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From: Ghief; Naval Technical Mission to Japan.
To " 3 EEAr

Chief of Naval Operations. . .~ .
Subject: - Target Report - Japanese Fusls and Lubricants, Article -
s e BT " Naval Research on Lubricants. IR

Reference: (4)*Intelligence Targets Jepant, (DIT) of 4 Sept. 1945..

SRR F Subject report, covering lubricant research by Japanese -

Navy outlined by Targets X-09, X=10, and ¥-38(N) of Fascicle X-1 of

_peference (a), is submitted herewith. ‘ -
2, The inve tion of the target and the target report

were accomplished by Ar. G. L. Neely, USNR, Lt. Comdr. C. S. Goddin,

USNR, ' Lieut. W. H. M1let, USNR, with the assistance of Ens. E. R.

Dalbey, as interpreter and translator.

" . G. GRIMES
Captain, USN
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MISCELLANEOUS TARGETS
JAPANESE FUELS AND LUBRICANTS-ARTICLE 8
** NAVAL RESEARCH ON LUBRICANTS -

- Japanese paval ‘research pertaining’ to lubricating 0ils has been in-
vest. of ‘Japanese orude oils having characteristios
suitable for:the manufacture of [33 ong: bricants-necessitated the
use of -imported orude oils for .this -purpose. -As this’ supply was depleted, 1it.
became necessary to consider nom-petroleum Sources. The synthesis of lubri-
cating oils from shale oil, paraffin wax, -:attgous.,,Haohor-s'rropnoh liquid,.
rubber,' and othex -sources.wes studied at the First Naval Fuel Depot and other
resesrch laboratories. -In applying: these lubricants to practics, the use of
oxidation ‘inhibitors, oiliness agents, and other additives was frequently
necessitated, in view of service ‘performance -limitations. Hence, additive
studies were included as an essential part of the Navy's rosearch Irogream.

Porhaps the most important phase of lubricant research inoluded in
this report is the fundagental study of the relaticaship between atruoture
and ludricant characteristics made by Dr. I. KAGEHIRA and oo-workers. This
research indicated that structures in which saturated oyoldhexans rings are
joined in the "para”-position either by single bonds or by pararfinio chains,
are the most suitable for Jjubricating oils. These theories were reflected in
the synthetio lubricant ressarch conducted at the Pirst Naval Yuel Depot.

It 48 believed thut this report presents a broad pioture of the Ju-
bricant requirements of the Japanese Havy during the war and {noludes detalled
information on many special products peouliar to naval use.
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. ..7¥ Afno ‘time. during the war daid Japan's supply of lubricating oll
‘become -as ‘oritical:as ‘did:the :supply of fuel of all types. In spite of this
fact, however, a -substantial portion of the hydrocarbon resvarch activity of
j;he{fapan‘ese ‘Navy was devoted -to the syithesis of. lubricants from substitute

This report summarizes the findings of the Petroleum Section of the

Pechnical Mission to Japan relative to lubricant research con-
1duot'od"¢by?t_ho‘*ii’a{anqao«xavy at the Firat Naval Depot, OFUNA, It includes -
‘studies on petroleum refining, the synthesis o:'lubrioa.nta,- and data relative.
‘toilubricating -oil additives ‘and greases. ' The information from OFURA has
been ‘supplsmented: by that. obtained from other: laborstuories, commercial plants,
-« oS Detailed reports of -the lubricant researsch projedts investigated at
the First Haval Fuel Depot bave been prepared in English by the technical

rsonnel of the Depot and are included in this report as Enclosure (B)l to

B)37, inclusive. A summary of.these reports has been prepared in English by
guonoal n(ls;.noorms Captain I, XAGEHIRA and is submjitted herewith-as

osure (4). . .

: - Bince &11 of the research files of the First Naval Fuel Depot were
burned in Angust, 1945 dy order of ths Director of the Depot, it was neocessary
to summon the Japanese personnel.and recoastruot this information from labora-
tory notebooks, laboratory apparatus, and pilot-plant equipment. Ths prepa-
ration of these reports and drawings continued for a period of nearly three
-monchs,  during whioh time esoh Japansse author was frequently interrogated and
‘was assisted in the organization and translation of his report. This materiasl,
‘whioh is submitted as Enolosures (A) and (B), constitutes an integral of
this report and, ,utl:g:gh it may inolude minor errors in oconstruotioa intro-

duced in the by the Jspanese authors, it does serve as &n aoourate
}uzntuu of ‘the quality and exteat of the lubricsnt researoll ocnducted by the
-m-,!t,ltv,., Ye. N '




'RESTRICTED X-38(N)-8

S . -.;'.Pa,rtb'I" e
" REFINING OF LUBRICATING OILS,

The ‘principal  Japanese orude oils are’ those obtained from the AKITA-and ___
NIIGATA districts. These crudeg are of a highly naphthenic nature and, in
general, are not suitable.sources of aviatlon engine lubricants. 0ils re-
fined from Niizu orudes (NIIGATA) are’ characterized by exceptionally low pour
.points and negatlive viscosity indices, wheresas most of the Akita oils have
high wax contents and the viscosity-indices of the refined oils are less. than:
50, One exception is Omonogawa crude fram AKITA which'gives the best lubri-
cating oil yield of any Japanese orude oil,- & yleld 2% or less (based on
total vqrude{ of 85-90'viscosity-index 1ubrioatins-ou. R ’

Oha crude produced in SAKHALIN was of a more paraeffinio nature than the
Japanése crudes disoussed above, and from this orude a limited amount of
aviation lubricating oil of from 90 to 95 V.I, was produced by solvent ®x~- .
traction with treating ylelds from 0.3 to 5% of total orude, depending upon
tho ‘degree of treatment and typse of treating-process utilized (Knolosure. (Bl4). . -

