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SUMMARY

i
+

MISCELLANEOUS TARGETS

JAPANESE FUELS AND LUBRICANTS - ARTICLE 1
FUEL AND LUBRICANTS TECHNOLOGY

‘ The U. S. Naval Technical Mission to Japan has investigated several
aspects o Japanese fuel and lubricant technology, with particular emphasis on
the reseairch of the Japanese Navy, and has reported the rfindings in detail in
nine currsat reports. ' g -

This report presents a brief itei@ization of aspects of this investie

P

: “The significant feature of the Japanese Navy's petroleum policy is

‘the fact that it did not rely upon industry for researchk and refining. In-
‘stead, the Navy built, Just before the outbreak of the war, omne of” the world's
largest fuel and lubricant research institutions at OFUNA, and also built and

' | operated two of the largest refineries in Japan. While the Army and private

‘industry carried on independent research, the investigatiom indicated thet the
'research of the Navy was foremost end, thersfore, the referenced and detalled

: ,;;'Asfid'e from the purely technical ;:aspeots of fuel and lubricant devel-
orment, ‘comments are presented relative to! the scientific stature of the

-Japanese people, and 1t 1s concluded that Japanese technical ablilitiy has been

' NTJ-L-x-38f(N)-1 :
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, %ation juiged to be of particular interestito the U. S. Havy, and lists a few _
original Japanese developments on which further s_tudy way be warrented.

" reports oz fuels and lubricants present the most advanced technological infor-
. 'mation ip-Jepan. : : : ,

iy
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* - Section is given -in Enclosure (4). :

. mercial point of view, the Japanese technology did not held promise of edven-
_¢es ‘valuable enough to be worthy of extended investigation, as did those of'

' varent thet the widely scattered locations ‘'of the various points to be visited

_ " position ¢f Japan on fuel and lubricant technology deemed of interest to the
" of L September 1945, indicated possible findings of interest, supplamented by

i
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~ INTRODUCTION

’ "he extensive use of oil by the Jepenese Navy in far-flung sea end
air operations during the early part of World War II, and the reported need
for non-pefiroleum substitutes in the final stages of the war, indicated that a

thorough ilvestigation of the fuel and lubricant technology of the Japanese

Navy would :be of value. Such an investigation would provide the U. S. Navy
with an opportunity of gaining a detailed understanding of the manner in which -
the Japane3® Navy conducted its fuel and lubricant research and the progress
thaet it hail made in the several fields of cummon interest. From a purely com-

. Germeny. - ;"

. Persoppe). of Petroleun Section, U.S, N Section, U,S, Naval Technjoal, Migsion o Japnk.

S 'vj:!he‘membership of ths Petroleum Séction comprisea, at the outset,
three officers experienced in various phases of petroleum research. These
tiechnical 'investigators were assisted by a language officer who served bdboth as

_i{nterpreter and translator. During the final period of the investigation, a

{iechnical representative of the U. S. Bureau of Mines was added to the Petro-
jeum Section to assist in the investigation;of research on the conversion of
coal to oil by the Jepanese and in the seizure of research equipmenti. This
ieam, for the: most part, worked as a group in order that the experience of ¥
oach member-Might be available in the investigation of each plant or technical
institution. The reports were also written; jointly by the several nembers of

~ he team.

13. : Inves'tg ation Procedure. : ,

K ©  The Petroleum Section arrived at i;he Japanese liaval Base, SASBBO »
Kyushu, oni 2L September 1945, and there organized its itinerary in order to
izover the targets pertinent to the purposes; of the investigation. It was ap- -

in the Jarenese Islsends and the inadequate means then available for travelling,
oilleting, and subsistenoce mede 1t necessary to utilize a conveyanes providing ©
the above ;essentials. For this purpose an ambulance was obtained aad espe~
aially fitted out with litters for sleeping, extra racks for drinking weter

and gasoline, and e trailer for food and miscellanéous gear. : o

J\t the outsef, the general plarl f:or investigating the technical

U. S. Navy.was to visit those places where "Intelligence Targets Japan™ (DNI)

othér locétions brought out in connection with investigation of the points of .
visit. However, when in the course of the lnvestigation it was discovered
that the fuel and lubricant research of the Japsnese Navy was concentrated at .
one point, the First Naval Fuel Depot at OFUNA, this "honeybee"™ plan was .
‘abandoned. & It was decided, rather, to obtain information on OFUNA in the ful-
lest deta’ll, supplemented by investigations of typical refineries and manufac- -
turing plants wherein the products of research were manufactured for naval and
other use.. A complete outline of the various targets visited by the Petroleum

i
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. SUBMITTED BY U. S. NAVAL 1R mION TO JAPAN
3 VOtherii-ii"ﬁepofts submitted by the Petroleum Section of the U. S. Naval Tech-.

nloal Missicn to Japan: constitute in effect a detailed presentation of practi-~

cally all ¢f the fuel and: lubricant research: carried out at the First Navel.
Fael Depot, OFUNA, supported by technical deta on coal conversion apd petro-

leur refining obtained from typlcal 1nst.a11ef§tions located throughout Japan. =

- Bfforts were made to obtain Japanese refisearch documents whenever warrant-
ed and forimrd them through ATIS to the Weshington Documents Center. A 1ist
of the docunents. thus hendled is included hearein as Enclosurs (B). Also sub=- .
nitted, es lnclosures (C) end (D), are lists of samples and equipment seized
by the Petioleum Team ande forwarded to cognizant goverament laboratories in
the -United States. .
T It is not the purpose of this report, to sumnarize the other nine- reports,
bat rather: to present some aspects of the Japanese fuel and lubricsant toeche
pical position judged to bve of special imterest to the U. S. Navy. However,
{n order thxat the reader mey understand the nature of these other reporta, the
following i1iscussion 1is presented., i . ) e v

Bt In vi«aw of the procedure followed, thezireports , in general, are bassd on
the researsh conducted et OFUNA. The technical files of this extensive re-

_gieerch institute, which employed some 3,200 men and comprised over 70 modern

© huildings, were burped 1 August 1945 by the: order of Vice-Admiral N, YAMAGUCHIL

. {he Director of the Depot. It was, acocordingly, directed by the the U. 8. :
" Navel Technical Mission to Japen thet approximetely one hundred of fhe fapa-
"nese paval itechnisal personnel return to OFUNA to reproduce from notebooks,

i: persional files, mMEWOTY, and other sources, reports in English covering all of
-\ {heir  research activities during the war period, 4s these reports were pro-- -
pared, they were reviewed with the authors :by the Petrolcum Section, apd an

offort wasimede %o orgenize them so that they presented %he egsential informa-
‘tion in orderly form, though time and perscnnel limitations rendered the pre-
‘paration of smooth reports out of the question. No attempt was mads to rejlect
jpapers of lesser interest, since one of the chief objects was to provide a
somplete jilcture-of the full scope of the t»fechnical work of the Japanese Havy
‘relative to fusls and lubricants during the war period. : ~ _

“The vork carried out at OFUNA embraced, -the broed field of fuel and lubris
gram, “In''the closing years of the war, frantic efforts wore directed towards
'boosting the rapidly dwindling supply of avietion gasoline by production from

other scurces, such as the manufacture of ¢thyl alcohol from sweet potaioes
‘and of hydrocarbon fuels from oil obtained by the dry distillation of pine
iroots, i . 2 : B Lo :
S ‘In opder to meke the results of this investigation more readily usablse, .
_ Ithey are presented in a series of ten artiiles or reports, the titles of which
© lare listeil in the References and also in Enclosure (B). The papers prepared .
. “iby the Japanese technicians are submitted s Enclosures - in the pertinment re-
i |ports. -They constitute an integral pert of sach report and reflect the résult
lof lengthi: interrogation. Hence, for complete information on the several '

~ ted as En>losures will be necessary.

1
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@:ant vesesirch end testing, with special emphasis on the aviation gesoline pro- _'

Soshnisal subjeots referred to herein, a study of the detalled reports sulmit-
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Part II

TECHWOLOGICAL POSITION OF JAPANESE NAVY
: ;,m REGMMWWMG L] WAR II

AU

;'A'.' , Souroes: or Supply Before end During War._; : -

SR It was uot one of the purposes of this investigation to obtaln statiati~
oal! information on oil production, storage capacity, or stock. positico, as
such informefiion was or is being collected by other U.S. Government agencies,
“including tho:U. S. Strategic Bombing Survey and the G-4 Section of the Su-
_prems Commander for the Allied Powers. Suffice it toc say that by the time waer
‘with ‘the United States ceme Japan had accumulated a stock pile in excess of
1£60,000,000. birrels of._ orude o0il and refined piroducts, and its own production .
iamcmnted to 3oms 2, 500 000 barrels per year. . The estimated wartime require-
‘ment of -the Japanese was some 30,000,000 barrols per year, and the crude re-
Pliging capaciity of Japan in 1941 was about. 35,000,000 barrels per year. The
. Japianese planned to draw upon available 1nvenhories aefter Pearl Harbor until -
their crude 0il requirements for both military and civilian needs could be im-
/ported from ‘the Netherlands East Indies, and ‘then behind their rings of de- :
fense, produ«se t.hose _products needed to stand' off the Allied Forces. .
, EE What ecbually heppened was that even though production from Borneo and
‘Sumatra equalled expectations by the middle of 1943, U. S. submarines were sc
. sudeessful in sinking tankers that by 1944, Japan found her stock position
'hrapidly declining and her time schedule for re¢search and development greatly
- foreshortened, A program of constructing smal 11 wooden teankers was next under~
“taken, but tais was impeded by &n inability to produce a sufficient number of
“propulsion eagines. By the end.of 1944, all ‘the refineries in Japan using im-
- ported crudes: had ceased continuous_operation except the Third Naval Iuel
- Depot- at TOKUYAMA, and early in 1945 charging stock for this depot. wast obtain
-od|by using several J’apenese aireraft carriers and one battleship for trans- -
'porting Nethorlends RBast Indies motor gaeolins from SINGAPORE. So desiperate
iwasl the situstion at this time that edible soya bean 0il was used as btunker
:lfunl in. e. babtleehip aunk in the battle of OKINAWA. '

=l

. 'l'able I lists very briefly the principal sources or fuels and lubricanttl
‘ fo:- the ‘Japanese Navy during the period 1930 o 1945. The last year of the
‘wai* 18 of special interest, since the J‘apaness were forced to seek fuels and .
. Iubricants from nonpetroleum sources such as pine root oil; alcahol f:-om swaet

‘;vpotatoes, vegetable eils, and rubber. o 4 _

Table I

Diesal Foel : _ Bugker lual
Californis Crote Wmum Kettlema Bills Dictiliate | 1) CaliCornta .
Lobricants; ~ 2) aw (sekomtiny

Califerrda Crude |Imparted Pinished | Esttlesss Rills Dirtillste

1) CGalifornis O Crude
Lobricants | 22@(&&-}:& Creds N
- i |3) smleend
: California Crude |Isported Finished 708 Tarakan (Boxmeo) Cruds | 1) Sumetrs sot Borawo
' AN Inbricazts: 308 Sale 031 Cracked Swiduos
. : 2) stale 011
Baroeo and Osage a2d Risdessa l)m:hnnn( ). |1) Sweatra and Bormeo
Somtrs Credey | Crudes | - 30% Shals OA1 Cracked Bwidose .
- i z)wumx-( ) |2) Shale it ! -
i X Fischar-Tropsoh : I
Borneo snd Osage and Pitdesoa I)JD!m(kmo) 1) Samatre snd Borneo
Swhitre Crades Crudes Seale 0i) Craciked Rmidoss

z)mnnhn(amo)' 2) Smle 0i1 -
10% Flechsr-Tropsch :

Borneo and 1), Osage and| 1) 10% Tarekan (Boroeo) 1) Sumatrs sad Boroeo
Sumatra Crodes - 30% sale 041 Crucksd Bwitoss
2) Investigstion of | 2) 90% Tarakan {Bormoo) z;m.qu =
i Plachar 3) % ihals, such
from Other os Scya Bmn 011
. | (Paraffin &) Investigstim of Pios
Rex, Shals 052, Boot 01
Bobber stis.)
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" The production of synthetic oil from soal was disappointing. : It reached
'a maximumirate of some 114,000 tons, which was far below that called for by
‘the Jepansse Seven-Year Synthetic Oil Plan. It is of interest thati the shale
. loil works:at FUSHUN, ‘Manchuria, produced more oll than the combineél produation
. ‘|from all coal conversion plants in the ‘Japanese Empire. ;
B, Refining and Storage Facllities. i

ooh The Japanese: Navy did not depend. upon private industry for fuel supplies,
. lbut instead built and operated extensive pestroleum refining facilifiles. This.
policy ofi independence started in 1905, after the close of the .Rusgo-Japanese
War, when/a coal Prigquetting plent was established at TOKUYAMA. Oil refining
‘by the. Navy was &Started in 1920 with the installation of the first pipestill
‘in Jepen ‘et TOKUYAMA. This plant was gradually enlarged to a crude capacilty
- jof 9,500 barrels per day. In 1940 construction wes started om the Havy's ‘

i=1-1117,000 barrel per day refinery at YOKKAICEI. In 1941 the various :fuel activi-
i'tles of the Navy were designated as Naval Fuel Depots. The Fuel Dopots ro-
| ported to be in existence at the close of the war are listed boslow:

Activity

0

S

- Navel; Fuel Depot Location |
5‘ iFirst | OFUNA, Honshu : Fuel and Lubricant Research.

:Secondrﬂ ' ~ YOKKAICHI, Honshu,:;’ Petfoleum,Réfining. j

i _ | TOKUYAMA, Honshu |~  Petroleum Refiring. ,
i Fourth | h SHINBARA, Kyushu Coal Mining and Carbonization.:
’ : - HEIJO, Korea : Coa_l Mining. ' '
: TAKAO, Formosa Petroleum Refining.
NIITAKA, Formosa ! Manufacture of Synthetic Iubri- . |
v S cants (not completed). -

N o . SHINCHIKU, Formosa, Iso-octane Synthesis, Buterol - i
- a8 : i+ TFermentation {not completed).. 3

7 101st SAMARINDA, Borneo%i " Crude 01l Production.
. 102na BALIKPAPAN, Bormed  Petroleum Refining.
The  TOKKATCHI and TOKUTAMA refineries were complete modern installations

- and together accounted for some 25% of Japan's total domestic refining capaci-
. 4y.. The:processes utilized were jargely »f American origin, although soms

. were based on Japanese naval research. The refining equipment 1tself was

.ii builty principally in Japan and compared vaorably with that masoufpctursd in

7 America.: - ' :

i _During the war the Sixth Naval Fuel Depot wes established in FORMOSA to

' refine East Indies crude, to menufacture iso-octane from butanol or naturel

. gas, and! to synthesize lubricants from various waxes and fatty oils. These

¢ facilities, except for a butanol -Fermentation plent, were not completed:. by end
: of the war. Fuel depois were also established at SAMARINDA and BALIKPAPAN to

. produce znd refine Borneo oils.. | v . S

i
I

i The: underground storage facilitles of the Japaness Navy were most exten-

i sive. Suoch facilities were inspected at POKUYAMA end at the Naval bases. of :
{ KURE and:;SASEBO. In the mein they consisted of large cylindricel or rectangu-

.1 lar: reirforced concrete reservoirs buried; in the hills and completely camnou- o

 flaged with heavy vegetation. The largest single reservoir inspected was lo- v

. oated atiSASEBO and had a capacity of abcut 500,000 barrels. Total bulk store

' age capadity reported at TOKUYAMA was about 9,000,000 barrels, at the SASEBO .

. Navy Yand- 4,000,000 barrels, and at the l[TIRE Navy Yard about 1,000,000 barrels.

e E 9 }5 : ’ : R
C e e ! : S .
g S o R v .
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!ji_lesam hffj.fao’iliti‘es. ' ‘
;’ The. :l’uel\a.nd Iilbr:l._cant research faoilitieéé wers soncentrated in 1940-4)
&t the First lNaval Fuel Depot, OFUNA. A complete desoription of the history
end [facilitieii of this institution is given in Bnclosure {({F). The work at
_OFUNA was supjiorted by practical engins tests on dlesel and aircraft fuels and:

lubricents. atitho First Naval Technical Depot at the Yokosuka Navy Yard, on
toiler fuels at. the Maizuru Navy Yard and on turbine oils at the Hiro Navy
"Yard] near KUR, In addition, research on rocket and gas turbine fuels was
carried on atithe First Naval Technical Institute, YOKOSUKA, and the Naval
Tochnical Resparch Institute, TOKYO. A minor amount of research was also
‘epongored by lihe Navy at the Imperial Uni_versii:fies of KYOTO, TOKYO, and KYUSHU.

s

)1 . i B h . . i - u X
| Most of mbove research work was done by "lIngineering" paval officers, who

had {received $ommissions after graduating from|technical universities. A
’siohciol also wixs maintained: at: OFUNA for training the necessary laboratory
techinicians aijd assistantss The quality of tho research work at OFUNA was,
- for |the: mast part, nct up to American or Germail standards. A substantial por-.
tion: of: the work was devoted to duplicating foreign developments and contrib-
“uted 1ittle. ol original value. This situationiis attributed mainly to lack of
& sufficient: jijumber of highly skilled personnei\i. for the tremendous scope of

the jwork undertaken. '~ - .

D [ Specifications. :
| me fue.l.and lubricant specifications ‘of ‘the Japanece Navy are sutmitted
herewith as Baclosure (). In general, these specifications permitted the use
of: siiiomewhat;:]:'gyverv quality products than those nsed by the U. S. Navy.

Sy Part IIT |
HBIGHLIGHTS . OF- JAPANESE FURL AND LUBRICANT TECHNOLOGY

in abbrevieted form,

: The; following' itemization presents, |
' soma: of the more significant findings of the Petrcleum seo-
~i 77 tion! relative to the fuel and lubricant technology in Japen,

" with: particular emphasis on the research of the Japanese
H ' coagd - Ri
! Avistion! Gasolire. ‘ |
1, During the war the air arm of the Japarese Fleet used a 92 CI'B-M
octene number combat aviation gasoliame until 1942, at which time fhe
' ootane number was lowered to 91. This octane requiremout was maintained
for the (balance of the war except during the latter months when the
ootene number was dropped to 87 for summer grade :fuel. Other war-time
revisions: inocluded incremses in the permissible maximun lead content and:

|

boiling :empqratures,.’ i
2. . ir:lffefiti_bn_ fuel of 100 octane grade was produced in experimental quan-
tities omlys i -

i3 I’sd{-’-{oc‘tane production was low in Japan due: to inadequate supplies of
i Cl hydrcgarbons occasionsd by the limited| cracking capecity 'of the small
. refineries. It has been estimated that the peak annual production of

. iso-octéne: did not,exceed 80,000 barrels. %

i

U dpes o ltosd .of. «T'apén‘a. iso-octane was: syntﬁie;sized fromn acetylene produced

. from: calaium carbide, and from butanol ‘produced by Lermentation in com-

. mereial scale plants ereoted at KONAN, Korea and YOKKAICHI, Honshu.

‘ohasing! Aimerican "know-how" on catalytic ‘ocracking. A fixed~-bed process,
uuumsg;,_ Japanese-acid olay- catalyst, we_gq/, developed, but actual ‘produc-

/

, 5 The Japanese wers prevented by the Noral Embarge in 1939 from pur-

!

10
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i uoiﬁgof, aviation gasoiine by this process was very smell. 8o evidence of -
« +  theliapplication of the fluid catalysi principle in Japan was discoversa.

N 6. | The meat supcessful processss for manufecturing high ootans blending ° -
e stook, from the standpoint of volume: actually produced during the wer,

' wersireported to be hydrogenation oficracked gasoline and hydrooracking

of jpotroleum gas oils. These procesies as applied in Japan were devel-

opeil! in the Japanese naval researoh ;I!.abor,atories. : : ;

. 7. The severe shortage of petroleun in 1945 stimulated intensive re-
! ‘search.on producing aviation gagolin® from a variety of substiitute &ounr-

e " qes) inoluding pine root -0il, soya biben oil, rubber, alcohol: from sweet
i potatoes, high and low-temperature tar, camphor, orange. peel, bireh. bark,
! . andipine needles. A L '

= ) g ‘ :

~ 8, 1. 1% was planned to install 36,000 pine root oll retorts in Japan with
an alnuel output of: some 2,500,000 barrels of crude oil. By: proeesaing
fraotions of this oil in small catalytic ocracking and reforming anifis an.
annual output: of 400,000 barrels of aviation gasol.ine (90=92: octane: nui~- T

bexri0.15 vol % lead) was expected. This program was well under way: by -
andi of” the war.. / i ' o :

The use cf ethyl alcokol as a ﬁiending;agent in aviation gusolilne
{mpeded by the insolubility characteristics ol 95% aloohonl, and: the
lack of equipment in Japan. for manurFotnring_ anhydrous ethyl alecohol.

10 The lack of aviation gasoline for flight, training, and experimental
| puiposes: seriously: impaired Japan's ' ability to wage war, espscially dur-. LinE
P ;)::lne;:;ithe_. latter part of 1944 and in 35?91;5’. : ; o o

' B. - Dieme) and Heavy Fuel Olls. i

T

T Ledt J‘ai)‘aneée; diesel fuel sp,ecificai-fions inoluded a minimum specifis \\\)7 o
gravity of 0,915, in view of ballasting considerations on submarines. i
i1 o A

2./ The: chief source of submarine diesel fuel during the war was a: blend.
of!Tarakan {Borneo) orude oil with ;0% of refined shale oil prdduced at
FUSHUN, Manchuris. . o S
3.{ ‘The-Japanese were fully aoquaiiited with the advantages of high:

~ gefinner fuels and conducted research:on 80-100 cetane number stocks with a.

