits. When tested for the
 
effectiveness in v''"--"^­xibing vesicant vapors penetrating
 
the clothing (rabbi"Is covered with the material) , little
 
advantage seemed, to r<: suit.
 



D. Smoke
 

The chief agencies engaged in research on the use of
 
smoke for war nur.i r.ions were the Sixth Military Laboratory
 
for the Tapani3e /rrrny and the Laboratory of Sagami Arsenal
 
for the Jaca:^;:c Navy, In general, this research con­
sisted of "bcs di?v?I;pij.ent of a specific smrMltion, However,
 
two yrcjoocrr doling with fv.nclair.ental re3eareh on aerosols.
 
particle 3:.?.5 ar.'d opgin .
'.;K.>:--î:  were pursued over a period
 
of five y:.i..Ta Lhe direction of the Sixth Military
 
Laboratory t/ lis.rjor Bciragaid and by Professor Sameshima
 
of Tokyo Jniv Certain other laboratories did a
 
limited -an:cur? of ^i: v/irh non-Irritant snro&e munitions.
 
Experiments p 2 :cr..n.irp, 'Co T.JICJ cfjccical use ox smoke were
 
performed a t -j-hcj a^arhino School and will be reported
 
elsewhere (Report on '-'Training in Chemical Warfare, Of­
fensive and Devensive1' , Office of the Chief Chemical
 
Officer, AFPACO This work will be described in the fol­
lowing section, which deals with the research topics in­
vestigated by the above agencies.
 

In brief, it may be said that of the various agents and
 
munitions investigated only the following presented interest­
ing features; self-projecting snake candles; the compounding
 
of DC with celluloid whose combustion vaporized the agent;
 
smoke from the reaction of metallic sodium with bodies of
 
water onto which it was projected5 the compounding of
 
Thiokol and H7$ pressure for oleum-chlorsuifonic acid smoke
 
generator obtained by reaction, of methyl formate with the
 
SO3. '
 

1, Japanese Naval Research Laboratory, Sagami Arsenal
 
fppr.-|- q .nc,,ir,.n_\
 

a. Development of Type 91 Smoke Generator
 
A soioke generator utilizing oieum-chlorsulfonic
 

acid was originally developed as Type 88, (I92P). This
 
was modified zo Type 91 (1931) which was adopted for pro­
duction. The generator consists of fo'jr units mounted in
 
the stern of the ship, each with a storage tank, smoke
 
tank, and nozzle. Compressed air reduced from 150 kg/cm^
 
pressure to less than 10 kg/cm2 pressure forces oleum­
chlorsulfonic acid from the storage tank to the smoke tank
 
as required and fr-on t'oe smo>e tank through the nozzle.
 
This nozzle is of J;hc-? rotating disc type utilized commonly
 
for domestic oil > "rvr.-c-rs., /igent is fed through a central
 
tube and impinges :-j)i too di:-:j v̂ here it is turbulently
 
mixed with cor.ipres.i .i-'̂u o,.r flowing through the annular
 
space around the ao; %r:n:\:- "inVbe-o This compressed air is from
 
the same source as Vnat used to eject tlie liquid from the
 
tank. Eech smoke '•;' •sr-:: ocntains four such nozzles. Opera­
tion is controlled A7on a central control panel located in
 
the fantailo FICVJTJ •:*r this panel to the bridge was unsucessful
 
The total weight of the generator was 2000 kg. and its capa­
city was 1000 kg. of oleum-chlorsulfonie acid of the fol­
lowing composition? SO3 - 57%\ CIHSO3 - 43^; H2S04 - trace
 



Experiments indicated that approximately 5?f^g¥ams of this
 
agent were required per meter length of effective smoke
 
screen^ Consumption of agont and operating capacity thus
 
varied with the velocity of the vessel,
 

be Smoke Bombs
 
Ai-cuna 193C the laboratory experimented with a
 

WP smoke bomb. It was found that this smoke mushroomed
 
up leaving almost no effective smoke screen at sea level.
 
When metallic sciiiiin YJ?.S added, the screen Wc-.s considered
 
effective ±n expeiimerital runs, but the fleet officers did
 
not like to carry sraoiie bombs and no naval smoke bomb was
 
ever s t an.d a r;3x z e d,
 

c v S rf oi-~e C 3 n d 1 e s
 
In ]-93 5 research was undertaken on smoke candles
 

and pots foe use chiefly by naval landing forces.- The
 
following types were developed?
 

Weight Operating; T_ime Ujse Production 

Special small type 100 gm. 5 minutes Training Less than
 
1000/year
 

Small type 400 gm. 50 seconds Training
 
1 kg. type 1,000 gm li minutes Training 30,,0C0 pel
 

id Battle year
 
10 kg, type 10,000 gm. 5 minutes Less than
 

200/year
 
30 kg, type- 30,000 gm. 5 minutes 5,000
 

All of these munitions except the special small
 
type candle used Berger Mixture of the following composi­
tions CC14. - 509' Pc-dered Zn- 2 5?? ZnO - 2C^r Fleselguhr ­.

5%e ici: of the production used CpCl/ in place
 A small f-:aoii/
 
of CCi4 mixed with the other constituents in the same pro­
portions.. The special snail type candle consisted simply
 
of HC packed in a zinc-plated cylinder which accounts for
 
its long burning time. The metal wall of the container
 
melted down with the mixture as it burned.
 

At the clcse of the war the laboratory experi­
mented with self-projecting smoke candles to be used in
 
anti-tank defense, 100s000 candles similar to the Army
 
Type 99 using HC were ordered for August 194-5- Meanwhile
 
the laboratory experimented with the use of chlornapthalene
 
to replace scarce HC and also worked on the use of ''special
 
rubber" smoke candles to save steel (cf* project)., This
 
work was considered successful, but the war ended before
 
the development had been completed. Zinc was also scarce
 
in Japan and at an earlier date the laboratory experimented
 
with the use of iron sa/id« (The beaches of Japan contain
 
considerable quantities of iron ore.) This work was
 
abandoned when it was found that the presence of moisture
 
caused spontaneous ignition.
 



d; Sea Smoke Shell
 
In 1937 -he laboratory worked on "a" shell which
 

could be userJ to rrcviac a smoke screen for destroyers
 
preparing +c attack the enemy with torpedoes, Require-
p
 
ments'w f-y" a .la.-jrc amount of smoke with a relatively
 
short; zavger. i.'h.e fj.n^l design was fo"" -i. shell with a
 
long bcdy.. r:•;.-:.;-:.L!r.ur:i oavity KTA minimura vtz.11. thickness to
 
safely wit^s edi; charge agent was
 
small rne-^r of .ium prssre-i!
 
cal .t:r,r,pe . n a plate ste?.l container built
 
in four ̂ Cf-m ogether, The cylinder was held
 
in the vho.".:. r-.̂i\r:r? cf abase plate attache-i ttoo the
p

casing by f. r pin, At the head of th cylinder was
 
a steel pTf;?.?u^v ]:.L?.ta backed b" a charge cf J31aok powder,
 
A time fu^-- in the none 01 the shell ignited the black
 
pcwd&r resul ting in the release of the sodium metal over
 
the surface of r;bo ocean« The shell was fired from stan­
dard 12.7 cmor 14 cm. puns located in the bow of the destroy­
er. Shells ' ontained 5 kg and 8 kg of sodium respectively.
 
Total w ight of th OJ.s was the same asHE shell, 23 kg
 
and 3P g about 20C 0 m. Only several thou-
kg. Range
 
sands o these Khoils were produced,
 

eo Ground Snxkc 'Shell
 
In .1939 ̂  ohc-.ll was developed which could be 

fired from naval vessels to the shore to protect landing 
forces. These shells contained standard HC mix with the 
addition of NH4OJG4 and noal tar. The agent was pressed 
i n t o a s t e e l civbo which was contained in the shell• A 
black powder ••b^r e in the nose of the shell fired by a 

-fuse ^ o.:?d ignited the smoke cy3J.rj.ier ^hichnose  e j e dd 
burned for a b -rn minutes^ The tubes wcrr; designed 
for use  in s c~rx.:? 3. noGs-fuze shells of tho following 
boress 15 r-^- 12.7 em, and 12 cm, Only several 
hundreds of -:-s<. shells were produ«-.ed •, 

f, De 1v]:-7?iTVfit of 4C Kg. Sir-oke Gonerc: tor (Smoke Box) 
In )•"2 the .1 ̂ boratory was called, upon to develop 

a floating rmrke producer to be used to screen slew-moving 
vessels. Research led to the adoption of a 40 kg smoke 
generator cent-?,inIn5 25 kg, of oieum-chlorsulfonic acid, 
referred to by li&.vf personnel as a"smoke box". The gen­
erator consi-:v3 cf a steel tank with a nozzle similar to 
that used in the Type 9-1 smoke generator eccentrically 
mounted« Directly under the centrally-located cover is 
a can containing 200 cc. of methyl formate. In the center 
of this can is a blasting cap which may be exploded by 
striking a pin in the cover. This ruptures the methyl 
formate- can and permits its reaction with SOo to generate 
CO. This gas develops a pressure in the tan'K sufficient 
to eject smoke agent for about 5 minutes. The pressure in 
the can never rises above 10 kg/cm2. At the end of the war 
this weapon was used chiefly to provide smoke screens for 
air-raid protection of important factories. The pressure 
can was ruptured by a nail struck with a hammer. 



g. Hand Smoke Bottle
 
In 1943 the laboratory deveTOPd/(W^|6ke grenade
 

t 'i b- us id t;> limit enemy tank maneuverabilrBy yby temp­
orarily ; lj.nd.ing the crew. A spherical glass flask 8 cm
 
la dial c-feyr and containing 200 cc of liquid smoke agent
 
war L-.doptec'. Originally the agent used was FM, but at
 
the end of the war oltfum^chlorsulfonic acid was used.
 
V':'th that agsnt, glass wool was added to increase the
 
length wf generation to about 30 seconds,
 

h. Special Rubber Mortar Shell
 
A smoke barrage shell for the 80 mm, trench mortar
 

was developed and produced in 1944 - 1945« The smoke agent
 p p 9 5 g
 
used r "special rubber" compounded of the following com*­
positic;.;; Thiokol - 9*3%i Crude rubber ~ 5%i Stearic Acid ­
C.2^5 Sulfur -0.5% KNO, - 8%; Zn - 27%", C2G1^ - $0%.
 
2C0 grams of this material were contained in the shell
 
uith 200 grains of explosive. The shell was timed to ex­
plodp at a height of 1000 meters 13 seconds after firing,
 
•thfe'steel tube containing the smoke agent being excelled
 
at that time. The tube is suspended by parachute and
 
generated smoke during its descent. The explosive was
 
provided to damage any planes which fouled the parachute
 
lines,
 

:!• Smoke Agents
 
The agent in most general use by the Japanese
 

Navy was oleunwchlorsulfonic acid. This was mixed in
 
various proportions according to the following tables
 

Smoke Agent $ClHSO-> $HQS0A Remarks 

A 
B 

57 

38 
43 
33 
0 
0 

Trace
10 
62 

For general use 
For airplane spray 
For cold weather operations 
Produced in large quan­
tity but not considered 
effective 

Type A was most widely used and-was the mixture
 
for Type 91 smoke generator, 40 kg smoke generator, hand
 
S7:oke bottle. Type E was an improvement developed for
 
spray tanks. In general, Capt, Tsuruo felt that the
 
agents actually filled in the munitions discussed above
 
Trere the best of the possible agents studied for the
 
specific application involved, , He felt that HC was a better
 
mix than Eerger Mixture for smoke candles because the smoke
 
produced over a longer period of time and the filling
 
operation was non-toxic. However, C2CI5 was difficult to
 
obtain. The substitution of chlornapthalene for C^Cl/,
 
already mentioned, did not provide as effective a smoBe.
 



e

Irritant Smokes " 1J ":''''Jj! /.;' '.'
 
In 1941 some experiments were undertaken 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 smoke purposes. A certain amount of F-C was
 
produced at Ssgarni Arsenal and filled into shells and bombs,
 
but the agent was used only for its toxic effect. No ex­
periment r wich other irritant smokes were revealed.
 

2o First Naval Air Technical Arsenal
 
a. Spray Tanks
 

research on the uses of spra}' tanks was undertaken
 
by the First Naval .Air Technical Arsenal at Yokosuka, This
 
research is fully described in "Report on Japan3.?e Navy
 
Chemical Srcoke Tanks1'., Advance Echelon, Far East Air Forces,
 
4 December 1945'» Copies of ztiic report are a'/ailaclt from
 
Air DOoiLTients Division, T--2, • rigtrrt Field, Dayton, uiiio..
 
The research covered the'period from 1933 to 1940'and
 
culminated with the adoption of the Type 99 tank, which
 
was produced in very limited quantities=> The research
 
appears to have bean carried out und'-.r the assumption "chat
 
smoke must be discharged from the tank at the same velocity
 
as that of the plane. It was f.cLt that this resulted in
 
the formation of a screen rather tnan a cloud, In view
 
of the speeds necessary for present operations, no satis­
factory tank was developed by the Japanese Navy, since
 
their best tank could only be used at speeds up to 140
 
knots *
 

3- Si": ::h Military Laboratory (Lt» Colc Ycneichiro
 
Imaok,?., Director of Smoke Pesearches)
 
Vjith the exception of the theoretical work of Major
 

Sakagama and Professor Samejima (described at the end of
 
this section) the wc::k pertaining to smoke undertaken by
 
the Sixth Militar/ Laboratory centered on the- "leT^lopment
 
of specific munitions* These munitions ar^tie:;bribed else­
where ("Capturea Japanese Materiel Technical Reports1',
 
filed at tha Office cf the Chief, Chemical War farce Service,
 
Washington, D.,C4) and are treated but briefly below.
 

a* Smoke Candies
 
Graf a period of years from 1924 to 1930 Major
 

Nobuharu I:n-?.t,r«. developed the various standard smoke candles
 
in use by the J::.-p£>nQse Army. A small Berger Mixture candl
 
was adopted in 1928 as Type 88, This was later slightly
 
modified, and in 1934, Type 94A and Type 94B small,, large,
 
and floating candles (pots) were adopted. The i;A" and
 
"B" refer to the type filler used, "A" being Berger Mix­
ture and "B" HCc Barger Mixture was preferred by this
 
laboratory as the smoke was found to be denser and t<"» be
 
emitted over g. shorter period of time* Berger Mixture was
 
thus used in a^l these munitions, It was found, however,
 
that the CCi.4 tended to evaporate from the floating type, so
 
that HC was used in production after 1940> Since the stan­
dard small carries were considered too expensive for train­
ing purposes, a ''-substitute11 candle of lighter construction
 



dohtaininf less agent tvas ̂ -n^lcped in 193
 
b« Smoke' Generator for Laniing Cj'-aft
 

Engineer Chokitsu Onodera worked on a TiCl4 smoki
 
generator which was to be mounted in landing craft and used
 
to provide a screen for landing operations, Bottles of
 
compressed air; supplied the pressure necessary to expel the
 
fluid from Venturis-type nozzles* Experiments were under­
taken ovror a period of years from 1933 - 1933, The gen­
erator was never adopted as it was found that ordinary
 
smoke pots mounted in the boats proved more practicable.
 

Co Sitoke Generator for Tanks
 
Parallel'"to the above experiments on a smoke gen­

erator for boatsy Col., Take.o Ha-r^ia coaduotoi experiments
 
from 1930-- 1932'on the uso c.f a sinii-r device to be
 
mounted in tanks. This was also riuporsecect '•;/ th? vr.a
 
of smek'a pets.-, which v/ere deemed nore economics..;.« I'ha.
 
equipment v-̂ s later usM as a mechanized flame thrower„
 
Chi or sul f on i o acid and FM were the only agents investi­
gated.
 

do Persistent Smoke Shell
 
A sno'ce shell for the 90 "iin, light trench-nortar
 

was developed by Col. Nobuharu lefrino in the period from
 
1934- to 19J7- This shell was to-preside a mere persistent
 
smoke than the ordinary WP shell developed i;<y t,ao Fiist
 
Military Laboratory, The rhell was, given "Tfls trial pro­
duction number J/!arc I and produced in r.nall quantity by
 
the Second Tokyo Military" Arsenal, It contained six 'small
 
EG smoke candles^ but was not considered to supply a suf­
ficient quantity of cnoke.and so never adoptel,
 

ei, Subs1;:ltut3 for Sine
 
Zinc Wcr.s a critically short material in Japan
 

and the laboratory doû h't to find a siibstiti'ts notal for
 
the production of oinoks candles.? M^.IOJ? Noba!::!-?.:1.; Jwata
 
studied this problen during the years 193^' ~ 19̂ -0«
 
Various materials were studied, including iron,
, g , ,
 
and magne.sit..ri.. It was finally decided tĥ .t TiO^ possessed
 
the best potentialities; but the production of tl'iis material-

was never In ^ifi'jcient'q-uantity to warrant its use in
 
r.un:!t:i.o:is ma.-rifcotiire. The ultimate scures of titanium
 
for thlo app'i.•'.•;•;.:-:Vicn was to be from s-5;̂ !̂ refineries us1 ing
 
beach sand a3 ors, (Beaches in Japan contain a large quan­
tity of. iron and other minerals *) No material other than
 
zinc was u-̂ sd in ac-'cu.a.l' production-o
 

f, Hs..ad 'Smoke lot tie
 
In 1940 Lt« Col. Inaoka developed a small glass
 

smoke grenadea Thi's was modified bylhe Third Military
 
Laboratory, and further work on the grenade for use W:J th
 
HCN was conducted by Major "Akio Sato of the Sixth Military
 
Laboratory.- In its final form, the filled grenade was
 
known as the I:chibi" (I!smallst) grenade and consisted of .
 
a flat-bottomed5 .sphGrical, glass flask 10 cm in diameter
 
with a short neck covered with a steel cap and rubber
 



gasket. It was to be used as an anti-tantf ^elfa&e to
 
"blind" the driver and gunners, and was to be thrown
 
from, a distance of five reters or less.
 

g. Aquatic Smoke Shell
 
In 19̂ -0 - 1941 Fafior I Fata experimented with
 

a shell to lay a sTioke screen over bodies of water.
 