The smail smount of domestic orudes available, coupled with the low yield of

refined produots, rendsred the production of airoraft oils from these sources
quite inadequate, and, in order to meet this situation, Japan imported huge

reserves of orude o1l and finished produots from the United States before the

war. These orude oils constituted the charging stoocks for the Japanese re-

{1:0{105 produoing the high viscosity-index o0ils needed as aircrart engine
ubriocants. ’

Two.of Japan's largest oil refineries, the Second and Third Naval Fuel Depots,
looated at YOXEAICHI and TOXUYAMA, respsoctively, were owned and operated by
the Japanese Havy. Thess tyo plants had a combined refining oapacity of ‘ap-
.proximately 27,000 bdarrels of crude oil per day which represented ons quarter
_of Japan's total refining capacity. All research activity pertaining to the
Koouua utilized at those refineries was concentrated at the First Naval

ol Depot, OFUNA, At first, the Ofuna research was directed towards solveat
refining techaniques for both Japanose and “imported crtude oils. Howsver, as .
the stook of imported orudes diminished, the research enphasis was shifted to
the synthesis of lubriocants gm various non=-petroleium sources,

A oomprehensive pioture of solvent refining-studies at the First Naval Fusl
Depot is presented in Eaolosures (A) and (B)k to (B)8, inolusive. The firast
process devaloped oconsisted of a combined doasphalting-dewaxing operation
using propane, followed by Duo-sol solveat extraction. This so-oalled "Navy”
_process wus ueu!.m at both naval refiperies but oonsiderable diffioulty.
with the dewaxing operatica was encountered in preotioes. The proosss
was 1:‘” ified to incorporate the use of Barimol dewaxing after solvent
Lreating. T

There wers throe pilot plants at OFUNA ussd ‘In ocosneotion with these astudles.
One of theoso gno: plaats, built in TOKUYAMA in 19)7 and traasfered to OFUNA
in 19)9, was dsaigned to study the oombined propane deas halting-dewaxing
process, - In conjunction with this unit there was & o=stage 1=oreaol
extraotiocn pilot pleant at OFUMA. ZXaoh of these units -had & oapacity or 10
1iters of u{t per hour. In 1944 en acetone-benrol dewaxing pilot plaant,
having & oapacity of 20 liters of charge per hour, was buils,




Another refining process which was hdted

used ‘for the deasphalting-dewaxing operation-'and’furf
_extraction. - This method was: particularly attractive:t pan:
amyl ‘alcohol ‘as’ aby-productof: alcohol Termentation ant the: suitability:
furfural f£or naphthenic oils.:"H er, ‘wai into: commercial
- operation.. - LR ~

A reporv on the inspection.of the;Third Naval:Fue Depot.at TOKUYAMA 'is-sub-=.
mitted as Enclosure, (F)-of Article 10 of:this seriés,. .This refinery bad two:
.propane deasphalting, Duo-8ol -extraction plants,. each Wwith a‘ocapacity of: 160
kiloliters of charge per.day.:: The capacity .of. the Barisol dewaxing unit was :
30 kiloliters of product.per day.. . . S e LD e :

During the war the airoraft: ngine lubricants Tefined in this equipment.wers.'
obtained 1+om topped Rhodessa, Osage, and Avalu.orudes.. The. lubricating oil '
_production in 1944 was 4120 kiloliters.of airoraft ‘engine oil, 4550:kiloliters
of oylinder oll, and 1950 kiloliters of bearing.oils . . 7.0 il
While the lubricating oil treating data presented in'detail as enclosures in
this repart disclose no. new techniques, this material 1s inoluded to show .the
pature of the Japanese stooks and to serve as.a background for evaluating. ' -

‘their overall lubricant position, .

An interesting report entitled, ."The Petroleum Industry in Japan" by Xo :ACKX .
and G. NARA has. been written. through the co-operation’of S. NOMURA ‘of ;thes .. "
Nomura Office, TOKYO; for -the. Petroleum Sectioa of the U. S.:Naval Techiniocal
Aission to Japan. This report is submitted as Enclosure (D) of “Article 10 of
this series. _report discusses the history and recent developments in.the .
Japanese petroleum industry. . The characteristios of the various Japanese .’
orude oils, Japanese orude oil production, snd a discussion of the hajor re-

fining equipment in Japan is included.. .. ... ‘ ‘

©  Paxt IT
" SINTHESIS OF LUBRICATING OILS

A. FUNDAMENTAL CONSIDERATIONS

A1l research activity of the First Naval Fuel Depot pertaining to synthetic
Jubricants fell under the jurisdiction of Dr. I. KAGKHIRA; who beld a spe-
olalist's coomission as Captain in the Japanese Xavy., JYor the past sixteen
years Dr. XACEHIRA has beed stwdying the effect of molsoular structure on the
proporties of lubricating olls. Hs bas boen particularly interested in the
synthesis of tgnro oompounds of naphthenio or nixed naphthenic-paraffinic type
{wop‘rod by the tion of aromstio ¢ unds and has studied the ro~
ationship of the ring struature of these uots to their viscosity, stabi-
1lity, and related properties.. e i e

Dr. XAGEHIRA bas concluded that’ the most desirsbls structurs for lubricants of
this type is that of a saturated o | 1n whioh oyoloheXane rings &re Join-
ed by single bonds in the mpod.c Ofe. | A{:nmm.mau. several -
promising J.ubrxu:n bave or “:y‘::uuma “:20 hbor:lgy ;:.m ary
hydrogenating suoh compoun: _ oondensation produo e _
_pnm‘l;otu: with two moles of oetens or one mole of  dibeazyl-beasens

one mole of ostene. - ?u»lunm-«m&romm, a A
wiscosity indices and satiafastory oxidation stability. Detalled disouss
of the various studiss which bave besa mads are gives in Tnolosures (A)
and (B)2. In this coansoticn, it is of imterest that the thecriss of this
research are reflooted in the overall synthetic:lubriceat progrem of. the..
Japanese - Ravy. - - BT ) SRR ST
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! 88n6, gas ‘oil fractions ob-
ble’ from:the :South Manchurian: Railway- plant-:

‘at: Fu pid X The':synthesis -of: lubricating oils by first re~: .
‘finingithese fractions and ‘then-polymerizing: in:the presence of aluminum
‘chloride-was studied.at:the. First Naval Fuel Depot. : Satisfactory air- -
‘oraft;lubricants:were obtained:in 10%:yield ‘but:the process was applied
“only to-the' ::of" &erial torpedo: lubricants (Enclosures {B)3 and

iale: was:
at:-FUSHUN, Manchuriay’:

C) vmnu:act

(P ParaffiniWax.  Since 1942, high viscosity index airocraft lubricants,
-obtained by uhe. polymerization of cracked paraffin wax from Sanga Sanga.
and ;Pendopo orude . oils using .aluminum chloride catalysts, had been com-
mercially.produced by .the: Fuel Depot at BALIKPAPAN, South Borneo.. The
»pr‘odnot;»;was:fi,nterioru&n-«respect‘to:'ox;datio’n stability and.a study. of
modifiocations ‘of :the process was undertaken at:the First Raval Fuel Depot
4n-°1940. It was. found that animproved product of greatly increased
stability. could be obtained by condensing the oracked wax distillate with
aromatic:compounds, sulfur, or: oombinations thereof. .Stable aircraft oils,
were: also-prepared by.polymerizing the cracked wax distillates with dif-
ferent topped orude.oils. . The utilization in -this.process of ‘the wax
obtained from Barison dewaxing plants was investigated but the rosults
were -not promising. Llaboratory data and a disoussion of the projeot are
presented in Enclosure (B)10 and"(BJl.. - . . = . L

Commercially, this' process for manufacturing airaraft lubricating oils
was in operation at the Ba.li.f'papa.n ‘Fuel Depot and at the Second Naval
Fuel Depot, YOKEAICEI. ..The Nippon 01l Company also manufactured small
quantities of a similar product at its Yokohama refinery. A paraffin
wax, melting at 50°0, was oracked in a reconstruoted Cross vapor-phase
unit of 30 kiloliters per day capacity. The reaction conditions and the
properties of the product are given below:

Reaction Conditions

Craocking TemPOraturO.sss..esse550-570°C,
Cﬂcnns PiMBecscccnccccscsnes b 860
Polymerization Temperature....60 - 80°C.
Polymerization Timbeseeccsecss 8 = 10 hours
Oatuyﬂt...-............-.....LICI (3~ ’) p
Dechlorination CALalyst.......Ca(OR)s,(2=3%)
» Clay, th-5%)
-Dechlorisation TeEpErature....2 .

Properties of Produot

Rﬂﬂ”ho.-...-..n...-....u..IN!N].
Neutralization Huabor.esssessss0abd
'mh PO!.I‘-....-....-..u..n.mo
m nu‘..cttcﬂoqﬁocct."ol..iigm-

“Carboa Residue.
, vt

N ‘aﬂm*" mt“..l-.....'l.m
Carbon Residue Rat10..evedebd
Heutrelization Numder....2.25
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34+, Fatty 0ils,  ‘Polymerization in‘the presence of:aluminy Joride of:
the_;-_.'oIe'fii'e's-; obtained by the dry:distillation of 'diumisoaps ioficocosn
‘01l and related’ tatty olls was'investigated at;the First: Naval: Fuel-Depot,
The method could: only.-be applied to non-dryipg.or: hydrogenated. olls’since:
unsaturated: ratty: oils: yielded: low viscosity-lndex:produots,.:i(Enclosure ::
B-12, 13.and 14). - A{commerciel unit applying this: prooess. :
struction at the Sixth Naval Fuel Depot,. FORMOSA tit

.bombardment prior to, completion.:

TUnder the jurisdiction of. the Army,:the Japanese. Vegetabl 0il . company;

'(Nippon Yushi K. K.} constructed a hydrogenation plant:at -AMAGASAKT, for

the synthesis of 7000 kiloliters per year of aireraft olls from goya bean

-0il, The hydrogenating units of this plant were destroyed by.an explosion
which ocourred during the initial test run and these units never.rebuilt,

| Dre Yo NAGAT, of Tokyo. Imperial University, had studied-this ‘proocess. for -—
many years. . Extensive pilot plant and laboratory tests had been conducted
by the Army at the Army Puel Research.Institute, FUCHU, prior .to the‘con-
‘struction of the plant at AMAGASAKI. The original process oonsisted_of .
the polymerization of soya bean oil, hydrooracking of the-polymerized oil
in ‘the presence of molybdenum_trimi.ﬁ,d catalyst, hydrogenation: of: the .
resultant oil in the presence of nickel catalyst, and vacuum topping to - .
-yield a lubricating oil of the desired viscosity,  The. research at FUCHU
was directed towards the simplication of the proocess and the following -
oonditions were established as those.which were to be utilized. at' the
AMAGASAKY plent: . B R . o

polmeriisbion.
. {Soya dean o0ll thermally polmrized)- )
Tempornxﬁréo......'...4....-...330-3k0°co
ProBSUIG.sscscsccscssssssnccieeldO mm .
Timbeecsoe esesscesescscecely hours

.
neld.“.“.OOOOAQOA“MOOQOOO

: ooran .
{riquia pguo! gmornﬁng using
IR - 3

lowing catalyst)

Temperature. «+320-360°C,
Prossuro.ese ««150 atzmosphores -
031 VolooitY.ieesse ...n.l/‘ Vol/hl.‘/?ol. of

reaction tube,’
Eydrogon Volo0itY.eececesseees2000 YOL/Br/vol. Of
casaty e By
.3 BLevscnsecesssescccncsaclINLL H §
3-5% as metallio
oxide