T oviow ‘40.using them in special aviatiion and torpedo-boat diesel engines.

4. Tisoher-Tropsch dliesel oil, mo#t of which wes obtained. from the
Miixe Syathetic 0il Plant av. OMUTA, was utilized by the Japsneze Nevy by
bloading with. 90% of Tarakan oil, to meet diesel fuel specifications.

‘Thiy! Japanese Army used about 50% ofthe Fisoher-Tropsoh diesel oil pro= ~
dustion in Japan as a fuel for diesnl engines in tanks. o

’ Xi"l . "! . i .
- 5. ‘Bunker fuels used by the Japanese Navy were imported principally . -
" £mom ‘California. prior to the war, agd from Bornec and Sumetra during the.
walrs. e ' i ‘ '
6./ ‘The Duch East Indies crudes were waxy, and had high poun pointsi. The
Japanese: Navy utilized thermal oracking and the addition of ' one pencent S
of! aluminum stearate during the winter of 19Lk-45 to lower the poux poimt
tai'the required level. | ' : :

{ ~ 7. With regard to incompatibility/of fuel oils, shale o0il.was tho most:
troublesome end blends of shale oiliand paraffinic base petioleum oila -
precipitated in storage. In consequence, indiscriminate bleonding ox mix=
ing of fuels: oils was not allowed: in the: Japaneso Navy. It was atated

. that there: were no: reports of, incompatability problems: in the flaet.

1
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1. lLubiricating oils obtained from Japanese crudes were of a highly
| nephithenic nsture, and oils suitable for aircraft engine lubrication

" .| could be!'produced only in small yields. This fact necessitated Jupanese.

D

ol wax distillate, nsphthelene, and sulfur.

" .reliancei on: imported finished’ oils or orudes as a source of lubricants:
. during tﬁye: war.

2. .:J”aliﬁnese.v refineriea utilized convenﬁional methods in. the,rettlning; o
. lubricating: oils.. The processes used moab extensively were:

| a)%%a Propane: ds-asphaltizing, Duo-Sal. extraction, Barisol dewaxing,
: : and contact re-~run refining. : :

SR (B)l\lrrural extraction, acetone-banzene dewaxing, end contact re-

:run.refining.

o N {"Kmesfi['apaneseﬁ Hhﬁy"'initiated: extensiwfe fundemental studies of' the' To-
: lationsliip between chemical. structure and| lubricent characteristins. R ¢
' was: concluded that: structures in which cyolohexane rings are Jjoined in

' | the parai position, either by single bonds; or by paraffinic chains, are
~ the: most: svitable for lubricating olls,

Lo A sfaftiafaetary- aireraft engine lubricant was prepnred commercially
. by polymerizing. the d’i‘s.tj.llate. of cracked paraffin wax: in the presence: ol

! alum.lnuq: _t:hJ;ox-.:l;de.;

5. Exﬁétns=ive‘. research. and pilot plant atudies were widertaken reletive.

" to the n‘iﬁmut‘actm‘ of high-grade lubricating oils by the polymerization
. of eracked or unsaturated fractions of shale oil, Fischer-Tropach liquid,

| vegetable: oils, rubber, and pine root oil. x

. 6. Anﬁi’-oxi&ants, corrosion 1nh1b1tors,5i and oiliness agents wer» not .
. | uned extemsively in engine lubricants, although a considerable amount of

research: on lubricant additivea was oonduoted.-

f T A éfx’;ee.iall study was made relative o the use of soya bean *pghoap,hmt-l

ides asisdditives serving the dual purpode of oxidation inhibitors and

oiliness;‘;gagents, although the findings mfre— not applied to practices.

8. . A iﬁubricantt of high viscosity :I.‘nd‘ex:}.fani good stability ch‘arautori's-
tlcs was:i prepared in the laboratory by the co-polymerization of cracked

9. ' The: use of the following special lutricants by the Japanese Navy is.
of interest: ‘
(a)l. A special. wateh oil consisting of a selected fraction of the
co~-polymerization pr.oduo.t.i;of, cracked wax and toluene..
(b) An anti-corrosive cylinder oil composed of repeseed oil com-
o gound‘eg with aluminum stesarate, triethanol amine, and n-
i utanol. - 4o '
(¢)] An aero-torpedo engine lubricarit consisting of polymerizaed
o oracked wax distillate plus 13% aluminum oleate.
(a)f. An airoraft engine magneto grease containing the soda soap of
ol castor oil, 'and milled to a smooth texture.
(e} An aluminum stearate type watel-proof grease for submarine top=
S side lubrication.

Conversipm of Coal to Qil.

1. Golif;iﬁhydrosenﬁtion. prdbabfy‘»was: studiied more intensively in Japan
than in:any country of the world except (fermeny.
L 4

1z
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. [4 attempting to develop the domefitio coal hydrogenation "ﬁanlmnloy,

)

‘the Japanese Naevy blocked purchese of fhe German Bergius hydrogenation

aten'ts in order tc eancourage independonce of thought emong their own

scleptists. The Japanese Army, howeve:rr, cerried oa negotiatioas with aer~
many' . throughout the war, in an unsuccessful attempt to secure technical
infornation on their coal hyﬁrogenatiox; process.

3. :J’apan attempted. to deveiop rapidl;} coal hydrogenation to industrial
; scalei as a war measure, without an adequate backgrcund in intermediate .
i scalse/engineering practice. Only two commercieal sceale coal hydrogenatiion,

lants: were installed in the Empire, and oil output from both ves insige

g

1, ‘Tapan's main contribution to the Fischer-Tropsch process was Prof.
: KIiTA's synthetic iron catalyst, which was used in a section of the - °
B PAKIEAWA plant throughout the war. S

- 5, Era’iapan' s most sueccussful Fischer-i}opsch plant, the Miike Works, was
builti directly on the basis of Ruhrchemie patents and all important

quijment was of German manufacture.

. ) f?coal carbonization produced moreigliqui‘d fuels in the Japa;nese Empire

during the war than coal hydrogenation and the Fiscuer-Tropsch. synthesis
combiined. .

. .All successful coal carbonizetion installetions in Japen were built

on foreign designs, especlally the Lurgi and Koppers systems. - Japanese
the ];;.ants were abandoned. '

8. . A "Seven Year Plan": was establisiied to achieve an annusl production

£ 1,000,000 k1l each of syanthetic gasoline and fuel oil by 1943. Actusl

prodiaction of ell synthetic fuels 1n 3he peak year, 1944, was only about
114,900 k1, divided as follows: Hydrogenation, 700 kl; Pischer-Trorach
Process, 17,800 kl; Low Temperature G;;rbonization,. 95,400 kl.-

: ‘ Part IV - L
| SOME _SIGNIFICANT JAPANESE FUEL AND LUBRICANT DEVELOFPMENTS
i e ¥ AN ORIGINAL NATORE .

4

. The items rsferenced below bave been selected from the )
‘detailed reports of this series ("Japanese Fuels and N
Lubricants®) with the thought that they may be of par-
ticular interest to those conducting investigations in
these . fields-and of possible value in future American

. technological developments. do

_ 7 E}fiub;[ect ”’ Article* | Title - Index No. Enclosures

 Commercial application of 2 ' Naval Research on  Z-38(N)-2 (B)10,

. process fior manufacture Aviation Gasoline (B)1X,

. of iso-oGtene from (B)13,

. acetylends i . : (B)1L, ,

Ccmmercﬁ;l.application of IS Pine Root 0il E-38(N)-4

. process by which terpenes Program

' aTe catalytically conver- ® g o
aromatics. 5 ' :

; ted to
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© XU38(N)-1

' o ' Sub sct-

Title Index No.

RESTRICTED

Article Enclosures

: Gc»mmeroial produetion of Researc]i on Rocket- I~38_(N)¢5 (B)7 -
cancentrated: (80-85%) Fuels o the Hy- -
hydrogen peroxide using drogen Peroxide-
tin-lined aad porcelain ) Hydrazine Type
equipmant. 0 5 N i

(Be;searoh on develoment Progreaii in the X=38(N)=7 (D)

of iron catalysts for . Synthesils of Liquid
B'i scher-Tro psch Prooess. Fuels firom Coal .
Fundamental‘studies rela~ Naval Rosearch on X=38(N)-8 :f(A),,
ting chemicial structure Lubricaits - (B)1,
t¢i- lubricat: lng oil ohar- il ‘ and
actaristic ' i (B)2 ‘
ccmercial ]produetion of - 8 Naval Rosearch on = X=-38(N)-8 (A) an@a =~
._lubricants by polymeriza- ‘

Lubricants ' (B)1O
“%ion of crasked wax dis- , :
tillates, alid reseerch on S
. .ec¢~polymeriization of , g ‘ - R
these: distillates with g
various oth«sr materials :

,lNavTech.Tap Report Series "Japanose Fuels and Lubricants”.

e ;if” | . Part V
I . GENERAL OBSERVATIONS REG ARDING JAPANESE RESEARCH

i One. of bhe most impressive attributes oi' the Japanese is the tremendous
inportance waich they attach to résearch. Iil a land severely limited in re=-.
sources, lairish expenditures of materials an(l personnel for research were made
even to thei.very last day of the war.

g'z While I.n peace-time, Arericen, German and British techniques were copied

' eztensivelyv both: in laboratories and in refining installations - after the

outbreak of: the war, the Japanese showed inifiiative in modifying known methods ” q
tc¢: suit the:changing conditions of raw mater; al supply to produce the final

products mox;l: needed.

: v

t ;’* It has, been concluded by some investiga1.ors that the research and scien-
tirio ability of the Japanese is medioore. 'Mis is believed to be a falleacy.
It is' rathe;r concluded, on the basis of resedrch discussed herein, that their
- progress has bsen conspicuous and that within the next few decades Japan may:

s wetll becomev,one of the foremost ‘technical na1.ions of’ the world.

It may:: ba .of interest to contrast the pntroleum research poliey of the
U. S. Navy with that of Japan. In the United States it was adequate to place
. the Navy's fuel and lubricant research problems before the. industry, and then

' adopt’ the. sjscifications of the advanced products available in sufficient
quantity forr the Navy's needs. This plan ma‘ntained the competitive ‘spirit
bétween: oil companies and resulted in the Navy acquiring fuels and lubricants
of outstamll.ng quality. In Japan, the oil industry was not equipped to handle
a'job. of thils megnitude, and it was: necessary for the Japanese Navy to estabe
lzlsh its own reseerch and menufacture as an nssential arm of its fighting
fcrrce.
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ENCLOSURE (B)

; DOCUI!NTS FORHARDED TAROUGE ATIS TO THE WASRINGTON DOCUMENTS CENTER

Documents elating to. Target Report S-38(N)-1 "Japenese Fuels and Lubricsnts,.
Arbicle 1 - Fuel and Lubricant Technology.‘ | :

| NeyTeohdsp No. Title . ATIS Fo,
| M26-0C12 . Work hand book for fuel.. o 4503

Douumsnts reiating to Thrget Report X-38(N)-2 "Japanese Fuels and Lubricants,
Arbiole 2*—‘tha1 Research on Aviation Gasoline

Nav‘l'ech.Ta;g No. - ‘ : Titlei ; ~ ATIS No.
? ‘ND26-0005 1 . YVarious reports printed on ariation 4,576
! ‘ to .27 gasoline. ! :
f 2ND26-0011 ¥ Kyushu Imperial University' Technology 4,582 -
g to .26 Report. ‘ : S
ND26-0022 Synthesis of triptane. fi h5§3
_ | "§D26.0013. 3, Hydrocarbon research. :;, L584
= : .5,.8,.9' ol‘& o 8

Db'uments relating to Thrget Report X-38(N)-3, "Taﬁanese Fuels and Lubricants,
fAr.icle 3 - Naval Research on Alcohol Fuel. ; : =

tOA.lo «fuel. -

:. NangchJ ap.No. Title' ‘ ATIS No.
" 1ND26_-0006 1 Research reports on aloonol and its use =s L577

. Domuments relating to Target Report X—}S(N)-A, "Japanése’Fuels and Lubtricants,
) Ar1icla L.- Pine Root 011 Program."

: 4

B NavTechTap No. ' ° Ile ~ ATIS No.
3'%ND26_0010 Raference on pine-root. oll° : Lsél‘u ”
f 3ND26—0020 Preparation of aviation gasoline from pine- 4591
i ‘ root oil.ﬁ ; ;
4ND26-02§8 % Miike Gompany research on pina oil. L589
D o : :

Documents ReLating t0 Target Report X-%B(N)-6 "Japanese Fuels and Lubricants,
_Article 6 - Research on Diesel and Boiler Fuea at the: First Naval .Fuel. Depot

OFUNA." . _ |
: NavTechJ aplo. . Title" ATIS No.
s zND26-00()7.1 ' Reports on research into diesel and boiler 4,578
IN " b t‘) .16 mels.

G :
i L . ) = i




-

I
il
N
I
i
I
[
B
M

RESTR!CTLD

" i

. -
) Hi
i

= i

N

“ gyczosuss (a)

X-38(N)-1

Documents relating to Target- Report X—38(N]-7, "Japanose Fuels end Lubricents,

i i
:

Article 7 - Progress in the Synthesis of quuid Fyels from Coal."

P

v NavTachJap Nb. Tible . ATIS No.
| HND2670008.1 ,Reeearch reports on conversion of coal ta 4579
. “ %o .76~ oil. 5 ‘
? s 4ND26-0015 1 - Detail drawing of Miike Synthetic  0il 4586
g ] - 60 ¢ 30 Company. ‘
! 4ND26-0016 1 ‘Research papers on lubricating oils., 4,587
t " $0 10 = ) - i : .
i 4ND2€L0017'1 ., Research papers on ceialystéQ 'k588
: .10 o4 ; * -
? 4ND26-0018 1 Miike Company reseercﬁ on pine oil. " 4,589
& 50 o2 S o
P i : - i
f 4ND26;0019 1 Research on coal to oil.manufacture. 4590
‘ ! tO .19 ’ . :‘
_— 4ND26-oooa 1 List of selected dorrsspondence between
| - to W31 Germany end the Mitsui Company.  4W575
9ND26?6023.1 ~ Reports on,coal,hydrogenation. 4594
cote W12 o ' d ;
@ ¥ND26-0024.1 Reports on Fisher-Tropsch process.. 4595
t oo to .3 i ‘ -
“3ND26¥0025;1. Reports on low-temper&ture carbonization. ' 1,596
. 'i;y to cll» B
7 3ND26-0021 Explosive combustion of coal dust fuel. 4592
5ND26:0026 1. Research. on gasolineiéynthesis. L597
5m>26-ooz7 1 Journal of Society of' Chemical Industry. 4598
- to 3 . -
5ND26§b028.%” Journgl. of Soclety otEChemical Induéfry; - 4,599
: B to W6 iy ‘ .
'5ND26:0029.1  Journal of Society of Chemical Industry. 4600
' 5'ND26‘-»0‘030 1 Journel of Society ori Chemical Industry. 4601
Documents»relating to Target Report Xp38(N)-8 "Tapenese Fuels and. Lubricants,
Article 8‘- Naval Research on Lubricants."‘ -
N’av![echJaE No. Title AIlTIS Nd.
ND26—0009 16 - Research reporis On.lubricating oils. 4,580 ‘
HI - X . B : : =
§ 17 = :
]
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Documents reluting to Target: Report A—38(N;-9,‘"Japanese Fuels and Lubrlcants,
Article 9 - Fundamental,Hydrocarbon Research,"g»

: NavTechJa:g - Title © ATIS No.

ND26-0013 l - Hydrocarbon research. . f e L4584
to .22 . " ‘E .

Doctments relating to Target Report X~38(N)- lO "Tapanese Fuels and Lubricants,
Aztjcle 10 - Miscellaneous 0il Technology and Perinlng Installatlons.

NavTechTs p W ... . . . Title . ) ~ ATIS Fo..
o1l Reports on oil techﬁblagyj ‘ » L585

It =1
i

H
i

Shele oil. R , 4602
Research papers ‘on catalytic-cracking. L6LT

Obtained at the First Naval Fuel Depot, O?UNA.
20btained at Kyushu Imperisl University,. FIJKUOKA, Kyushu.
i'at the Imperial Fuel Research. Inatitute KAWAGUCHI,
, ‘at ‘the Miike Synthetic 01l Co., OMUTA.
‘Obteinedi at Kyoto Imperiel Unilversity. = o
Published at FUSHUN, Menchurie, and obtained at Nihon Seiro K. K.,
i KUDAMATSU. \ -
;/Obta;neqLat Toa Nenryo .K.K., TOKYO. .
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LIST OF FUEL AND LUBRICANT SAMPLES FORWARDED TO THE

ENCLOSURE (C)

U. S. NAVAL ENGINEERING EXPERIMENT STATION

Semples f'rom the Miike Synthetic 0il Co.,’
search Laboratory, Anacostia, D. C. :

" Nav'lechJa
: Ezﬁﬁﬁiggafnno.

JE2(-0001
TE2i5-0002

i
[

JE26-0003
Jzzseooob
VIE26;0005@

xszé-oooé

. OR THE NAVAL RESEAHCE LABORATORY

Descfiption

" GCondensed Fischer 0il:

Motor Gasoline (Fischer-Tropsch)
Diesel 0il (Fischer-Tropsch)

Paraffin 01l (Fischer--Tropsch)

Paraffin Wax, 60°C, min. M.P.
(Pischer-Tropsch] :

Pareffin Wax, 85°C, min. M.P. e
(Fischer-Tropsch) '

Spent Fischer-Tropscthatalyst
Catalyst for Removal of Organic Sulfur.
Catalyst for Removal of Inorganic Sulfur.

Miike Coke
Miike Coel ) §
Unreduced Catalyst- (Fischer-Tropsch)

Active Carbon Oil (Fischer-Tropsch)
Condensed 0il (Fischer-Tropsch)

Pine Root 0Oil :
Cracked Pine Root Crude 0il

- Pine Root Gasoline
Samples from the Mitsubishi Resin-0il Factory, SHIMABARA, Kyushu,

the Navel Research Laboratory, Anacostia, D. C.

NavTechlap
Equipment No.

. JEéé-odov

Desé&iption

Turpentine No. 1 (Pine Root 0il Fraction)
Turpentine No. 2 (Pine Root 0il Fraction)
Pine Root Crude 0Oil.:

Pine Tar.

Pine Pitch.

19|

- v
L
W omoewn W W 9N
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X-38{N)-1

EOMUTA, forwarded to the Naval Re-

Amount

W
o e
~ =]

'—l
e
ct

W
.

forwarded to

' Amount

" 500 ce

500 ¢cc
500 cc
500 cc
300 gm
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namples taken from the Japanese light cruiser “SAKAWA" and forwarded to the

Iro E'o N&val

NavTechJagN
0.

-1 EBaga Emenb
szE26-0003
1 3226-00095
; 3326-001g§
e_JEzé-ooﬁ#

-rJEZé—OOl?

\..

ngineering Experiment Station, Annapolis Ma.

’DescriptiQQ
Heavy Diesel o11.
Boiler Fuel,v
Steam Cylinder Oil. :
Turbine and Diesel Lubrica%ing 0il.

No. 8 Grease (Gen. Purpose: .and Rust Pre-
ventive for Alrcraft)

=

Amount

5 gal
5 gal
3 gal
1 gal -

.10 1b

Samples taken ‘from the First Naval Fuel Depot OFUNA, and forwarded to the
7. S. Navsl Encineerlng Experiment- Station, Anmapolis Md. .

; NavTechdep

Eqnipment No.
JE26-0013 1

TE26-0013.2

TE26-0014.1

- JE26=0014. 2

JE26-0014.3
JEzé-ooia.b |
TE26-0014.5
J326-00ﬁ5.6'
TE26-0015.1
Jzzé-ooﬁs.z
'JEzé-oofr 3
JE26-0015.4
3326-0013.5
JE26-001/5.6
JE26-00] .7
3326-0016 1
3326-00¥6.2’
T826-0016.3

Descrigtigg
Diesel Fuel 5
Precise OilyNo. 1

Torpedo ?ngine Lubricatlng 0il (for summer
use :

Precise 0il No. 5

Dodecane Polymer (Precise Oil Fraction)

Dodecane Polymer (Higher Fraction)

Eydrocracked 0il (from Pime Root 0il)
Catalytic Cracked 0il (Prom Pine Root Oil)
Aero-Engine 0il (from Rubber)

7 Aero-Engine 0il (from Pareffin)

Aero-Engine 0il (from Vegq;table 0il)
Aero-Engine 0il (from Shale 0il)
Motor Oil {(from Rubber) |

Shark 0il. (Crude)

Squalene (from Shark 0il)

Magneto Grease

Controllable Fitch Propellor Grease

Rocker ‘Arm Grease

20

Amount
11lit

2 1it

200 ¢cc .
50 cc

50 ¢e

50 ¢e .
118t
150 ce
500 cec
500 cc
500 cc
100 ¢c -
500 wzc
500 ec
300 ce

5 kg

> kg

5 kg



RESTRICTED

JE26-0016.4 °
AJ326-0017.1‘
JE26-0017.2
JE26-0018.1
 JE26-0018.2

JE26-0018. 3
| JE26-0018.4
JE26-0018. 5
JE26-0018.6
JE26-0018.7
JE26-0018.8
JE26-0028
JE26-0029
JE26-0030.1-2
JE26-0031
JE26-0032

ENCLOSURE (C)

Descriﬁggy;
Sea Water Proof Grease
Pime Poot 0il (Crude)
Anticorrosive Cylindgr Oil
Grease for Framework of Aero-Torpedoes
Anticorrosive Grease for Interibr of Com-~
pressed Air Chamber for Aero-Torpedoes.