WP and HC shells \nre found unsuitable for this pur­
pose and t-h'-? sxpev iinents investigated the use of metal­
lic sodium which was to produce smoke by reaction with
 
the water* It was found that the speed of snoke gen­
eration could not be controlled and that explosions
 
were likely. For these reasons the runition was never
 
standardized,
 

h. Anti-tank Smoke Shell
 
A shell weighing aoout 4-00C grams containing
 

1000 grars of FM was developed by Ma;; or Sato a.rA Lt,
 
Mitsiush.i en a project started in September 1944- and
 
lacking a I'-dW months before completion at the close of
 
the war. The shell was developed to be fired from an
 
8 cr:i recoil--lees gun at a range of 200 meters* The
 
shell contained no charge, the agent being released by
 
the rupture of a cast iron head upon impact.> The reccil­
less feature involved the use of a sand-bag which was
 
expelled to l:he rear a distance of about 100 meters,
 

i3 Smcke Compositions
 
Compositions of the various smoke agents used
 

in the munitions discussed above are as follows?
 

Smoke A (3erger Mixture)
 
Zn : %
2%
 
ZnO 20^
 
CCI4 50%
 
Diatcmaceous earth 5%
 

Smoke B (HC)
 
Zn 28$
 
ZnO 22^
 

c2ei6 50%
 
for use in floating smoke pots
 
Zn 28$
 
ZnO 20$
 

c2ci6 47%
 

Substitute smoke
 
TiO^
 
CCij
 
KC104
 
Diatom.aceous earth
 

e«if
 
1 ui
 



Liquid smoke
 
TiCl
 

Aquatic smoke
 
Na
 
Mg powder
 

,i o Irritant Smoke Munitions
 
In 193- - 1933 Lt. Col. Imaoka experimented with
 

irritant smoke mixtures and the design of an irritant
 
smoke candle* In 1933 a candle containing DC mixed with
 
granules of pumice was standardised a? Type 93A later*
 
slightly modified to Type 97- Heat for the generat:on
 
of the smoke was obtained by the combustion of charcoal
 
mixed with From 1935 - 193'° work was rJcne wi::h
 
an agent composed of DC mixed with small partic3.es of
 
celluloido The celluloid acted as binder and to produce
 
heat for smoke generation. The mix was used in Type 99
 
small and meanum candles and Type 9? and Mark I large
 
smoke pots. (Mark I was the same as Type 92 except that
 
it included a 2 mm steel plate at the bottom for stabili­
zation when floated on water,)) The manufactu e of tne
 
Type. 97 candl was complicated and expensive bvst it
 

sufficiently
was found that the celluloid mix was not
 
stable for long storage- It was produced only on a trial
 
basis r In 1939 and 1940 Col,. Ichino developed a self-

projecting irritant smoke candle cf slightly different
 
composition. This was standardized as Type 99 ŝ -d Type
 
100 For training purposes a substitute irritant smoke
 
candle was developed in 1932 - 1933 by Engineer Onodera
 
and standardized as Type 93« This candle was filled with
 
CiH and flour.
 

k. Irritant Smoke .Agents
 
In ISrj'l - 1935 Lt, Col. Imaoka experimented
 

with' diphenylofricrarsine, djphenylbrorarsine, and DM,
 
He decided that DC was superior to these? and sc ceased
 
work on other irritant smoke agents* At first DC was
 
considered s very effective agent s ince it penetrated the
 
Japanese znr. .cask* However, around 1935 the mask was mod­
ified by the incorporation of asbestos fibers in the
 
filter. Col, Imaoka claimed that the mask then protected
 
against DC and the agent was only considered tactically
 
for use against unmasked troops. The compositions of the
 
various mixes used in munitions are as follows;
 

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

DC A-Ofo
 
Powdered pumice
 

Heating (eembustion) compound
 
NJL.NO
 



Celluloid Type (used in Type 99, , and
 
large; Mark I large)
 

DC 47$
 
Powdered celluloid
 50%
MgO
 

3%
 
Celluloid Type (used in self-pro.iecting, I-Tark I)
 

DC
 
Powdered celluloid %
 
MgO
 3%
 

1. Fundamental Research Conducted by Professor
 
Jitsusabu.ro Sameshima
 
From 1936 to 1941 Professor Sameshima, of the
 

Tokyo Imperial University, performed some experiments
 
pretaining to the mechanism of filtering smoke particles
 
with a fibrous membrane. These experiments were per­
formed in conjunction with the Sixth Military Laboratory.
 
A description of Professor Samesbi^a1s expeiiments and
 
conclusions is given below.
 

(1) Permeability of Solid and Liquid Smoke Particles
 
An apparatus consisting of a sroko chamber,
 

filtering chamberv and Cottrell precipjtat?r was used to
 
study the filtration of smoke through filter paper. Smoke
 
particles of ammonium chloride were formed by heating
 
of crystals cr b;/ the action of dry HC1 on NĤ -, At a
 
temperature cf 15°C, and at 50%> hurridjly these particles
 
were found tc be solid-, Liquid particles were obtained by
 
bubbling the smoke through water to produce orcol'ets of
 
an aqueous solution of NH4CI which were introduced into
 
the smoke chamber containing an atmosphere ea'-.urc.ted with
 
water vapor« 7hi smoke particles cr-urLt oatL? filter
 
paper, and those passing through to the Cottrell tube
 
(which was fr\md to precipitate the particles completely)
 
were analyzed separately. The samples were dissolved
 
in a standard quantity of water to which given
 
quantity of Ns3-:lerTs coluL'ion was addedadded,, Turbidity
 
"ras risai-.iM'e'I vot.h a Puifrio.h colorine^er. Particle size
 
was datermii'î .i by observing settling velocity with an
 
ultrarnicr'oS'Tope and using the Stokes-Cunningham equation.
 
The experinencs showed that the filter paper permitted
 
the passage of roughly twenty times more liquid material
 
than solid* The mean particle diameter was alrout 1 X 10"
 
cm, the filter paper had a mean of 1*48 X 10~^ cm and
 
interstice thickness of 0opif0 cr, The average filtering
 
rate was 67,7 cc/nin. X cm^ and the a mount filtered was
 
1 liter.
 

From these experiments Professor Pakeshina
 
drew the following conclusions; (1) Sieve action was not
 
significant since the mean diameter of interstitial
 



capillaries was found to be Efoout seven times"£r eater than
 
the mean particle diameter, (2) differences in hydrodynamic
 
action (the collision of solid and liquid particles with
 
filtering fibers) were insignificant, (3) differences in
 
Brownian movement of the two kinds of particles were also
 
insignificanto From this, the theory was developed that
 
solid particles built up in the interstitial spaces,
 
tending to block then while liquid particles rerely wet
 
the fibers and do not decrease free space. The theory
 
was substantiated by further experiments which shov-ed
 
that the resistance of the filter paper increased with
 
the filtration of solid particles of ammonium chloride,
 
metallic oxides, and stearic acic1 while thc-re was no
 
appreciable increase for liquid smokes of phosphoric
 
acid, ammonium chloride, or cieic acid. The permeability
 
of the filter paper for liquid particles was found to vary
 
with the ability of the liquid to wet the paper..
 

(2) efficiency of Filtration of Liquid Particles
 
with Varying Filter Thickness
 
Professor Sameshima use" the same a pparatus
 

as above to tent the efficiency of different thickness
 
of paper in filtering liquid particles of ammonium chlor­
ide, phosphoric acid, and oleic acid. Thickness was
 
varied by using numbers of sheets of filter papnr from
 
zero to five* It was concluded that for smokes of homo­
geneous particle size the following relation holds:
 
cn z coe~kr where cn denotes the amount of smoke raterial
 
and k is a constant.'
 

(3) Effect of Particle Size on Filtration
 
According to professor Saincshir.i: s theory,
 

the filtration of sr oke particles depends on tho col­
lision of these particles with tie- fibers of the filter.
 
The number of coJliGions should depend on the kinetic
 
energy of the pr.rticle and Brownian movements The former
 
should govern filtration of large particles, and the latter
 
that of small particlesa To test this theory, particle-

size of smoke bsiore and after filtration was measured.
 
The amplitude of vibration of charged particles in an
 
alternating electric field was observed by a micrometer­
ultramJ.croscone- (The charged particles wore obtained by
 
heating siecric acid in an electric furnace.) The mean
 
radius was then calculated using the following equations:
 

Ee I 6.-- rv(l / Ai.)- 1
 

and Tv - 2a
 
where E is the field density (6C0 - 700 volts/cm2), e
 
the particle charge (considered to be one electron on
 
the basis cf other unpublished experiments), r is the
 
radius of the particle, v its velocity, T the period
 
(0,8 sec) and a the amplitude of vibration, and the
 
quantity in parentheses is Cunningham's correction factor
 



where A is-a constant, 1 the mean free " tiyfcyM where
 
the value of Al was taken as 9 X 1CT". a v;as "oaken as
 
the mean of fifty readings observed over an interval
 
of 2 - 3 minuteso
 

From the results, it was concluded that
 
the percentage of particles with a radius greater than
 
2 X 10~? decreases by filtration* No conclusions could
 
be drawn about smaller particles <.
 

(4) Filtration of Charged Particles
 
Stearic acid particles (obtained from sub­

limation by heating) were charged by one of three methods:
 
point discharge5 ultraviolet rays, or passing through
 
coal gas flame/ The percentages of positive, ncigrrtive,
 
and neutral particles was determined by observing the
 
drift cf particles toward electrodes by means of an
 
ultrar.;inro.?cope. The percentages of these particles
 
was then observed after the smoke had been passed through
 
a special cellulose—fiber filter, both plain and dyed
 
with malachite green. It was thought that the use of this
 
basic dye might affect the filtration, No significant
 
change- in percentages was obtained,
 

m«, E e s e- a r che s C onduc ted by Ma j or S aka gam i
 
During the period 1936 to 1941, I'-a.ior Sakagami
 

of the Sixth Military Laboratory conducted various ex­
periments on the clogging of masks, the stabilisation of
 
aerosols, and the mecsurerent of particle size, This
 
research is described below.,
 

(1) Clogging of Filters
 
Using a simple apparatus consisting of a
 

glass filtration chamber (volume ca, 1 meter, filter 10
 
cr: diameter) x.hc resistance of the filter to' tfyo filtra­
tion of about 2C0 smoke compounds was studied, Resis­
tance was measured by a U-tubc manom.et-cr and plotted
 
vs. time, a constant quantity of raw frroks material (2 go)
 
being used to generate the smoke in all instances* Flow
 
rate was regulated to correspond to a rate of 30 liters/
 
nin through the Japanese T.yj)e 95" canister* It was found
 
that the behavior of snoke composed of solid particles
 
differed markedly from that of liquid particles. For
 
solido, res'j.c L"a:ice increased rapidly at first but then
 
more 3lowiy? approaching a rather low final resistance
 
asymptotically On the other hand, resistance for
 
liquid particles increased very gradually at first and
 
very rapidly after a period of time. If resistance is
 
plotted vs. time, curves are obtained resembling parabolas
 
whose axis is the time axis for solid smokes and the re­
sistance axis for liquid smokes, The materials were com­
pared on the basis of the lerarjth of time required to
 
establish a resistance corresponding to 1000 mm HpO in
 
the manometer. The best material studied was a mixture
 
of 0,75 gn solid NH^Cl with 1.25 grc lanolin with which
 

ASSIFIED
 



a resistance of 1000 mm was obtainel
 
Experiments were run in a gas*€tefi$bcr with
 

human subjects wearing Japanese Type 95 masks in a con­
centration of about 1000 mg/m3 of a smoke consisting of
 
90$ pine-resin and 10$ NH4C1. In 35 - 40 minutes the
 
resistance was .such that the subjects could no longer
 
breathe through the masks0 The results were not re­
producible., being affected by numerous variables in­
cluding temperature, humidity, and impurities in sr.oke
 
nix. It was concluded that the project was not practic­
able, and the research was discontinued,
 

(2) p.-rticle Size and True Density of Snoke Particles
 
Snoke particle sir.e is usually reasured ty
 

observing settling velocity with an ultramicroscope. This,
 
however, involves the use of Stcke's law (or one of its
 
modifications) which contains the density of the particle
 
as a variable* In order to measure the density of the
 
particle., Major Sakagari used an alternating electric field
 
oriented in the vertical direction-, If the charge on the
 
particle is ne, where- e is the electron unit and n the
 
number of these units, t'<e following equations holds
 

6 /rtVf *', Z 4/3 rVT^p g / neE
 

r,- 4/3?Tr3/og - neE
 

6f]'r(Vf - VJ^, " 2neE
 
I u • *~
 

where Vf and V are the falling and ascending velocities
 
of the particle, in the field, r the radius of the particle,
 
v^the viscosity of air, g the gravitational constant, E the
 
density of the fieldv and/©the density of the particle,
 
The number of the charges' on the particle was changed by
 
bombarding the particle with X-rays and the pain cf the
 
particle was photographed. Since the charge on the par­
ticle must change by an integral number of electron charges,
 
n, the greatest common divisor of the ratios (Vf ~ Vn)
 
(Vf - Vn)o s (VP - V.,)-, J • • O corresponds to a value'
 
Vf*- V

 tfcfor n - 1. " 5
 

For the experiments, particles of diphe:ovl­
cyanarsine, diphonylchlorarsine, and diphenylbromarsine
 
were used* The model value of the size distribution was
 
a radius of 5 - 6 X 10""̂  cm and the range was from. 5 X
 
10-6 to 1,2 X 10"4. The normal (bulk) density was en­
countered in the largest number of cases, but in an ap­
preciable number values of 1/3 and 1/5 the normal density
 
were met,
 

(3) Stabilization of Snoke
 
Snoke particles have a tendency to coagulate
 

which increases the falling velocity of the particle. Co­
agulation was measured for various smokes by measuring
 
concentration with time, using a light source and photo­
electric cell* Coagulation of particles of napthaline,
 



phthalic acid, and soot produced ny1£Mm$MtMjJRvf benzene
 
was readily observable * It was found that ?#w&CLid paraf­
fin was mixed with napthaline or phthalic acid their snokes
 
became very stable This wr.s not effective for soot. No
 
stabilizers could be found for diphenylcyanarsine or
 
diphenylchlorarsine•
 

(4) Mechanise of Smoke Filtration
 
Major Sakagani developed a corplicated
 

theory for the mechanism of sroke filtration, The
 
assumptions are: (1) since the size of the smoke particle
 
is small compared to the free space of the filter, sieve
 
action is insignificant, (2) the particles describe simple
 
harr.onic notion about a streamline (an approximation to
 
provide for Brownina rot ion) •< If the amplitude and wave­
length of the vibration are known, the probability of the
 
collision of a particle with a fiber may be calculated.
 
The probabilities of all stream lines are averarc-d to
 
obtain the effective breadth of texture necessary to
 
filter the particles,, The theory indicates that filters
 
manufactured from thin textures arc more effective than
 
those made from thick textures. The theory was tested
 
by filtering smoke particles with glass wool filters
 
with fiber diameters of 1 - 10 microns. It was considered
 
that the results substantiated the theory,,
 

4, Eighth Military Laboratory (Kaior Taiji Takada)
 
From January to April 194-4, Major Takada and
 

colleagues cf the Eighth Military Laboratory conducted
 
studies on the use of various "substitute" smoke agents
 
and on methods of generating chlorsulphonic acid smoke
 
without pressure• The results of these experiments are
 
summarized below from translations of the printed labora­
tory reports of the Eighth Military Laboratory,
 

a. Fxperin:snts with Smokes from Grasses, Leaves,
 
end Straw,
 
Experiments were conducted with the incomplete
 

combustion (carbonization) of fresh and dried leaves,
 
grasses, and straw. Techniques were developed for area
 
screening from smoldering fires cf these materials. It
 
was found that about 7 - 8 times as much by weight of
 
these materials were required for effective screening
 
than the Japanese standard Berger Mixture. Investigation
 
of resources of these materials was made, It was cal­
culated that 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
 
Siaoire composed of black carbon particles from
 

the incomplete combustion of pools of anthracene and
 
coal tar in small pits was studied. It was found that
 
about 4 - 5 times the weight of these materials was
 
necessary to provide a screen of the same dimensions
 
as the Type 9~4A large smokeLnotj;Berger Mixture)

However, smoke was ^Mfpf | ^ W ^ # ^ %
 



for about one hour. The smoke was also found to be more
 
stable (settled less rapidly) than standard agents. These
 
substitute smoke agents were proposed for ares screening

of military targe *>r. against air attack.
 