Veaouum Distillat :
(In"presence of 0% ogq.) .
Ko aoccurate data of the 100l and chemical pronrthl and servioe ObAr-
torxnuoz of this lubrioant were availadle. A 16,435 Kilomoter non-sto
s um; n

Lot Tliaght -in MANCEURIA using ths-lin tured . dn.the pllot . ...
plant has deen reported. : :

other processes utilising fatty acids for the synthesis of lubricating oils
were studicd by comaeroisl compenies Bt nons were 8pplisd to-large-soale

production, . L = . . o
. e m. A promising source of reaw material for the synthesis
of 1 ating 1s the product of the Fischer-Tropath ooal liguefastion

12



RESTRICTED, X:3BCND<8

d:should:yleld .

researoh iin- regard.
aboratories have: .
quid-might ‘be uti-

3 L;-was the productive Fi
«Japen, and-in: 1941 they. were ordered by the-Army to.con-
.;construction ofi-a -lubricating oil polymerization plent: -
whioh 'wasto: utlilize the product of a U,0,P, Dubdbs catalytic orac SN
:plant under; construction:at the time. :When' the-war. ended,:neither of ‘these
units had-been:completed, REL SR AT Se T

‘The 'process which.was to be: put into ‘operation at OMUTA wes first, to pre-
-pare- a highly unsaturated gasoline: by the vapor phase oracking of the .
-heavier oil-fractions from.the Fischer-Tropsch ‘synthesis. This oracked
.aistillate, having an: end point of 250°C., was then toc be charged-to a .
.polywerizer yith: ¥6-anhydrous al um .chloride and maintained with agi-
“tatlon-at 60 C. for: 8 -hours, or. 80°C, for 7 hours.. The product was to be
:8ettled, dechlorinated,. pnritiedmith active clay (3 -hours at 150°C, 5% by
weight 'of clay), filtered, and topped. A light lubricating oil and an air-
‘oraftlubricating .oil were to be obtained from the product. Small scale
ilot :plant: tests:indicated that these o0ils would have.the following.ohem-
cal and physical properties:s. .., = .o oo e BT

Alroratt . Xight
Iubricating oil: | Lubricating
" B T R S R Y -3 & ¥
: Speoific Cravity, 15/4°C. .| 0.85-0.87 |- 0.82-0.83
* Flash Point, oC, 250 145
Pour Point, °C, : 20 25
. Neutralization Number . 0.05 © 0,06
Viscosity (g.U.8.) . .
at 100°F, ' . 1550 104
as 2)00F.° 125 3
Viscosity Index - 107 . Sk~
Carbon Residue, % . 0.08
Ash, % - . . 0.003 ]

According to Dr, KITA of Xyushu Imperial University, Fischor liquid pre-
pared’ by means of an iron catalyst should be oasily adepted to the synthesis
of ludricating oils, since this product is higher in unsaturates and can be
more. resdily polymerized than the product obteined using codalt catalysts.,
More ocomplete information pertaining to Dr. KITA'Ss work on Pischer-Tropsch
catalysts and the Miike Synthotic Qi1 Company is presented in Article 7 of
this series, Enclosures (D) and (G), rospeotively.

5. Rubber. Rubbor was ons of the few types of hydrocardons readily avail-
able tO Japen during the first years of the war, hence it is only natural
that it ahould have been considored as a sourco of fuels end lubricants.
m.rgf 1943 and 1944 tho First EHavel Fusl Depot studied various cothods

by oh airoraft engine lubricants might bo obdbtained from rubber, Tho
msthods studied weret- - : '

- u;m 1lymerization:of-the-isoprens-Traction of- erecked Tubder-¢istil-

b, ‘Copolymerization of orecked rubber distillate with 2,54 voluses
~0f tho-orecked d1stillets of paraffin S :

L .

*

0, Bydroerecking of & rubber-paraffinio hydrocarton peste in ..
';ﬂi-?glmmmguijun plant, by paste in @ oom

13



; Both the oo olymerization and hydrocra king ‘Hethods "yiel
high. viscority. index ‘and: satisfactory’ xidation bilit
‘cess:was appl ed ‘tolarge scale~unit
cribed 1n Enolosure (B)J.S
It 15 or mterest tha seve: ompanies 'prepared

from rubber on a commercial scale.  "Since:.the’ product could not:be used as:
-prepared becauee of -poor “oxidation: stability; it was'blended with mineral
oll before use,’ Uve plagts utilized a proeees ooneisﬁ.ng of “the follow-
'ins stepe- s :

- Shredded rubber dieaolved 1n kerosene or oompmble solvent‘ (210‘!:.
for 30 hours)w ' '

b. Rubber polymerized using aoid clay catalyet (222°c. ror 8 houre).
Ce riltration. .

ﬁ. 'ropping and distillation or l.tsht oil.

e. Blending. - o =

The combined nonthly capaoity of these plants wes- 3550 ‘kiloliter of pa.-o-
dmt. The neme, location and capacity or each factory is tabulated balow:

Name of Plant ~ ’ I.ocation capacit

Nippon Sei X, K. AmA ) . 830

Nippon Sekiyu K. K. NIICATA +500 -

Showa Sekiyu K, K, ---NIIGATA 370

Toa Nenryo K. K. SHIMIZU 1500

Teikoku Nenryo Xogyo K. X, . UEE 350
6. Other Sources., Two other g:uiblo sources of synthetic lubriocant
were investigated at the First Haval Yuel Depot thd last few months
of the war. These two sources were brown ooal tar and pine root ofl, It
was plenned to study the ts odbtained dy polymerizing selected freo-
tions of the dry distillation produot of each or these materials in the
presence of sluminum odleride. In the short time that was spent on thuo

studies, no significant data had been odtained,.
LABORATORY STUDIES ON FUNDAMENTAL
. LUBRICART PROPIRTIES
rA, 0Oiliness