]

Rocket Fuel Catalyst

Japanese Acid Clay (0il Refining at 140°9C.)

Japanese Acid Clay (011 Refining at 140°C.)
Japanese Acid Clay (Granular)
Japenese Acid Clay (0il Refining at 300°C.)

Japanese Acid Clay (rof;Catalytic Cracking)

Aero~Engine 011, No, 106
Tea Seed 01l :
Hair 011 :
AerofEngine 0i1, No. lbb
AerbAEnginp'bil, No. 120

-21

X-38(N)-1

Anpunt
5 kg
1500 ce
15 14t
5 kg

2 kg
1.5 kg
400 gm
400 &n

i wo@f

LOO gm
400 gm
20 11t
20 11t
20 11t
20 11t
20 1it
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ENCLOSURE (D) '

LIST oF JAPANESE EQUIP]!ENT AND CATALYST3
'FORWARDED TO THE U. 3. BUREAU OF. MINES, PITTSBURGH, PA.

< quaipxnent rrom the First Naval Fuel Depot, OIUNA

. ﬁﬂ%ﬂ“%o, e ‘. _ Desc’rigt‘ion 4 _(_E_ggim%_:'dl
;f 8326-00’21 g Rotary Discharge Valve Aasembly. 5090 1b
JE26-0022 1-.2 Two High-Pressure Menual Value Assenmblies. 15 1b
JE26 \0023 : High-Pressure Flanged Unipn Joint Assembly. 25 1b

3'826-002k C 'Hifgh-Pressura Rotatiné Aafoclava Assembly. 150 1b .

.TE26-0025 1-.2 Two Brass Compression Union Assemblies. 20 1b '
;rE26-0026 Super-Pressure Autoclave Assembly. - 50 1b

,Cabalyat Sample rrom the First Naval Fuel Depot OFUNA.

S

NayTechJap ' o -
g Eguim ot No No. Description - Quaniity
| J226-0027 One Drum of Eydrocracking Catalyst . 150 1b

’Fiucher-Tropsch catalyst Samples from Kyoto Imperial University, KYOTO.

NavTech __g : o ,
g___ant No. Descript;g ' ' anti

, J?26-00l9.1 Iron Catalyst, Middle Pre%sure‘ 500 gm

J]!l"26-001.9.2 Iron catalyst, Normal Pressure 500 gm

3‘1“1‘26-00:1’9.3 Ochre Catalyst , Middle Pxfjeaaure 500 gm

22
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ENCLOSURE (E)

1IST OF ENCLOSURES TO FUEL AND LUBRICANT
REPORTS SUBMITTED BY NAVTECHJAP

";Iapanese Fuels and Lubricants, Article 2 - Naval Research on Aviation Gaso-

line", Index No. X-38(N}-2. _

; : Enclosuresé 7

(lA) "Summt:u.f'y of Aviation Gasoline Researchfat the First Naval Fuel Depot,

o DFUNA", prepared (in English) by Engineering Lieutenant Commander H.
HOSHIMIYA. it ‘

(;B)' Detaijiad Japanese Research Reports (1n-iEnglish) oxi Aviation Gasoline Re-
f search at the First Naval Fuel Depot, prepared under the supervision of

the Petroleum Se Lion of the U.S. Nava) Technical Mission to Japan.
N g Subject Author

Sectinn I - Manufacturing Methods

(B)1 .Studies on the Dehydrt tenation o:i‘ n-butane. H. KUMAKOTO
(B)2 ' Polymerization of Butanes in the‘;Presence of H. FUJIMOTO - -
"~ Phosphoric Acid. ! Y. MOMOTARI
i ? Y. KAKTUCHI
(B)3 Research on the Production ot Isb-Butane. H: HOSEIMTIYA
: : | . R. OTSUEA
: . i S. SHINODA
‘. ‘ \ 0. HIYATA
(B)4 - Synthesis of Isoparaffins. | S. NISEINO
) - Part I. Studies on the Synthésifs of Isomeric Hexanes.
b - © part II. Studies on the Synthesi.fs of Isododecease.
, (B)5 ~ Isomerization of n-Hexane. E. HOSHIMIYA
_ . | M. KATO
(B)6 Studies on the Isomerization of n-Butane. . ., HOSEIMIYA

(B)7‘-‘,’szudies on Materials Resistant 'ﬁo Chlorine Compounds. H. KAMOGAWNA

(B)8 Studies on the Alkylation of Iso-Butane. H. HOSHIMIYA
(B)9'; Studies on the Desu'lpﬂurizationiiof Gasoline. H. SAKOTA
(B‘)lb'Studies on the Synthesis of Iso-:-Octane from Acety- T. YAMAMOTO

" lene. ;5 A ) S. SETO
(B)1L Synthesis of Butene from Acetylene. T. YAMAMOTO
(B)12 Synthesis of Acetone from Acetyllens. T. YAMAMCTO
(B)13 Studies on the Synthesis of Acetaldehyde without . :

. the use of Mercury Catalyst. . T. YAMAMOTO

(B)li.l; Studies on the Manufscture of Ai?:etyl;ene from Hydro- T. YAMAMOTO
carbon Gases by Electric Arc. . T. KONOSU




xise(N)-t

ENCLOSURE (E)
Subject |

mercial Hydrogenation PLlot Plant. -

%Q (B)15 Studies on the Separation of Acetylense.
: (B)lé»ﬁtudies on Hydrocracking of Oils und Tars.,
Fert I. Studies on Hydrocracking of High Tempera-
. ture Coal Tar. :
; ’ fart I1I. Studies oa Hydrocracklng of Low Temperature
T Coal Tar. _
Part III. Studies on Hydrocrackin{; of Oha Gas Oil.
i ﬁert IV, Studies on Hydrocracking of Omonogawa Gas
é 01i1l.
3 Part V. Studies on Hydrocracking of Sumatra
! ‘ Kerosene. :
3 -ﬁart Hydrocracking Oha Gas OLl in the Semi- Com-

(B)17
oya Bean 0il,

'atudies on“the, Manufacture of Aviution Gasolineyby

(B)18
: High Pressure Hydrocracking of Sova Bean 0il.

(B)19 mtudies on Preparing Fuels from Rubber.

Fuel.
(B)21 tudies on 011 Proof Paints.

Section II - Service Tests

; v
+(B) 22 Lngine Tests of Aromatic Hydrocarbons for Aviation
?uel.

(B)23 Utility Test of Aromstic Fuels.
TAircraft Engine Tests)

(B)24 tudies on the Standarization of Aviation Gasoline
1n War Time i
Qert I. Studies on Standarization of Aviation
; : Gasoline Volatility in War Time.

Part II. Engine Tests of Aviation Gasollne with
Increase Tetrg-ethyl Lead Content.

(B)25 Jtility Tests of Aviation Gasollne Outside Specifi-
oation. :

btudies on the Manufacture ‘of Aviation Gasoline from

(B)20 Preparation of n-Heptanes and Iso Dctane for Stendard

T.

K.
MI
A.
U.

- K

K.

K.

K.

N.

T.
S.

. H.

0.
H.

T.
S.

K.

T.
S‘

RESTRICTED

Author
YAMAMOTO
NITSUI
OWAKT
MORITA

SATO
SONE

SONE

SONE
SONE

SONE
SONE
NITSUT
SAKOTA
IITMA
INABA

FUJIMOTO

MIYATA
OKAZAKY

KAKAYAMA

EONDO
SOMA

HOSHIMIYA

TSUNODA

KONDO
SOMA
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(c)

-

ENCLOSURE (E)

o Subject Author
(B)26 Utility Tests of Aviation Gasoline with Increased T. KONDO
gy Tetra-ethyl Lead Content. ‘ S. SOMA
(B)27 Research on Substitutes for Etﬂyiene Dibromide. ﬁ. HOSRIMIYA
(B)28 Studies on a Method of Testing the Stability of T. YAMAMOTO
© Ethyl Fluid. j , G. ISHIDA
(B)29 Research on Antidetonants of the Aniline Series. H. HOSHIMIYA
(E)30 Research on Antidetonants of the Selenium Series, H. BOSHIMIYA
A{B)ﬁlhResearch oﬁ Oxygen Compounds aﬁ Antidetonants. H. HOSHIMIYA

(B)32 Studies on the Influence of Moisture on Octane Value. K. UEHARA

(E)jB Engine Test Methods for Aviation Fuels at OFUNA. T. NAKAYAMA
(B)Bh Low Temperature and Low Pressure Experimentel T. NAKAYAMA
. Laboratory. B T. NAKAMURA

Section III - Engine Combustion Research

(B)BS Photographic Investigations of Flame Propagation

and Detonation in Engine Cylinders. K. NAKATA
'(5)56 Engine Detonation Studies by Piezo-electric Indi-
 cabtore. . K. NAKATA
(B)j? Fleme Prbpagation in Engine Cyiinders Studied by
' the Ionization Method. : K. NAKATA
(B)38 Studies of Slow Oxidation of Hydrocarbons by Absorp-
v tion Spectra. ; K. NAKATA

List of Japanese Documenté Pertaining to Gasoline Research obtalned from
the First Naval Fuel Depot, OFUNA, and Kyushu Imperial University,
FUIUOKA . (Forwgrded through ATIS to the Washington Document Center.)

* ok x k X

"Japanesé'Fuels and Lubricants, Article 3[-_Naval Research and Alcohol Fuel,”

X-38(N)=3.

(4)

AB)

Enclosures

"Summary of the Alcohol Research Prégram at the First Naval Fuel Depot",
prepared (in English) by Engineering Lieutenant Commander T. YAMAMOTO.

Detailed Japanese Research Reports {(in English) on the Alcohol Fuel Pro-

grem at the First Naval Fuel Depot, :OFUNA, prepared under the supervision
of the U. S. Naval Technicel Mission to Japen.

Sectlon I - Fermentation and antheé;g

(B)1 Studies on the Ethanol Fermentation ‘. ASAT ,
. ' - K. SHIBAZAXI

(B)Z Research on Alcohol Fermentaﬁion




X-38(N)s1 | RESTRICTED
: ENCLOSURE (E)

B Subject | ’ Author
part I. SRR T. UMEMURA
| ; S. NAKAMURA
L Pupt, IT. | S T. UMEMURA
. Purt IIX. g - 0, UNEMURA
} " Y. NODA
Part V. ' : -7 0, UNEMURA
: , | - M. TAKAHASHI
' {B)3 ’l‘he Absorption of Inorganic Nutrients in the Alco-
; holic Fermentation by Yeast. ¥. KUNO
- (B)4 SLudies on the Hydrolysis of Pine Wood. - . H. FUJIMOTO
L (B)5 Studies on the Butanol Fermentatiou. ’ ‘
P.a.rt I. ' 7. (MEMURA
i ‘ <
Part II. Y. TIEEDA
. : S. S}\'IMADA
Bjart III. o ' T. UMEMURA
g . q f M. TAKAHASHI.
- ' 'P.Ert v. © B Y. TAKEDA
; ‘ S. SHIMADA
. (B)6 The Design of a Simplified Alcohol Distillation 3
Lo Plant. . S. SHIOMB
(BT Synthesis of Methenol. : S. SENDO
(B)8 Studies on the Production of Higher Alcohols from ‘
Graoked Pgtroleum Gases. ( T. ITAKURA -
(B)g Studies on Ethyl Alcohol. 0. MIYATA
’ {B)10 Synthesis of Butanol from Water Gas. 3. BNDO"
B. IIIOUE

Section II - Service Tests

(B)ll Engine Tests or Alcohol as Aviation fuel.

Part I. Studies on the Anti-Knock and Auto-Ignition
Properties of Pure Ethyl-Alcohol. T. NAKAYAMA

Part II, Studies on the Effect of Blending Agents for
Ethyl Alcohol when used as Aviation Fuel. T. NARKAYAMA

i - {B)12 Studies on the Utilization of Alcohol for Aviation

i Fusl. ‘ T. YAMAMOTO'

(B)13 The Spectroscopic Investigation of the Mechanism of Y. MOMOTARI
the Combustion of Alecohol, | N . Y. KAKIUCEI

(B)lk Studies on Corrosive Properties O.L Alcohol Fuels. Y. HMOMOTARI

3 . K. HIROMOTO
0 26
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E’NCLOSUHE;j (&)

Subj ec it Authar ~

L (B)L5 Studies on the Prevention of Garrosion of Magnesium ,

i .+ and Magnesium Alloy by Mbthanol S. ENDO

: (B)lé Studies on Alcohol-Proor Paint. ¥. OKAZAKI
‘ E' v(B)l7 Alcohol Fuel Utility Test (as Aero-Engine Puel). T. KONDO -

E : ) S. SOMA

E:(G) _The Kyushu Regional Fuel Dspartment Alcohol Plant SHIHABARL, Kyushu -
E Report by NavTechdap.

:‘(D) List of Japanese Research Reports pevtaining to Alcohols from the First
v Naval Fuel Depot, OFUNA. (Forwarded. through ATIS to the Washington
i Documenx.center.s g

* x® % ?* *

:"Japanese Fuels and Lubricants, Artiole h - Pine Root 0il Program," Indsr No.
X-BS(N) "'I+. ,‘

Enclosures

. (A) "Smumary of the Pine Root 0il Researsh Program at the First Maval Fuel
.. Depot, OFUNA", prepared (in English) by chemical Engineering; Commandler
H. FUJIMOTO and Dr. S. KOMATSU. o

: (B):;Detailed Japanese Researéh Reports (in English) on the Pine Root' ‘01l
Program at the First Naval Fuel Depob, OFUNA.

:iﬂu: bjent Author

' (B)l Design Studies of the Carbonization Apparatus for -
; . Pine Roots. ; $. SANEA
(B)iz- Studlies on the Carbonization of Rosin. M. KUMAMOTO

(B)3 Studies on the Catalytic Reforming of Pine Root 0il. H. FUJIMCTO
'f(B)h Design Studies on the Simplified Treating Process for '~

I . Pine Root Ofi. : S. SANKA
I : . [
g :(B)s Pilot Plant Catelytic Cracking Studies on Sumatra :
T Kerosene and Pine Poot 0il. ~:,. ) H. FOJOLOTO
3 ”(BT6: Désign of Gatalytic Cracking Plant for Pine Root 0il. T. SHIBAZAKI
1 , , _ I. KOIKE

it ' I. TAKESHITA

(Bl? Studies. on .the Manufacture of Aviation Gasoline by ,
‘1‘ High Pressure Hydrocracking of ‘Pine Root 0il. 'S. INABA

'JiBjé Studies on the Manufacture of Aviation Gasoline by . IITTEA -
+° High Pressure Hydrocracking of Pine Rosin. © 3. INARA

(B9~ Studies ‘on the Composition of Pyroligneous Liquor
- and 1ts Uses. 3 N. SARKOTA
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oy ' ‘ENCLOSURE (E) v .‘ i

- Subject Author

‘ (B)1O Engine Test of Aviatioin Gasoline Produced from ' 7

1 " Unireated Pine Root Oil. . +. T. NARAYAMA
(B)ll Ut:l.lity Test of Pine Root 0il, - ;; ' T. KONDO

L S. SOXA

(€) | Translat: lon of Pamphlet entitled "Pine Root 0ils™ and published by the
. Firat Naral Fuel Depot, 30 January 1945. ('

(D) | The Mitsubishi Resin 0il Pactory, SHIHABARA Kyushu - Report by NavTech-

(E)E List of Japanese Documents pertaining to Pine Root Oil. {Forwarded
- through ATIS to the Washington Document’ G«mter )

*‘****

: "Japanese Fuels and Lubricants, Article 5 - Reﬂearch on Hocket Fuels of the
Hydrogen \Peroxide - Hydrazine Type," Index HNo.: X-38 (N). -5. '

Enclosures

(a)i "Summary of the Rocket Fuel Research Program at the First Naval Fuel
: : Dapot, OFUNA", prepared (in English) by G:emical Bngineering Commsmder
i 'H.. FU.T‘CMOTO.

(B)E: Detailed* Japanese Research Reports (in English) on the Rocket Fuel. Pro-
oo gram at the First Naval Fuel Depot, OFUNA.

EN
N G B

i Subject Author
(B)1 Studies on the Synthesis of (NH,) S Oaby P’bOz Anode. Y., MOMOTARI
1) 252%
[ H. KADA
: (B)2 Stmdies on Materials for Anti-corrosive Tubes for
-y producing Hydrogen Peroxide by Hydrclysis of
Ammonium—Persulphate. “Jd. USDA
{B)3 Studies on the Synthesis of Hydrogen Peroxide H. FUJIMOTO
-from Water Vapour by Electric Discharge Method. T. KOHOSU
, Y. MOMOTARI
L (Bl Sfudiea on the Synthesis of Hydrogen Peroxide H. FUOJIMOTO
- fyom a Hydrogen-Oxygen Mixture by Electr:lc Arec T. EOHOSU

Digleharg o T. MOIOTARI

(B)5 Reisearch on Organic Stabilizers ror Hydrogen
° " Peroxide. | 3. ITANI

(B)6 St.udies on Metallic Katerials for the Manufacturing, .
‘ Storing and Transporting of Hydrogen Peroxide ;
Solutions. M. OKAZAKT

i (3)7 "mo Design and Operation of Hydrogen Peroxide con-
v ccnntration Plants at the Pirst Naval Fuel Depot. S. SHINODA

W

28 |
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ENCLOSURE (EJ

: Subject
(B)8 Synthesis of Hydrazine. :
~ 1 (B)9 ;Synthesis of Hydrazine from Urea.

(B)lOIStudies_on the Combustion of Hydfbgen Peroxide and
’ ‘Hydrazine-Hydrate. g

! it . x ® *x k. kK

Y.
S.
T.

T.
H.

n.

K-38(N)-1

Aunthoz
NOMOTARI.
EHDO

T AMANOTO
TAMAMOTO
NAKANO

SHIMO

ﬁJapaneée Fuels and Lubricants, Article 6 - Research on Diesel and Boiler

Fuel at the First Naval Fuel Depot, OFUNA," Index No. X-38(N)-6.

- Enclosures

. .Depot, OFUNA", prepared (in English) by Navel Engineer Dr.

(A) "Summﬁry of the Diesel and Boiler Fuel Research at the First Neval Fuel
I I. ITAKURA.

KB) Detailed Japanese Research Reports (in;English) on the Diesel and Boiler

Fuel Research at the First Naval Fuel Depot, OFUNA, prepeared

; supe:vision of the U. S. Naval Technical Mission to Japan.

Subject:

5 (B)1 Studies on the Production of Diesel Fuel by Liquid
P : - -80s Extraction.

(B)2' Studies on the Synthesis of High Cetane Fuel by
' High Pressure Hydrogenation of Fatty 0il.

éln (3)3; Studies on the Synthesis of Diesel Fuel and its
' Preparation from Crude Petroleuri.

(B)4 Studies on the Application of Fischer Oil.
(B)5 Studies on %he Properties of Dissel Fuel Oils.

" (B)6 Paractical Tests of Substitute Diesel Fuels
 (Creosote Oil). ) :

(B)?? ?iaotioal Tests of Copra Oils as Substitute Dieseil
elS. : o

(B8 Practical ‘Engine Tests for Subétitute Diesel Fuels.
(B)9' Engine Test Methods for Diesel Fuels at OFUNA.
(B)i0 Prepsration of Pure a-Methyl N{iphth&lene.

b v(B)il Investigeticns on the Treatmenﬁ of Lignite Tar.

(BYLZ Stu&ies on the Pour Point Depréssant for Wax-
" Conteining Fuel Oils. ‘

- 29
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Autbor

 ITAKURA

FUJIMOTO

INASE

ITAKURA
ITAKURA.

. FUJIMOTO

HIRAEL

NORITAKE
HOSOI
NORITAKR
MITATA
ITAKURA
KAGEETRA

WAKANA
HARA
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_ . ENCLOSURE (Ex

Subject A . Author

(B)13 Studies on the Solidification of Bunker Fuel
. 'ContainingIWax. ‘ ; H. FUJIMOTO
(B)1L Practical Tests of Substitute Boiler Fuels
(Copra and Copra Pressed Residue). I. NORITAKE
 (B)15 Studies on Briguetfing. | M. KUMAMOTO

(C) List of:Japanese Research Reports pertaining to Diesel and Boilér Fuels
: obtainsd from the First Naval Fuel Depot, OFUNA, and forwarded through
ATIS to the Washington Document Center., !

% kK ¥ ik

. "iapanese Faels and Lubricants, Article 7 - ﬁrogress-in the Synthesis of
Liquid Fuels from Coal," Index No. X-38(N)-7,

Enclosures-

(£) "Summery of Research on Conversion of Coal to 0il at the First Naval Fuel.
§ Depot, OFUNA", prepared (in English) by Naval Eangineer Comdr. XK. MITSUI.