Co Measurement of Screening Ability of Various
 
Smoke Agents
 
Measurements were made comparing the effective­

ness of various smoke agents. These were reported as the
 
length of a smoke screen that could be produced v;hich
 
would hs.ve a cross-section of one square kilometer and
 
last one hour, using as a basis air observation of
 
screens from Type 94A large smoke pot (Berger Mixture).
 
Results are tabulated below.
 

Ae;ent	 Length of Color, of £u?_r?,tity Method of 
Standard Screen	 Generatioi Smoke
 

Km	 quired. 
Metric Tons 

1 hite Phosphorus 940* White I.38O Combustion 01 
Explosion

Fuming HoS0A 650* 2.000 Heating or 
Explosion 

380* White 3.400 Explosion 
C2C 16 290* White 4,500 Explosion

260* White 4,800 Combustion 
Berger Mixture
 330 White 3*950 Heating
C1HS0. 230 White Not Given Not Given 
Anthracene 140 Black 9,300 Combustion 
Pitch 100 Black 13.000 Cembustion 
Crude Rubber 100 Black 13.000 Combustion 
Wood Tar 95 Black 13.700 Combustion. 
Napthaiine 88 Black 14.700 Combustion 
Coal Tar 85 Black I5o00 Combustion 
Kerosine or 
Light Oil 84 Elack 15*500 Combustion 
Heavy Oil 80 Black 16.300 Combustion 
Cresol 75 Black 17.300 Combustion 
Gasoline Black 26.000 Combustion 50

Twigs of Japanese
 
Cypress 40 Vhite 32 • 500 Smoldering 
Hay and Straw 30 rhi te Smoldering 42.000
 

* Figures obtained from other experiments.
 



d. Experiments onthe Generation of Chiorsu]phonic
 
Acid Smoke without the use of pressure
 
Smoke irjm chlorsulphonic acid was generated
 

by heat, either from (1) direct heat from combustionof
 
•various materials, or (2) chemical heat ofcombustion.
 
The best formula for the latter was found tc be
 
chlorsulphcnic acid, white phosphorus? and water in the
 
ratio J;6.1?Oo06. Field tests were mado, and it was
 
found that the best screening effect was obtained by
 
direct heating of chlorsuiphonic acid bycombustion of
 
napthaline or anthracene. This produced an effective
 
screen length of 500 meters, and it was calculated that
 
by this method 3 metric tons ofchlorsulphonin acid were
 
required to effectively screen 1 square kilometer- The
 
smoke was grey incolor and was composed ofa mixture
 
of particles from HCISO^ and the heating material.
 

E. Detector Kits
 
In view of the fact that samples of the detector
 

kits developed by the Japanese have been obtained only
 
a brief description will be included inthis report,
 
No research has been done since the development of the
 
standard kits.
 

1. Army Kits
 
The following table includes the informationon
 

the Japanese Army detector kit?
 

Names of 
Parts 

sensitivit 
of £ol:vr 

change Constitutio_r 
and reader*"us 

#1 Used to get off mask for Glass tube. 
Detect­

ing 
Tube 

gases havin  odour. 
CoCl2  / 

ngg nnoo od 
30 mg/m33 

w- y. 

Test ( 
Paper ( 

(alcohol' eL 

Sealed tube 
5̂ H.gCl2 in ale. sol. 

As 50 mg/m3 Glass tube 
w• —> y. ­ b. gel 2g. 

in ale. sol. 

HCN mg/m3 Glass tube
#3
 
y.b. d.bl. O-Tolidin )
 Ale, Sol.
CuAc2 )
 

Sealed tube
 
CH.OK ) ­



Names of 
Parts 

#2 

#5 

#6 

Detect­
ing
 
Paper
 

Note
 

2.Sje, sensitivity, change
 
of color
 

CCl^NO, 50 mg/m3
 
• w
 

CoCl. 50
 

y
 

Lewisite
 

y. > r.
 

N - yperite
 

y. —>r.
 

Yperite, Lewisite, etc.
 
(persistent gas)
 

Red spot on yellowish
 
green surface of detect­
ing paper.
 

1. ys yellow, h: brown, bl: blue,
 
'rs violet, gs green
 

2, ale- sol. alcoholic solution
 
aq. sol. aqueous solution
 

^Mutio_n
 
and reagents
 

Glass tube
 
Silica gel
 

AT
 

H
 

' on
 

Sealed tube
 

T o l u o l v"'
 
Glass tube
 
SiO gel
 
(CH^) N CHO
 
Seaieft tube
 
(CH.).N
 
Toluol
 

Glass tube
 
eel.
 

Sealed tube
 

red,
 

2 g.
 

0.5 g
 

0.01 g.
 
0.1 cc.
 

2 g.
 
OcO2 g.
 

OoOOl g.
 

2 g.
 

1 g.
 

NaCH I5f aq. sol
 

Glass tube
 
SiO2 gol 2 g.
 
Sealed tube
 
NH BiJ^ aq, sol. O.l5cc*
 

(Dithizon 1 - 2 g.
 
(ZnO 30 g.
 
(Yellow pigment 30 g.
 
(Talc 30 g.
 
(gelatin water
 

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.
 

uii
 



Instructions for the use of the kit
 
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 ccirparod
 
with the standard paper and the chance to get off gzs
 
mask is judged,
 

b, Identification of main poison gases,
 
(1) For temporary ga^es (phosgene, chlorpicrine,
 

hydrocyanic acid, and hydrogen arsenide) To'identify of
 
main poison gases, we operate as follows;
 

NOo 2, No. 3 and No, 4 detecting tube are
 
fitted altogether to the rubber stopper as described above
 
and op&rste rubber bulb. Kinds of gases are identified by
 
colors produced,
 

0_v)" For persistent gases (except yperite) No.- 6
 
and No. 7 detecting tubes are used* Two tubes are fitted
 
to rubber stopper at right hand side of ths rubber bulb.
 
Lewisite and N-yperite are identified by color changes.
 

A large detector kit was designed for use at head­
quarters. A description of it may be found in ths Ite
 
££ .tt1.?. S^A^^iLii^ Intelligence Survey i_n <3_£.p?n5 Vol IV9
 

Scientific "arid" TVonnTca 1 Advisory Section, AFPA3, page
 
CW-11-6.
 

2c Navy Kits
 
The Navy gas detector equipment is completely
 

described in Report on i:he £cjLejrtific
 
In Jâ o.ri, Voi'TvJ" AFRAC /'page *CV̂ 2"i»5- ~ Samples have been
 
taken so no details will be included in this report.
 



F. lecontamination Methods
 
1. Army v/ork
 

Research work on this subject has been completed
 
so only the standardized procedures are gl^n.
 

a. Clothes
 
A total of five methods for the decontamination
 

of clothing were approved by the Japanese Army, Fach of
 
these mothers has certain advantages and while the super­
heated steam process 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 period of twenty minutes. It was
 
relatively simple to use this method even in the field,
 
but the fiber of the clothing subjected to this treat­
ment is weakened. This weakening was caused by the
 
condensed water from the steam and acids from the de­
composed gas,
 

(2) Superheated Steam
 
I'-ith superheated steam and ammonium
 

hydroxide, clothing can be decontaminated by ten minutes
 
steaming at 35O°C, In this way decontamination is ac­
complished in a very short time and though ths clothing
 
shrinks, its strength of fiber is not materially affected.
 
This method was found to be the most effective, The M-l
 
Type A, horse-pack type decontaminating equipment? and
 
F-99 Type B decontaminating vehicle were both equipped
 
to use this method,
 

(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 is effective but rather slew considering
 
the large amoui.it of equipment it uses,
 

(4) Sun Light
 
By exposure to sun beams for one or two
 

days in the summer "time clothing can be decontaminated.
 
This process takes a long period and is entirely de­
pendent en ti?e time of year and weather conditions.
 
However, no special equipment is 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.
 



b. Munitions
 
Metallic parts of munitions we"r"e ̂ /£̂ WR. out with
 

a cotton cloth which had been soaked in solvent, usually
 
kerosene. Wooden parts were decontaminated by rubbing
 
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.
 

ce Shoes
 
(1) Solvent
 

The shoes are soaked, in gasoline or carbon
 
tetrachloride for ten minutes and then dried in hot air.
 
This method is effective 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 7f°C. This process is most effective and will
 
completely decontaminate even gas that has penetrated the
 
leather. Also this method does not in.iure the material.
 

(3) Bleaching Powder
 
The contaminated parts are rubbed with
 

either the bleaching powder itself or a paste made of
 
bleaching powder. This is effective only on the gas on
 
the surface and material treated with the powder loses
 
its usefulness*
 

The approved method for shoes 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 quantities of water served to hasten the action
 
of the sun and wind,
 

Handles , doors or anything which was necessary
 
to touch was wiped out with kerosene, carbon tetrachloride
 
or bleaching powder paste» If none of these materials
 
were available, water 'could be substitutedf. For the
 
inside of rooms vaporization by fuming charcoal was
 
recommended,
 

e. Airplanes and Airfields
 
Body ^arts and wings were decontaminated with
 

water or szi'lc '̂cr the motor and machine parts kerosene
 
or carbon totrachloride were used.
 

Bleaching powder was effective when scattered
 
over the ground, If bleach was not available, covering
 
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) Old Type
 

Potassium Permanganate 60fc
 
Magnesia 40$
 



(b) New Type
 
Chloramine I
 
Talc
 
Zinc Oxide
 
White Clay 555
 

Both of these decontaminating agents were
 
issued in metal containers with a cloth ba£ for carry­
ing, ICO 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 actual use was bleaching mowder* It was
 
issued to the soldier in a ruVber 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 cf the five pieces of gauze included in the
 
pouch. Than the bleaching powder was mixed with water
 
and applied to burned area. This mixture was to be
 
rubbed 30 times to insure thorough decontamination.
 
Immediately after rubbing, the bleach was washed offr
 
If gas could still be noticed by odor on the skin the
 
procedure was repeated.
 

(2) Experimental Protective Ointment
 
(a) Anthranilic /cid Methyl Ester
 

In the attempt to discover a more ef­
fective ointment for the treatment of mustard contamina­
tion experiments were conducted at the Army Medical
 
School and at the Sixth Military Laboratory, Besuits
 
of these tests "showed the methyl ester of anthranilic
 
acid to be effective«. If applied within the first two
 
minutes after contamination, it has the same decontaminating
 
effect as chloraMine-T. In the event of a ia-pse of time
 
of over tv;o milmrccs between the contamination and the
 
treatment anthranilic acid ester is considered better.
 
It was fou:id that chlcranine-T has a beneficial effect
 
on a burn up to five minutes after contamination while
 
the acid may be used with beneficial results up to
 
thirty rcinu'1..= - Even when applied as late as one hour
 
after conta-:;.nation3 

it reduced the size of the burned
 
area. Meoioj.I officers were notified of the effectiveness
 
of this compound, but no production of this product was
 
undertaken,
 

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

Five mgSe of mustard gas were dropped on
 
the sheared backs of albino rabbits and at varying times
 
the area was rubbed with wool saturated with anthranilic
 
acid. The following results were obtained. Five rab­
bits were used in each group.
 



% 
Grouj D Elapsed 

Time 
Degree of Swelling o f %  ̂ 
1 hr. 3 hr. 6" hr. 10 hF. 24 48 hr. Effect 

I 3 min.
 
II 5 min«
 
III 10 min.
 
IV 15 nin.
 
V 20 min. /

VI 30 min.
 
VII 1 hr.
 
Control-No Rubbing ­

(2) Human test
 
The doctors and their assistants participated
 

in the test voluntarily. In the first experiment 3 r-£< of
 
mustard was dropped on the inside of their forecrrcs and
 
ten rainubes later the area was rubbed with anthraniiic
 
acidr In the second phase the time element remained the
 
same, but the amount of mustard was increased to 3 ̂ g*
 
Results were read from 24 to 48 hours after the application
 
of the mustard,
 

USE OF o3 OF MUSTARD
 

TOTAL EFFECT
 
PARTICIPANTS NO YJOTJND OR ;i mm, j SMALL B.uISTER ,LARGE
 

SLIGHT FPFFA.RUBFLLA 4
 |pp REMARKAELE RUBFL4BLISTER
 
! iOR EDEMA !LA OR .EDEMA ! 2 cm.
 

10 l 1
 

USE OF 3 rig, OF MUSTARD
 

TOTAL L EFFECT
 
LARGE.
 PARTICIPANTS"- HO frOUND CR .RUBELLA MANY BLISTERS
 

BLISTER
 iSLIGHT EDEMA!OR EDEMA; 1 - 2 mm.
 
2 cm,
 

20 ^ ! 6 1
 
CCNCLUSIONCDRA^N BY TPIE JAPANESE)
 
Anthranilic acid m.ethyl- 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 minutes after contamination.
 



g. Gas Proofing of Buildings
 
The problem of gas proofing any portion of a
 

typical Japanese building presents difficulties due to
 
many openings and lightness of construction, i'he follow­
ing conclusions were reached on the subject but no large
 
scale application was ever attempted. First the most
 
suitable room in the house is selected and then made air
 
tightc Larger openings, as doors and windows. are sealed
 
by double buffer plates using wood, f̂ .lt and rubber sheets.
 
Windows are sealed using pa^er or oil clay« When it is
 
possible to obtain them, filter boxes and ventilators
 
are installed0 A higher pressure of purified air is
 
kept inside the room thus preventing the low pressure
 
outside air I T en entering,.
 

hu Dugouts and Caves, Gas Proofing
 
There were no special measures for use in the
 

field for protection against gas* It was expected that
 
the individual soldier would wear his protective clothing.
 
Entrances to caves and shelters would be closed by wooden
 
plates, rubberized cloth, or any other means at hand.
 
These measures were intended only as temporary ones. It
 
was realized that filter boxes and ventilators were ne­
cessary, but they could not be made available„
 

As a result of this shortcoming special research
 
was carried out regarding the use of .special gas proof
 
cloth* This special cloth is one that h?s a layer of
 
powdered activated charcoal covering ;-.iIk cloth, Py
 
experiment this cloth was found effective against mustard
 
gas.
 

i. Gas Proofing Tanks
 
Research on this subject was carried out about
 

ten years ago* It was never carried past the experimental
 
stages»
 

Principle involved was that by maintaining a
 
positive pressure of 2 to 3nm. inside the tank the gas
 
in the outside air could not enter, Purified air for
 
inside the tank v/as passed through a filter box using
 
an air blower, To maintain this pressure inside the
 
tank large quantities of air were needed and the necessary
 
equipment to control this could not be fitted into the
 
limited space In the tank.
 

2, Nary Fork
 
Research on this subject was done by the Naval
 

Laboratory at Sagami Arsenal and resulted in the standardiza­
tion of six agentso Of these agents, number five was the
 
only one available in sufficient quantity for actual use.
 
Research was net pressed, for the production lag caused
 
disinterest in research* The newest ointment T-Toyaku was
 
not listed by the Japanese with the other decontaminating
 
agentso It contains 10$ of gum mastic and 90$ of water
 
glass.
 



Decontaminating Agent #1 contains 150 gra#s-j$gi potassium
 
permanganate. It is used with decontaminating agent #2,
 
Decontaminating Agent ='2 contains 1000 grams of scaly
 
sodium hydroxidev 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.
 
Decontaminating Agent #4 contains 10 grams of chlorine
 
dissolved in 40 grams of carbon tetrachloride. V'hen the
 
bottle is broken, this agent reacts with sneezing and
 
blister vapors and neutralizes then. One vial per
 
thirty cubic meters of air was recommendedtt Decontaminating
 
Agent #5 contains 16$ Chloramine-T, ?1% Bentonite and 3$
 
of Sea water Foap. When mixed with twice its weight of
 
water it formed a cream to be used on the bo:lyo ^ben
 
mixed with three times its weight cf water, it formed
 
a cream to be used on clothes to decontaminate blister
 
agents. Research on this agent centered about the minimum
 
amount of Chloramine-T which would be effective against
 
blister agentst Decontaminating Asent #6 contained %
 

Decontaminating Agent 10
 
1st Reagent - Hightest bleach 1 Gn.
 

Barium peroxide 8 Grc,
 
Ferric Sulfate 9 Gr..
 

2nd Reagent - Calcium carbonate 8 Gn,
 
Active-Carbon 4 Gr.
 
Filtering Bag 1
 
Filtering Cloth 2
 
Detecting Tube 25
 
Test Paper
 
Test Tube ' 1
 
pincette
 
Color Comparison Table
 
Accessories
 

Arsenic compounds precipitate by producing additive
 
compounds with ferric ion or by coprecipitation with
 
colloidal ferric hydroxide. The detecting tube contains
 
a sodium lead alloy which forms arsine in the test,
 
The test paper is a mercuric bichloride paper which
 
changes cole::1 in the presence of arsine.
 