A oconsideradle amount of resesrch was oarried on the var et the First
Raval Fusl Depot in regard to oiliness for lubdbrioat on-. plrucu-
lu-).: for diessl engine J.uhrxunn -nd nrz eum oul
- apd-syathetic:- typed, -

A number of oiliness test machines were-construstsd for this purposs and it.
was oonoluded that Stanton's muu-tyn':omr was the most suttadle for
Toutinge work, “Also & speoial machine, nmmmmuam
was installed at the runmnun-mn 1944, to. out tests uro-

;;;.a. B

gard to saster rod deari rcuum in Jepansse alroreft e o8, While BO.
m:uon results wers odtained dus to poox’ dodu umu, a: dos “of
apparatus is inoluded in this report in v ottbouuer

“



) ; t h se--investigator recognized
test variables:as:bearing metal: combinations,: rubbing speed °
res;on’0iliness: deternminations, but the appl.{c,ability'or{ suoh
eonsidered in seleoting oiliness agents for practical engine

~that the 3 épana

_The: most:interesting oiliness research carried out at the First Naval Fuel -
‘Depot was-a systematio study:to find the relation between the chemical struc-
ture ‘and: the oiliness properties of: lubricants based on statioc friction deter-
.minatlions in a:'modified Deeley Maohine using steel on steel surfaces, It was
-observed.that in the case: of hydroocarbons, coyclic compounds were better than
chain comnounda with the same pumber Qf oarbon atoms. while compoundd in wiaich
. six-membered rings. are. combined with ‘aingle bonds were better than those in
which the rings were combined in condensed form (Enclosure (B)27). Fundemen-
tal studies on the oiliness characteristics of stearic acid, benzene, and -
their derivitives indiceted that the NH2 and COOH .groups were the most effec-
tive, whereas other groups conteining oxygen and nitrogen atoms were com-

paratively less effective, (Enclosure (B)28)

.Another ‘interesting. oiliness study related to -the use of soya bean phosphatides.
Research work based on kinetic friotiom determinations for steel on steel at
-low . rubbing speeds and at room temperature indicated that the soya been
phosphatides were effective mu oiliness agents and that the er the acid
‘velue the better the oiliness.characteristiocs: (Emclosure (B)29) -~ -~ —

B. Anti-Oxidants ’

1. Firsat Na%% Fuel %oﬁ OFURA. - Research work of the First Naval Fuel
Depo T8 o anti-o s fell in two categories, namely anti-
oxidants for lubricants from petroleum sources and anti-oxidents for
lubricants made synthetically. In these laboratory studies the means

- for evaluating oxidation stability was the use of the British Air Ministry
Oxidation Test, wherein inorease in viscosity and Conradson Carbon after
air-dlowing in the absence of metal catalysts is determined. Some of -

_ thess tests wpre paralleled by oxygen absorption tests conduoted in the .-
Warburg Bio-chemical Oxidation A atus desorided below. A fundamental
weakness ‘aof the laboratory oxidation data.obtained is the lack of adequate
study of the formation of organic acids and supporting engine test rosults.

The lubricants preparod synthetically and discussed in detail in Pert IT
of this report -woere usually deficient in oxidation stability and the in-
hibitors suitadle for natural oils wors not, as a rule, suitable for the
synthetic oils. For example, for airoraft engine oil produsced from
potrolsua, trioresyl phosphite was the dost anti-oxidant investigated,
whereas for synthetio aircrart engine o1l prepared from paraffin wax or

Fischer-Tropsch oondensate, copper soaps wore tho most offective (Enolo-
sure (B)2)) . A

Ono of the most intsrest ladoratory findings was ths improved oxidation
stadility of siro oncuigo. ooqpreu?ghnnd turbine oils when utilizing

_Soya bean phosphatides  (Enclosure (B

2, ‘ During the period 1944-L5, Protu-
F2'ub3 Tritacion of phes:sciaLeRt cbaih aad SroLis.songousin; In thLs. mork
‘he uned methyl oleate and tetralin as deing typioal rupootinh. of un-
satureted strafght ohain oompounds and ring oompounds., \

Oxidation was studfed by the use of tha nnurg Bio-chemioal Oxidation
Amvu shiich n.of 0.

-~

 the cxygen absorptio £rans of 01l 10 indloated

i3
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A

by -change in pressure.: Thé
m.m_»u_tea;gg_;d the .millimol

S S A R “Absorption-in
.'Name of . Inhibitor: 10,5 gram: methyl:oleate:V
T e £.1% " {weight ). of Inhibitor:
b-naphthylamine
a-naphthylamine
a-naphthol.
b-nephthol
Phenol

Aniline

No inhibitor
Cyclohexanol

SPhenol
Aniline
Ko inhj.bitor

~nese data are of & preliminary mature and no Gonolusions have been drawn

3. Article 10 of this series, Enclosure (D), presents data ‘relative: .
to the oxidation charaoteriat{u of a biend of synthetic lubricent’pre--
pared from soye bean oil with 5% of naphthenic base oil end 0,1% of an.
organic salt (formuls uninown). .Aco to laboratory tests, this oil
possesaed superior oxidation stabllity characteristics when compared to
typicel aircraft engine lubricants manufaoctured in America,  No compara- "
tive engine data were availadble. . ° : . . .