(E) Detailed Reports (in English) of Research on Conversion of Coal to 0il at

the Fiirst Naval Fuel Depot, OFUNA, prepared under the supervision of the
* U. S. Naval Technical Mission to Japan. - :

(B)? Ef£feoct of Reaction Pressure on Hyérogenation of Coal. T. OGAWA
(B)8 Effect of Reaction Time on the Hydrogenation of Coal. T. 0GAWA

_ Subject ; Author
; (B)1 The Thermal Cracking of Phenol under High: Pressure T. CGAWA
i Hydrogen. . XK. MITSUZ
. (B)2’ Oh the Thermal Change of Aromatic?Compounds in the
‘ Presence of High Pressure Hydrogeq. S. YAMAGUCHI:
%, (B)3 ZRiffect of Size of Coal on Coal Hydrogenation; T. OGAWA
' . (B)4 Effeot of Viscosity of Paste Oil om Coal Hydro= . T. OGAWA
: genation. : I. TAKAHASHI
' (B)5 Effect of Ferric Oxide on Coal Hydrogenation, ° T. OGAWA
; " - , { I. TAKAHASHI
T (B)6 Kffect of Reaction Temperature on the Hydrogenation T. OGAWA
: - 0f Coal, ’ . I. TAKAHASEI

(B)9 Studies on the Hydrogenation of Low Temperasture Tar. T, bGAwA

(B)10 Cn the Coal Hydrogenation Reaction. K. MITSU:

(B)11 Lxperiments on Various Coals Produced In Japan. T. SUZUKI
B, . I. TAKAHASHI

(B)12 Studies on Tar for Paste. § ‘ T. YOKOTA

30
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(c)

(D)

(E)

(sF)

(e)
{H)
(1)

@

ENCLOSURE (B).

] Subject = - . Author
(B)13 On the Physical Properties of Paste. " © 7, SUZUKI
R. YUMEN
(B)lh Studies on the Hydrogenetion of Mixtures of .
Aromatic Compounds. ) , T. SJZUKI
(B)15l & tudies on the Properties of Tar from Coal Hydro- S. KOMATSU
‘ ganation. _ - K. MITSUI
(B)16 On the Mbchanism of Coal Hydrogenation. T. SUZUKI
T. TAKABASHI
(B)l7 haal Hydrogenation in a Semi-Commercial Pilot . T, SUZUKI
Plant. -~ g K. MITSUI
{B)18 Studies on Catalysts for Coal Hydrogenation. K. NMITSUI

T. OKADA
(B)19 Studies on the Fischer-Tropsch Syathesis.

:Eart I. Activation of Cobalt Catalyst by Hydro-

- generation. J. HAKAI
:Part IT. Studies on Iron Catalyst. J. NARKAT
Part III. Studies on Liquid Phase Synthesis with
g © ZXron Catalyst. « J. NAKAT
(B)20 étudies on Coal. 3 M. Immbm
(B)21. Studies on Shaly Coal Tar. M. XUMAMOTQ
(B)22 Studies on Simplified Apparatus for the Carbonization
E _of Shaly Coal. ; R. 3SUSUKI
(B)25 ‘Studies on the Extraction of Coe.]. M. KUMAMOTO

List of reports (in Japanese], pertaanng to research on conversion of
coal, 0 0oil, obtained from the First Naval Fuel Depot, OFUNA, and for-

}wardea through ATIS to the Washington' Document Center.

Reseacch on the Fischer-Tropsch Process at the Kyoto Imperial University -
Reporb by NavTechdap.

Research Activities of the Imperial Fuel Research Institute at KAWAGUCHI -
Reporb by NavTechdap.

The Coal Hydrogenation Plant at FUSHUN - Report by NavTechJap based on
interview with Mr. T. MIYAMA, former Manager of the Fushua Plant.

Milke ‘Synthetic 0il Company - Report by NavTechJap.
Nissan.Ekitai Nenryo K. K., Wakamatsu Plant - Report by NavTechJap.

History of the Synthetic 0il Industry 1n Japan - Report by Mr. N SHCNO,
Asst. Chief Engineer of Teikoku Nenrxo X.X.

Teikcku Nenryo K.K., UBE Works - Report by NavTechdap.

31
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" ENCLOSURE (E),

"Tiapanese Puels and Lubricants, Article & - Naval Research on Lubricants,™®
- Index No. X-38(N)-8. . *

' (BE:I‘

(4

= Bnclosures

"Summary of the Lubricants Research Progfam at the First Navel Fuel
Depot, OFUNA", prepared (in English) by Chemical Engineering Captiain Dr.
I. KAGEHIRA. ! 5 ”

Detailed Japanese Research Reports (in E_ﬁglish) on the I.ubricant Program
at the First Naval Fuel Depot, OFUNA, prepared under the supervision of
the U. S. Naval Technical Mission to Japan.

‘ Sub ject Author
(B)1 O the Synthesis of Lubricating Oils. I. KAGEHIRA
(B)2 Studies on the Synthesis of Aero-E)ﬁgine 0il by I. KAGEHIRA
Condensation Method. i A. WAKANA
(B)3 Studies on the Preparation of Aero.-j-Engine Oils from Y. KAGEHIRA
Shale 0il. , N. IIMURE
(B)4 Studies on the Manufacture of Aero.-?-Engine 0ils from I. KAGEHIRA
Rssidual 0ils by Solvent Extraction. N. MATSUO
S i N. IIMURE
3 I. HARA
(B)S Pil-lot -Plant for Propane;Phenol Sol\irent Extraction. I. K.A(EHIRA
(Propane Deasphelting and Dewaxing.) N. MATSUO
o ! . I. HARA
(B)6 Pilot Plant for Propane-Phenol Extiraction. 7 (Phenol I. KAGEEIRA
Extraction in Propane Solution.) N. MATSUO
| ‘ ‘ I. HARA
(B)7 Pilot Plant for High Pressure Solvent Extraction in  I. KAGEHIRA
; Piropane Solution with High Pressure Methane and N. MATSUO
Hydrogen. . I. HARA
(B)8 Pi;lot Plant for Acetone-Benzene Dev}axing. I. KAGEHIRA
‘ o N. MATSUQ
} I. HARA
(B)9 Eiiplanation of Pilot Plant for Continuous Vacuum . N. MATSUO
. Diﬂ',stillation. M. OE
(B)10 Siiﬁdies on the Synthesis of Aero-Eﬁigine 0ils from I. KAGEHIRA
Parafrfin Wax. N. MATSUOQ
) - E. KOSUGI
: i K. ISHIKAWA
M. SUNAZAKI
H. NAKAC
_ Y. IKEGAMT
(B)11 Sifﬁdies on the Composition of Paraffin Wax in I. KAGEHIERA
Crude 0il. : . H. NAXAO-
(B)12 Studies on the Synthesis of Aero-Engine 0il from I. KAGEHIRA
i A. WARANA

Feitty Oils.
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(B)13
- . from Soda Soap.

(B)14
; Catalytic Cracking and Polymerization from
_vFatty Oils. ~

ENCLOSURE (E)

Subject:
‘Studies of Preliminary Purification -of Dry Distillate

Studies on the Synthesis of Aero-Engine 0il by

‘Studies on the Synthesis of Aero-Engine 0ils from
‘Rubber. :

Research on the Preparation of Iubricating Oils

- from Brown Coal Tar.

(B)17

1
o

‘Studies on the Mhnufacture of Lubricating 0il from

i:Pine Root 0Oil.

(B)iés

v:(B)lQ

{(B)20
(3)21
(B)zé

(8123

(B)ZL

A Simplified Method of Reclaiming Used Lubricating
ill

Studies on Lubricating Oils for Marine and Aero-

.. Torpedo Engines.

Studies on Lubricants for Diesel. Engines.

Studies on Precise Oils. ,}

: oo ; “
Experimental Manufacturing Methad for Precise Oils.

»

Studies on Anti-Oxidants for Aeﬁo-Engine Oils.

Experimental Method for Mannfacturing Additive

g :Agents.

(B)2W

‘Engine Tests of Compounded Aircraft Engine ‘Lubricat-

““ing 0il, Relative to the Influernce of Tricresyl-
i phosphite and Tricresylphosphatﬂ as Additive agents.

(B)2b

Engine Test with Proposed Lubricating 011 Addition
Agents. .

I.
N.

M..
I.

N.
T.

I.
N.
K.

N.-
- ISHIWATA

M.

N.
M.

I.
N.
T.

I.
N.
M,
M.

I.
M.

1.

N.
I.

N.

I.

A.
N.

s.
A.

N.
MI

T.
K.
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Author

KAGEHIRA
MATSUO
WAKANA
DEHARA

KAGEHIRA
MATSUO
SAKURA

KAGEHIRA
MATSUO
ISHIKAWA
XKOTAKE

TOYAMA
KAGEHIRA
KATSUO
TOY AMA
KAGEHIRA

MATSUO
ISHIWATA

FUJTIMOTO

FUJIMOTO

XONDO
SHIMURA
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f(B)27 Studies on the Oiliness

" {Bj28 Studies on the Oiliness

ENCLOSURE, (E)

. : ’ Subqect

carbons Based on Static Friction Determination for
Steel on Steel. , ;

Characteristics of Stearic
Acid, Benzene, and their

Friction Determinations for Steel onisteel

g(B)29 Studies on Soya Bean Phosphatldes as Additives for

Lubricating Oils.

(B)30 Studies on Methods of Testing the Oillness of

Lubricating 0il.

. é(B)Bl To . Test Lubricants under Extreme Pressure.

Lubricants.

{(3)32 Studies on Additiveb For Submarine Dlesel Engine

?(3)33 Studies on a Viscosity Index Improver.

f {B)34 Sttdies on High Frequency Insulating Materials.

{B}35 Studies on Pour Point Depressants for Lubricating
01]3 -

(B)36 Renearch on Lubricating Greases.
Part  I.

-Pagt II.

Part III. =

‘ \B)37 Studies on the Preparation of Anti-Corrosive

(c):

h obtained from the First Naval Fuel Depot, ‘OFUNA,

Cylinder 0il.

Derivatives, Based on Static.

Characteristmcs of Pure Hydro-

I.
M.

I.
M.
I.
M'

I'
M.

F.

I.
M.

I.
A.
I.

A.

I.
A.
I.
S.
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Autkor

KAGEHIRA
HIRATA

KAGEHIRA
HIRATA

KAGHHIRA.
HIRATA

KAGEHIRA
HIRATA

FUJIMOTC

KAGEEIRA
HIRATA

KAGEHIRA
WAKANA'
FUJII

WAKANA

KAGEHIRA
WAKANA
HARA
MIYATA

KAGEHIRA
DAN

KAGEHIRA
DAN
ABE

DAN

KAGEHIRA
MATSUO
HIRATA
DAN

List of Japanese Documents Pertaining to Lubricating 01l Research

 ATIS to the Washington Document Center.

(D),

‘The Japanese Motor 01l Company, Nihon Hatsudokiu

Prefecture - Report by NavTechJap.

and forwarded through

K.X, UBE Yamaguchi
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ENCLOSURE (E)

?Japanese Fuels and Lubricants, Article 9 -ﬁFundamental Hydrocarbon Research,”
;Endex No..Xl-BS.(N)-9m ‘ g .

; o Enclosures

KA) 'On the Physical Properties of Some Puie Hydrocarbons", preparesd (in
: English) by Dr. S. KOMATSU of the First Naval Fuel Depot, OFUNA.

kB) "Datéion the Thermal Cracking of Pure Hydrocarbons™, obtained from
' Professor A. IBUKI of Kyoto Imperial University.

i(C) Listfof Japanese Documents pertaining?to Hydrocarbon Research obtained
| from the First Naval Fuel Depot, OFUNA, and forwarded through ATIS to the
i Nashington Documents Center. 3 '

= * ok * % x

?"Japanese”Fuels and Lubricants, Article 10;— Miscellaneous 0il Technology and
‘Refining Installations,” Index No. X-38(N):-10. *

i

Enclosures

(o) List of Documents in Japanese Pertaining to Research on Miscellaneou: Ci:

Techaology at the First Naval Fuel Dejot, OFUNA, forwarded through ATIS
tc the Washington Document Center. '

{B) Detailed Reports {in English) of Research on Miscellaneous 0il. Technology
; at the First Neval Fuel Depot, OFUNA.. , -

s S ‘ _ Subject o : Authox
| (B)1. Studies on Acid Clay. o H. FUTINOTO

b(Blzi Entreinment and Plate Efficiency of Bubble-Cap

Rectifying Columns. T. YOKOYAMA

;(C) nDevelopment of Catalytic Cracking iniJapan" by N. NAKAHARA, President of
, _’I_:_O_g' Nenggo K.K. y

E(D) nThe Petroleum Industry in Japan” by J. AOKI and G. NARA of The Shun

b Nomura Office. " :

- (E) Nippon 0il Co., Kudamatsu Blant - Report by NavTechJap.
EK(F) ThefThird Naval Fuel Depot, Tokuyama Refinery - Report by NavTPechJap.

. (@) The Nippon Seiro K.K., Tokuyama Plant - Report by NavTechJisr.
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ENCLOSURE (F)

¥

DESCRIPTION OF THE FIRST NAVAIL, FUEL DEPOT, OFUNA
. HISTORY

s The Fitst Naval Fuel Depot, located in OFUNA, Kenagawe FPrefecture, was
officially established on 21 April 1941. This Depot was devoted exclusively
t¢ research, process development, and practical testing of fuels and lubri-
cents. Previously, the research activities and pilot plant studies had been
conducted at the Tokuyama Naval Fuel Depot, and the practical product testing
hed been performed at the Naval Aviation Teclhinical Depot, YOKOSUKA (later the
First Technical Depot). The Depot at OFUNA was established by the Nevy s0 &s
t6 centralize all Naval activities pertainingz to this particuler field at one
independent plant. . i B

L The aviation fuel and lubricating oil research department of the Naval
Aviation Depot was first transfered to OFUNA and reestablished on 27 ¥May 1938,
as the Experimental Department of the Naval Fuel Depot. It was then consider-
ei desirable to move the research department of the TOKUYAMA Naval Fuel Depot
to OFUNA. This transition was begun in June: 1939 and completed in March 1940.

- In April 1941, the independent organization known as the First Naval Fuel
- Dopot was officlally established, and it continued operation until 15 August
1945. : Lo

BUILDINGS AND GBOUNQ§

, The First Naval Fuel Depot occupies an area of approximately 100 ascres
and is located about a mile and a half from OFUNA Station. A map of the Depot
.~ is included es Appendix (I), and a panorsmic view is shown in Figure 1(F).
There are n total of 74 buildings within the grounds. Of these, 37 were de-
voted exclusively to technical work, while the remsinder were used for office

. space, shops, storage, and other related facilities. Nearly al). of the lab-
mentioned apove provided nearly nine acres of floor space for laboratories,
rilot plants, and test apparatus. '

. Included herein as Figures 2(F) to 20(F) are photographs of some units of
the research eguipment of the Depot. Although these photographs show only a
portion of the equipment, they are indicative of the type of research conduct-
ed at OFUNA. Detalled descriptions of all items of equipment are given in the
technical reports submitted by the Japanese personnel attached to the Firat
Kaval Fuel Depot. These reports are included as Enclosures in the NavTechJap
Feports, Index Nos. X-38(N)-1 to -10, imclusive.

: The Depot suffered no bomb damage and was never exposed to bombing
ettacks; however, elaborate preparations had been taken to protect key points
from possible damage. Two extensive underground shelters had been built as
vell as scveral smaller ones. The buildings containing files, records, and. -
communication centers were carefully protected. The only wooden laboratories

on the premnises were torn down in June l9h5_to minimize the fire hazard.

y An extensive cave ‘building program was started in the fall of 1944. Mine
» jiarge caves to be used primerily for storags of raw materials and equipment
were built: on or near the Depot during the last year of the war. A series of
underground laboratories were also started but were not completed. There were
50 be ten individual and connected laboratory rooms in one large cave. Sone
of the individual lasboratories had been completed and were being used at the
sermination of the war. Photographs of the outside view of one of the cavesg
and ‘an underground laboratory are shown in Figures 2(F) and 3(F), respectively.

39
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. Although not directly subjected to bombing attacks, the increesing number
_of bombings on nearby cities during the final months of the war made it neces-
sa1y for the Depot to be more and more self-sufficient. An example of the
extent of this self-sufficiency 1s indicated by the fact that in 1945 it was

. found necessary to set aside a building for the manufacture of laboratory
glassware, since all commercial sourges had been destroyed.

PERSONNEL AND ORGAN:ZATION

As orlginally established, the First Naval Fuel Depot consisted of a
Research Department and an Experimental Department, in addition tc the depart-
nmums concerined with general affairs, accounts, and medical treatment. The
Resiearch Department was responsible for both research and pilot plant studies
pertaining to fuels and lubricants, and the Eiperimental Department wes con-
cerned with full scale tests of fuels and lubricants.

- As time progressed it was. apparent that the Japanase engineering design
facilities ware inadequate, and it became increasingly difficult to transfer
the application of laboratory results to pilo: plant stage and aiso to full
scale design for the Navel Refineries at YOKKAICHI and TOKUYAMA. To meet this
. nee:d the Chemical Engineering Department was established 111 April 1944.

Each of the departments described above was broken down into sections,
the nature of which varied with changes of emphasis in research activity. A
- detailed itemization of the organization as i% was at the termination of the
wanr is shown in Appendix II.

 When first organized in April 1941, there was a staff of 45 and @ worker
complement of 1,000 men employed at the Depot. The first Superintendent of
- -the Depot. was Rear-Admiral Hiromitsu YANAGIHARA. By October 1943 the staff
haé increasei to 120 men, and there were 1940.workers. At this time Vice-
Admiral Aikil OBATA was appointed as Superintendent. He remained in this
capacity until 1 May, 1945, when he was relieved by Vice-Admiral Nobusuke
YAMAGUCHI. At the end of the war there were 3,210 men employed at the First
Natal Fuel, Depot, and of this number, 410 comaosed the staff,

' Aside from the department heads, most of the key research personnel at-
tached to ths Depot had commissions in the Japanese Navy &S engineering spe-
cialists., A breakdown of ‘the classification of the heads of departments ang :
sections connected with the technical activities is as follows: & Naval Of-
ficers (1 Vice-Admiral, 3 Captains; 1 Commander, 1. Lt. Commander}, 12 Engi~
neering Naval Officers (1 Captain, 2 Commenders, 7 Lt. Commanders, 2 Lieuten-
ants), 3 c¢ivilien engineers, and one civilian chemist.

WARTIME RESEARFH

Detailed discussions of the wartime research projects 1nvestigated at the
Fiyst Naval Fuel Depot are included in the NevTechdap reports referenced here-
in. These projects covered a wide field of application and present a compre-
hensive picture of the quality and scope of Japanese research activity. The
peirsonnel directing this research were competent chemists and chemical engi-
neors, slthough there appeared to be a scarcity of skilled assistants and
technicians.‘ =

About ' 30 patents were granted to the First Naval Fuel Depot during the

war A complete list of these and other pateants held by the Depot is given in
Appendix III..
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oy

Figure 1{F)
PANORAMIC VIEW OF THE FIRST VAVAL FUEL DEPOT, OFUNA

41



f

S

}(-3;§(N)-1

‘ ENCLOSURE (F)

. Figure 2(F) :
ENTRANCE TO THE MAIN UNDERGROUND RESEARCH LABORATORY
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= Figure 3(F)‘
A TYPICAL UNDERGROUND RESEARCH LABORATORY ‘
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Figure 4(F)

CONTINUOUS CRUDE OIL DISTILIiATIOIV UNIT

(Sixty barrels per day cepacity)
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'

‘ Figure 5(F)
CATALYTIC CRACKING .PILOT PLANT
(Twenty-five barrels per day charge capacity)
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: Figure G(F) . » '
REACTION CHAMBERS, HEAT EXCHANGERS AND GAS SEPARATORS
OF THE 200 ATMOSPHERE COAL HYDROGENATION PILOT PLANT

.




RESTRICTED

ENCLOSURE (F)

) 4

{ Figure 7(F)

PILOT PLANT APPARATUS FOR M:/WUFACTURE OF ACETYLENE
BY THE ELECTRIC-ARC CRACKING OF NETHANE
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’ Figure 8(F) - ,
PILOT PLANT FOR STUDYING THE EXTRACTION OF COAL
WITH BASIC OIL FROY SHALE
=4
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Figure Q(l")
B PILOT PLANT FOR HYDROLYSIS OF hOOD
{Twe lve kilograms of wood! per day capacity)
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Figure 10(F) *

: ’ ‘ ACETONE-BENZOL DEWAXING PILOT PLANT
i L - (Fifty liters of oil per day '(%harge capacity)
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Figure 11(F)

; PINE ROOT CARBONIZATI ON’ RETORTS DESIGNED '
: i . R FOR RURAL INSTALLATION
@ ;
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Figure 12(F)
SIKPLIFIED PINE RUOT OIL CATALYTIC REFORMING UNIT

DESIGNED FOR RURAL INSTALLATION
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Figure 13/F)!