Interviews with Japanese Naval research leaders
 
indicated chat Chloramine-T or bleach had been accepted
 
for all decontamination procedures, for personnel, clothes,
 
munitions, and ships* It was impossible for the Navy to
 
obtain sufficient Chloramine-T for distribution, and
 
bleach was the only available decontamination 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.
 



The Navy was disinterested '^Tfs^i$^vM0firit buildings
 
for land based personnel, Certain sectionŝ â ,.-'their
 
larger ships had collective protectors. The compartments
 
of ships are gasproof in nature, but the entire ventilation
 
system would have to be made into a giant collective pro­
tector to completely gas proof the ship. As this was
 
practically impossible, some of the vital control rooms
 
were gas proofed with collective protectors. The other
 
parts of tha ship would have to be decontaminated if
 
necessary,
 

3. Protection Methods in the Imperial Pa.lace Grounds
 
An investigation was conducted in the Imperial
 

Palace grounds to determine the protective methods
 
against gas attack used th?.re> A report on this subject
 
will be submitted after tha information obtained has
 
been translated.
 

G, Toxic Chemical Agents
 
Introduction
 
For over twenty years the Japanese Army and Navy were
 

independently engaged in work on toxic chemical agents.
 
This work has included the search for new agents, the
 
production of agents, and studies on the toxicities of
 
the - compound So The main amount of work was do^s between
 
1930 &n3 19^1 with the greatest effort being expended
 
in 1935* After 1941 the search for new Pgents was in­
tensified.. After the beginning of the war with the
 
United States the Japanese requested information from
 
the Germans concerning new toxic agents. The Germans
 
revealed that the Russians had a nitrogen mustard and
 
phosgene oxime, but they did not disclose any information
 
concerning their own agents,
 

The subject of agents is covered in "Report on
 
Scientific Survey in Japan" Volume II? dated 1 November
 
194-5" by the Scientific and Technical Advisory Section,
 
AFPAC. Certain material from that report is included
 
in this one for the sake of completeness.
 

1. Agents used by the Japanese
 
Tx̂:8 Japanese Army produced or had plans for the
 

production of t.'ie following toxic agents;
 
a. Mn.vbard (dichlorodiethyl sulfide)
 

(1) Thiodiglycol process
 
(2) Sulfur chloride process (distilled)
 

b. :lNon freezable mustard"
 
c. Lewisite
 
d. Phosgene
 
e. Hydrogencyanide
 
f. CMcracetophenone
 
g. Diphenylcyanarsine
 



Whenever bombs were filled with vesicants, a
 
mixture of mustard and lewisite (50 - 50% by volume)
 
was used in order to prevent the freezing of the agent
 
at low temperatures. It was planned, however, to re­
place this mixture with the non freezable mustard when
 
adequate quantities of it became available.
 

The '*non freezable mustard11 was a mixture of the
 
various chloroethyl, chloropropyl, and chlorobutyl
 
sulfides. It is variously reported to freeze from -20°C.
 
to -35°C
 

The Japanese Navy produced the following toxic
 
agents?
 

a, Fustard (thiodiglycol process)
 
b. Lewisite
 
Co Chloroacetophenone
 
d. DIphenylcyanarsine
 
For filling bombs the Navy thickened their mustard
 

by adding 7% polyvinyl chloride and 2% methyl methacrylate.
 
They did not mix mustard and lewisite to prevent freezing*
 

Samples of these materials have been obtained and
 
are being forwarded to the United States where all the
 
necesssry analyses may be made* The Japanese have not
 
been able to furnish satisfactory analytical results*
 

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

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

2. Search for new toxic agents
 
The Japanese Army expended ruch effort., time, and
 

money in trying to discover and develop new toxic agents.
 
Considerable attention was given to the relation of cer­
tain molecular groups to the physiological activity of
 
the toxic materialo It is reported that no useful cor­
relation was obtained by this work* In addition to the
 
work being done at the Sixth Military Laboratory a group
 
of "workers e.t tno Osaka Imperial University were engaged
 
in looking foe new agents« A list of 1000 compounds on
 
which work was done has been obtained and was safehanded
 
to the Chief, Chemical rarfare Service. A copy of the
 
document does not exist in this office and cannot be
 
appended to this report but certain information obtained
 
from the document is summarized below. The list of
 
compounds synthesized and tested include the following.
 

a. Inorganic compounds
 
b. Organic halogens
 
c. Nitrils
 
d. Isonitrils
 
e. Isocyanates
 
f. Phosgenes
 
g» Mercaptans
 



h. Ketones
 
i. Organic sulfides
 
j. Amines
 
k.Nitro compounds
 
1. Nitroso compounds
 
r. • Organic fluoro compounds
 
n. Organic metallic compounds
 
0. Organic selenium compounds
 
p. Organic arsenic compounds
 
q. Phosphines
 
r. Alkaloids
 
s. Proteins
 
t. Oximes
 

Cyanogen chloride was studied and toxicological tests were
 
made, but apparently no further consideration was given it.
 
Many amlc^ues of mustard including sesqui mustard were
 
studied but none were considered superior to mustard« HN~3
 
and its hydrochloride were studied, but HN-1 or HN-2 were
 
apparently not considered. Nicin and acotine were con­
sidered as agents for darts, meta nitro phenyl dichlorarsine
 
was studied, and so was nitroso methyl and ethyl methane,
 

It is believed that the Japanese did no 7/ork on
 
agents of the trilon group . From the information available
 
it is also believed that no work was done on
 

a. Cadmium compounds
 
b. Fiuorcphosphates
 
c* Fluoroacetates
 
do Phosphine oxides
 
The Arr-y concluded fron their work that none of the
 

compounds which they had studied were better than mustard,
 
lewisite, phosgene, or hydrogen cyanide. They did believe,
 
however, that th? chloracetyl derivative of p;oracresol was
 
twice as effective as chioroacetophenone (It v/asn't manu­
factured due to the shortage of the necessary raw materials,).
 
They also st?.ted that they did not believe that any country
 
had developed tor.ics superior to the above compounds* For
 
further information on the compounds tested by the Army
 
such as structural formula, state, boiling point, freezing
 
point, e.r-d cozicities the list of 1000 compounds worked on
 
by the Japanese which is now in the Office of the Chief,
 
Chemical "Warfare Service, Washington 25 D9C. should be
 
consultedc
 

The Navy did not make as extensive a search for
 
new agents as did the Army, They reported that in all only
 
about 100 new compounds were synthesized. These are listed
 
below.
 

1.	 Br ph o-Nitrobromobenzylcyanide
 
CH
 



2 .

4 .

6. 

7. 

8, 

9. 

10. 

1 1 . 

12 . 

1 3 . 

15 . 

16 . 

17 . 

18 . 

Br CN 

rYo2 

Br CN 

0 
CiuCH2C00

CN,CO2CH3 

ICH2«C02

C00 9 Et 
CH 
C02Ft 

CH^Cl 
c 

CH2CI 
A 

•NO,
 

BrCN
 

CN
 

H4Fe(CN)6
 

,:: V 

n-Nitrobronobenzylcya*riid«
 

p-Nitrobrorcobenzylcyanide
 

Bronobenzylcyanide
 

Et 

Et 

Piphsnylarsinebronide
 

Dirhenylarsine fluoride (difficult)
 

Cl q
 
Tetrochlorodinitroethane N0o—- C — C
 

^ Cl Cl
 

Chloropicrin Cl C N0 P
 

Cl
 

Hexachlorodirnethyloxalate
 



19.


20.


21.
 
22,
 
23*
 
24.
 
25.
 
26.
 
27.
 
28.
 
29.
 
30.
 

32c


33.
 

3 4 .

3 ^
36.
 
37.
 
8
 

40,
 
41.
 
42.
 

5
 
46*
 
47.
 
48.
 
49.
 
50.
 
51.

52,
 
53.
 
54.
 
55.
 

 Diphosgene 

•0CC1. 
 Hexachlorodianethylcarbonate	 CO
 

'0CC1.
 

CICHsCH AsClp - C0C1 composition unknown
 
BroKolowisite
 
Fluorolewisite (HF) Very good
 

Flucrolewisite / N0C1
 
Brorolewisite •/ NO01
 
Diphc-ny.lch.br oar s Ine
 
D i phenylbr onoars ine
 
Diphenyliodoarsine
 
Diphenylcyanoarsine
 

 Tctrachlorophenyldichloroarsine
 

Cl
 

 S. 

o-To.luyldichloroarsine 
r'-Tc: uyidichloroar sine 
p- •TcJ.uyldichlorcar sine 
o-Chlorophenyldichlorcarsine 
r-Chloropbenyidichloroarsine 
p-Ch.Loropherr'idichlcrcarsixie 
o-Bronophenyldichloroarsine 
u -LTOL:Cphenyldichloroar sine 
p -:-o:oirc-phenyl d 1 chlcroar3ine 
~::-Kaphthyidichloroar sine 
B-Naphthyldichloroarsine 
Sv'CfJUCHoCl)P 
S(CH^CK5F)2 

( p ) p 
S(CH2CH2I)2 
Chloroacetophenone 
o-Nibroohloroacebophenone 
r:-Hitrochloroacetophencne 
p-Nitrochloroacetophenone 
Dichlorodinethylether 
Dibronodinethylether 



56.	 Diiododircethylether (negative)
 
Methylaninedichloride C H V N . C 1 2
 

58.	 Perch 1 ororiethylnercaptan ^
 
59.	 CH2»OK„CHO Acrolein
 
60.	 Phenylcarbar:'*inechloride
 
61. Kiethyldichlor oar sine
 
62, Ethyldichloroarsine
 
6-«. Propylxlichloroar sine
 
64.	 Butyldichloroarsine
 
5 Aryidichloroarsine
 

66.	 .Hydrozinehyarate
 
67.	 Cnl Z'Toar; st one
 
68. Eroro^cetone
 
69- lodcacetone
 
70. Chlcronethylr.ercaptan
 
71, Dichlorodipropj^lsulpnide
 
73- Chloroethylnercaptan
 
74.	 Fthylchlorsulphate
 

M e thyl r-.hlor c sujj.pha t e
??.
 CICHsCH AsS (Ship Paint)

76.
 ClCHClCH22sCsChh AsAsOO
 
77 <. Diphenylarsinesulphide (Ship Paint)

78, I'iphenylarsine organic acid derivatives (Ship Paint)

79­ Diphenylarsine ferrocyanide (Ship Paint)

80o
 Diphenylarsine ferricyanide Tthip Paint)

81f Phenylphosphcrousdichloride Cdidn:t cone out)

82.
 Dichiordiethylsulfone and its derivatives
83.
 Trichlorotriethylarsine, HC1, K3r AsCl^ salts,
84.
 

Fiid its derivatives
 
5̂  Br 01' cpicr in Br ^ . C • NOp


86, Chi 07 a1 C 01::pcunds
 
S7> Dich.'.orvinylarsinchloride (cyanide)

8P, Ph o?gene oxin9
 
89o Kydrooxylarsine
 
90, Tetranitrcdichloroethane
 

Their comnents on the compounds tested are as follows:
 
a- N.1i"rc-d.erivatives of bron-benzyl-cyanide only
 

slightly in-;;p.ase the Isohryrr-atcry efl'ect. They all are
 
irritatir.g 1 :̂ the skin and all decorpose in contact with
 
oetals (except lead). The synthesis was difficult, so it
 
was concluded that the bron-benzyl-cyanide was preferred.
 

b 0 In CN compounds the toxicity depends only on the
 
CN groups, EON, 3rCN, C1CN sometimes explode spontaneously.
 

c, Halcsens-acetic acid esters caused soi^e lachry­
natory action, but this was reported in the literature.
 



HC As —
 

2 5 ~ a -)
 

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

e.. Scr:e nitrb derivatives of benzyl chloride, o-

compound give skin irritating a ction, but they tend to
 
decompose in contact with metals. The lachrynatory
 
effect is net inproved.
 

f, Cyan-adarsite hydrolyses easily and is decomposed
 
by explosion.
 

go H4Fe(CN)/ produces the theoretical arount of KCN
 
when heated slowly, but carbonizes when heated rapidly-


h. In the diphenylarsine series, the fluoride ?.ras
 
difficult to synthesize• Others showed no difference in
 
properties from the chlororcyan corpounds.
 

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

,j * In the phosgene series the lung irritant action
 
depends only on the amount of phosgene produced, 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 CCClp and CO on the burst of the munition. The
 
odor of phosgene homologues increase with increasing
 
molecular weight.
 

k, Lewisite (primary) C1CH—CHAsClp and its homo­
logues were mixed with N0C1 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 gradually decomposed. It was easily hydrolized.
 

1. Halogen substitutes of lewisite, the fluor
 
compounds, C1CH—CHAsFp were the most active with regard
 
to toxicity, stability, and humidity.
 

m» Jiry-arsine dichlorides were prepared but none
 
were better than phenyl arsine dichloride.
 

n. The bromo and iodo acetone were better than the
 
chloro compound, but none was as effective as chloroaceto­
phenone«
 



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

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

q. Methyl amir.e dichloride decomposes .in such a
 
way as to produce probably polymerized HCN products
 
which decompose in some cases violently.
 

r, Aeroleine and crotonylaldehyde were not good
 
lachrymators,
 

s. Methyl and ethyl arsine dichloride are perhaps
 
better agents than leTJisite but the lack of production
 
equipment dictated that they not be manufactured, Brcino
 
compounds have too low a vapor pressure, Ioclo compounds
 
decompose too easily. The propyl or amyl arsine di ­
chlorides are toe active and have too low a vapor pressure.
 

t- Pichlciodipropyl sulfide has low vapor pressure
 
and proved to be a good persistent agent, Its vesicant
 
toxicity is -J- to 1/3 of mustard, but it is sometimes
 
mixed with ir-ustard to lower the freezing point.
 

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

Vr Dichlorodiethyl sulfone and its derivative is
 
not as easily decomposed by bleaching powder as mustard
 
but they are not as toxic and are solids,
 

w, Trichloro-triethylamine and its salt (HClAsCl^
 
C1CH CKAsClp were thought better than mustard even ^
 
though it is less toxic because it is not easily hydro­
lized, it lacks odor, and is difficult to decontaminate.
 

x, Dichlorodivinyl arsine chloride and cyanide
 
were not effective as diphenyl-arsine compounds,
 

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

The Navy concluded that all things considered no
 
new agent superior to mustard, lewisite, chloracetophenone,
 
hydrocyanic acid, and dlphenylcyanarslne were studied and
 
planned to produce only those compounds,
 

3. Stabilization of Agents
 
^a tests indicated that mustr.rd manufactured
 

by the tbio-ij.glycol process, lewisite, phosgene, chloro­
acetophenone,; and diphenyl cyanarsine were stable. Con­
sequently, no work on the stabilization of these materials
 
was carried out by the Japanese,
 

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 United States,
 
copper became difficult to obtain, and work on the
 



development of new stabilizers was initiated. Due to the
 
explosion of some copper-stabilized HCN filled containers,
 
some dissatisfaction with copper existed so a better
 
stabilizer was desired at the same tine. Besides the
 
work which was done at the Sixth Military Laboratory
 
certain professors at the Osaka and Lyoto Imperial
 
Universities were put to work on the problem,.
 

HCN ic; believed to be unstable if alkaline
 
materials re suiting from incomplete purification of the
 
HCN arc present, Water in amounts greater than two
 
percent was believed to make the material unstable!.
 
Quantities less "chan two percent were not considered
 
harmful., Recently cxygen was suspected as the cause
 
cf the instabiliv,yo The Bakelite used to coat the in­
side of some munitions if not properly hardened was
 
believed to be deleterious, but otherwise it was con­
sidered to have :;.o effect- Metallic materials .such as
 
iron, tir>? and copper were believed to have no bad ef­
fects and, particularly the case of copper, they were
 
considered to be beneficial. Load is believed to be
 
detrimeircal to the stability of HCN, Fork on other
 
metals such as aluminum was done, but the records
 
were burned and the results of the tests are vo'c known.
 

Experiments with the following materials (3
 
percent by weight added to the HCN) were carried outs
 

(1) Acids
 
H0SO : pel: ClHSO.s HNCKr CH.COOH; HCOOH?
 

(2) Dehydrating agents	 J
 

CaClo? Active carbons Silica gels Alumina
 
(3) Smoking Agents
 

A-c: t SnCl.: TiCl4
 
(4) Organic	 solvents
 

CTiOIo: CC14; C6H6" C6E,£H.
 
(5) Copper gauze, copper p̂ vcier
 
The following conclusions were made from, the
 

& bove exp er im e nts%
 
(1) The best stabilizers
 

HpSO4, AsCl^o copper gauze and copper powder
 
(2) Trie fair	 stabilizers
 

HC1, HCOOE, CaCl2
 
(3) None of the others v;ere satisfactory
 

It should be noted that these experiments were carried out
 
in glass.
 