L. Four Point Depressants. The synthesis of "Paraflom™ was studied and & .
post offective pt%uof was obtained by condensing naphthalene and crlori-
nsted wax in the presence of aluminum chloride. A signifiocant f£inding was
that it was necessary to control the reamsction by the addition of small
quantities of water. The peed for water was accidentally discovered ard
was not mentioned in the U.S. pateat on ~Paraflow". This pour point de-
prossant differed somewhat in physical properties from *"Paraflow”, but it
wos effoctive in depressing the pour points of 0ils and was manufaotured

oo a coeceroial scale throughout Japan. (Eaclosure (B}35).

rart IV -
-‘Au-emﬂ Engine Oils

1. ineral Ofls, In J there was & suffiocient supply of imported air-
ent% onelne o3I until about 1943, oonsist pr:.no:gqgly of Texmco 011
Yo. 120, Bowever, it then Decazé RECOBSAIY’ “the Japhoese- - 20 U0 - -
011 depignated as "X-120-X" which was in Je from 8- Ouage
oruds treated in tho Tuo-fol plant at - orarle .

enzine tosts (oonducted at the 'moe‘wonna-mwmzzm

that "K=-120-X" was not equal in service performanos {0 Texaco 011 ¥o. 120
and, ecoordingly, full-scale teSts were mmde ut the Miteuhdani, Naksjima
end Atchi Compsnles. Tho oll was oompounded with Yy weight of both
trioroeyl gocpb-u and tricresyl fuuuuu {this. “wh® oholien in
view of lsborstory rescarch oxidstion and stability tents . ped in

~ ynolosure (3}23) Results of-the engino tests ‘were not conslusive,.but ine
dfoated surgicient mgmmt on EASter rod-Dearing end piston ring ..
condition to justify-its praatioal use in combat planen Auring July. and
_August 1965, There is no informaticn in regard to the prectissl results

16
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Amproved oxidation:stabilit

a
‘been phosphatides. as’ additive: agents, A
are algo presented’on’the:simultaneous.
sphate in:airoraft’engine olls of -
No-engine: test. data ‘relative to: the.

‘2. Synthetic 01ls,: " For- synthetic a ‘éngineoils prepared from paraffin
wax or Flscber-Tropsch Oil, as- discussed in Part II; B, of this report, it
.was found that the anti-o_xidants most ‘suiteble for petroleum oils were not
“suitable, but that dopper Bsoaps were markedly effective, Again there is-
" x(xol)-ga;pgprf.ing ‘engine.data for the -synthetic oil so compounded. - (Enclosure
B 'S : " ',E,lj. ‘1'. RN B - J " L ) ‘

‘3. 'Viscosity Index :ég%r'overs. * Japenese naval airoraft emgine oil ME-10-K"
wag produce —Continent orude by solvent’ extraction at the Third
Naval Fuel Depot to meet the minimum viscosity index requirement of 90. -
“In:order to,improve: the viscosity index, iso~-butylene polymers were pre-
pared following :the method of-the Stendard- 01l -Company of New Jersey- and
‘were:blended with aircraft engine oil Ro. 80 purchased from the Texas 041
"Compeny, - This raised the viscosity from 80 S.U.S. ,to 121 8.U.S. at 210°F
eand the viscosity index from 9 to 101. . In single oylinder ajiroraft en- -
‘gine-tests it was indicated that wear with the blended oll wes somewhat
.greater than that obtained with natura) petroleum oils, and it was con-
oluded that it was necessary to_ improve the heat stadbility of the polymer
engine oil blend befors it could.be satisfactorily used in airoraft engiss.
(Enoclosure (B)33.) : . o

B

Le Reoln:_;n_il%g. In view of the increasing shortege of airoraft engine
lubrican the latter part of the war and the diffioulty of transporting
used lubrioants from the airfields to the refinories for re-refining, a
portable unit, which could be rabricated at the airfields froa natox-im
on hand, was anvel 4 for reclaiming used lubricating oil. The unit

- consisted montiagz; of a tank with a perforated plate in the bottoa
covered with a sbeet of paper. The oil was placed {n this tank and tbe
ashes of wood, grass, or roots were added, using 15% of ashes by welght.

. The oll was heated to 1309C and drewn through the papor into erother tank
using & vacuum system. Analyses of the used and Treo aized oil in one caso
showed reduction in the ash content from ,2 to .01% and in soid rato of
from 7 to 20 liters per hour by this apparatus.

showsd reduction in tho sah coatent from .2 to .Ol% and in ocld vslue from
.26 to .08. Reclaimed. oll could be produced st the rste of from 7 to 20
liters per hour by "-hll epporotus. .

B, Marine snd Aero-Tropedo Engins Lubricants .
During the por&oa of 1938 to 1943 rescarch was carried -out at the First Hoval)

Pusl Depot to develop lubtriocants particularly suited for marine ané aero-
torpedo.sngines..Sigaitisent resulte included the following:

oa, Yor marine torpedo engimes the lubrication

‘ o b siziler to se of airoraft engines, and
-prepared . from Ohe orude by solysnt extreotion (Part

glaiu report), and hev. a viscosity-index of 99 and @ pour point of

airoraft.engine
90, gave exdellent results.

I

»
LT . .

W;- Aero-torpedo engines operate at & much lowar
1 I marine torpedos &nd oocsequently, require specia

7



)"(4‘- 38(N)-8 -

-lubricants.; A isynthetic’oil-prepare
merization method (Part.IT, Section:B
prectical ‘service te - This prod
8 pour point of 32 ¥

For still lower temperature co lons ‘of: operatlon, etio oll pre-
pared’ by the.polymerization.of a; fraction: of ‘cracked.? ‘distillate “(part
II, Section.B-2 of this report),. compounded - with; 1% aluminum oleate, geve
.satasractory results,  Its viscosity-index was +112 and its pour point, . ;.
- «469C,  The aluminum oleate was added to prevent the.oil from belng washed -
‘out by sea water in the aero-torpedo engine ‘at the end’of 'its run on trial”
shots, ~This product was tested and approved by the Naval ‘Asronautical :
Arsenal, YOKOSUEA, in 1943 for use under all conditions of:temperature,

C. TURBINE OTIS : e T N

Turbine oils were, in general, prepared from Japanese erudes. These turbine.
.0oils hed Ligh pour points unless dewaxed and the oapacity of the dewaxing. .
plants in Japan was insufficient for treating turbine oils, since the plants
- were. chiefly used for the production of airoraft engine lubricants. TFor this
reason, pour point depressants: were manuFéctured as discussed.in part IIT, C,
of this report, and edded to-turbine 0ils, depressing their pour. points from
apgoximtely 15°¢C to below 0°C, Thls method.was applied.on a commerocial
scale, . . . . . R

No other additives such. as’ oxidation 1nhibltors or rust-proof oohpoﬁd‘si;,i:arek
used with turbine oils and no information in regard to service performance
characteristics of turbine oil was obtained. S .. - .