VACUUN DISTILLATION: COLUNNS
FOR PREPARATION OF 80% HYDROGEN-FEROXIDE

57
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. Figure 2q(F
UNDERGROUND TIN-LINED TANKS -
FOR STORAGE OF 80% HYDROGEN-PEROXIDE
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Figure 15‘{1%) 1{ A
EXPERIMENTAL APPARATUS FOR STUDYING THE COMBUSTICH
OF HYDROGEN-PEROXIDE AND HYDRAZINE .TYPE ROCKET FUELS
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; ) Figure 16(F)
= . 3 FULL~SCALE AIRCRAFT ENGINE FUEL TEST CELL
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e

Figure 17(F)

FULL~SCALE AIRCRAFT ENGINE TEST STAND
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F;gure 18(F)

: "KINSEI4" TYPE SINGLE—CYLINDER VARZ’ABLE COHPRESSIOA’
COUM‘ER—BALANCED "AIRCRAFT T"'ST ENGINE
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Figure 10(F)
ENTRANCES TO LOW-TEMPERATURE LOW-PRESSURE COLD ROONS
FOR AIRCRAFT FUEL AND LUBRICANT RESEARCH
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Figure 20(F)
, MACHINE FOR TESTING THE OILINESS CHARACTERISTICS OF LUBRICANTS
a : _ :
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.LAYOUT

OFUNA.

PLATE I

29.Nov.1945
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ENCLOSURE  (F)

APPENDIIX (II)
ORGANIZATION CHART OF THE FIRST NAVAL FUEL DEPOT

1 15 August, 1945

SUPERINTENDENT
Vice Adm. YAMAGUCHT -

DEPARTMENT OF GENERAL AFFAIBS_

DEPARTHENT OF FUEL RESEARCH
. Capt. SASAKI ‘
’ Advisor, Dr. KOMATSU

n

Section 1 - ROUTINE' WORK
Bng, Lt. Comdr. MOMOTARI

Engineering Officers 11
Technicians 1
Workers L5

Section 2 - COAL AND DRY DISTILLATION
Eng. Comdr., FUJIMOTO

Engineering Officers A
Technicians 0
Workers 15

Section 3 - DIESEL AND BUNKER OIL
Eng. ITAKURA

Engineering Officers 2
Technicians 1
Workers 37

Section 4 - CRACKING AND PINE ROGT OIL
Eng. Comdr. FUJIMOTO

Engineering Officers 16
Technicians 10
Vorkers 99

Section 5 - HYDROGENATION
Eng. Lt. Comdr. YAMANOTO

ingineering Officers 15
Technicians
Viorkers . 72.

Section 6 - BL“NDING ASOLTNE
Eng. Lt. Comdr. YAMAMOTO

Ingineering Officers 6.
Technicians 0]
Workers ~ 56
Section 7 - FERMENTATION
Eng. Lt. Comdr. UMEMURA
Engineering Officers 8
Technicians “ 1
Workers = Ll
Section 8 - LUBRICANTS
Eng. MATSUO
ZIngineering Officers 6
Technicians 2
‘Norkers L4 -




ENCLOSURE (F) .

O DEPARTMENT OF FUEL RESEARGH
| (continued) :

-

L

! Section 9 - DOPES

Eng. :Lt. Comdr. WAKANA -
Engineering Officers 2

Technicians 0
Worksrs 23

Section 10 ~ GREASES
Eng. Lt. Comdr. DANN

Engineering Officers 3
Technicians 0
Workers - 7
Section' of EXPERIMENTAL MANUFACTURE
~ Bng. MATSUO
Engineering Officers 6
Technicians ‘ 5
Workers 203

Section of INSPECTION AND PLANNING
~ Eng. Capt. KAGEHIRA

Engineering Officers 3
Technicians. 3
Workers 38

Sectiori of GENERAL AFFAIRS
Lt. CGomdr. UVEMATSU
Engineering Officers
Technicians
Workers.

B

| DEPARBENT OF PROCESS ENGINEERING
| Ccapt. MIYAZAWA *

Section 1 - DESIGN
Eng. 'SHIBASAKT !

" Engineering Officers 7

Technicians

5
Workers 128

Section 2 - PROCESS ENGINEERING
Eng. Lt. Comdr. SANKA

Eng;ineering_ Officers 15
Technicians . 1 -
Workers 55
Section 3 - MATERIALS
Comd)r» KATABUCHI
Engineering Officers 6
Technicians X
Woikers 24
Section 4 - RBPAIRING
Eng.: SHIBASAKI
Engineering Officers L
Technicians 5 a
Workers- . 207

i

Section of CONCENTRATION OF Ha02
Eng. Lt. Comdr. YAMAMOTO

Emgineering Officers 15
Technicians .. 2
Workers 121
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rbEPAR'[LGENT OF PROCESS ENGINELRING _ Section of GENERAL AFFAIRS

: {continued) » ‘Comdr. KATABUCHI ?

i x * . Engineering Officers 4!

' % Technicians 2

% 2 : Workers 27 .

- DEPARTMENT OF FUEL EXPERIMENT ! ; Seetion 1 - AVIATION GASOLINE H
i Capti.. SASAKT : :  Eng. Comdr. NAKATA P

= i © EBEngineering Officers 8

. Technicians 1

Workers 63 :

Section 2 - DIESEL FUEL
Capt. NORITAKS

, 0 o : - Engineering Officers 2
i . Technicians - 0
; . Workers 18
b : Section 3 - LUBRICATION
A . Eng. Lieut. FUJIMOTO : -
' - : . -+ Engineering Officers 2
Technicians 1
Workers - 18

Section 4 - SAMPLING
Eng. Lieut. SONODA

I <. Engineering Offic:rs A
* Technicians L
Workers 52

Section of GENERAL aFFAIRS
Capt NORITAKE

Engineering Officers 1
Technicians 1
Workers 33
DEPARIMENT OF FINANCE
DEPARTMENT OF MEDICINE - !
a :

63




: : »
{(-38(N)-1j o , RESTRICTED
| ENCLOSURE {?)
APPENDTIX (III)
; JAPAFESE PATENTS HELD BY THE fIRST NAVAL FUEL DEPOT
Patent No.? _Date ; Subject
Ho. 43758;‘21 Oct. 1922 A manufacturing ﬂethod of liquid fuel from coal.
No.' 65661% lO Sept. 1925 A method for tranbformlng fatty oils to petroleun
: ggik?nd the,simurtaneous dry distillation of shsle

No. 68856, 8 July 1926 Improvement of the method for the dry distillation
i 4 of shale rock. )

ﬁoL 7077Qf 21 Jan. 1926 A method of manu;acturlng naphthalene whlch con-
; ? Lo tains no sulphur.

ﬁb. 70804 ' 24 Jan. 1926 : A dehydration method for oils.

B ﬁm. 73117 26 Aug. 1926 A method of manufacturlng transformer 0il, having a
i : high flash point: and low viscosity.

#b. 79898? 18 Jan. 1928 A method for refining petroleum pitch. '

ﬁb. 808&25? 7 Mar. 1928 A method for theéliquefaction of coal. : ’

» No. 80928;'13 Mar. . 1928 A method of manufacturing paints for ships' bottoms.
No. 82025 5 June 1928 A method of denaturing ethyl alcohol.

Kb. 825803316vJu1y 1928 A method of manufacturlng hydrogen and carbor mon-
G oxide from methane.

" No. »83198¥ 11 Sept. 1928 A method of 1mprov1ng the properties of lubricating
5 & oils.

ﬁb. 88565?5 2 Oct. 1930 A method for thefdry distillation of coal.

No. 88905 28 Dec. 1930 A method of preparation for some important liquids
! L ) from coal tar anc. mineral oil,

“No. 95140f 24 Mar. 1932 A method of manufacturlng hydrogen from hydrocar-
: i bons. , .

ﬁb. 95&61£ 29 June. 1932 Preparation of uéeful liquids from coal.

ﬁb. 96772 29 July 1932 Preparation of some important liquid hydrocarbons
y o = from coal tars, pitch, asphalt, bitumen, etc.

Nb. 197032 23 Aug. 1932 Recovering of oil from waste liquid containlng oil.
‘No. 97569 30 Sept. 1932 Washing of coal. i ¢
No. 97962

26 Oct. 1932 High pressure ché&ge pump.

ﬁo. 989575: 9 Jan.” 1933 Decomposition ofiéaseous hydrocarbons.

[

No. 99729 23 Feb. 1933 Improved centrifuge.
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s ! ENCLOSURE (F).
,ggﬁent No. Date i Subject:

' Nbi°101999 %17 July 1933 Decomposition of tar in the complete gasification
. e of coal. i

" No. 103427 27 Oct. 1933 Complete gaeification of coal.
Nd. 103921 ;BO;NOV. 1933 High Pressure stopévalve.

Ne; 105588 - 2 Apr. 1934 Decomposition of carbon dioxide and gaseous hydrOu
i Co : = " carbons. _

No. 109263 fza Oct. 1934 Synthesis of aromatic hydrocarbons such as benzezns
b : and tolusne from ecetylene.

:_Nd; 109413 ;12 Nov. 1934 Method of separating acetylene gBas.

Ne; 109412 i 5 Nov. 1934 Preparation of formallne and formic acid from
" methane.

° Nog. 108434 12 Nov. 1934 Preparation of ravi material for synthetic rubber
oy oo i _ »  containing 1soprene and compounds similar to
, 7 isoprene. v
No. 110026 29 Mar. 1935 Method of producirg buaker oil containing coal.
‘No. 110728 13 May 1935 Synthesis of diformic-peroxide hydrate from methane.
N@. 111614 19 July 1935 Production of bunﬁer fuel containing coal.

Ne; 113705 f12 Dec. 1935 Automatic pressure reducing pump.

Né.-120618 z 7 . June 1937 Syntﬁesis'of peroﬁides from higher hydrocarboas.
N&. 122099“xf7 Oct. 1937 Aviation gasolinegfrom coal tar. g ,
N&._122579,3 L‘Nov: 1937 Production of bunker fuel containing coal.

No. 125244 6 |

June 1938 Method of improv1ug the cetane number of dlesel
: fuels. .

Ne. 127201  7 Novi_ 1938 Synthesis of arometic hydrocarbons from acetylene.
Né. 128995 .27 Feb. 1939 Fractionating colﬁmn for hydrocarbon gages,
Né' 128813t?15 Feb. 1939 Production of ashLess coal.
rNé' 129493;;29'M5r- 1939 Electrie dlecharge tube.
."Néo’137h61’518 July 1940 Tbtal gasificatiou of coal.
Né. 13L770;§13 Feb. 1940 Fractionating column for acetylens.

No. 13h6h9;f 8 Feb. 1940 Production of diemel oil from oils, waxes, and
{ i . fatty acids.

No.-165732 ' 26 July 194k Acetylene separator.
~ No. 155090 23 Feb. .1943 Method of gas separation.

65
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ggtent No.

Ne.

No:.

 Now

No.

" Now.

No.
No.
No.

No.

- No.

,Nd.
‘NOQ
VNO}

No;

No,

VNoh
o,

 No.
‘NOL

NoL
No?

Nbi
No;
-N°;
No.:
No.

155714

141116
149983
15ysoé
157155
166282

‘149984
153748

148223

146652 -

160368
143893
144363
146053

157156
164862

139913
140032

140581
144180
ia9231
150é50
138948

157900

167502

1

30
 14
29
f19
- 10
1

16

13
143892 |

2\

Date

Mar.

Jan.
Apr.
Jan.
June
Aug.
Apr.

Nov.

Feb.

June

Nov.

Nov.

-dJune

July
Oct.
June

July;

Nov.

Nov.

Dec,

June

June
Qct.
July
Qct.

1943

1941
1942
1943
1943
1944
1942
1942

1942
1941

1941

1943 -

1941
1941
1941
1943
1944
1940
1940

1940

1941

1942
1942

1940
1943
1944

RESTRICTED .
ENCLOSURE (ﬂ?
' Subject

Separating apparatus for removing traces of acety-
lene from gases.

Fractionating colﬁmn for hydrocarbon:QAS'separatian.
Liquefaction of eoal by solvent extraction.

Liquefaction of coal by solvent extraction.

n-Hydrocarbons from aliphatic ketones,
Solvent extraction of coal.
Method of distille%ion for hesvy oil.

Separation of unsaiurated hydrocarbons from craeked
oils.

Contlnuous distillatlon of crotonaldehyde.

Synthesis of lubrlcants for aeroplanes and sutomo-
biles. :

Method of improving lubricating oils.

Synthesis of high éra&e lubricants.
ITeating-methodﬁbﬁéoil sludge. ' =
Method of improving diesel oils.

Treating'method oféoilvsludge.

Productio;”of coalgbinding masterial from asbhalts,

Method of separatlug carbonecous matter from heavy'
bituminous oil. : -

Synthesis of aleohnls from unsaturated hydrocarbons.

Synthesis of hlgher alcohols from unsaturated
hydrocarbons. :

Synthesis of alcohéls from unsaturated hydxbbarbons.
Apparatus for prodﬁcing acetaldehyde from acetylene.
Acetaldehyde from gcetylene.

Acetaldehyde from acetylene.

Method of produciné low pour point castor oil.
Synthesis of pure &-methyl naphthalene.

Synthesis of ethyl chlorlde.
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ENO.

No.

No.

§No.
- No.
éNo.

Patent No.

118760
134650,
129974,

168035
1644765
16628

I
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ENCLOSURE (F)

PATENTS WHICH HAVE. BEEN USED COMMERCIALLY

Date
13 Jan.u
8 Feb,
3 May
30. Oct.
15 June
10 Aug.

1937

1940
1939
1944
1944
1944

i

Subject
ﬁigh-temperaturé-pressure terainal.
Cétane frém whaﬂe WaX. |
Methodgs for hydﬁogenation of oils.
Synthesis of poﬁr point depressants for lubricants.
Method of treaténg 0il sludge.

Synthesis of n-ﬁaraffin hydrocarbons from aliphatic
ketones. 5

il
e

N

67
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ENCLOSURE (G)

SPEGIFICATIONS
OF FUELS AND LUBRICANTS:
FOR THE JAPANESE NAVY

TEE FIRST NAVAL! FUEL DEPOT

August 1945

Prepared For and Reviewed With
U. S. Navel Technical Mission to Japen

December 1945

69
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ENCLOSURE (G) |

'TABLE OF CONTENTS
it.‘ Gasoline .........’............‘..'....;.........‘.'....'...... Page 71 h

A. Aviation Gasolines ercosscecnescescscsesessccesccscnccscsseee PEZE TL
B. Motor Gasolines O..OO.....CIQO.'D'.'.0..'...ll.-...‘......o‘:Page‘73

I::o KerOSQ.qe 000000000000 000000000009007¢072000000000000000T0000000 Page 74'
III. G’as Oil ..-o;:.‘.-oooo‘o-o‘oogco.'ooooooooo;ooooo-oonocoococtoo-.ae Page75
I‘r. IIeaVY Oil (Diesel Oil) .-.ooo.oao-a-o-o;naoﬁ.a-oaoo-oooooo-ooolo Pase
V. BunkefiFuel ,.......L...............a......e...........a;...... Page 77
T Benzeqe 0 0 0 C e PP 000 EBPEOIO00PPE00E00000OEDO 186000000000 s3ccesncncoce Page 77
VII- Alcohol oocoooo;c'-o-oo-o.'ooonno'o'oo-fo-.oooutotn.c.au....ooo Page 77

(,III. Methanol scecescceresccccscnressesovesciosssssoncscstscscsdvcsnsace Page 78

Dl. Ethyl Fluid $00 0090080000000 00000000002000003000000 000000000 Page 79

‘ }:u Lubricalcing Oils ooe;ooz-oo-ooc-oooouooo;ao--..-o-o-o.oooooanoo. Page 79

o A... Ae‘I‘Y'O Engine Gils-.000....0'0...0.'t-;co.0.00...0..000000...0 Page 79

B.” Cylinder 9115 0006088008000 008scs010000C000RAIORINOIOVGIEORGEOES Page 80

\ i C. Tul‘bine O.Lls © 6600000068000 00006806060)70006060800e000200000caensss Page 82

\\l J‘{J:. Special 'Iaubricating (Jils o-o-.oooooccoo’-ioo.ooaco-on-c-oooooooo- Page 83
i : ;

A. .Pl'ecise Oils ..:.eoo-ooooocnooocooco;lcua.oooconcao-o---seono Page 83

B. Hy'dl‘alllic Oils ® 9 00 L0 E 00 0I0R 00000 10000800000 0RE0GCOSOSIGGESES Page 85

C. Anti-Corrosive Cylinder Oils @vesecrIs 0000 ssecesssseanssRESS Page 85

D. Castor 0118 esevecscecocosescscssscrisacnessccsnsrsscncnnssanscs Page 85

E- Rape Oils 9000000000008 0000606030000 0100000800000 500000c00CCIS Page 86

XIJ.:\- ‘(‘}I‘eaSeS:‘ 0‘10.o..."......;l...ﬁ..:l..'..{"....i.'l'.'.:.C.lo..O. Page 87

.{III. Coal '.......Q......l......l..l.I....'Q.j;'..‘..l'I0'..0.....'... Pase\gz
‘. it .
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ENCLOSURE (G)
I - GASOLINE

S S ————— < R k
v ayiation Bﬁse Gaizoline
: Date - 1937

’ Genér&;: it cohsiéts;of-hydrocarboné and shall be clear, white, free

- from weter and‘suspended matter and conform to the rollowing require-

o Reaction 5..--.o.couopop;;-.’odoooo.-coaoeaoo.c.p. neutral
+- Anti-knock value o f :
- e ]87-Oct&ne"NO,'Jy.;-....,-...... (TaEcL- 0.085 701%1 nin
. -<|,L> : :92.°ctane No. cobo.youoo.d}...o.o (T.E-L-,O.l volﬁ min
- " 3, Distillation:(°C) . _ o
a . Ip B’-Pl --}--co-ooso-oocﬁ.qo.oooocloc.cn.o.i--c 60 naex
.10% pOint'.............-.d.......a..-..-..-.;... 80 max
50%'point qo.-.oo--o-ooo.q-o.oo-oacoac.oooao--. 105 max
i ‘.90%'innt cnocc.‘o'q;ao--ﬁolo..noaaoo..oeo-o.oo 150 max
»;_597%_p01n$ e0s0sesssssessssoctstOOBOsROSOCOROCLOS 170 max N
o+ . Sum of 10, 50 and 90% DOifit ecoossesssssss (OC) 263 min '
L .T}ol“ IReid va] 01‘ preSSul‘e A-.-do.e‘.(iin..oooooo0'0;0 96 Kslm m
5’. Sulphur ...cé...oll.e.....;C('O.b.l.....i..l.’.o..e. 0.1*!!81
"6+ _ Unseturates (absorbed by 854 sulphuric acid) .... 100% max
'70 - Freezing pOinfv (OC) o‘.o-..o...uoooooo-oo.o-.o.oo--.-- -50 max

ST

*Whennno Eulphur is detected by qualitative analysis
: the test for sulphur may be omitted.

* . ok ¥

874 Aviation Base Gasoline
NS A

Gener@;: Itlié the same as the aviatién:base gasoline specification

~=.exeept for the following:

Anti-knock value ‘ P ‘
87,00118116"“0.“.....‘Q....-.o...;.....o--u. (TuEaIJ. 0.085,;) min

* ¥ K -

70 Aviation Gasoline :
ate - 1939

General: It consists of hydrocarbouns and benzene or alcohol and shall
be clear, water white or pale yellow, and free from water and suspendoed-
mattar,-contorming to the following requirements:

1. ’}Re‘action‘..................."..‘.....‘..".".9“. n‘autral
2e Anti-knock VAlUE eceevcvoccoesesscoocccsne 70 octane No. min
'3, Reid VapOT DreSSUTE «s.c-sccccecccscscscose 0.6 Kg/cm2 mex
b Distillation (0C) : .
I. Ba P- ‘.o---...o..oon.lf..o.-csccaaaoo-o-..o... 60 m‘\
10% point .........Q....'l......OQ..’....O....... Bomax
50% point .....'...0....'lloo.h.....‘.....D.....C 105m
90,% pOint ....Oll......ln:.cl.....l...‘..n;‘..... 15011181
97% Point n‘-ooo-o-oo.-o.n:--.&oooa.oa-onloo---o' l7omax

w4

N
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5' Sulphur* ..ooa-oyn-o.ncoacncoﬁoo-o-c---oco-ny-'.o Otl% max
6. TUnsaturates** (absorbed by 85% sulphuric acid) .. 1.0% max

*When no sulphur is detected by qualitative analysis,
the test for sulphur may be omitted.
**In the case of alcohol blended gasoline: absorbed by
- 85% H2304: Vol% of alcohol+l.0% max. ’
‘Note: To prepare this gasoline, blending with benzene or alcohol must
satisfy the following requirements: i .

1., Blending material: No. 1 or No. 2 benzene conforming to
-, . Japanese naval specification or absolute alcohol comforming
. to Japanese naval specification.
2. Blending limit - Denzene ......sesieseeccsess. 30 vOol% max
- A ‘ abs. 8lCOROL eiveveersdecsssncesss 20% max
3 Pour point or cloud point, (OC) eevuiveeieerecea.s =45 max

*k ok Kk

85# Aviation Gasoline -

. Date - 1937 T

Gehefaﬁ:h It consists .of hydrocarbons.énd tetra-ethyl lead and shall be
clear, blue, free from water and suspended matter and conform to the
following requirements: '

ll 'Reaction D..ll..ll.....'.‘.l}.....l..."ﬂ'.ﬂ.'.l'l neu.cral
'2qr ‘Anti-kHOCK V&luez.......;....-@.....o.-.'85 OCtane NO. min
3.. Distillation (©C) . .