In the case of copper as the stabilizer, storage
 
tests indicated that the HCN was stable for approximately
 
five years if the copper was of sufficient purity* The
 
use of AsCl-} was believed to make the HCN stable for three
 
years. Storage tests on this material have not been
 
completed so its actual value is not known. Work on the
 
use of S0o as "che stabilizer was started late in the war.
 cL
 



When two percent was added to the HCT,"ciliA#ated aging
 
tests Indicated that the material would be stable for
 
three to five years, (It was considered by the Japanese
 
that ICO hours at ^0°C, was equivalent to three years at
 
room temperature) Tests were carried out in which HCN
 
containing two pcrcc-r,t SOo was stored in shells for two
 
years. After tb:.s time tne contents of the shell had
 
not changed 'in c\:0!or :--.nd no precipitate had fcnr.od.
 

From tb.ls work it was concluded that SO^,
 
ASCI-., and corpcr are Lhe best stabilizers for KCN
 
with^SC-Q being the preferred one. It was further con­
cluded ^hat the 1 }.JLC cf the stabilized agent was from
 
three to f^ve yer-irs,
 

The JcLc-riese had a policy to redistill the HCN
 
every three years, but such a procedure had not been put
 
into el'icvc before the war ended„
 

lhe Japanese Navy has done only a small amount
 
of work on the stabilization of HCN. As'-]o (5 - 10$ by
 
weight), was added to the HCN and more satisfactory re­
sults wore obtainedo Tests with this stabilizer were
 
not in progress long enough to determine definitely
 
the value cf this method, In all work with HCN filled
 
bombs or sholl the inside of the munitions was covered
 
with bakelite*
 

b. Mustard
 
The mustard manufactured by the French method
 

(Ethyleno plus suifurehloride) was known to be unstable
 
and all the material manufactured by that process was
 
distilled before storage or use,
 

c. Mustard-Lewisite Mixture (?0 - 50% by vol.)
 
Instability of the mixture resulted vhen
 

French process rustard was mixed with Lewisitea This
 
problem was solved by either using Geiinan process
 
mustard or distilled French process mustard to mix
 
with the lewisite. The Navy did not use this mixture.
 

d. Thickened Mustard
 
No trouble was encountered with the munitions
 

filled with thickened mustard (7# polyvinyl chloride and
 
2% methyl rr.othacrylate). All the'munitions tested however
 
were coated on the inside with a Bakelite type resin.
 

e« Inside coatings for munitions
 
I ho Arroy used a phenol resin varnish for
 

coating the inside of its munitions* It was considered
 
effective for all chemical agents except HCN and was
 
adopted as standard. For HCN bare metal v*s believed
 
to be more satisfactory.
 

The Navy did practically no work on linings
 
for their sh-?ll or bomb. A Bakelite coating was con­
sidered satisfactory.
 



4. Toxicological Data
 
As this report has previously pointed out, the
 

Japanese did a thorough job of destroying the records
 
of the chemical warfare research and development work
 
carried out by them. The toxicological data contained
 
herein are, consequently, estimates and opinion ob­
tained frorr the Japanese and are subject to inaccuracies.
 

The procedures and the laboratory equipment used
 
by the Army and Navy in making their toxicological
 
studies were crude in comparison with those used in the
 
United Ftatas and do not warrant detail study, Their
 
gas chambers varied in size with the largets being
 
12 to 15 feet in diameter* The gas in these chambers
 
was circulated by means of a fan located at the? top of
 
the chamber. No apparatus existed for maintaining
 
constant temperature or humidity, and there was no
 
completely satisfactory method of setting up toxic gas
 
concentrations, As test animals mice, guinea pigs,
 
rabbits? and occasionally dogs or monkeys were used.
 
Birds (uro.Lenca domsstica) were also employed on occasion.
 
As a Treasure of toxicity the Ct (the product of con­
centration and time) required to kill 50 percent of
 
the test animals was used, In general th-o time was
 
held constant (at 10 - 30 minutes except for q̂ iiek
 
acting toxics such as BCN where 2 to 10 minutes was
 
used) and the concentration was varied. For any particular
 
test it v;as desired to hold the concentration constant,
 
but usually there was a decrease with time.,
 

The Japanese do not admit having ussd either
 
Japanese or allied prisoners in their toxicity studies
 
and no information has been obtained to lead to the
 
belief that thoy have,
 

Toxicological data on the common agents are given
 
below;
 
Name, Ct Mg min/rrP (50$ mortality) 

Man* Rabbi t Gxlpea Pig Pigeon 
Mustard !000 2300 
l^on freezable 
mustard 7000 3000 2000 
Nitrogen Mv.rtard 2 500­

6000 6000 2 500 1800 
Lewisite J 2000 5000 2000 1000 
Phosgene 2000 
Diphosgene 
Hydrogen Cyanide 2000 

5000 
12000 

700 

2000 
2 500 
1500 
30C0 

to 

1000 
24000 
200 ­ 250 

Chlorine 30000 10000 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 Japanese
 



research men. The data on the other animals " e r e based
 
on an exposure period of 10 minutes (except for ECN
 
when exposure period was 2 minutes) and an observation
 
period of seven days. Approximately five animals were
 
used per exposure.
 

Comments on various agents and additional informa­
tion ccnce.^uing the common ones are as follows:
 

a, Hydrocyanic Acid
 
In general the Japanese believed that HCN was
 

their most toxic agent (Personnel at the Narashino CF
 
School, however, thought the toxicity was much lower
 
than generally believed and fizod its value at ?5G00
 
to 105000 ng/min/nP), The lowest effective dosage was
 
believed to be around 300 mg/min/m3, The gas way usually
 
effective In 30 to 60 seconds when lethal dosages were
 
inhaledt The Japanese recognized the ability of the
 
body to detoxify small quantities of KCN indefinitely
 
and also had noted the increase in breathing rate which
 
resulted from inhaling HCNo
 

be Pliosgane
 
Although the Japanese considered this one of
 

their standard agents, they exhibited little interest
 
in it.
 

c Mustard
 
The Japanese had made few studies on the effects
 

of mustard Particularly in the case of mustard vapor
 
was the work slighted despite the fact that frequent,
 
casualties resulted from the manufacturing operations•
 
They report tlint some work was carried out a n"irn.ber of
 
years ago using a continuous flow vapor cup, but the
 
results were not remembered.
 

Even though experimental work Fas not carried
 
out'the Japanese estimated a dosage of 100C mg/min/m3
 
of mustard vapor was required to blird a man, and a Ct
 
of 8000 to make a casualty of a man with mask but no
 
protective clothing, The values given are for temperate
 
climates. They believed that the dosage required to
 
produco easwr* Voiles in hot weather would be reduced
 
approximate.;,/ 1000 m.g min/nH for the 8000 figure, Tbis
 
conclusion w\s reached because the workers in the manu­
facturing plants received more and worse burns in the
 
summer-, It was supposed that the Ct required to blind
 
was not a constant but varied with the concentration ­
for constant Ct the higher the concentration the more
 
damage was done to the eyes. They found that the
 
genitals were affected first followed by the axillae,
 
neck, and terrior tissue.
 

The toxicity 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
 



as the dichlorodiethyl mustard. No work had been done on
 
its vapor effects.
 

The Navy had practically no understanding 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 made no experiments on this and could not fill
 
in the chart.
 

d. Lewisite
 
The Japanese believed that lewisite was really
 

more toxic than mustard, but due to its rapid hydrolysis
 
the LCt (50) was considered the same for both. For
 
unknown reasons most of the well informed C^ personnel
 
preferred mustard over lewisite, The Japanese bel:i.oved
 
that lewisite sprayed on rice crops would poison the
 
rice due to its arsenic content.
 

e- Nitrogen Mustard
 
(ClCf^CHpKN was the only nitrogen mustard
 

compound worked on; ~>Its lethal Ct had not accurately
 
been determined and values ranged from 2^00 - 6000
 
mg min/nP,, The skin injuries caused by nitrogen mustard
 
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 by mustard.
 

f. New Compounds
 
The list of 1000 compounds referred to pre­

viously contains the toxicological data for all the
 
new compounds and should be referred to for information
 
on the subject.
 

H.	 Processes and Methods of Production of Chemical
 
Warfare Agents
 
The Army and Navy of Japan worked separately in
 

developing processes for production of chemical warfare
 
agents. Information was exchanged freely until the
 
processes were as good as European processes used during
 
the first Vi crld War,
 

After that time, the relations between the Army and
 
Navy Research Departments were not as good as before
 
although the exchange of information was still carried
 
on.
 

The development work done by the Army and the Navy on
 
methods of production is given in parts a 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 Section of
 
the Sixth Military Laboratory under the supervision of
 
Military Engineer Shigeru Hayashi.
 



The following consists of methods of production
 
and information pertaining to the production of several
 
chemical warfare agents used by the Sixth Military
 
Laboratory,
 

a. Production Kethod for "Anti-freeze" i'Tustard
 
STEP Is Production of ethylene-propylene mixture
 

Coal gas, containing 40^ - 50f. hydrogen
 
and 2^ - A-% ethylene and propylene mixture is liquified
 
and fractionated to recover the hydrocarbon mixture.
 
This Fixtore consists of 1 volume of ethylene to 2
 
volumes of propylene,
 

STEP Hi Synthesis of ethy.lene chlorhydrine and
 
propyl&ns cnlovnyJ.rine
 
The reactor for tne second step is a
 

jacl-cotoci. ircn tank with a forro.silicon linir.g ar.J equip­
ped wiCh a stirr^r which rotates at jOO rcp.-iru. The
 
bottom of the reactor has a porous plate made of sintered
 
glass so as to break the gaseous reagents into small
 
bubbles for quick reaction* The volume of the reactor
 
is 4 cubic meters.
 

The reactor is filled with water which
 
is agitated, Chlorine gas and the mixture ?f ethylene
 
and propyiene are bubbled into the wat.-er sl'/ft'iy, Tn$
 
temperature is kept between 20° and 25°C, and the bubbling
 
of the gaseous reagents is continued for 10 hours,. By
 
this -cime the concentration of the cniorhydrinojMs 7% ­
8% and the reaction is stopped,
 

Reactions
 
3C12 / C2H4 / 2C3H6 / HOH — - ^
 

C1C2H4OH / 2C1C^H6OH / 3HC1
 

The solution contains a trace of free
 
chlorine, a trace of dichLoretriane and 3»5? HC1, v/hich is
 
neutralized with sodium carbonate,
 

STEP III? Synthesis of the thiodiglycol and
 
thiodipropylene glycol
 

>
Ethylene chlorhydrine, formed from
 

ethy?.r̂ :e f•" "•ri ethyl alcohol, and the mixtures,. of
 
ethylene ch^oi-hydrine and propylene chlorhydrine from
 
the coal gas5 are mixed in equal portions and reacted'
 
with 5f excess sodium sulphide- The reaction gives
 
a mixture consisting of the followin^
 

fThio-Di-orcpylene Glycol) \%
 
^  (Thio-Propylene Glycol-Ethyiene
 0

J - * Glycol) 1%
 

0HCH2CH2-S-Cn2CII20H (Thio-Diglycol) 50%
 

STEP IV? Synthesis of Anti-freeze Kustard
 
Chlorination of the thio-glycol
 

mixture is accomplished by reacting them with 3&A HC1.
 

UNCLASSIFIED
 



Four volumes of the HC1 are used for one volume of the
 
thio-alcohol*
 

The resulting mixture constitutes "anti-freeze mustard".
 

CH^CKC1CK2-S-CH2CHC1CK3 Iff. 

CH3CHCICH2-S-CH2CH2CI 3 51 

C1CH2CH2-S-CH2CH2C1 50% 

These percentages are a pproximate and the mixture contains
 
other impurities. The freezing point of "anti-freeze
 
mustard" is minus 35°C. and the effectiveness is said to
 
be 50 - 75% of that of regular mustard gas.
 

Remarks? The reactor described in Step II is used at
 
Mitsui Chemical Industry Co., Omuda, Fukuoka Prefecture.
 
There are five such reactors,
 

b. Lewisite
 
The Army carried out research to find a process
 

which would reduce the amount of secondary and tertiary
 
lewisite formed.
 

"At first, the secondary lewisite was converted
 
to primary lewisite by reacting it with arsenic trichloride
 
with an iron catalyst.
 

Later it was found that, if a cuprous chloride
 
catalyst was used, acetylene would react with arsenic
 
trichloride to form primary lev/isite with little of the
 
secondary and tertiary lewisite being formed.
 

Additional work pertaining to processes done
 
by the Sixth Military Laboratory?
 

(1) The aluminum oxide catalyst used to make
 
ethylene from ethyl alcohol was prepared in a special way.
 

Aluminum hydroxide was purified by reacting
 
it with 50f sulphuric acid to form aluminum sulphate.
 
The aluminum hydroxide was dehydrated at 300°C. to form
 
aluminum oxide which is used as a catalyst. The aluminum.
 
oxide catalyst is said to have 1000 hours catalyst life or
 
twenty times the life as acid-earth catalyst. It was
 
pointed out that the sulphuric acid must be 50%, and the
 
ammonium hydroxide step carried out at ?0°C• No reason
 
was given,
 

(2) Chlorin-tion of Kustard Gas
 
A continuous chlorination process for con­

verting thiodiglycol to mustard gas by feeding thiodiglycol
 
and hydrochloric acid into coils of glass tubing w:«s
 
developed. No details are believed necessary.
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(3) Production of diphenylcyanarsine
 

The Sixth Military Laboratory developed
 
the following process to eliminate several steps in
 
the production of diphenylcyanarsine?
 

Pbanyl arsenous oxide was reacted with
 
phenylarser.ic acid at l80°Co in the presence of con­
centrated sulphuric acid to produce diphenylarsenous
 
oxide, Reaction: H SO,
 

2C>;HcAs0 / 2C/-H^As0oHo J L _ 4
 D if D v i s­
As^20 / 2H0R / As20^
 

The diphenyl arsenous oxide is then reacted with liquid
 
hydrocyanic acid to make dipharr/lcyanarsine,
 

Reactions? U C ^ H ^ A s ) n 0 / 2HCN -, 2{0>A\r.)o AsCN / HOH
 

This urocfjss was still in pilot plant scale at the end of
 
the war.
 

(4) Synthesis of Hydrocyanic Acid
 
The Japanese had very little sodium cyanide
 

so it was necessary to synthesize hydrocyanic acid by
 
other means,
 

A method of producing hydrocyanic acid by
 
the reaction of methane with ammonia at 1COO°C* using
 
a catalyst conrpc.vsd of aluminum oxide and thorium
 
oxide converted 80% of the ammonia to hydrocyanic acid,
 

AloO-3
 
Th62

J
 

Reaction: CH4. / NH^  — V HCN / 2H9 '
 
J ioco°c; d
 

By reacting carbon monoxj.de with ammonia at 600°C. with
 
aluminum cxido catalyst to maxe hycrccys.nic acid, a
 
yield of 4-dtf was obtained 0 An ammonium sulphate-aluminum
 
sulphate catalyst gavo a yeld of 70f..
 

Reactions CO / KH7 => HCN / HOH,
 
bOU o ­

Another mot.hcd of passing ammonia, through charcoal at
 
1000°Cc wi;r::ut a catalyst gave a yield of 3 % .
 

Reactions NE. / C ^SL92£J2±> HCN / H2
 

2. Processes and Kethods of Production of Chemical
 
\i-T-\V-:..<"'•-: kfients Developed by the Japar.e:-: ̂  Nz.vy
 
r±hj prediction methods of chemical warfare agents
 

have berin v/o'ek̂ d on by the Navy Chemical Study Department
 
later named the Chemical Experimental Department of Sagami
 
Naval Arsenal at Hiratsuka. Most of the pilot plant work
 



was done b}̂  the First Factory of the First Fepartment of
 
Sagami Naval Arsenal at Hiratsuka. The synthesis of
 
agents and, small scale production experiments were carried
 
out by the Chemical Experimental Department, Naval Capt0
 
S. Tsuruo was in charge of both the First Department and
 
the Chemical Fxperimental Department.
 

The following consists of methods of production
 
and informstion pertaining .to the production of several
 
chemical warfare agents developed by the Navy,
 

a0 P: lot Plant Vork on Mustard Gas
 
The First Factory of the First Department of
 

Sagami Navy Arsenal performed the pilot plant work on
 
mustard gasv
 

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

Ethylene chlorhydrine was produced by bubbling
 
chlorine and ethylene into a tower containing water which
 
was agitated by a mechanical stirrer» The resulting
 
ethylene chlorhydrine solution was concentrated by
 
evaporation of the water. Sodium sulphide was added
 
to the solution producing thiodi.rlycol by the following
 
reaction? 2Cl~CoHA0H / NaoS v^SCCoH^OH)o /• 2NaCl
 

The pilot plant was constructed for this process in 1933•
 
The mechanical stirrer used corroded so badly that the
 
process was changed using a continuous flow'method
 
without a stirrer, Uniform concentration of the chlorhy­
drine was difficult to obtain also.
 