D. DIESEL ENGINE OILS . , ' S
1, Straight Mineral 0iis, Prior to-the war, turbine oils had been malnly
used for marine o806l engine lubrication in the Japanese Navy, but this
type of oil, except that prepared from Oha oxrude, was not roun& satis-
factory from the viewpoint of oylinder wear, Whon ajiroraft engins oil
Ko. 80 (produced by the Texas Oil Company) was ussd .as a diesel engine
lubricant, oylinder wear was decreased to about one-~fifth that obtained
with the turbine oil, but the carbon and lacquer deposits on the pistons
were excessive. Iubricating oil prepared from Oha oruds by veouum distil-
lation, phenol extraction, dewaxing and aoid clay treat. ve good re-
sults in engine tests and did not roquire the uss of an additive, but &
treating yield of only 0.J% was obtained, (Enolosure - (B)20.) .

2. Compounded 0ils (ILaboratory Tests). In 1942 and 1943 & series of

l1aboratory tests wers condus o determine additives suitable for m
in submarine dlesel engine lubricating oile. These compounds wero studied
froz the.standpoint of oiliness, oil stadility, and dispersion or [ 4

of oarbdon deposits. It was-found that oslolunm phenyl stearate wis :
post effective from tho standpoint or detergency and dispersion of oarbon
devosits and that laoithin | m}nm‘ sphatide) and :.réorun Wu
wore the most esfective 88.0 3.ugénts and anti-oridants, .The b ol
gonocy tocts were zade by washing & piece of flannel stained with soot .
with gesoline 9onuuungnz$ of .cack additive, wheroas the ladoratory dle-
‘porsion;test consisted” Lasuuﬁnﬁwhrmwotat:mat,;ﬁumﬂ.,
uocnoy of whits oil to which bad beon added o1l alndge and ons of the
1 additiven deing investigated. .

As a recult of this hbontoraw .’ 1t was  oongluded-that calciuvm phenyl
stearats was suitadble as an & itive for M? umutynm-tw

oils intended for use as dlesel oafm lubricants, whereas.les nand -
triorooyl phosphate were bensfioisl ap sdditives for low viscosity-index”
oils when used in dlesel engines. (Emolosure (B)29.) - R



! ed: ; : : ive constituent of: Soya bean phosphatide)
ishowedthis additive ‘was-not ‘sufficiently effective to' render this oil
“stook: satisfactory as) & dlesel engine lubricant, Tt ‘was further.reported
~that! Tdiespl;?‘en‘g;ne“,tests«;vshmved.‘.,,that ‘the.use of calclum phenyl stearate .
‘did’ not:sutficlantly reduce .the: carbon depssition cheracteristics.of air-

i x;gme,f:oi,l NOA.';-SQ."Z e

PO papty
. el ... SPECIAL OXIS.
A. WDRECISE" OTIS. = . noe o

'The term "préocise.oil™ is applied by the Tapanese: Navy to such typee of. ludbri-
cents as’instrument olls and hydraulic oils. Speocifications for five different
_gredes, of thege 0ils were established by the Japanese Navy in 1943, All but
one of -them consisted of highly.refined end selected fractions of Nilzu crude
oil obtained from the NIIGATA distriot in northwestern HONSHU. - i
‘The refined ‘product was highly naphthenic and, although it bhad-an exceptionally
low pour point, difficulties wore_encountered in practice which were attri-
buted to the low.viscosity index (-100) and low eniline poinmt {60-65°C.) of :
these oils. It was reported that, in-service, rubber so tening and swelllng
of packings was. frequently encountered.. ‘Several explosions had ococurred be-
cause of the bursting.of Tubber hose and all rubber.fittings ‘had to be rensewed
frequently. During the war the First Naval Fuel Depot was actively engeged in
developing synthetis lubricants whioh would surmount the difficulties encoun~-
tered with mineral oil,: A comprehensive gicture of this development is pre-
sented in Enclosures (A), (B)21, and (B)22. ) ; :

Four preociss oils synthesized from pon-oonventional sources were developed by
the vy at the First Naval Fuel Depot. The method by which each was pre-
pared may be briefly stated as follows: L

1, Number 5 Precise 01l

a. 80% of & fraotion of polymerized dodecene boiling from 180°C. to
300°C, at a pressure of 5 mm of meroury.

b. 19.8% of a selected fraction of refined Hiiru orude oil.
0. 0.2% of rapesced oil,
2, Specia)l Preoise 011

< Be--33.5% OF.the polymerized product of thermally orackod pararfin
_wax distillate,

',_bb. 66.5% of & selooted fraction of refined Miizu crude oil,
2 ‘smo% wgu gu. The fraction doiling from 120°C, to 300°C. of the

«+POLINEL. : Vduot of & mixture of 20 8 Oof toluol with 100 parte
of a thorsally oracked wax auzmau.w T T o

&e z;%uo %& free Serk ;‘h‘er o4, Squalene, obtained from shark
1iver oll. P od in the prooence of & nickel
oatalyst, ’

" Details of tho methods of preparation and the rtiso of the uots are
given 1in Enolosure nm. Tho Mumber § preoise o1l has deen used since 19%)
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The Japanese Navy used. two hydraulic-olls 1n.a X
.desoribed aboVve,  One was.a highly refined frapction
other -was & butanol-eastor oll ‘mixture.’':No'Tresearo
was conducted at the First -Naval Fuel Depot ‘during