- Te Be Po diteeeccocnecessssensssascosonnnsosiaass 60 max
10%p°int .ﬂ.l.’...I.O.l..'.'...l..’..l..ﬂ‘.'l.ﬂ. Somax
50% DPOINt eevevecrocncensesnoccnccnannanonnasss 105 max
90% pOint .o..aoo;--..oonc'o@.ooiocnnsooniooouo 150 max
97% DOINE 4uveenconreacossnceoesnnanscasnnesees 170 max
Sum of 10, 50 and 90% point (°C) seeeeeecvese.. 260 min

Reld vapor pressure ...ceee.edecsesscescsoss 0.6 Kg/em? max
Sulphur ..ﬁ..-..o..Do....l...q;.tuco.l.-.o.u-.ooo 0.1% max
Content of tetra-ethyl lead ...i..eeesescsess 0.085 vOl% max
Unsaturates (absorbed by 85% sulphuric acid) .... 1.0% max
FréeZing Point (OC) o.fuouooooo.auo-.-'ooooTo--oo- -50 maI

* x %

} ‘ ‘ 91# Aviation Gasoline

Date - 1942

R~3 O\ -
L] . ’ L]

Geperal: It is the same as the 85# aviation gasoline specificaticn
except for the following: ;

lo Anti"knOCK value, o:acaao.o-uto.éto..ooboo 91 octane NO. min
2." COntent Of tetra-ethyl lead sesvevsccscccscss Ool Vol% max

* % Xk

92# Aviation Gasoline

Date - 1943

General} It is the same as the 85# aviation gasoline specification
except for the following: : :

' 72
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ENCLOSURE (G)

1; Anti-knock value .e.........hi.......... 9z octane No. min
2. Content of tetra-ethyl lead scceeesccsccssces 0.l vol% max

% %k ‘ ) :

70# Aviation Cracked Gasoline
Date - 1941,

Genersl: It consists of hydrocarbons and shall be clear, water white or
pale yellow, free from water and suspended matter and conform to the
follqwing requirements: ‘ :

];o Reaction ...‘.."..........'.].....0.0"l........‘l neutral

2» Anti-knock value .n--o-..o.o#ooo-.-‘oooo 70 octane NO. min
3. Distillation (°C) .

I. B. P. .0.........'..'.l...I....ﬂ.........’.... 6omax

lo% point ...........‘...‘5..‘.'................. 80max

50% pOint l.....ﬂh..'....!-il.l.’.l.n..l...‘lilta.. losm

90% point l.'....o.‘.....l’4l...'..l'..l..lo.‘..' 150m

- 97% point e e e 08 000000000 LO0 OGRS RICLASROO 178 max

iy» Reid VADOT DTeSSUT® «eccscssnscssessecss 0.6 Kg/cm~ max

f;v'H Sulphur ‘.‘;Q.............G.(I.D'(‘.OQQOQO...D.QI.I o.].% mx’

4. TUnsaturates (absorbed by 85% sulphuric acid) <... 6.0% max

TR I 3
Q: ' B 80# Avietion Cracked Gasoline

Date - 1941

Genergl: It is the same as the 70# aviation cracked gasoline specifi-
cation except for the following: :

L. Anti-knock valu® «siccecaccicccscvscsscns 80 octane No. min L
2. Content of tetra-ethyl lead eeeceesereerecees Dol vol% max -

* k%
B. Motor Gasolines

No. 1 Motor Gasoline
Date- = 1937

General: It shall be clear water white, free from water and suspended
natter and conform to the following reguirements:

'lo ReaCtion oonocaqo.oo-dcco-ooio..oonm.o--.oooo-a.o- neutral

‘2. Distillation (°C) j : .

:‘ I. B. P. .Q.Q‘I....O.Q.Q.E..'OD....‘-.........O'. '7°max
lo% point ..‘..I'........;.......D...."...O....O 95max
50% POint PR R N F R T RN E R RN X 1h5 max
90%point ..I..I.....'.Q.y’v......'.l-........Q... 200 max
G7% DPOINE evsesccscecncnsiarsans-sssssssacsesess 220 max

3. . Sulphur - Straight-run £22S0)ine eeseessscecsscssceses NNONE

O Cracked g8S01iN€ «ssececccssscsescoscese 0.2% max,

4. Unsaturates* (absorbed by 85% sulphuric acid)

: Str&ight-run gaSOline esnecscesssecsssesesacs el 1.0% max
Cracked ZaSOLlife eeeesscascscscsssnanssasacass 6.0% max

*In the case of mixed gasoline consisting of stralght-
_run and cracked gasoline the content of sulphur should
be less than the calculated value based on the mixed

volume ratio and the maxime of each.

S 73
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o . No. 2 Motor Gascline
v & - ﬁ&te - 19“

Geﬁers34 ‘It shell be free from water aud suspended matter and conrorm
,-‘to the following requlrements. ;

'v,l“ - Reaction secescncaccessesescocasrecvccscssvsnssses. ROULTAL
" 2. Distillation (°C) A

et : 10% point ..'.l.Gll'......'.‘Q...'D......"..... 85m

50% point 0.‘........0...'...’...00......0’.0.’ lsom

90% point .l.'...‘..'..o...003'...’0......0...0 210 m&x

. 97% pOint C‘Q0.0.....'-...CO.Q....C..C..O'Q.O.. 225 max

3-- bulphur ocoooq.caoon--oou;-.ocoooooooooooooooooo. 0 B%M

P evious sgecigicgtigg It consists of ! 90% of No. 1 motor gasoline and
.10% of absolute alcohol. (Date = 1937, Revised - 1941)
SR - : ¥ % % |

No. 3 Motor Gasollne
= Date =~ l9h]

vGéﬁera}. It consists of 80% of No. 2 motor gasoline and 20% of absolute
alcoho). and shall be free from water anc suspended matter and coaform to.
the fo]lowing requirements:

n

lll R Reactlon L2 2R N ) -.Q.O....'."... .......0............ neutral
2., Distillation (©C) ' | :

lo% Polnt ® 9 080000 B e . LN . ¢S e00S GO OOOGCEOBDTOLY 100 m

50% Point 5 9 0020089 Oe0OeNe .‘ ¢ 090 s POeDDESOOSISP OSBRSS 160 mu

90% Polnt ® 9 0060 0CH SO OB S PIteESONETEGEBBOSISTTILLGCLIS 210 m

) 97% Point oo-o-oo.-...-o-.cco-l-.oooo.lcnc-..-. 225 max

3-: bulphur oou-o--.o-o-...ooooo-loc.-o.o-.-o.o----.. 03‘51!!81

LN I T
II - KEROSEME

No. 1 Kerosedg
Date - 1942 :

GeneraL. It consists of straight-run kerosens. It shall be clear,
water white or light purple, having no icombustion residue and free
from water and suspended matter. It shall also conform to the fol-
lowing requirements- R
. Reaction esesersesresssssescsctssssesscssssanss-ss. NlEUtral
: Specifin gravity, (15/4°C) cecessscsencecncsscoes 0.83 max
... Flash point. (OGS
;- Distillation (°C) ,
’ I. BO P. .C‘.l‘.".l.'l.'.!‘OOI.0.0........OA.OO 9°mm
10% point 'Q‘.uc...'..‘O'l'.‘l"..b.'..i..o‘... 150 max
50% point ..'..b..'..l.l.'l‘i..."...........‘. 200 m&x
90% point ‘...I...C.‘.....'.......D.b..l....... 250m
Lo o : 97% point e 06200 00ea0erssiiesseeto0rctssasssence 275 max
~# 5, . Unsaturates (absorbed by 85% qulphuric acid) ¢... 1.0% max

'0-0000000.0oo.cvo.a.noooo-eooo- 25 - 30

L EWNE
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ENCLOSURE (G)

No. 2 Kercsine
Date - 1935

Genarg;: It shall be colorless or light yellow, having no combustion
. :residue and. fres from water and suspended matter. It shell aleo conform
to the following requirements: S

lo ) Reaction 'oooo.ooooce-.ooooo-:oo-o-o,.oo--cuooo-..oo. neutral

2. Specific gravity, (15/4%C) ciececeeccercnecencence 0.81 max
.3, Flash point, (°c$

k.  Distillation (°C) L v

. . s _I- BO P' <.¢....GOI..".'.I"‘l‘.b.....l..t.....l.. 1501!!81

’ [ . ) .10% point ....“..‘1..'..OA:‘.‘....‘..'...D..G..... 1",5m

. ’ 50% Point 0000000000 00000000000c0c0PecacO0e00 " 205w

90% Point “...‘........‘.‘;..'.I‘."..'..n..‘..:.:'. 2:;°m

. 97% POint '0000000000t“o‘l.jﬂ-co"._"..t0'.0.‘.0..00 2?5 m

5. . Unsaturates (absorbed by 85% sulphuric acid ..... 6.0% mex

‘....’...lIVP',OV.........(’..E..O... :!0 miﬂ

* ok k!

No. 3 Kerosemne
“Date - 1939

' General: The consumption of the wick shall not be marked after burning
_ This kerosene in a lamp for seven hours, and it shall produce no soot -
vihen usedf\ It.- shall also conform to the following requirementa:
'1... R\\eactionA..;...a.....'C.....ili'l...l..!..a'......a n‘autral
2, . Specific Gravity ceceeceecessecesscsscsossacsssse 0.825 max
30 FlaSh point(oCY .:.....Ol‘Oli;..l-...l.-'.......... 115 min

.. Notei Al S. T. M. Lemp Test. |
wooE S * o+ % x ,
III - GAS OIL .
- Gas_0il
~ Date - 1935

General: It shall be ciear, free frmﬁ,water and suspended matter and
conform to the following requirements;:

1. R.eaction .Q..O....‘......'.’E...‘....."..".....O... neutral
24 Specific'gravit{ (15/L9C) eivevocecececcesssssss. 0,87 max B
) 3. Flash point (OC) eeeveoccnrenenncecoronnconcennes + 30 min
| Note: Established in 1935 | '
x x %k *
TV - HEAVY OIL

.. No.] Heavy oil

]

@ T _ . Date'f:1939
E. :'Genéfai:f It shail be suitable for diesel eﬁgine fuel, free from harmful
f dust’ on the injection apparatus, and conform to the following require-

© . ments:
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ENCLOSURE "(G).

*

,1°:' Water .o.to.coo--oo.%-.oao--no*.-.o.-.o-..-..o-o. O.5% nax
2., Reaction wtsecsecececccossecscnsossescsonesecsnsssse neutral
3. . Specific gravity (15/L9C) ....iececceccscacassses 0.95 max
‘; L}-o‘ L Flash DOint (OC esseecs e v eviesccsecrorsscesersone 80 min
. 5, 7Viscosity at 0YC ...c.ccceecicticntscneoess. 500 S.U.S. max
l 160‘ Sed-_iment S 0coceses e e s 0000 sbciBCLBeesO0RrEBOES. 0.05%]11&1
i . 7.}. Sulphur ooooog-ooo-oy-oo.-o-o.ﬂuo-cococoovoo.o-i. 0.5% max
i ) 8‘2‘.A8h o-oo.-o..-oa-oooo}occ-oooo(oor'.-n-o.l--.ean 0.05%‘m&xn
9. ,Ccnradson's carbon csevessscsssresssencceroeressOs e 5% max

e :
x & %

'No. 2 Heavy 01
Date - 1939

Generélf It shall be suitable for diesei engine fuel, free from harmful
. dust on the injection apparatus, and conform to the following require-
i ments: : , i

1. Water ceeeeccecsecscncosscosconncannraons ceoseses 0.1% max

2.?: Reaction .'.'Q-...'.......".‘C:".‘.l'.".....";..' neutral
o 3, Specific gravity (15/4°C) cieccecceeseccecece.as. 085 min
i L. .. Flash.point (PC) secececvocsscnscescscasscccssscness 05 min
K 5,. Viscosity (Redwood No. 1 sec) at 30°C .......cce.0. 30 min
;, 6.1 Sediment ......“...."l..9.0.0.0.....‘.....;.'Ol OCOI%max R
‘ 7. Sulphur et 00 ss s s s e ncessersesiEsee O B00000Ees O NS l.o%m&x
. 8-: Ash '.... ----- o“o:'.o.-.n.-..oo-o---_‘--.-_o--.o---ooon. 0.01%]11&1
‘9. Conradson's CATDON .ceeececessnccsssssssacssasoss 0o5% max
10. Cetane No- o..;n...-ooin.oc-.-n’.ooc..-o-o-'o---v-o. 1}5 min
L1. Pour point (OC) eeececoscesesscnsesecacnsccssncesaes =5 mAX
12. Calorific value, (cal/g) «..cenecececevercecces 10,000 min

* % X

New No. 2kHeavszil
Date - 191&2 i

General: It consists of Tarakan oil and shale or Fischer oil, shall be
Suitable for diesel engine fuel and free from harmful dust on the injec-
: "tion apperatus, and conform to the following requirements:
10: W&tel‘ ...lol.-o'ol--o'occoou‘l'.i'.n.'l....l.l..'.d 0-2%11181
. .' 2‘4“ Reaction l.ﬁ....l'....‘..'lD....é......lll.i.l'..'.. neutral
5 3. Specific gravity (15/4°9C) ce.cicecceccsneaes 0.915 (0.005)
L}t . Flash pOint (ch oaoo.oooao-oo:;-cottoov'-co-oa-.‘bo. 65 min
z 5. Viscosity (Redwood No. 1 sec) at 30°C aeeeesveseeo. 30 min
; B 6"1 Sediment .....l.h.....l'l0.....;0...‘....‘....... OOOs%m
: 70 Sulphur o...-'.-----o-o.’.-.--.:o.ocon.ooo..ooo-c.- loo%m
. 8. Ash ..0.'..-.....'.000....0.-.“:.0...'...QCOIO:.Q. 0.0S%max
9., Pour point (OC) eseeseeeccccccaseoccassscesacscsssce =5 MAX
10.' Calorific value (cal/g) ceevestrocesssccrcacssse 10,000 min
11. ConradSOn'sS CATDOR eecceececessssnssscscasscesess 2,0% mAx
i 12.‘ Ceta.ne IqOLI Q.o..Il'....l-.ﬂl'.C-:I........'QOCC..‘.‘... 38min

S T N T I

Dl
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EXCLGSURE (G)

V - BUNKER FUEL

Bunker Fué;
Date - 1939

 Genefél: It shall be suitable -for bunker fuel, free from dust or sedi-
.ment harmful:to the ‘burner. .It also shall conform to the following
requirements: SR .; : .

l; water oto.o-oa.-.{-oooo-.o;ipono..l't.c.cuc.c..o! 0.5% mex
2. ReactiOﬂ .'O.;'.l..I...'.'.’;l."'l.l‘..cn.'...jll neutral
'3,  Specific gravity (15/49C) .eeicecceccececoceceess 0.96 max
L. TFlash point {OC) eeveeesescsiossovecscasensessnesass 80 min
5, Viscosity (Redwood No. 2 sec) at 0°C . escescscsess 2000 max
6. SULDHUT esocecscesronscsassasscssasessscsaascsanes 3.0% max

"

* . kX * *
VI - BENZENE

- No. 1 Bénzene
.Date ~ 1635

: General: It consists ofbenzene, toluene and xylene, being suitable as
; . @ blending fuel for aviation gasoline, and shall be clear, water white
- and free from water and suspended matter. It shall also conform to the
following requirements:
lo ReQCtion ess0eesesen e eeteassscacee esacees s sses e n8utral \
2. Specific gravity (15/4°C) .ciececeesseccecsss 0.870 - 0.885
B :13.‘2 Sulphur ..a-oo..m.o‘..c.-o(:‘:,‘.tioc.'-0-0.0'........-.’ 0.25%]11&1 a
‘he Freezing point (OC) ciiueesinesivesccssscsossacsess =7 mMAx
5 Distillation (©C)
MR 60%'point ll...ﬂl.."O‘.(:‘CQOOOOQOOI.‘l..'.lo... loomax
80% DPOINE soeesccccesccenioseasnnsaansssaaneasse 120 max
ol . :95% POint'.-............A..s...o.......-....... 160 max
= h 98% pOint ..--ooooo.n“..-n'-o‘ou---o-o-n.-ao.-.-. 170 max

Colof“test by sulphuric scid: After shaking é mixture of 90 cc of the
Sample. and 10cc of 90% sulphuric. acid, the acid layer shall not be
darker than pale yellow im color. .f

L N . * ok k =
R i . . I N
oo . : .~ - No. 2 Benzens ' ' .

' Date - 1935 e

Geneégl: It shall conform to the reqﬁirements shown in the specificaiion
Tor No. 1 Benzene, except for the following: o )

P-;¥lo . Fféézing bdint (OC) ;......;.0.....0..0...-0--.... mlS max
*  * ok k%
VII - ALCOHOL.

Alcohol . ' o .,
Date - 1537 : -0

General: It shall be suitable for blending with gesoline and shall gon-
form to the following requlrements: ||

77 o -
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lotﬂ Purity 8060000300000 00 V80P 0P 1000600000008 00000 99 Wt$ min
2;\‘ Specific gr&v1ty (15/&00) ooe-ten.e-oeeeeooooooo 0.797 max
‘301 DiStillation oee.ceee-eeoeoo-euene Distillate &t 78 - 80°c
Le‘. Reaction ooeeo-ooe-oeeeocooee.qo-eeeeoeo.oeooooolo neutral

Solubill;[ This alcohol shall form a: oJear solution when mixed with -
EIstITlad water in eny proportions at room temperature.

Tk k- kX ﬁ

| B, - - v llETHAN()L o
i R o t 'No E 1 Hethggo; : . 5
Lo & - 1: _”. : ate - 19h3( ' R .

i Genersgl: It shall be clear, water white and free from suspended ‘matter,
. and coniorm to the following requirements. !

VE; .. lot.'P“ritY .ooeeooeo\eoc-ooea-eeeoqooee-eoeeoeoeoen 99 Wt% min
Eﬂ 2! 4hpeoifie gravity (15/b°c) oeee:ooooao.ocoe-oe- 0o796-0 799
3. ”.Reaotion oe--oeeeneoooe...o.oonoooooecoeeoeoeco'ne neutral

: 'Nofe:r [t shall be stored in a steel vesuel with a date label. . ;

"

R *

No. 2 Methanol,
~ﬁate - l9h3”

' General: It shall be clear, water white: and free. from suspended mattor,
. and conform to the following requirements.

10 Purity .0..0....l.l.0..‘l.....l).o......-....l.o 90 wtgmin
2.. . Specific gravity (15/4°C) .euciecscceccescceccass 0,82 max
3+i:  Reaction oeeeoo-oooooooo-oooeoqeo neutral or weakly acidie

* * X
Dok o . - : .A-ilet-hanol :
: ) Date ~ 1943

General: It consists of 75 vol$ of No. i Methanol and 25 vol% of water.
It shall be suitable for aviation gesoline and conform to the following
requirem@nts' -

l.;" Pmity ...D.Q....'O'C.........:;.O.';....‘.... 69 wt%min
2., Specific gravity (15/49C) ecteieacessscscoss O, 872 - 0.877
1 . 3.: Reaction ........O.‘..........)".Q..'..‘l"..ﬂ.ﬂ. neutral

* ok %k #

B-Methanol
Date - l9h3

General.‘ It consists of 50 vol% of No.. L Methanol and, 50 vol% of water.
It shall be sultable for av1ation gasoline and conform to the folléwing
reouirements. :

lAtl Purity ........0.0........0.....0.........’.0 43 5 t% min
2. Speclfic gravity (15/40C) 0 927 - 0.931




~ RESTRICTED:

i X-38(N)-1
, i ;
r.: !‘ :

I K ENCLOSURE (3)

) i g

f im Reaction=....................}............;Q...... neutrel

Remark: Anti-corrosive dope (pottassinh chromate) must be added to it

just Hefore use in following proportions: 20 g of dope per 200 liters

of alcohol. - cod

x ok K k%
X - ETHYL FLUID

e Ethyl Fluid
i Date - 1937

Generél: Ethyl fluid to be used as anﬁanti-knock meterial for aviation
gasoline shall be a blue clear liquid: and free fror suspended matter.
It shall conform to the following requirements:

1, Components: g ,
i Tetraethyl lead - 60 Wt% min, 6k vol% min -
Ethylene dibromide - 32 Wt% min, 25 volf min

‘R Lead susceptibility: VWhen this fluid is added to a nixture of
o 70 vol% of iso-octane and 39/ vol% of normal heptane, the anii-.
knock values of the mixture shall be as follows:
90 octane No. min 0.1 vol% tetra-ethyl lead added.
87 octane No. min 0.l vol% ethyl fluid added.
Naval-sub-standard fuel "N-1" may also be used, and, in this
- case, the anti-knock value of this fuel shall be as follows:
L 89 octane No. min. 0.1 vol% ethyl fluid added.

C 3. Containers: The container ﬁhall,be:metallic, clean, and cap~
L able of storing ethyl fluid: for prolonged periods. The volume:
and the weight of the container must be clearly marked.
* ok kA K

i

X - LUBRICATING OILS

it

AerdéEngine;Oils

i

Aero-Engine 0il No.120
) Date - 1941

General: It shall be suitable as an sero-engine oil and conform %o the
follpwfng,requirements: : .