The process was changed in that the ethylene
 
chlorhydrine formed was decomposed by sodium hydroxide
 
forming ethylene oxide„ The ethylene oxide was then
 
reacted with hydrogen sulphide t"» produce this diglycol.
 

The process is as follows-

STEP I; Production of ethylene
 

Ethyl alcohol is vaporized by a steam
 
heated evaporator and passed through a furnace-heated
 
generating pine which contains an acid clay catalyst
 
heated to 400° - 4 50° Centigrade. The alcohol is split
 
into water and ethylen**
 

The vapor mixture of ethylene and
 
water is cooled by a partial condenser which separates
 
the water and allows the ethyl WIG to flow to the storage
 
tank. Reaction; Heat
 

G2Htr0H > CnH, / Ho0
 
Catalyst 4
 

STEP II: Synthesis of Ethylene Chlorhydrine
 
The reactors consist of six porcelain
 

cylinders with a diameter of 2 50 mm. and 2^00 mm. high.
 
The apparatus is filled with water which is circulated
 



by a pump, Chlorine and ethylene are added at the rate
 
of 20 Kg and 605 cubic meters per hour respectively and
 
allowed to react at 20° - 25° for 2-g- hours'until the
 
solution becomes 5% chlorohydrin. At this point water,
 
chlorine, and. ethylene are added at the rates of 3 H
 
liters, 13-»2 Kg. and 513 cubic meters per hour respect­
ively 0 Five percent chlorhydrine solution is drawn off
 
continuous.I;•.<,. The solution is neutralized with sodium
 
carbonax.e until only slightly acid. The capacity of
 
the apparatus is approximately 7000 liters of 5%>
 
chlorohydrin solution per day.
 

Reaction; C9H, •/ Cl~ /• HOH > CKVILOH / HC1
 
i if t C. '-t
 

The yield Is 70i - 75% based on chlorine and 80% - 30%
 
based on the ethylenet
 

STEP III; A. Generation of Ethylene Oxide.
 
Five hundred liters of ethylene
 

chlorhydrine solution are pumped into a steel tank,
 
capacity 2000 liters, and maintained at 80°C, by
 
steair. heating at a reduced pressure of 5^0 ~iin, Rg.
 
Thirty percent caustic soda solution is poured in
 
slowly, generating ethylene oxide by the reactions
 

 N a C 1 ^ H 0 H
 C1C2H4OH / NaOK ^> C2K4° ^


The steam is separated from the ethylene oxide by a
 
condenser. Average yield is 50^.
 

STEP III; Bo Generation of Hydrogen Sulphide
 
Fifty percent sulphuric acid solution
 

is added to a 40^ sodium sulphide solution Tvhich generates
 
hydrogen sulphido, The hydrogen sulphide is stored in a
 
gas holder. Yield is 90#.
 

STEP TJi Synthesis of Thiodiglycol
 
Three hundred liters of 0-5^ - 1$ caustic
 

soda solution are pumped into a 1000 liter, lead lined,
 
iron tank, Tha solution is maintained at 50°C. by steam
 
heat and agitated with a mechanical stjrrer. The ethylene
 
oxide and the hydrogen sulphide are added at a gas volume
 
ratio of 3 5 to 19 The hydrogen sulphide is absorbed by
 
the caustic solution and reacts with the ethylene oxide
 
forming thicci^lycol by the reactions
 

"H2S / 2C2H40 > S(C2H40K)2
 

When the solution is 50% thiodiglycol, the reaction is
 
stopped and the solution is pumped to a steam heated
 
still where it is concentrated under 10 - 20 mm. Hg.
 
pressure until it is 95$ thiodiglycol,
 

STEP Vs Synthesis o± Mustard Gas
 
200 Kg. of thiodiglycol and 550 F.g. of
 

36$ HC1 are pumped into the reaction tank and heated
 
to 90°C. The reagents are stirred slowly for 4 - 5
 
hours forming mustard gas by the reaction?
 

S(C2K40H) / 2HC1 > S(C2H4C1)2 / 2H0H
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The mustard and water formed are cooled and pimped by
 
vaGuum 'GO a settling tank. After settling, the upper
 
layer? which is mostly water, is decanted and decon­
taminated. The lower layer, which is crude mustard
 
gas, is neutralized with sodium carbonate.
 
Remarks: The First Factory was used as a pilot plant
 
to produce mustard gas so as to solve the problems of
 
produ:r:j CJI prior to starting large scale pr-.-Pu.ct ion
 
in cthcj" factories« The other factories were converted
 
to produce glycol, diglycol, and styrol, so, when an
 
urgency for the production of mustard gas ircse during
 
the middle of the war, the pilot plant was operated
 
as a production plant to produce mustard gas for
 
military use, At the beginning of 194-5 t]ne pilot
 
plant was converted to produce digiycol for srckeleps
 
powder a?i.l to produce ethylene oxide for the produc­
tion of L.tyrene,
 

In the splitting of water from ethyl
 
alcohol to make ethylene, it was reported that AI^CU
 
had ?. cat-ijys-c life 20 times the acid clay catalyst"3
 

which \;as u-cd originallye
 
b. Mustard Gas From Nonochicro Sulphide
 

loO Kg, of SpClp are charged into a porcelain
 
vessel and ;-:gitated constantly, Ftbyiene gas is bubbled
 
into ihe SoCl forming mustard gas directly by the
 

2 C2H4
equation; 'Z-Jc*1? ^  ^ SCCpH^CUp / S. The reaction
 
is e'xthsrn-c sc the reactor was neid at 45° - 50°C <. by
 
external -r. ol ing ­

?r;e free sulfur deposited sinks to the bottom
 
of the ve^srl, The arr.stard gas is removed ?nei diluted
 
with water to decompose the excess SoClp° ™^£ nv^stard
 
gas is tnen separated from the water"~be settling and
 
decanta tion,.
 

l'iany problems were encountered so that this
 
process has not been put into produce ion.
 

Ti'G main pro clem is that any small anount of
 
water present in the reagents causes the mustard to
 
form into a brownish bla^t paste,
 

c •. p."osa';tion cf Chlcracetophenone
 
ih: or:-'.cetophencne was first produced by the
 

pilot plant [—/ the process using ClCHpCOCl and C/;K̂  with
 
A1C1-5 to catalyse the reaction, The product was impure
 
so tttey b-'-;gsn to make acetophencne using as reagents
 
acetic acid and benzoic acid with calcium hydroxide as
 
the catalyst« The acet.ophenone formed was chlorinated
 
with liquid chlorine0
 

Because of the shortage of benzoic acid and
 
the ineffio?..?n';y cf the process, the method of manufactur­
ing chlcracetophenone by synthesis with acetyl chloride
 
and benzene w--, adopted in 1935» The pilot plant was
 
run by this process to produce chloracetophenone for
 



training purposes and filling of Naval gufl%iiw.ls until­
1944. The process is as follows?
 

STEP Is Synthesis of Acetophenone
 
850 Kg. of A1C1 are added to 1500
 

liters of benzene and agitated, 4^0 Kg. of acetyl
 
chloride are added slowly9 The reaction tank is
 
dooled and kept at 19° - 20° by a brine cooling system.
 
The rcnoiioa continues for five hours at which time
 
the terivperasure is raised to 40°C. for about three hours
 
to complete, the reaction,
 

AlClo
 
Reactions C^H^ •/ CH0COC1 %- C/-HX0CH, / HCl
 

5 J  b  3
 (Cat)  ^

The product is poured slowly into a decomposition tank
 
which contains 2,000 Kg. of ice and water* The -lirlt̂ r-e
 
separate-: into two layers, the lower one being discarded
 
and the u;,roer one being transferred to the still. The
 
benzene fraction is removed at 80°C«. The pressure is
 
lowered to 50 ram. Hg« and the acetophenone fraction is
 
separated at 120° - 130°C. The yit'j.d is 5^.
 

STEP lit Synthesis of ChloracetoDhenone
 
400 Kg, of water and J.00 Kg. aceto­

phenone are charged to the reaction tank and the tempera­
ture is maintained at 50° - 55°C. 55 Kg „ of chlorine is
 
bubbled into the tank in three hours-,
 

Reactions C,HJCOCHn / Clo > C,H-COCH.Cl / HCl
 
y
6 5 3 2  o 5 2
 

The lower liiyex, containing chloracebophenone, is pumped
 
by vacuum to the crystallizing tank and cooled, The
 
chloraceiophencrje crystals formed are removed from the
 
liquid by filtration and centrifuging.
 
Remarks % The ac^tcpnenone equipment was being converted,
 
after 19A-/1'-, to produce styrene with henzene c.rd ethylene
 
oxide. This conversion was not ccmpieteci by the end of
 
the war c
 

d, Di.phenylcyanarsine - Production Methods
 
Vvork was begun in 1931 "to produce diphenyl­

cyanarsire from diphenylchlorarsine which vras prepared
 
froi:; bcDzaii:-; ̂ lazoniui.i chloride by the compiicate'l
 
German p.vc- -.:A?: . (References "Chemicals in War11 - Frontiss,
 
p. 204) B7 T.his process a pilot plant was erected in 1933
 

An effort was made to produce diphenyleyar.arsine
 
by treating cblor benzene and arsanic trichloride with
 
metallic sodium? forming triphenyiarsine which, in turn?
 
was heated with more arsenic trichloride to produce
 
diphenylchlorarsine, This would be converted to diphenyl
 
cyanarsine by reaction with sodium cyanideo Neither of
 
the above mentioned processes were efficient and the use
 
of metallic sodium was dangerous so the diphenylcyanarsine
 
was produced by the following process?
 



STEP Is Formation of Aniline Rydrochloride and
 
Benzene Diazonium Chloride
 
To 200 liters of water and 400 liters
 

of 36% HC1, lJO 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;
 

C6HJtfH2 / HC1 >
 

The solution is then transferred to the diazo-reaction
 
tank. A solution of 100 Kg. of sodium nitrite dissolved
 
in 350 liters of water is added slowly to the aniline
 
hydrochloride solution. The time required is li hours
 
and the temperature is maintained at 0° - 3°C.
 
Reaction: C^H-NHg- HC1 / NaN02 > C^H^Cl / 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 agitated in a reactor. 200 Kg. of arsenous oxide
 
are added to the solution.
 
Reactions 3NaPC0, / AsP0-> ^> 2Na.As0^ / 3C0.
 

The sodium arsenite solution formed is made up to
 
liters and cooled.
 

STEP Ills 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 3° minutes after
 
the addition and then neutralized with HC1.
 
React ion? C/-H^-NOC1 / Na_AsO-> > C/H^AsO.Na^ / NaCl / N 

D 5 d 3 3 " 5 3 2
 
The total solution is filtered and the filtrate pumped
 
to the reduction tank.
 

STEP IVs Formation of Phenylarsenous Oxide
 
The sodium phenylarsenate solution
 

is made slightly acidic to form phenylarsenic acids
 
Reaction: C^H AsO^Na2 / 2HC1 - —  > C^H^AsO H2 / 2NaCl
 

The total solution is then warmed to 75° - 80° 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.
 
Reactions C^HjAsO^ / N a ^ O ^ -> 2C6HJls02H2 / Na2S04 /
 

H2SO4 / H20
 

The top layer of water and acid is drawn off and the
 
phenylarsenous acid is dehydrated by steam coils which
 



produces phenylarsenous oxide. The yield is about 300
 
Kg. C/H^AsO^ £. C/H-.ASO / HOH
 

6 5 2 2  6
 heat  5
 
STEP V: Formation of Phenyldichlorarsine
 

216 Kg. of 36% HC1 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 f^ve hours. It is then allowed to separate
 
into two layers> the lower one being phenyldichlorarsine.
 > g p y R t  i C^HJUO 4 2H£1 > C H A C l / HOH
 
Reaction; C^HJUO 4 2H£1 r  > C6H-AsClp / HOH. 
The yield is 110 Kg.
 

STEP Vis Synthesis of Diphenylchlorarsine.
 
200 Kg. of phenylarsenous oxide and
 

85 Kg.- 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 HpSO4 are slowly poured in. The solution
 
is maintained at 90° - 100° C. by passing water
 
through the steam coils. The reaction continues for
 
one hour; the liquid then is cooled, pumped by vacuum
 
to another tank, and settled. The upper layer is
 
siphoned to a crystallizer and cooled'to 8° - 10 C.
 
The crystals are separated by a centrifuge from the
 
liquor and are diphenylchlorarsine of 98% purity.
 
Reaction; 3C6HJls0 / C^H-AsClg —  > 2(C,H JgAsCl / As20-.
 

STEP VII: Synthesis of Diphenylcyanarsine
 
To 2 50 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° - 45°C. 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 is the product.
 
Reactions (C6H-)2AsCl / NaCN > (C6H )2AsCN / 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.
 

e. Production Method of Lewisite
 
Lrwisite was manufactured from 1933 until 1938
 

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



Process;
 
150 Kg. of cuprous chloride are dissolved in 600
 

Kg. of 23% hydrochloric acid to act as a catalyst. To
 
this solution, 150 Kg. of arsenic trichloride are added
 
and the solution is agitated. Acetylene is bubbled
 
for 24 hours at 40°C. The amount of acetylene used is
 
1-g- times theoretical.
 
Reaction: AsCl3 / C2H2 ClCHsCHAsCl2
 

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 and Testing of Gases
 
in the Field
 
1. Objectives
 

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

2. Organizations
 
The most important work in this connection was
 

done by the Sixth Military Laboratory at the direction
 
of Ma3. Gen. Akiyama. A mathematical "theory of effective­
ness" was developed by Kai. Sakagami, and the calculated
 
results were compared with actual field tests of gas
 
cylinders, shell, bombs, and spray.
 

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

Tropical tests were conducted at Kato Airfield in
 
Formosa by the Sixth Military Lais^ratory, with assistance
 
from the Chemical Section of the Narashino Army School.
 

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

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

The Fikatagahara School of Gas Defense (Air Force)
 
at Mikatagahara Field near Hamamatsu, performed various
 
field tests, 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 towards the field behavior of agents.
 

The Sagami Naval Research Department at Hiratsuka
 
was the only organization in the Navy doing field tests
 



on chemical agents. Exreriments were with mustard
 
bombs and with CN and DC shell.
 

It was claimed that the records of all the
 
above organizations were destroyed at the end of the
 
war, and all information included here was obtained
 
by interview or by reports prepared from memory by .
 
the Japanese, The best such report, prepared by F:a,i.
 
Sakagami and describing the whole program of the
 
Sixth Military Laboratory, is attached to this re­
port as Appendix A.
 

3. Theoretical Work
 
Ma3. S. Sakagami of the Sixth Military Laboratory
 

was responsible for a detailed mathematical theory of
 
atmospheric diffusion. This work is completely de­
scribed in Appendix A, and will only be summarized
 
here.
 

The purpose of the theory is to describe how
 
the concentration of gas at any given point varies
 
with time according to the munition expended and the
 
meteorological condition. A certain distribution of
 
concentration is set up by the functioning of the
 
munition, and the subsequent behavior of the agent
 
Is simply a matter of the diffusion phenomena in
 
free air or in a geographical feature.
 

A differential equation of diffusion is developed
 
upon the following basic assumptions;
 

a. In vertical diffusion near the surface of the
 
earth the momentum transport theory holds, and the
 
vertical diffusion coefficient is linear with height
 
above the surface.
 

b. In horizontal diffusion the velocity transport
 
theory holds, and the. horizontal diffusion coefficients
 
are isotropic and constant.
 

This differential equation is then solved for
 
the conditions of an instantaneous point source of gas
 
with coordinates moving with the velocity of the wind.
 

Transformation is made to fixed coordinates,
 
resulting in a fundamental equation expressing con­
centration at any time and position downwind from an
 
instantaneous point source of gas.
 

This fundamental equation is set up in several
 
different ways for integration (approximate*) with
 
respect to time and with respect to the horizontal
 
coordinates, giving formulae for the following %
 

a. Total Ct at any position downwind from an
 
instantaneous point source of gas.
 

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

• The integrations are simplified by considering as constant
 
certain terms which are variable to a lesser degree.
 



c. Concentration and total Ct at any position
 
downwind from a continuous line source (applicable to
 
discharge r>f non-persistant gas from a line of cylinders
 
arranged perpendicular to the wind direction).
 

d, Concentration at any time and position for a
 
continuous plane source (applicable to the vaporization
 
of persistant gas from an evenly contaminated area).
 
This formulae required a table of numerical values
 
for certain integrals, but the table was destroyed and
 
would require nine months for assembling.
 

An expression for the exponential decrease
 
upwards of gas from the explosion of non persistent
 
bombs or shells is combined with the same fundamental
 
equation for concentration used above. This combination
 
is integrated (approximate*) with respect to time and
 
the three coordinates in a number of different ways to
 
give the following results?
 

a. Concentration and total Ct for an instantaneous
 
3-dimensional source (applicable to a single non per­
sistant bomb). The required numerical table for integrals
 
was not supplied.
 

b. Concentration and total Ct for an instantaneous
 
3-dimensional source (applicable to the dropping of a
 
number of non-persistent bombs with one point of aim).
 

c» Concentration and total. Ct for an instantaneous
 
3-dimensional source (applicable to the uniform dropping
 
of a number of bombs on an area).
 

d. Concentration and total Ct for a continuous 3­
dimensional source (applicable to the firing of shell
 
with one point of aim).
 