C. - ESTERIFIED OIIS = RS
. £ v s e - e e, ; I RS - - P - ! : - "
Although the ‘Japanese Navy sonducted no research on this. type ofl: lubricant, it
is of intereat that the Japenese Army did use esterified olls as -automotive.
Inbricants. Enclosure {D) outlines the information obtained from the. Japanese
Motor. 011 Compeny (Nihon Hatsudokiyu K. X.) perteining to the manufacture.of
‘these oils. Of'p cular, erest. 18 the. low ~tempe‘ratu.re;lubxf;o‘atins"on-:;
prepared by blending 87 volumes of ‘refined butyl ricinoleate with-13.volumes
of polymerized soya bean oil. The lubricant was manufactured for: the use ‘of.
the Army in Manchurian :operations, but.production was stopped -early in 194k
since there was no appreoiable;miﬁtary activity in that . area,.: @ " "

D. ANTI-CORROSIVE' CYLINDER OTL

A.oylinder oil for aireraft engines which served as. & -rust preventive was '
developed at the First Naval Fuel Depot im.1943. - peteils of the manufacture
of this product are-given in Enclosure (B)39,:" The composition:{wt.: %) of the
0il is es follows:~ s R o

Refined rapeseed oll eeccecescsss 75°
Aluminum SteATAte seesacrescses 10-12
Triethanol 8Min® cecescscccesscscss 5
N-Butenol ececscscscsacsncsccans 10-8

E. ELECTRIC TABLE INSULATING OILS -

In 1944 the proparation of polyisobutylene to be used as an ‘insuleting oil
.yap Studied at OFUNA., The reaction was oarricd out at a teaperature of -
-150°C, and & polymer having an sversge molocular wsight of 170,000 wap ob-
toined. The process was not applied commercially. The method of pre tion
follows that desorided in U. S, Patents and is outlined in Enclosurs {B)3.

- ’ part VI
GREASES

Rosearch work conduoted at tho Pirst Naval Fuel Depot on lubricating greases,
prigarily for sircraft use, wns undertaken in 1938 using patural minsrsl oil
stocks. In 1943, duo to tfo increasing shortage of oil #tooks, the ressarch
on greases froa petroleum S0urdes waa paralleled with studies of synthetio
lubrioating olls as substitutes, Geperally s esaking,” naturel labricants
Trom Japancao orude oil oconnisted of aromatic oarbons which have good
soap solubility, oharsoteristiocs coapared to Jnnx‘mic: drocarbons, --Synh-
thotio pnrnrnn{o-type o0ilo were less desirable due o 80 .
—feties,” rtievltrlr‘wtbrhm‘—vimig‘ o Y- BN -
cating oila, it was. found that for cale ‘OF. BOAR SCRY gTesseD, .
tion pz-oduoin of paraffinic ond aromatio hydrocartons were suitebloe.
Prior to 1938, sposial” PO aviation sngines sud auXiliary pErts were .
imported ohiofly froa the United States end up until thav time, prastiomlly
po research had been oarried out in Japan aleng these linss :

*be procedurs adopted in 1938 w3 firdt, to’instell modern gresce memufec ow s -
turing equipsent, including the 1atest -slsotrically heated axperimental) grease
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raft magnetoes was developed
86 © ormanoe matched that of Boaoh Magneto Grease manufac-
“Itured;in the: United States. The ‘Japanese ‘grease was.composed of & soda”
~goap -of - .ca8tor. 0il with an excess of soda and was prepared at a tempera- .
“ture’of. 2300C, - Quick cooling was used and was followed by milling to .
“provide-a: smooth—textnre.~ror ‘manufacturing. magnat.o .grease _from synthetis
“o1le’ and castor 0il.soap, it was found necessary to’ specify the viscosity
-and aniline -poi.n‘ﬁ or the. synthetio oile 1n view of solubility

oons derations.

- Rooker Arm Grease,. Two erpermental greases having 'satisractory R
servioe performance ohnaracteristics were developed, :Both of these greases
ocontained a mixture of sodium oleate and sodium stearate soaps and a
small amount of glycerine, .. There is no information in. rogard to the !
mnuraoture' of this lubrioant nsing synthetioc oils, . -

'3 COntrollablo Pitch Pro ol].er Grease, - A satiaractory product was
mada 2] ure ol a un stearate, aluminum oleate, and lead
oleate. soaps, pl\u 2 small amount of glyoarina, bompounded with approx-
~imately ‘of. uncm Jubrioating oil stock. ' Friotion tests in a
-machine resembling the Timken Jabricant Test Machine showed that the pre-
aeneo ot lead oloato mparted rriction rednoins properties,

A uid croua ror Framework of - Aero-'ro does., A ase containing
~ n%%ﬁul stoarate and U.2k calolum Rem%i and 92,8% of oylinder -
stoock gave excellent results for the prevention of corrosion of m

parts. The role of the calcium stearate in this produoct was to
the plastioity of tho unninun ctomto.

5. Bpeoisl Gr e for Prevent. Corrolion of the Interior of iaed
: 'xE-rm‘

T8 O A% vy or. er O
was unsatl ;n otory u!meu and in anti.-rx-oezing character-
uuu. A wodu overo these deficienc’as was prepared by heating

tlm.im stearsate and 0,364 ocaloiun atoarate with cylinder stook,
fo w m.

6. Sea wnur-%t ogﬁo. This product was prepared as an anti-
ocorresivs, an cogpound to be used on machine mounted on subd-
marines, A satisfaoctory o uuon oouunod of aluminum atomte
and m huv nm-xu:m

7. 8pec A minor uouat of work was done on apooiu groases

y - greasss and groases mt were resistant to -
centrated nitric acid. (Xnolosure (8)36. 1xI.) oon

Offioial apscifisations. of - lukricanta uasd by tha Ia .Bavy 4uring ths war .
period are included as aa Xaclosure to Article ) of B series.
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