1. Specific gravity (15/LPC) sonevenonnensnns teceees 0,92 max:
)2. Flash pOint (OC) pounonoouoicoo.o-.ooon.uon-o.“..io. 200 min
3' /Viscosity‘ at 2000F, s.U.S. esesssssssosssssssscccs 115"125
Lbo viSCOSity index so:\:--o-.-cli--o-.ccAalooouo-lounnu.l_ 90 min
5, . ConradSOn's CATDOM «iessesseosssascrsaroonsercotss 1.5% max.
iy 6¢ ASh .eoco.-oooo-ooo.ooc.ooo;oooouoo.---oo-:-o,-.c.o 0-02% max
e Pour point. (without additives) (OC) ciceeecaccscoae =5 mBX
8. Saponification VALUE sessosssssssocsccsssesssscscccs 1.5 max
N ~ 9'. ACid Value; s....-n-o.lonoo;io..o.a.oo...st‘..'ll'.- 0.111182(
v 10, Stability (British Air Minjistry Oxidation Test)
i Conditions of. oxidation:
SamPle Q'u.a...o..i—.o-.aﬁﬂ.oo..o:lt.'i'.‘l..”‘l,_.n-n.. b5cc
Velocity of blown ail esececsssccoses 15 litres per hour
Blowing time Of air ec.cseccscosenecces two © hr periods. |

i
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Temperature of‘oil........;L............u........ 200°¢
| : Viscosity Tatio ceveeescaccosesoceccocnsonannse 2.0 mAX
3 1 Carbon residue after oxidation isecseeeecescss 2.5% max

1 o : : % % Kk

Aero~Engine Oil;No.SO
Date. - 1941, -

Generalgt The: 0il shall be adequate ror'ﬁero-engine 031 and shall). conform
to the following requirements: o :

1. Specific gravity (15/49C) cevui.vicersnceennscnes 0.90 max
a v 265' Flash pOinF'(OCY c.o.o.--ooo--ﬂou.o.oc--.oomooo..o 200 min
i '3m; VISGOSity'at‘ZOOOF ..o-oo-o-oo;.ooocn-o-n.oo- 75‘85 S.U.S.
: l‘-.vl viscosity index I.~..'...'.I...;"..'.........4.."\._0. 90 min
5. Conradson's CATDON eeivvienceciiiienecancinnennssde 1.0% max
60'- ASVh ..I..I.....‘.O‘.'...';‘..0..;‘.l.....-.‘.tt...l.:\O.oz%m
7.: Pour point (without additives) (9C) eiceeeveeseess =15 max’
80- Saponification value .......OlE.I...’,.....Q'».“\.... l.o max
. 79¢ " Ac1A VAlUE .euiorrerssricsccsaiactacacnssssnansses 0.1 max
10.'  Stability (British Air Ministry Oxidation Test)
. , - Conditions of oxidation: K ! =
I Samplev.....».0......'......l..‘.‘..:..'..Q.......Q..htscc
Velocity of blown 8ir ..seeisese.es. 15 litres per hour
Blowing-time of air s.e.ceeivevesecess two 6 hr periods
Temperature of Oil n.no--oo#oboooou.o'.--oooc.too 20000
Viscosity Tatio ceeevieisronccecceecosoncsenees 2.0 max
Carbon residue after oxidation s..ieeeeceeeees 2.5% max

* %k ok

B, Cylindep Oils

No. 1 Cylinder (41
Date - l935; R

General: It shall be suitable for the lubrication of internal engines
and conrorm to the following requirementsi:
lo, Reaction .Q.‘ol.ln.o-...;oo.on.c;.-,..-ol---olo-‘lnc nEutr&l
2., Bpecifiec gravity (15/49C) .eiisieveencvesassansss 0.965 max
; Jo i- Flash point, (O0) seeiveveonnciioncnenseenencannnss 250 min
o L. ' Viscosity (Redwood No. 1) at 100%C cescisssc.s. 98 sec min
!t i At l50°c o.oco----o.on--.-.ﬂooo-------.o.-.n»38 sac min'
CGe ASH eiiiisiieeeiiiiietiiiarecdeesstestsnecnsens 0.05% Dax
6. Animel or Vegetable 01l ceecveiieeeennrecessnnoconnns none

b . *  ox K

No. 2 Cylinder Cil
Date - 1935

General: It shall be suitable for the lﬁbrication of lnternal engines
and. conf'orm to the following requirementsi

1. Reaction S A PP
2. Specific gravity (15/4°9) veeeerieerverinnennsnes 0.926 max
= 3. . Flash pOint‘ (OCY AOOQ'OOOGOQD.'...E.ll:‘...l.lll.0.'.0.. 180 Iuin

Pe

80
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General:

= Flash point (

X-38(N)-t

"

ENCLOSURE (C)

Viscositg (Redwood No. 1) at 309C se.eeeees. 450 = 500 sec
At 50 G ou-.-o-oooooooo--oyo.o--.-o.o..o- 160 - 180 sec
At.loooc --ola~..nwooo.ooo;loocoi.otoooo-.o ho - 50 sec

At 15000 ....-oou;..oo..o.p.-oan-oo.--.omoo 30 - LU sec
Ash .-ocoo‘ooc-ootooc--ooo..ooo.o.-ooc--ooaono. 00025% nax
Pour point (OQ) .-...‘.-....';.....'.'......‘...... 2.()max
Animhl or Vegatable oil.o..o-?.ow-oc:ooo-oa--n..-...o none

*x ® x oA

No. 3 Cylinder Oil
""'33%%31:TI§IET"'

Tt shall be suitable for theglubrication of air compressor
and conform to the following requirements: -

Reaction ;ll..l....'l.I.Ql“;’...l...l.l.‘........ neutr&l
SPGCifiC gr&vit (15/“00) eersanesnesessssescCrOte 0.9h max
OGY .'.".'-...'E’......'?..........‘.. 220 min

Viscosity (Redwood No. 1) 8t 5000 ..ecueeees 260 - 280 sec
At 100°C .-ao.---.ooooo-oJ--oono.-;caoro-ca. 50 s€cC min
Ash .......0.'.....'........;......‘............ o.o]-%m
Pour point (Oc) ooooc.lao.oo&o-o-oo-oo-ooacno.n-.. -lQ max

Volatility, % wt loss (6 hrs:at 1359G) cvcessssss 0.06 max:

Conradson's CATbOn .ecccecscssssssccccscanccsaccs 0.2% msx
Animal or veget&ble oil on.m}'l\o..e..nO.n.--o....c.n none

x kK

No. l Cylinder Oil
Date - 1943

Tt shall be suitable for the lubrication of marine-torpedo

engines~and/conform to the following requirements:

REBCEION sescecesacovssssastossnssconcasenoranaasce neutral
Specific gravity (1L5/4OC) eucesecsvcocnaocsncanne 0.90.mex
Flash point (OC) .-ooooo-aon:c.-oooooon-n-aou-a...- 2:00 min
ViSCOSity at ZlOOF, S.U.S- 45-.-.....0;-0looqcooo 90 - 105
ViscoSity indeX eeeccesccccnccsccresseccccoraccones 90 min

i OC) ©veessescesiscearasassasessaseaase =1 mAX
{d 'COTDON eovsovssnsessssssascnssscsesne 0.1% max
Saponiffq«\’on Value cess s s s 0seBtRREssERGEOIR00N SR 1-5 max
ACLA VELUE esseasseessassssennssscssensasocscscnn 1.0 max

* x ¥

No. 5 Cylindsr 0il
Date - l9h3

Tt shall be suitable for the lubrication of aero-torpedo.

engines and conform to the following'requiregents:

ReaCtiOn seescssocscvscsscsioecaccs Veesessenessesss lTOULTAL
Specific grevity (15/L9C) eeesessssesansseneseass 0,91 max
Flash Point (0C ...l.O.".E.......O..‘..U....l...l 200 min
Viscosity at 2100F, S.U.S. ceeccracescocnsssccces 90 - 105
Viscosity index .no..o.o’ﬂi..lu.q--l-..l.b.l-u.o.l- 90 min
Pour Point (OC) -.o-guﬁoooﬁoc---n--..a-oo--..-..-- -30 nex
ConradSONn'sS CATDON +scesescascscssescsavasacoonse 1,0% max

. 8 |
’ !l
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8.. Saponification value sessssrsairecnsenvessesersseses Lo0 Mmax
9.+ Corrosion (Cu strip test 3 hrs) ............ non-corrosive

= * X %
C. Turbine Oils :
i } No. 1 turbine 0il
o o Date - 1935

., General: It shall be suitable for the lubrication of .turbines and con-
© form to the following requirements: i :
l.‘ Reacticn“.......-.......-......:..-.Va..--..:..---.... aeutl‘al
L © 2. Specific gravity (15/4°C) .eevieuervcvencennneaes 0.88=0.94
. 3. Flash point (9C) ,.eevevisevnaivorcnesensnnnneennns 170 min
(I L. Viscosity (Redwood No. 1) at 30°C .e..evoee.. 250 = L30 sec
e S AB 5000 . L.t iiiiiiaereteiaeeanenenss 90 = 150 sec
‘\l": : At 80°C .l...i'Ooiulo..lao.o‘;o,t-..ci.oc-.oco‘ l+5 sec L’lin
Se Pour point (OC) ..evt.viiiiireiernennaneraneecnnnnss O max
i 6.. -Corrosion teecerssecesessssteciasseraessasss NOD-COrrosive
: 7« Volatility, % wt loss (6 hrs at 1350C) vesesses 1,0 max
8.; COHradSOn'S Carbon ..'..Qalooo‘ioct—iiicv.'.'OOUIC'IQ 0-3 max
9s - Animal Or Vegetable OIl ...uv..iceeceseceeossesnaneeses 0OOE
0. Acid VEBlUE civvevevesrcecnenacnocaerasencsncananes 0.1 max
1Y.. Emulsion test - demulsibility iuv.eeevesoveneeeesdn. 20 min
. : Water conteat in 0il- after test .u..veeeeveeceess 2% max
12.. Stability - :
* Black =ludges after heating at 1600C for 12 hours shall
not be formed. ; -
. Sample ...o_.ooao..oo..0-.-0‘:-:0--.-..'.\31000ooot..-.c' 20cc
L . 01l to be steemed until volume is doubled
T i Standing temp. after steaming'..............Z..s.. 20°%
| ' Calculation: PRI . _01i1 separated (cc) x 5
L . = Demulsibility * Time (mgn) for separating
- ; 20cc of water
i (Comparable to A.3.T.M. 3team Emulsioq;Test)

b o ) % k%

No. 2 Turbine 0il
~Date - 1935

v

Generalﬁ' It shall -be suitabie for the 1ﬁbrication of turbines and con-
form to.the following requirements:

1o, Reactlon eeeeeeveeeevesosseeesinecnnannsacaanensas neutral
2. Specific gravity (15/49C) eivviveceeocnconeneens 0.88-0.94
3.-1' Flash pOint (oc¥ -naoi..ocio.a-‘i--no---.oo-------._. 190 :ﬂin
Lei Viscositg’(Redwood No. 1) at 30°C .....ec....500 - 650 sec
! = v At 50 c ..o.o.uto..a't.o--..;-o--..--.o.o. 160 - 220 3ec

. x At 8000 -o----.o-.-o;-aooo-.i.-e-:o.o--'-aco- 60 s5ec :nin B

5ol Pour point (PC) .iiiiieiiiiiiitiorncitnetiannraenaass O max
6o COTTOSION vevevveseocncesssoccsionnssssssnsss NON—COPTOSivE

i 7.: Volatility, % wt loss (6 hrs at 135°C) ........... 0.8 max
i 8., Conradson’s carbon ....eecseveeiensescececnnnennses O.6% max
b 9. - Animal or Vegetable 0il S cesecairenec asssanssrecesnse OONE
10. " Acid’ value Pesssrsessccescsenosnsrssissssncscrnsses Uol INAX

)i
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W

'1J. .-Zmulsion test - demulsibility eeccscccreccccacancns 20 min
i Water content in 0il Aftel teSt eeesvesseseses.. 25 max
12, Stability: There shall be nc black sludge formed after
' heating at 160°C for 12 hours. ‘

* *x ok

_ No. 3 Turbine 0il .
= Date - 1937

Genegg;; It shall be suitable for theilubrication of refrigerating
machines and conform to the following requirements:

| ].- Reaction.,\.........ﬁ.........pi.............-......,. neutral
i : 2. Specific gravity (15/49C) eeicercieecsasncacnnasns 0.86-0.94
3. Flash point (OC) ..ueececsscsisesscascecsnsannsases 170 min
L. Viscositg (Redwood Ko. 1) at:i30°C .......... 120 - 180 sec
) At 50 c eesosusecssnsssssersesnvcessssacs e 60 - 80 sec
'5. Ash .-c.oco-o..-oo.co-'o.o;oﬁval.nc.-..ﬁcso-ou. 0'025% max
. .. Pour pOint (OC) -.-l'-'lIvt..,."'l!.l,...ttlo...::)‘l "25 maex
7.  Volatility, % wt loss (2 hrs:100°C) ......ceveee.. 2,0 max
8.  Animal or Vegetable 01l ceeeiecosssssecsccscessasnasss DODE

x *x ¥ xi *

%I - SPECIAL LUBRICATING OILS
A. 'Pregise»Oil

No. 1 Precise 0il
Date = 1943

Generasl: It shall be suitable for various precise machines in aircraflt .
and conform to the following recuirements:

[ ik . ;

‘ll. Re&ction .l..’.'.........,l.._:l..".....‘DI.Q..B..... neutral
2. Speciric gravity (15/49C) ...ccssecesscnssecccse. 0.92 max
'35, Viscosity (Redwood No. 1) ati 10°C ............ 145 sec max

: At 3000 I N A R I N 60 sSeC min

;1}. Pour point (OC) oo---o..o-oo:ocao.-.ooon.--ou-o..-- -50 max @
25, COrroSion e.cececcecscscsecsiocsnssssasencnne non-¢ drrosive
o 6. Volatility, % wt loss (5 hrsi at 1000C) veeeevessss 0.3 max
P T Saponification value .....ceeescscsccccccrcsacesss 0.2 max
B ACLA VBLUE sececcoasssencesssossscssassesescsssness Ol max

= x x o
No. 2 Precise 0il
Date - 19”03

. General: .It shall be suitable for various precise machines in aircraft
i and conform to the following requiremﬁnts: : g

o /1. ReBCLION s.i.eeennccsecsessanececasaassiosstctonnns neutral

o - 2. Specific gravity (15/L°C) .ieeecvevrcencacoseness 0.92 max

E 3. Viscosity (Redwood No. 1) at 10°C ...cceceseees 250 sec max

}f At 30 C cgessssess0sse e V”n....o...oo..oo-.l 90 sec min

! 4o Pour point (7C) ....eeenn cecesssssscascasnesss —45 mAX

RS 5. COTTOSION cevecensevscecie tseesssescsssse nOR-cOrrosive
6. Volatility, % wt loss (5 hrs at 1009C) ...,e..ese. 0.3 max -

’ d 83




X-38(N)-1 - - RESTRICTED

ENCLOSURE (G

7Lﬁ' Saponification value ........Q.................... 0.2 max
80 Acid value ll.‘..ll'.l’..Q.’.l‘é...l.e'ulOl.'.’,...-. Oolmax

* k¥

No. 3 Precise§Oil
Date - l9h}

, Genera]° It shall be suitable for the lubrication of magnetic gonerators

Y a;rcraft and conform' to the follow;ng requirements:
1;“ Reaction ....................”...,................ neutral
2. Specific gravity (15/4°C) sretiezoesecostrosarites 0.92 max
3 Viscosity (Redwood No. ) at 10°C Jeeveesesses 600 sec max

- At 30 c .....n.ooo.oo..-oooo--o.-obooo..th 150 Sec min
. At 500 ouco.oo.oo.ooo-o-t-lo...toouu.ooo..o. 65 Sec min
h;_ Pour pOint (OC) ...oo.oos‘o-unonoo-o.n-o.noouoo..- -ho max
5;1 cOrrOSiOn Grossesesesesesesesiiesetsoscesen s n0n~00rr031ve
6. - Volatility, % wt loss (5 hrs et 1009C) ........... 0.2 max
7. Saponification value teeccsscarsssesecssassssassss 0.2 max
8. Acld vaAlUE Leesceserscrissscsdostescassscacsessces 0.1 max

!
* ok ok

" } No. 4 Precise 0il
i Date - 1945

§: General.: It shall be suitable for preclse machines in the marine-
’ torpedo.and conform to the following reouirements:

l“» Reactlon ....’..........-............D....‘.‘....’ neutral

i -~ Specific gravity (15/AOC) ssesiesesiescitaccsiinae O, 92 max
e Viscositg (Redwood No. 1} at 10°C cessseccasss 600 sec max

; At 3009C L..ciiciiiiiionenececsccscncesesses 150 Sec min
hﬂ Pour pOinﬁ (OC) .ooo.;o.t.o.tuoocoo.ooooo.oconlono -bo max
5“(-’:. COI‘I‘OSiOn S0 0s0esese0sssssPNsCRBEEORODSSEOTSETSTS nOn—COI'I‘O.SlVQ
6. Volatility, % wt loss (5 hrs gt 100°C) ........... 0.2 max -
7;. baponification ValLe -.-oo;o-uoooo.o-o.coo-uo-»..c 0 3-0 5
8': Aeid value ...I.'..'....'.I“..Y......‘O..II...Il.D.Olmax.

* k% 5

No. 5 Precise@Oil
ate - 1943

Genera]; It shall be suitable for precise machines in the aero-torpedc
and comform to the following requirements:

‘l( Reaetion .C..O....I.....O..l.l..."....t'...l..... neubml
2i° Specific gravity (15/4°C) ceeicsccsessocccascases 0.92 max
3. Viscositg (Redwood  No. 1) at 10°C ............ 600 sec max

I :: , At 30 ...0....0..........AQ........‘G..... 150 sec min‘

: k;‘ Pour pOint (OC) LR ) ooo-noco.ou.to'ooocoooocvolcnco -60 max

X S¢. Corrosion cescsscecscccesccccciessassacsnsess DON=corrosive

b 6.  Volatility, % wt loss (5 hrs at 100°C) .......ce... 0.2 max

E 7.. Saponification vAlue .....ecectcecescrcsccsscssass 0.7 mAX

: - Bﬁ‘ Acid value -.o.oooo-oo-ooe.oo.uoo-oc-ooonoo--o-..o Q.1 max

- .
. H
i - '
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B, Hydraylic Olls
P 3 No. 1 deraulic 011
P ; ) atﬁ - 903

Generul‘ It shall consist of refined hydrocarbons suitable for the
hydraulia apparatus of aireraft, and cmnform to the following rsquire-
: msnts" B

E:, = .L" Reaction ....’....'.........‘l......'........'..... neutral '“
. 2, Specific. gravity (15/4°C) .eiececssssccssscsscess 0,92 max L
; é }a FlaSh POint (oc .aa.oooooa.c.to‘i..o.t...cl.'...a 130 min T
3 w. Viscositg (Redwood No. 1) at 109C ...ecceeo... 145 s6¢ DAX -
55 H - At 30 G .....'.........Q.( 0O 980890008 SEDOYS 60 seem
: ) ).r Pour pOin‘b (OC) -0.-00.-000.1 -coo.-.oooou-...'.t.- -50!121{ :
i ' (). Corrosion. ooo.ro-o.oo-oc.o--noo-o.oooooo.-oo non-corrosive it
T Saponification value --o.oooonooooooooooooo-oo.c-.- 0.2 max
(3:. Acid value ".....‘.........(l.-....'..‘."..ﬁ..... O lm

*x X *

: g : No. 2 Hydraulic 0il
S 'I:Ty_te - 1943

ueneril' It consists of castor oll and butanol. It shall be suitable
for the hydraulic apparatus of alrcrafh and conform to the following
requirements-

0

{ :L- Reaction ..'..'........‘OO..'.0.0...........-..... neutml
; 2. Specific gravit (15/4°C) csissesvessonaasesaces 0.875 min
‘ 3._ Flash point {o-n-..oo-oo :.oooooooooc-o..o.mo.-o 32min

_u. Viscositg (Badwood No. 1) at’0%° .aeeececeieses 120-150 sec
S = 1 ‘ At Oc oo...oooooot‘ao..).oal.....'ol..o.o. 155 secm
; = ’55 Poul' pOiD.t (Oc) ..no.-o.oooo;--oco.co.oca-c---ooo. “S’OM
' ‘ao corrOsion oio..o.o.o..'.cch-.ooooa....-vcoo non-con’csive
‘7. Acid value ol.o.o.o..ol-00.0‘.-pn.cc..o-oon--..-... G.2 max

* x % o L
e Anti-worrosive Cylinder Oils : B
E fV Anti-Corrosive GxLinder 0il ' ‘ o
:; ate - 1914.3 )

General- It shell be suitable as thei anti—corrosive agent far aero- L e
engina 8 cylinders, and conform to the following requirements:

.. 1. Reaction ..0.....................O".'.'.(‘. slightly basib
@ ’ 2 Viscositg (Redwood No. 1) at' 309C ..eesecces. 1000 Sac max
: Lo c

. At 50 .-o-o.u-.noo.ou-.-a-o-o.oo-oo-w-.o. 350-“20 860
3. Pour point (OC) “evevoeccessansasssancsssscsenoncases 5 MAX
, e * *3
D,  Cestor 01l | _ . :
\ ﬂ}[t ‘ Cagtor Oil ‘* v -
.. . Date - 1935 .
Genersl: The oll shall be clear, palei yellow, free from suspended matter
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. end corform to the following requiremenfﬁ:

1.,

2

. I

Voo ke
; ”564

6.