The use of the above formulae depends on field
 
tests to establish the value of the diffusion coefficients
 
and to determine the initial conditions of concentration
 
set up by the various munitions. The diffusion coef­
ficients were found to depend upon wind speed, but
 
vertical temperature gradient was considered "to be of
 
less influence than was previously supposed. The greater
 
effectiveness found in tests of gas under inversion
 
conditions is explained by the abse-nee of the frequent
 
wind shifts which are associated with laps© conditions.
 
It wr.s believed, however, that with large scale use of
 
gas on the battle field the effect of wind shifts would
 
be much less.
 

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

a. A nomograph for determining munitions require­
ments for the discharge of gas from a line of cylinders.
 

b. A set of figures showing the calculated Ct
 
2000 isolines for the uniform dropping of HCN bombs
 
under various conditions.
 

"Hi***­
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c. A set of figures showing the calculated Ct
 

2000 isblines for the firing of HCN shell at one point
 
of aim,
 

4. Methods and apparatus used in field tests
 
a. General
 

Field tests were usually carried out with
 
gridded sampling areas of one to sixteen hectares
 
and with 5 to 25 yards between sampling positions.
 
Total dosage and interval samples were taken and
 
rabbits, guinea pigs, marmots, and doves were used
 
to check the chemical sampling. Dosages were expressed
 
as Ct (mg.min, AP), and dosage isolines were drawn ­
usually for Ct of 2000, which was considered to be
 
the effective dosage for mustard, lewisite, phosgene,
 
and HCN. Wind speed and direction, air temperature
 
at several heights (for example 0.5, 1, 3, 5, and 10
 
M ) , ground temperature, and humidity were observed in
 
an area adjacent to the test area.
 

b. Special apparatus used in field tests
 
(1) Gas inspiratory device
 

An accordian type bellows is used to
 
draw a sample of air through the gas absorbers. The
 
bellows is 50 cm, in diameter and 70 cm. in length
 
when extended, giving a volume of over 100 liters.
 
An electrically operated lever releases the 20 Kg.
 
weight attached to the bottom, and air is drawn
 
through orifices of different diameters ( 1 - 5 mm.)
 
to give flow rates from 1 - 1 0 liters/min. The
 
orifice is usually 2,5 ram, in diameter for a flow
 
rate of 3 liters/minute, this rate being maintained
 
withini5% for about 20 minutes.
 

(2) Air sample distributor
 
A 12-way clock operated stop-cock is
 

used to regulate the flow of samples through the
 
absorbers. The time interval may be varied from 5
 
to 60 seconds, and sometimes 2 or 3 of these stop
 
cocks are connected in series.
 

(3) Absorbers
 
Two general types of absorbers are used.
 

For mustard and lewisite, or for their mixtures, the
 
sample is drawn through a 10 X 80 mm. glass tube con­
taining 10 - 12 mesh silica gel. For phosgene and
 
HCN, the, sample is passed through appropriate solutions
 
in 5 ̂  20 cm. glass bubblers.
 

(5) Concentration recording meter
 
An instrument for the continuous recording
 

of gas concentration consists of three main parts ­
atomizer, amplifier, and recording milliammeter. An
 
atomizer operated by compressed air (0.2 atm.) draws
 
contaminated air into a glass chamber along with a
 



spray of absorbing solution* Platinum electrodes are
 
inserted in the strear of absorbing solution, one pair

before the atomizer and one pair after. The difference
 
in electrical conductivity of the absorbing solution

at these two points is amplified by an alternating

current V.heat stone bridge• The unbalance of this
 
bridge is measured with a recording m.illiammeter.

Before each test, the apparatus is calibrated in a

gas chamber the concentration of which is determined

by ordinary analysis.
 

For HCN the absorbing solution is %
 
NH.OH. The sensitivity of the apparatus depends on

the ratio of the resistances in the Wheatstone bridge,

and gas concentration ranges of 50 to 2000 mg/t'P or

200 to 4000 rr:g/x/;3 are generally used.
 

For phosgene the absorbing solution is
 
0.0 5£ NHJDH, and a measuring range of 50 to 3000 ng/IVP

is available.
 

Mustard vapor concentrations cannot be
 
tested.
 

(6) Meteorological Instruments
 
No unusual meteorological instruments were
 

used. Ordinary measurerents were rade with Robinson
 
type anenometors, recording wind vanes, and Assman's

aspirated psychroneters and thermo.iunctions. For
 
special measurements, wind speed was recorded at

several heights with a hot wire anemometer consisting
 
of a 0.025 mm, platinum wire, a Wheatstone bridge, and

a recording nilllanmeter* For wind direction, the
 
motion of an "inertialess" wind vane was recorded by

a spark discharge between a needle and an axially
 
roving paper covered retal cylinder.


c. Fethods of analysis
 
(1) Phosgene


The bubbler absorbing solution of %
 
NH^OH hydrolyzes the phosgene, and chloride ion is

determined by the silver nitrate (Volhardt's) method
 
for ablutions of high concentration or by the r.ercury

nitrate method for solutions of low concentration.
 

(2) HCN

For high concentrations, the absorbing
 

solution of A% NH.OH is analyzed by Denige's method,
 
and for law concentrations the absorbing solution of
 
2f NaOH is analyzed by Schlek's method.
 

(3) Mustard
 
For chemical analysis, the mercury nitrate


method was used. Silica gel from the adsorption tube
 
is transferred to a flask and the tube is washed into
 
the flask with 30 cc. of absolute alcohol. Five cc.
 
of 30$ H20 and 5 cc. of NaHCO-^ solution are added and
 
the mixturS is reflexed for one half hour. The solution
 



is decanted into another flask and the gel is washed
 
with 30 cc. of water. Finally the solution is titrated
 
with n-HNO^ to pH of 3 or 4 (bromphenyl blue turns pink).
 

For liquid mustard 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
 
ZnOp . . . . 25.0 parts
 
glue . . . . 1.0 parts
 
water . . . . 100.0 parts
 

Nigrosin dissolves in liquid mustard and gives black
 
spots on the plates which may then be compared with

standard plates.
 

The test dish is of standard size and
 
contains a rixture of concentrated HpSO. and 1% aqueous
 
solution of SeOp. Mustard drops are caught in th©

solution, which is then warmed for one half hour. The
 
pink color produced by reduction of SeOp is compared
 
with standard colors.
 

(4) Lewisite

Usually lewisite is in rixture with rustard
 

and the sane chemical procedure described above for

mustard is used to determine the total chlorine. The
 
arsenic fror lewisite is then deterrined by Gutzeit's

method.
 

Test plates and test dishes for lewisite

or for mixtures of mustard and lewisite are the sane
 
as described above for pustard only. Standard test
 
plates, however are different. The test dish solution
 
must be analyzed separately for lewisite by the Gutzeit

method.
 

5. List of Field Tests with Description and Results

where available
 
a. Sixth Military Laboratory


La-*. Sakagami's report (Appendix A) describes
 
ten field tests conducted by the Sixth military Laboratory

on the island of Honshu since 194-0:
 

(1) Test of HCN trench rortar shell at Ojyoji,

ICiyagi-Ken in May, 1940.
 

(2) Test of HCN trench mortar shell at Ojyoji,

£'iyaga-Ktn in Tec ember, 1940.
 

(3) Test of HCN trench mortar shell at Fuji,

Shizuoka-Ken in February, 194-3*
 

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

(5) Test of phosgene and dir^hosgene shell
 
(static) at Numata, Gumma-Ken in December 1942.
 

(6) Test of 500 Kg. HCN bomb at Hamamatsu,
 
Shizuoka-Ken in September 19A3«
 

(7) Test of HCN trench mortar shell at Numata,
 
Gumma-Ken in November 194-3*
 

(8) Test of pho^ggn^^linc^r^i^jnijgngi,
 
I^ate-Ken in June 194-3 •
 



(9) Test of HCN airplane spray at Hamamatsu,
 
Shizuoka-Ken in October 1944.
 

(10) Test of liquid projection of HCN against
 
pill boxes and tanks (carried out several tines between
 
194-0 and 194-5)
 

Col. Ichino prepared from memory a report on
 
field tests of 50 Kg. HCN bonbs in June, 1938. His
 
report follows;
 

Gas Effect Testing in Field of 50 kg HCN bomb
 
(Colonel Ichino)
 

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

Objective;
 
Objectives of this experiment are to judge the value of
 

use and to search the necessr-ry number of bonbs per one
 
hectar (100 n X 100 m) to kill the ran.
 
Date; June, 1938
 
Procedure of Experiment<
 

Nunber of bombers 3
 
Nunber of boi/:bs 15 (each experiment)
 
Air area lOOn x 100 r
 
Flying height 1000 m
 
Throw down distance 20 n
 
Beside distance of borbers - 30 11
 
Kind of bomb 92 type 50 kg HCN bor-b 
Anount of fillings  ~ — 9 kg 
Equipment for gas Gas catch instrument and 
effect testing small animals (rabbit, pig«on) 
Times of experiments 3 tires 

Results; 
Results of the experiments are shown in figures I,II, & III
 

Conclusion:
 
1. Vhen it will be thrown down 15 bombs for one hector at
 

the best condition of meteorology, the man and horses who are
 
stay in this area are killed instantaneously.
 

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

View;
 
It is difficult to use the 50 kg HCN bombs always,
 

"because the gas effect changes by the meteorological
 
conditions remarkably.
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b. Chemical Departnent of the T'wantong Arr:-y at
 
Chichiharu, Manchuria(a branch of the 6th
 
Kilitary Laboratory)
 
(1) Gerio Akiyana was in charge of extensive re­

search projects oa the effect of cold weather on the use
 
of gas (See ATlv* Report No, 271). Sor.e of the r.ore
 
ir- portant conclusions are amnarized as follows?
 

(a) Gases in the vapor stcte arc? nore ef­
fective in cold weather because they stay closer to the
 
ground.
 

(b) In cold weather, air cherical attack is
 
r.ore feasible than ground attack.
 

(c) ECN is no"1" satisfactory in cold weather
 
V.ecause it has to be rixed with anti-freeze 3.nd a suf­
ficiently high concentration of gas cannot bo produced
 
with the cl-iJ.uted KCN-.
 

(d) Ordinary nustard is not suitable for
 
cold weather but lewisite, mixtures of lewisite- and
 
r:ustard5 or "non-freezable rustard" ara suitablee The
 
rate el" hycr^lyr.is of lewisite is xlo'xex in cole weather.
 

2. CoJ. ̂  T- 0-̂ ada of the Japanese Air Forco describ~-d
 
tests at Ilskuzyashi, Manchuria in October, cj''<­ f tne
 
conparison of r.ustard spray and borrbs (See ATIG Report
 
No« 19o)5 but no results were included,
 

3* A description of field tests of HCN borbs near
 
Hokujosni,, ••/(•uichuria in July 194-3 is included here in
 
the forn of Gen. Al iyahia' s report.
 

* ATIG - Air Technical Intelligence Group, Far Eastern
 
Air Forces.
 



V
 

The Field Fxperiment of the HCN Bombs
 

Written" by Maj, pen. K, Akiyama
 

Time: July 1943
 
Place: Heidai (near Hakujoshi) Manchuria
 
Chief of t)re testing troop* Colonel K» Akiyama
 
Organization ?f the testing troops Colonel K> Akiyana
 

Commissioned officers 8
 
Non-commissioned officers and soldiers. .100 ca.
 

Object of the experiment; To obtain the effectiveness of the
 
100 type HCN bombs in field,
 
Munitions and other materials used:
 

a. 100 type 50 kg HCN bombs	 60 ca.
 
(?•:-. "h bomb contains 6 kg ca of HCN liquid and 2 kg
 
c?.. r? methyl formic acid)
 
Total quantity of HCN 480 kg ca.
 

b^	 Aircraft  — - 97 type heavy bombers , . « . . .  . 7
 

c. G?s catching apparatus (Lantern type) t , . . . 49 
•Eebbiv-s c , 100 ca 
Pigeons 200 ca 

Procedures:
 
a i Bombing method
 

Fci:.iai;ion of heavy bombers - - - - - close order
 
Height - - - - . - - - - - - - - » - - 1^00 nu
 
Simultaneous bombing
 
Time - - . - - - - - - - - - - - - - immediate after the
 

sun rise
 

b.	 Gas catching period - - - - - - - m.ore than 15 minutes
 
Height of gas catching position - 50 cm ca above the
 

ground
 

c.	 Meteorological observation 
Farir (Tr-sre v/ere few clouds) 
C5 •/: (.1 -, 5 r / s ec ) 

p 5
 
In^-rnion of temperature (between 0.5 rr. and 3 v above
 
ground) plus 0c3 to 0.5°C.
 

d. Geographical features:
 
Flat and open
 
grass--height - - - - - - - 30 to 40 cr.
 
quality 01 ground - - medium hardness
 



mm
 

The result is shown in Fig, 1. In the range whero
 
bonbs dropped, there are few points at which the value
 
of Ct show more than 2000 but generally it was concluded
 
that the area of Ct irore than 1000 was about 4 hectares.
 

Discussions
 
v'e expected that when 30 HCN borbs (400 kg ca of HCN)
 

are droppc-i :.n 4 hectares, the area of Ct nore than 2000
 
would be rorj than 4 hectares. But in the experiment, the
 
result was a half of this expectation.
 

This result was considered r.ainlv affected by meteoro­
logical conditions J -specially the wind-velocity of. 1 . 5 r/sec
 

If the wind velocity were less than 1 r/sec and there
 
was the inversion of temperature, the area of Ct more than
 
2000 would have been r.ore than 4 hectares.
 

l.hen the bombs exploded, the height of the explosion
 
r  r
clouds T'.as 2 5 to 30 "» This was ccnslu^.ed as a cause of
 

diminishing the value of Ct near the ground.
 

Conclusions
 

HCN bombs can be available in good meteorological
 
conditiens for the purpose of killing men and animals in
 
the narrow area by heavy bonbers.
 

It is necessary 20 ca HCN bonbs for each hectare
 
when the wiiid-velocity is less than 1 r./sec, 40 ca HCN
 
bonbs when trie v/irv:I-velocity is 1 to 2 r/sec« /..-s a heavy
 
bonber has 15 Hl-N bcrbs, a cor-pany of heavy borbers (9)
 
is ought to air. 3 to 6 hectares. When the wino-velocity
 
is r.ors than 2 r/sec, this bonb is considered as unavail­
able. As when forric acid nethylester is r:ixed as anti-

freezing agvŝ"';, the quantity of HCN dirinishes, it is
 
superior to u^e H''JN only than to use this mixture.
 
Therefore, it is considered not to use HCN bonb in
 
cold
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c. Forrosa tests (conducted hy the Six^TT Military

Laboratory with the Narashino Array School)

Tropical weather tests were first carried out
 

near Kato Airfield, Forr.osa in about 1930, and again in

the same vicinity in the summer of 1941. Included were
 
tests on rustard shell, bombs, and spray, phosgene shell,

tear gas spray, and self projecting toxic smoke candles.
 

Col. Saiki, of the Sixth Military Laboratory

described one unsucessful mustard gas spray test (See

ATIG 127)9 but no significant results were included.
 

d. Narashino Arny School

The Narashino Arr.y School did not have any


projects of its own for research on the field behavior

of toxic gases, but sometimes gave assistance (weapons

and personnel) to the Sixth Military Laboratory and the

I'ikatagahara School, Sore field operations carried out

at the Narashino School were in the nature of demonstra­
tions for the study of tactics and defense against gas.
 

e. Mikatagahara School of Gas Tefense at

Mikatagahara Field, near Hamamatsu
 
The Mikatagahara School of Gas Defense con­

ducted mustard spray tests for the purpose of training

students in Lay and October of 1944 at Tenryu River

Delta, and in February and July of 1945 at Mikatagahara;

These tests are described by Mai. Chiken, of this school,

(See ATIG* Report Mo. 196) but no significant results

were included,
 

f. Sagari Naval Research Dept. at Hiratsuka,

Kanagawa Ken
 
(1) Tests to determine the munitions require­

ments for mustard bombs were carried out by the Sagami

Naval Research Department. A brief description of the

procedure and result follows.
 

Ten 60 kg, mustard bombs (containing pure

mustard) were dropped in an area 100 meters square.

The vapor concentrations in the area were deternined
 
by use of animals, detector paper, gas absorbers, and

vacuum bottle samplers. Several such tests were made
 
and the conclusion reached was that 10 mustard bombs
 
per 100 m.eter square will produce effective vapor con­
centrations for 2 - 3 days at 15 - 20°C* 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
 
diphenylcyanarsine shells exploded in the interior of
 
ships. It was learned that ship rooms so contaminated

are unbearable without gas masks, that diphenylcyanarsine
 
sometimes breaks the gas r;ask canister, and that de­
contamination is very difficult.
 



(3) Tests of tear gas shells were carried out at
 
haisaura in April 194-5? the object being to determine the
 
practical value of these shells in woods and in open fields.
 