7if'.

8..

Generai: The oil shall be clear, pale ﬁellow and free from suspended

Reaction c&woo-oooa--oéonio-.;bonoecu.o-n-.oo...-. neutral
Specific gravity (15/4°C) ceeieescrcccccocssees 0.958-0.97
Flash Point (°c§ O..I'.'.'..I.i.'...'.ﬁ..o../.._‘..0.. zwmin
Viscosity (Redwood No. 1) at 50°C suc.ecoosses 500 sec min

’Pour point (oc)7o.ooooou-oo--é%a-ooooo--cno-u-u.oi -10'max

Iodiﬁé Value e..ooo.o-o--o{b-;ﬁa..oooooao-.--oocooan 80.87

Saponification value oo.umoo-qooloaoo-uc-uo----.-o 1705190

S01ubility teSt cececccesccsssjossscecces cOompletely soluble
o Conditions of test,

Solvents each to be usediindividually:

85% alcohol, density 15/49C ccesescecsesss 0.835
92.5% acetic acid, density 15/4°C ........ 1.069
Amount of solvent ... l15cc for 5cc of sample oil
’Temperature l.‘.‘....lii...lQ..l...O.'l....n... 900—0r
Time Of Gontac$ oa-écoos-oon.oooo-o.- lO‘minuteS

* kK

Reclaimed Castor Oil
ate - 1935

matter@j It shall also conform to the fullowing requirements:

lm(
24
3w
bo -
e
7o

i
»

Rape Oils

.

Genérdi; The oil shall be clear, pale ﬂellow and free from suspended

ReaCtiOn ecececevsccsccossessscnascasscnscsssessscasss Deutral
Specific gravity (15/L9C) eeedeccerscssecesccan 0.97-0.985
Flash pOint ( C) .00.'..0..-5;0....-----oocool-iu. BAO min
Viscosity (Redwood No. 1) at 50°C ............ 500 sec min

POuTYPOint (oc) e esses0essesle0essseseses0eOcans s -lo mAX -

‘Ibdine Value -ou..o-eo.oa--..fa-ago--o-o-.-aoooo-g.. 73-87

.Saponification V&lue o.--'--oéooo-cooocoo---c-.o-- 170-100

Free fat\ty aCid .".'......»..v'é.o.".’......'..Dﬂ... l-s%;m&x
' * x % '

i

i

Bleached Rape. 0il
"‘ﬁEEE’I‘Igi{“‘

matter: It shall also conform‘to the féllowing requirements:

Reaction .............6......1......-............. nevtral
Specific gravity (15/4°C) eeeioncsescenccesess 0.913-0.916

»Viscositg {Redwood No. 1) at 50°C ..ecevses-.. 110 sec min
c

At 90 c--o;lonc...o-oo.oéoo-co'Q..I0;|OODO 50 Seq mjn
Ash...ol...ica.o..ol..l."clc;Occol'ol.ll--Lo-. 0.025% max
Pour point (OC) eeececssevccetoccscsccesssssacseenes =7 MEX
Iodine Value ooo.lnooc;ooounﬁgooo&-oo-o-ooc--c..... 96“105

. S&POﬂificatiOn valuQ .......m;......--.b........u. 170-178

Free fatty @cCid eceeeevcececeroncocssncaccscccnss 0.6% max
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i

Rape Oil

Date - 1935
i Gene aL:. The 61; shall be clear, palelﬁellOW or light orange yellow.
’ Tt shall also conform to the following yequirements: . :
o 1. Specific gravity (15/4°C) Cebessecessevensess 0.912-0.918
5 2. Pour point ! c-)ro-.o.oo-nooaa;foo-o--o.oooo.bocooco.o "‘ﬁ max
? ! ’ 3}1 Saponificaﬁion Value coo&..ot;oon-.ooo-.nno-o-..a- 170-190‘
i h. Free fatty acid o't'.ov.l.o;.t;c.o.ll....'..n.c-.oocc B%max

x %k ki k
XII:- GREASE

£ B No. 1 Grease
; i Date - 1943 =

E GenerﬁL: It is composed mainly of a célcium soap or fatty acid and
refined mineral oil., It shall be of uniform texture and suitable for the
lubrication of ball and roller bearings. It shall also conform to the

fpllowing>requirements:
190 + 20 at 25°C

r 1. Consistency teescescsesssscsassassseesnns

| ‘2., Dropping point  (OC) eeeesessnsssccsscvcccarscnccces 90 min
i 5. Anount of mineral Oll ....ccecicececaccsccoccroroces 65% min
v e Characteristiics

‘ Flash point (°C) e evaesesceiecsessssessssseasaess 130 min

Viscosity (Redwood No. 1) 8t(309C eeecescccescs. 50 sS€C min

’.!l-c F]‘.’ee &lkali .-o.o-on--.-.-...::.ooon--n.otno--ooo-o- O.Z%Inax
'l' . 5. Ash_onocno-cu-onnn‘-.o,poouov-,;‘onoo-noo-o.-oo--oo..el l{- max
v o Water cONtent eesesseeveoscsnscecscccccocscncccce 2.5% max

I e Volatility, 100°C fOT 8 NIS soesesecacceccocceccscs 1% mex
;8} Corrosion .-..a.--oooooooeom;-oogntno-vo'vno non-corrosive

*x %k ¥ x

3 - " No. 2 Grease

B , L , ' Date - 1943

i " General: It is composed mainly: of a calcium soap of fetty acid. and
Tefired mineral oil. It shall be of uniform texture and suitable for the
lubrieation of ball and roller bearings. It shell also conforin to the
following requirements: : ’

; ;ln consistency ono--oh-ooo--o.ﬁono--a.oo...o 250 + 20 at 25°c
V i“ ;2. Dropping point (OC) mo.o...;‘.ol..l.l.l.l...o...... 85 min
' 3.  Amount Of mineral O3l ec.eccecsccseancecccoesncons 70% min

‘ Cheracteristics .

. FlaSh POint (oc) I'.l......’ll‘....l..l.....l.l....l. 13011118

X - Viscosity (Redwood No. 1) 8t 300C seeesseesomee 50 sec min
h. Fl‘ﬁe alkali .-‘i.ccno..o.c-ci‘;aooooc'l-a'ouoo--.oo.- O.Z%HIBX
35. ASh ooo.-o..ncoooo.o.-oo-.-g-..---l.'-oo-c-no.-.. 3.5% maXx
-"Jater CQntent '..l...'.....r;.0“..9.....‘...“...'..0 2.0%m
.7¢> VOl&tility,»lOOOC for 8 hrSﬁ........-...-...L.-....‘b% max

8. COTTOSION cceossessnssssoseisnsscccsncsccoccs non-corrosive

87




) ’:,‘-3‘8<N)--1fff" -, o ‘. RESTRICTED

ENCLOSURE' (G)

No. 3 Gresge
_ ate = 1943 ~

Generglt It is composed mainly of a_oélcium soap of fatty acid and o
. refined mineral oll. It shall be of uiniform texture and suitable for thq

lubrication of ball and roller bearings. It shall elso conform to the
following requirements: ‘ 5 !

l.l. consistency 0000000000000‘.00:‘?.00..oo;oocoo 310 * 20 &tf 2500
~20 Droppingpoint (oc) 000...’.:‘;.0.....:....0.0.0.000.. &omin
" 3. Amount Ofmineral oil ooooooaiaoooeoo.o\oooaooo'oo-‘ 75%!!1111
g Characteristics ’
Flash Point (oc) ..noo.o.occiiooooo.;aa‘ooooaa.ln.g 130 mm
3 Viscosity- (Redwood No. 1) at:30%C eevieveeas.. 50 sec min
l"l Free alkali .lll..OO..Q..O.'&.I.....I<l.l.,0i..nlll0 Oiz%m
f;f. mh '........OD...l.0.0.....I;.O...'I_‘...Q...ﬂ.... 3.0 m.
Oe  Water CONEONt .uceeveeeeneociooesaseconcasceconsss 1.5% max
T. .Volatility, 10009C for 8 hrs avcececossessssssassesse. P mAX
l;. . corrosion .'.'...‘.7......'....(;.0.0..I_.."..'\'. non-corrosive

* k%

z No. 4 Grease

General: It 1is composed mainly of a calcium sosp and refined mineral - .
011, Tt shall be of uniform texture and suitable for the lubrication of
fuselage ball and roller bearings, tornedo main engines, or general
machineries. It shall also conform to 'the following requirements:
Ja ADDOBIANCE seccecssvescvocnciioetccnsccnsnnncoas paste like
2:. conSiStency‘......-.....-;...af....oo.o..oo 250 i 20 at 2500
:’w Dropping POint (oc) .oi-,oootou%oo.ooonocooo'ooo,co-nc. 80 min
‘}o |Am°unt of mineral oil 0...0'.;...\,'....0.‘...‘IOO,VOQDQO 80% min
» o Characteristiecs '
' ’ Flash pOint (Oc) -oboooooocc;'!nlo.uoouonooooo.-.-on-. 160 mj.n
Lo . Viscosity (Redwood No. 1) at 30°C ....eeeeceo. 130 sec min
ﬁo Freé alk'&li ---‘o'u-o..»"o‘o'd%ocooo.oao‘.oo---o..-- 0. m
fin Free fatty acid .,_--.o.o.o.o-oioo'-oocao.oo-coooo.o 0c5% max
7']!1 Ash I...Q...rl....'.'.."v'...‘i..‘i.!'..!ll..l?ll.. 2-5% max
& Water content ..ceceeeeecccecocsnsccscsncsscccses 2.0% max
9;:: Sediment7 ooo..ow-n-o-ooooooccée.oocc--oo--uoco-... O.l% m:
1c[o COI‘rOSiOII ...'0...00.0..0....;..0000.0..0.0'. non-cormsive
l]lo, Stability cw.oo-H-ouo"ooooo.o"ioou.Ooooolochooc. Pass Test*

*When .the sample is heated to 100 ~105°C for 3 hours its
colour shall not change and there shall not be any
separation of oil or soap. s

Iy o * ok ok

- No, 5 Greaséi
| ate - 1943,
"? General: It is composed ﬁainly~or an aiumiﬁium Soap of fatty acids and

v refined mineral oil. It shall be of uniform texture and suitable for the -

lubrication of variable pitch propellers and other high-loaded rubbing
parts, It shall conform to the following requirements:

e

;;: Appearancb sssecesccessece dﬁétile and viscous semi-liquid"‘

E | ge
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2,  COnS1SEERCY cssssassosvecescoisocscrsoncs 360 + 20 at 10°C
3., Dropping point (OC) eecesssceirsocsssssscoccnsacanas L0 min
"'. munt of mineral\\oil .0..-..5...0....'0......'... B%min
' o Charasteristics

Fl&sh point ( c) I.O.\...l....-:.....'.l.lﬁ‘...I.QO. 20(’ min‘

viscosity at zlooF’ SCU.IS. e TEREEREERENE RN Y XY XN NN ) 115; min

‘Viseosity index .....Q....l. ..Q..l.....hl....n.. 7(2’min
i Conradson's carboOl sesecseces cecsesssesscnsssss Le055 max
50- Free alkali l.ﬁ..........b...:tl‘........‘00'..". 0.275 max
i Free Tatty|801d ceccesesccsssoccsccoccoccocconce 1.0% max
7;.. Free fat ..\.l,..............v..“io......'..0..0...... 0.55‘max
E' E:.. Ash ;l.ll..‘..'....\.l...o--‘OE.'I..I.‘.QD..QQI'..O 1.55 max
:: 9{.,’ Water cOn‘bent PP PSR S N LR e secs o0 acesseased 0-55 maI
; N lcto Sediment ...Ol.l.l.l....l... l.‘..‘.t.n'.l.‘.l‘. o.ls‘ max
1}, = Corrosion ceesessvessvsstcesisssscsepesrsnse non-corrosive-
l;!'o Stability ecesss secovesncoes TEXXIEEEE RN R RN R Pass Test*

%

*Wnhen the sample is heated at 100 ~ 105°C for 3 hours,
the colour shall not change and there shall not be
any separation of 0il o1 soap. .

o o . * % k!

' No. 6 Grease

© Genersl: It is composed mainly of a mixturs of s sodium soap with an
aluminium or calcium soap of fatty acids and refined mineral oil. It
shall be of uniform texture and suitable for the lubrication off compara=
tively high loaded. rabbing parts such as the side valves of aeno-engines,
gearsyetc. It shall also conform to the following »equirements:

:‘ Le Appearance ooo.'.c..-ooo.o.;%..oouo'nooo Semi-liquid paste
t ~ 2. Consistency tesesiesssseasesesssanassasoos 350 & 20 at 25°C
5 ‘3., Dropping point (O8) sevevsonsocnssonssssassscsacccs 65 min
'I{». Anlount Of mineral Oil .oooonio-.oooo--ooooooo.o-..o 90% min\
S ‘ Characteristics :

Flash point (Oc) .--oo-ccooﬂo‘o-oooo.oon-.omo.o.'. 200 min

Viscosity at 210°F, S.U.S. devereecoscseonenncnone 100 min

Vi$°°sity 1ndex o.ooootooaoéo.oob-.t.oo.-oor-;..... 70 min
S Conradson's CATDON eseeccseinscescsscosvecscsnces 1.05% max
5 _Free &lkali ..oooooooowlo.o&oooo-u.ooooooocc'o-ya 0.2% max
ﬁ6. Freé'fatty acid ooog.oogooo&ooocoooo---o-o-o.oo-o 0.5% max
ﬁ7q Free fat c.cooo.oooaooo;...j..-.oor-----.----o.-. 0-5% max
‘;80 Ash oaoo;ooooao:--oo-oon-ooio...-o-.nn.omoooooo;o 1-5% max
‘9. Water content Q.l.ll“.......;..‘OCUTOQODOOIr‘l.'.o.. 0.5%1!1&1
fIO. Sediment o-oco-aoooooo-qg-ok.-s.oooo-o-zo--cnooo. 0.1% mex
1L, Corrosion o...co-oooo.o--; msscsessessssscse non-corrosive
12. Stability c..-o‘o--o.-n--o;n‘.:.o-..oo-oaanlcttoooe P&SS Test*

i

*When the. semple is heated at 100~ 1059C for 3 hours,
the colour shall not change nor ghall there be any
separation of oil or soap.

* * *

“ﬁo. 7 Gréase
ate - 1943

Genbral: It is coﬁposed mainly of afsodium soap of fatty acid and
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RESTRICTED

e g . S
refined mineral oil. It shall be of uniform texture and suitable for the

lubrication at moderately high temperatures of rubbing parts such as
aireratt generators, of magnetic generators, special generators, motors,

etec. It shall also coanform to the following requirements:

1. Appearance .o-eooooc.o'o'o--ov;o.on--o.ncooooo-- paste like
2. Consistency ®vececssccsesscrosnsceacsnness 240 + 20 at 259
o 0'0".-000000....01;.0.....0..0 170 min at -20°C
3. Dropping/point (Oc) ooo.oooo-nf-ot.o.ooooo.oooah..n 15011111'1
ko Amount of MiheTal 011 vevuuvevonesnssnsnnsnnnnnns 70% min

Characteristics

' FlaSh pOin‘t (OG) o}%/ﬁcc.ooo.c;jgénoo.ooo--o-oo'.... 170 mi‘i‘l
it Viscosity“(%sdwood No. 1) at 30°C ......vvee.. 300 Sec min
[ (] iy

Pour‘point

ola‘oho.-ooo.l;.cno..o.c.n..teto... -30 max

COHraason'S ear_bon uoo.oot-.oc“iooo-uuoo.oo.noo--.o 0.3%1118.1
5%-'; ,”Free alk&li o.-o-a---o.--ottoigonco-oonvaooco.o... 0.2%max

6«» ,Free fatty' acid .oo‘a-o-.oo--t,i..nl.o.oc.c'.u...oo 0.1%2&&1
7«7 Free fat Sertecetcctetttittitctiettttasisensresnss 0.5% max
8’; Ash ...'................0.....?..'................ 3.o%m

9.  Water content

oo..c-.-o--0»-.-§tubnv.om-.oc,'..o.. 005 max

10.‘ Sediment Q..iov...c....ltoo-ni;o..-m-.o-aﬁ.oo.-oo. O.I%max
11.. Corrosion Setsescsccertsecescntsrsceeenans.. NON~-cOTTOsive
12-.' St&bility .'..O..........l.'..:.........00..0... Pass Tlest*

*When the sample is heated at 100~ 105°¢ fop
the colour shall not change nor shall there
separation of oil or soap.

* ok ok
No. 8 Greasef
ate - 1943

3 housrs,
be any

GeneraI;‘ The grease shall be of mineral oil nature and suitable as an
anti-corrosive lubricant :for 'aircraft and other genersl machineries. Tt

shall also conform to the following requirements:

1.»; Appearance o-o'ocono-o-oooooco--f»cooo.ocoa.ooo--o paste like
2" Reaction ‘.."...........‘....'é......'............ neutral
3.. Consistency cesesesesevecasieencccanseess 220 + 50 at 250C
4.~ Dropping point (©°C) sececesccciisoesctrcsscssnccansse LO min
5.‘ Acid value "...5......0......(;............'..... o.l%max
6.‘{ Saponification Value .oo--.o..;-:-.o-oo-‘u-o.-ooo'.o los%m
7.:"7 Ash !........‘........."...."ll:......'.........’h. 0.02% max
8. Water content:................g.................. 0.1% max

* k¥

No. 9 Grease :
ate - 1943 .

General# ‘It is composed mainly of an aluminium soap of fatty acid and

refined mineral oil. It shall be of uniform texture and suitable for the

frame work of the aero-torpedo.

lo‘. Appearance o’oo..oaooo-c-o-O.-Jfo.--.-o ViScOUS Semi-limlid
2. Viscosity at 2109F, S.U.S. sseslestcrrinnscaases 1000 ~ 2000
3.“‘ Gonsistency o.-o.c:-.oeo---o-o..?o..n.-#'o 280 + 20 at -LOOC
1+':" Amount of mine,l'al Oil ooon-oaoo}o-octoo.o.o-a-oooo 92% Ilin

Gharacteristigg of mineral oil:

90
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ENCLOSURE (G)

& ” o Flash Point (Oc) a.-ooono-onc...oo.ooc'caucn...a.o 200 min
? | ; VISGOSity at 2100F S vU.S. HeoseessseesesssORNATGIREEES 60 70
; \ : Viscosity 1ndex .o-oao-o--.co.-oocoaoo-o-ouo--ooc'o .80 min
Pour pOint (OG) nooo-co-o-onon--oaoco---oo.-qucaco -&0 max

! : 5. FI'ee alk&li ‘la.'.'co.cc..ct.olo.looo.oo..o.tcoe.

0.2% max

; ~Q6; Free fattY aCId no'o--.-o-.»cn..acooo-.voo-..oa.o l.o%‘mﬁx
t ~ :“'7- Free fat --.'l....ca....ac.n.otl-&.....‘l.loool.t 0.5% max =

E ) :,8. Ash ..C.O.'.I.l..‘....'...'l.ﬁ.l...‘..l.l'.ﬁ"... lio%m

9. Water content c.cecesscesscisssscscvescscscenacss 0.5% max

‘K; :LO. sediment ‘l.‘...........Ielﬂ.'...".ﬁ'........'.. 001 max
P 11, Corrosion eseeeeesscsescscsnscsscacssssancas non-corrosive
* - 12, Stability .ecceeececcecncrcioonecacseveasencss, Pass Test*

*When the sample is heated at 100~ 105°C for 3 hours,
the colour shall not change nor shall there be any
separation of oil or soap.

(,g ‘ * * :;

No. 10 Gréase
Date - 1943

General: It 1s composed mainly of an aluminium soap of fatty acid and
Tefined mineral oil. It shall be of uniform texture and suitable as.an
anti-corrosive material for the chambeér of the aero-torpedo. It shall
also conform to the following requiremsnts: =

‘1. ApDPeATaNnCe sccvecescesverpersacsscessasennsass paste like
‘2 consistency s00000000000sesrIB0CO000 0000 310 + 20 st 250c
_ 3. Dropping point (OC) coeeecciveccsccsssosacscoveeness 85 min
i e Amount of mineral 01l .eecesececosccsccrasceanssces 85% min
: Characteristics
Flash Point (oc) ..OCOOCICIl.ﬂ'.......l....ﬂ.l.... 4oomln
Viscosity at 210°F, S.U.S. ;....................... 60~ 70

: Conradson's carbon R R R F R PR PP 1.0% max
5. Free alkali ........l..ﬁ.e.l..'.l.l'.....-.w..... 0.2

6. Free fatty acid ....'Q“..l)..l‘..'l.'..'........ l.o%
,:;7. Free fat ...I.'.'..l.'.'...DQ.!\I."...O.!I.I..... 0-5%11181
- B ® . Ash ..‘6....00.0...........l...'.l..l..l‘..l..... l.o%

E ‘9. ‘vater content l..-.....O...w-"-..l.l....IDQC.I.. 0.5

f ,Lo. sediment ....00.."'...'.0.l..‘..'.'.l..‘..l‘.... o.lgmax
1l. COTTOSION seecssscosscnssscisacsssasscsesase NON-cOrrosive
120 Stability l...iltuct..‘l....‘G.Q.......l....‘.o. Pass Test*

*When the sample is hea,ed at 100~ 105°C for 3 hours, =
the colour shall not ehange and there shall not be
any separatlon of oil or soap.
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