Trench nortars were used to fire the shell, and gas samplers
 
were operated during the firing. The experimenters entered
 
the field after firing had ceased". The conclusion was that
 
tear gas shells are ineffective in the open, and of moderate
 
effect in the woods.
 

(4) Field tests on the design of a wooden body
 
mustard borb v?ere carried out at Heisaura from May to August
 
of 194-4. The purpose of the tests was to examine the
 
functioning of the borb, and soil samples were collected
 
at 81 points to determine the area of effective contamina­
tion.' The wooden borb contained 23 kg. of mustard, and
 
contamination of about 1C00 square reters with the density
 
of 5 gn/r.2 was attained.
 

J. Incendiary Research
 
The investigation of Japanese incendiary runitions is
 

the responsibility of the Air Technical Intelligence Group,
 
Advance Fchelon, FEAF, and is being reported separately by
 
that organization. Copies of their reports are available
 
at Air Documents Division, T-2, Wright Field, Dayton, Ohio.
 
A brief summary of Japanese reserrch on this topic has been
 
abstracted fror. information supplied by FEAF to the Office
 
of the Chief Chenical Officer," AFPAC, and appears below.
 
A description of standardized Japanese Arry and Air Force-

incendiary boribs will be found in Report No, 197 of Air
 
Technical Intelligence Group.
 

In 1942 - 43 Navy Cr.pt, Kizo Hiratsuka developed the
 
WP Naval bor.b for plane-to-plane bom.bing at Sagani Arsenal.
 
Field tests were conducted at the Air Technical Departnent,
 
Yokohama (probablv the 1st Naval Air Technical Arsenal) .
 
WP and "special rubber" (thiokol impregnated with thermit)
 
were the main incendiary agents used by this organization.
 
The development of the "special rubber" compound occurred
 
in 1942.
 

Colonel Ichino of the Sixth Military Laboratory de­
veloped various incendiary munitions between 1938 and
 
1940. These included a hand grenade, 75 ns.1 artillery
 
shell," and 95 ran mortar shell. The incendiary material
 
used was rubber pellets in a solution of white phosphorus
 
and carbon disulfide (mixed in equal proportions). These
 
shells were not considered so effective as ordinary incen­
diary shells.
 

The chief research on incendiary bombs was conducted
 
by the Third Air Force Laboratory. According to reports
 
by the Scientific Intelligence Survey, GHQ, AFPAC, dated
 
1 Oct. 45, 5 Oct. 45, and 11 Oct. 45, this Laboratory
 
worked on the following projects; Three- rajjor types of
 



incendiary bor.bs were developed .^Tne^flriW; MSrfsfen ordinary
 
50 kg bomb, filled with a mixture of WP and CSp in which
 
pellets of crude rubber were suspended. The second type
 
also used the 50 kg casing, but was filled with "fla.roe
 
thrower fuel", oil in which scraps of rag.or sawdust were
 
suspended. The bomb was ignited by WP. The third type
 
was the nidget (1 kg) elektron (magnesium - 90%, alurjinur. ­
10%) borb, which was to be dropped in clusters of 16 borbs.
 
An attempt was also r.:ado in 1943 - 44. to reduce penetration
 
of 50 kg borbs by equipping the bonb with a rubber nose.
 
This was unsuccssful. The Japanese interrogated by this
 
Survey had never heard of using auxiliary gas tanks as
 
flare bombs.
 

K. Experimental Weapons
 
1. Gas Rocket Shell
 

Development work was being done on gas rocket shells,
 
carrying f ror. six to ten liters of agent. Diar.eters varied
 
from fifteen to twenty centimeters, and lengths from 105
 
to 250 centimeters (including propellant and fins). A
 
burster in the warhead dispersed the agent. The propellant
 
was "G-l" of the following composition;
 

Nitroglycerine 30?
 
Nitrocellulose 65%
 
Ccntralite 3%
 
Graphite 2%
 

The launcher consisted of two guide rails 15 centimeters
 
apart and two meters long, six sets of rails comprising
 
the multiple launcher, The range of the rockets varied
 
fror 2000 to 3000 yards.
 

2. "Masuka Dan"
 
The "Masukr. Dan" is a bursterless shell 8 centi­

meters in diameter and 40 centimeters in length, weighing
 
4 kilograms and carrying one kilogram of either HCN or
 
T1CI4. The shell is fired from an unrifled recoil-less
 
gun weighing about 80 kilograms and designed for carrying
 
by hand. A metal cup and a srall bag of sand were expelled
 
fror: the breach end of the gun to absorb the recoil upon
 
firing. The soft ste.cl body of the shell fractured on
 
impact with the target. Fith good hits, Ct's of 5,000 to
 
6,000 were obtained inside tanks.
 

3. Flare Throwing Tank.
 
A light, 12 ton tank was developed to carry five
 

flame guns, three standard long barrel guns and two
 
pistol type guns. All five guns are fed fror' a single
 
700 liter fuel tank by compressed air from, two cylinders,
 
platinum-asbestos and hydrogc-n ignite the fuel rixture
 
of 3% crude rubber in diesel fuel. The range of these
 
guns is about 70 meters.
 



4. Gas Fog Fmitter
 
A device for dispersing a very fine spray of HCN
 

was developed. Liquid HCN from a 900 liter steel tank
 
is forced through a vortex type nozzle by a pump or by
 
compressed air from a cylinder (20 atn.). A pressure
 
regulator and a quick opening valve were in the air line
 
between the pressure cylinder and the gas tank. Much
 
experimentation was required to develope a nozzle which
 
produced a spray sufficiently fine to remain airbourne.
 
The whole apparatus was mounted on a four wheeled trailer.
 

The 900 liters of HCN was dispersed in about two
 
minutes. It was estimated that from 20 to 40 of the
 
emitters would be required per 1000 meters of front to
 
give- effective concentrations 500 - 1000 meters downwind.
 

5. Mustard Spreading Trailer
 
Studies were made fror 1929 - 1932 of a track-


laying trailer 1.9 meters in width and 2.8 meters in
 
length carrying a 300 liter tank of vesicrnt agent.
 
A tank of co1-pressed air at 1.3 atmospheres was used
 
to spray the vesicants for a width of 7 meters behind
 
the trailer. Operation of the pressure and spraying
 
nechcinisr w.\s by remote control fror: the armored car
 
drawing the trailer.
 

6. V'uoden Mustard Bomb Cases
 
Experiments were mr.de with wooden cases for mustard
 

bombs in an effort to conserve steel. The wooden cases
 
contained a larger proportion of agent than did the
 
ordinary steel cases,
 

7. The 9 cr . Mortar Smoke Shell
 
A 9 cm. mortar smoke shell was designed to detonate
 

at a height of 30 - 60 meters above the ground. Six HC
 
smoke candles were ignited and ejected from the base of
 
the shell, falling to the ground in an area a bout 10 meters
 
in diameter. The burning tine of the candles was 2 minutes
 
and a screen about 100 meters'long was produced. The
 
range of the shell was 1700 neters.
 

8. HCN Projecting Tank
 
The type 97 flame throwing tank was experimentally
 

used for projecting liquid HCN. The only modification in­
volved was in making the gas container (fuel tank) more
 
vapor tight. No attempt was rade to use thickened HCN,
 
and the range was about 70 yards. This range was not
 
considered satisfactory, but greater pressure did not
 
seer, feasible in the flame throwing equipment, and
 
experiments were discontinued.
 

9. Portable HCN Projector
 
Ordinary portable flame throwers were tested with
 

liquid HCN, but no significant results were obtained.
 
10. Parachute Mustard Spraying Bomb
 

A few tests were made with bombs which sprayed
 
liquid mustard as they descended by parachute.
 



L. Treatment of Gas Casualties
 
Two organizations within the Japanese Army worked
 

on the treatment of gas casualties and related subjects.
 
The Army Medical School studied both the mechanism of
 
action of toxic agents and the treatment of gas casualties
 
with the emphasis being placed on the latter subject. The
 
Medical Section of the Sixth Military Laboratory worked
 
on toxicology, first rid for gas casualties, and the
 
mechanism of action of toxics». Work on these subjects
 
has been in progress since the laboratory was established,
 
but only in the last few y^ars has the subject been
 
studied earnestly. The work on this problem, was greatly
 
handicapped apparently by the inability of the group to
 
consult with and enlist the help of chemists.
 

The Navv did its work at the- Chemical Experimental
 
Department, Vcrk on the- subject was started in 1922.
 
By 1936 the t»rocodiire for the treatment had been decided
 
upon and little further work was done except to study
 
the appliovr-.vn o.f the procedures to the occasional
 
accidental oat/u^lties obtained during the operation of
 
the toxic pl.~r.t3., The procedures adopted were in general
 
taken from tun liufzature published shortly after Forld
 
Far I-.
 

The A m y authorities believed that mustard reacts
 
with the S'.i giouo (probably glutathione) of the- body.
 

r
This Tv-.s substantiated by the fact that the r eaction
 
proceeds fairly rapidly in the test tube and by the
 
experimental fact thai:, after mustard (10 mg) was injected
 
subcutancously into the body of rabbits, it was found
 
that the quantity cf glutathione in the blood (as de­
termined by Woodward's rethod) decreased. It was also
 
believed that thn mr^^-rd might react with the amino
 
acid mxthionine in 3.i."".ilar manner.
 

In view o.f ̂  .r fact that no method of reversing
 
the above reactions could be found, the theory developed
 
was of no practicalla  value. No work using radioactive
 
tracer materials in studying this problem was carried out.
 

To prevent tha toxic action of mustard vapor, the
 
Japanese, worked on the injection of calcium thiosulfate
 
subcutaneousJ-2r in the Vody of rats prior to exposure to
 
mustard vapor in -he hope that the mustard night react
 
with the tniosuirate rather than with the glutathione.
 
It was concluded that the injection of these sulfate
 
salts have some antitoxic action against the poisoning
 
of Eiustprd, For data see Report on Scientific Intelli­
gence Survey in Japan, Vol IV, 1 November 194?, GHQ,
 
AFPAC, page CW-22-21.
 



Injection of the thiosulfatcs after~a""tî uid mustard
 
burn was thought to cause the injury to be milder. Cor .pounds
 
to decrease the healing tine of nustard burns were not
 
studied extensively. In general they believed in letting
 
the burns heal naturally. After the Seventh Military
 
Laboratory reported that a compound called Ko Ha with the
 
following formula
 

I
 

was good for the treatment of frost bite, thermal burns,
 
or leprosy, sore work was initiated (April 194-5) using
 
this noterial to treat r.ustard burns. The work consisted
 
of placing drops of rustard on the. ears of guinea pigs,
 
administering MKo HaM either subcutaneously or orally,
 
and watching the course of the skin injury. They believed
 
that the- number of burns, the severity of the burns and
 
the healing tine of the burns were lessened by the use of
 
"Kt- Ha". These tentative conclusions were r.ade on a very
 
snail arount of data and are not necessarily believed even
 
by the Japanese* Sulfonai ide, KMnCL, Glutnzion, etc. were
 
also tried on rabbits and guinea pigs which had inhaled
 
r.ustard gas, but none were satisfactory.
 

For the list of redicincs used by the Navy in the
 
treatrent of vesicant casualties see page CW-3-H of the
 
report referred to above.
 

2. Lewisite
 
The redical officers of the Arr.y believed that the
 

r.echanisr: of lewisite action on the body was the same as
 
that of nustard. Sor:e work was done, on the injection of
 
thiosulf?tes prior to an exposure to lewisite ns was done
 
with mustard. The results were inconclusive... No work
 
was done using thio alcohols. Even though the Japanese
 
supposedly considered lewisite as effective as nustard
 
and expected to use it if necessary, practically no work
 
was done on the- treatment of lewisite casualties. The
 
reasons for this are obscure.
 

3. Hydrogen Cyanide
 
The Japanese gave considerable attention to the
 

study of HCN poisoning, particularly during the first
 
part of the war energetic efforts were r.ade to obtain
 
therepeutics and prophylactics for HCN poisoning.
 

ASS1FIED
 



mum
 
They tried approximately sixty materials.'"The prin­

ciple ones were as follows?
 
For Antidotes
 

methylene blue
 
sodium subnitride (for changing haemoglobin into
 

methaemoglobih)
 
colloidal sulfur (for converting HCN into HCNS)
 

For heart drugs
 
strichnih
 
digitalis
 
strophantin
 

For respiration center stirrings
 
coramin
 
Loberrain
 

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 mixtur.es 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.
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IV. Discussion
 

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
 
Kwajalein, the Japanese troops 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." Ilaj. Gen. Akiyama, commanding 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 War­
fare School felt that the use of gas against the Japanese
 
would have produced disastrous results for them. Maj.
 
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 Iwo Jima would have reduced
 
United States casualties very considerably and the Japanese
 
forces would probably have been deciirinated to the point
 
where American decontamination groups 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 better 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 personnel to the probable effects of gas.
 

B. Trend of the Research and Development work
 
Prior 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 completed 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 G^aft^iirgte^ on the defensive. From
 ncr
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then "until the end of the war the emphasis wgj;placed on
 
the development of defensive materials. Turing this
 
period work on production of toxics was stopped 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 w»rk. This shortage of material
 
forced the Japanese in practically every case to work
 
not on the development of the best munition or equipment,
 
but on the development of the materials which could be
 
made with the resources at hand. 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, it 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.
 

Mainly 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 ataric bomb would probably replace incendiaries as
 
the weapon used in attacking cities. These people, how­
ever, were mightily impressed with the job the incendiary
 
had done. Further 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 wearons such a flame throwers
 
they believed would continue to be of value. They ap­
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 developed seemed to be held by most Japanese CW officers.
 
It is not clear whether this view existed prior to the end
 
or the war or not.
 



C. Personnel working on Chemical Warfare problems
 
The Japanese were always handicapped in their re-search
 

and development work by a lack of qualified and competent
 
scientific personnel. To offset this large numbers of
 
laborers and non technical personnel were employed in
 
their laboratories. They also adopted the reasonable
 
procedure of taking graduates from the technical schools
 
and assigning them to particular fields of work in the
 
laboratory. Some of these men were officers and others
 
remained civilians. In both cases, however, the technical
 
man worked on subjects related to his field. This pro­
cedure developed specialists who were very competent in
 
their jobs. It was not always followed, and many of the
 
people responsible for work on certain subjects showed
 
a surprising lack of understanding of the problems
 
existing. Possibly a cause for this was the necessity,
 
due to the shortage of technical personnel, of putting
 
men on a particular problem for a while until 60me
 
solution - any workable solution in many cases - to the
 
problem was reached and then changing their assignment
 
to another entirely separate problem. Along with the
 
scarcity of certain materials this in large part accounts
 
for many of the poorly designed munitions.
 

D. Reliability of the Information
 
It was pointed out in .the introduction to this report
 

that most of the information is based on interrogations
 
of the Japanese and on reports written by them for sub­
mission to this office. Few documents or original reports
 
have been obtained at this time. As a consequence of the
 
fact that the information herein is in general not based
 
on recorded data, errors in details probably exist. It
 
is believed, however, that the overall information con­
tained in the report is correct. It is altogether •
 
possible that, certain information know?* to the Japanese
 
has not been brought out during the interrogations. •
 
Efforts to prevent such oocuring if possible have boen
 
made, however. In many cases the Japanese authorities
 
have apparently spoken openly and frankly concerning
 
the research work. However, throughout the period of^
 
interrogation the Allied authorities have been arresting
 
Japanese as war criminals. This has tended to1 make -the
 
people questioned vory cautious in their statements;
 
moreover, it has made the J-apanese emphasize their de­
fensive CW work while stating that practically no of­
fensive work was" carried out. Instances have occurred,
 
however, when definite, and probably intentional, mis­
statements of fact have occured. In spite of these it
 



is believed that this report gives an accurate'account
 
of all of the research and c'evelopment work and that
 
probably the Japanese have not witheld their roost
 
important data.
 

Ek	 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-


J ment ' used solel^
ly the Air Forces
 

e. Supply of CV': materials to Air Forces
 
£. Inspection of Air Chemical Proving Grounds
 
g-. Study of Air Forces plans and policy pertaining
 

to Chemical Warfare
 
h. Study of the tactical application of smoke, spray,
 

and gas bombs
 
Reports on these subjects are being written at Vright
 

Field, Dayton, Ohio* They should be- obtained for detailed
 
information.
 

The Naval Technical Mission to Japan, Nav Tech Jap, has
 
also carried out some investigation of chemical warfare
 
activities. These reports will be issued by the Navy.
 

F.	 Relation of the Japanese with Germans in Chemical Warfare
 
matters
 
Little real evidence exists vihich would indicate that
 

there was effective liaison between the Germans and the
 
Japanese on chemical warfare matters. The Japanese have
 
said that information concerning new toxic agents was
 
requested from the Germans, but in answer the Germans only
 
submitted information 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 car-e 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 it is difficult to assume or Relieve that the
 
statements made by the Japanese were other than deliberate
 
mis-statements of fact. Their reasons for so doing are
 



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 development activities of
 
the Japanese Armed Forces is necessary except to furnish
 
specific information which may he requested after a
 
study of this report.
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