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SUMMARY

{

MISCELLANEOUS TARGETS

& JAPANESE FUELS AND i.UBRICANTS-ARTICLE 8
NAVAL RESEARCH ON LUBRICANTS

0

. Japanese naval research pertaining to lubricating oils has been in-
vestigated. The scarcity of Japanese crude olls having charactoeristics

suitable for the manufacture of aircraft engine lubricants necessitated the ﬁ
|

use of imported crude oils for this purpose., ~As this supply wasn depleted, it !
became: necessary to consider non-petroleum sources., The synthssis of lubri-~
cating oils from shale oll, paraffin wax, fatty olls, Fischer-Tropsch liquid,
rubber; and other sources was studied at the First Naval Fuel Depot ané. other
research laboratories. In applying these lubricants to practice, the ise of
oxidation inhibitors, oiliness agents, and other additives was frequently
nocesaltated, in view of service perforimance limitations, Hsace, additive
8tudles were included as an essential part of the Navy's research program.

Perhaps the most important phmse of lubricent research included in
this report is the fundamental study of the relationship between structure
and lubricant characteristics made by Dr. I, KAGEHIRA and co-workers. This
raesearch indicated that structures in wiiich saturated cyclohexane rings are
Joined in the "para"-position either by single bonds or by paraffinic chains,
are the most suitable for lubricating oills. These theories were reflected in
the synthetic lubricant research conduct:ed at the First Navel Fuel Depot.

VL i ‘

It is believed that this repoft pressants a broad picture of the 1lu-

bricant requirements of the Japanese Navy during the war and includes detailed.

information on many specia; products peculiar to naval use.

\
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INTRODUCTION

: ... At no time- dnring the war dicd Japan's supply of lubricatimg all
becom: as critical as-did the supply off fuel of all types., In spite of this A
fact, hovever, a substantial portion of the hydrocarbon reswarch activity of ‘
the Jipanese Navy was devoted to the synthesis of lubricants from subsdtuta

BOUI‘CGS-

- -

- L

: This report summarizes the f:lndings of the Petroleum Section of the
U. S. Haval Technical Mission to Japan relative to lubricant resesasrch com=-
ducted by the Japanese Navy at the First Naval Depot, OFUNA., It inecludes:
studios on petroleum refining, the synthesis of lubr: Lca.nts, and data rolative
to lubricating oll additives and greases, The informstion from OFUEA has
baen supplemented by that obtained from other laboratiories, comsercial plants,
and nuval installations. i : »

Detailed reports of the lubricant rasearch projeots investignted at
the First Naval Fuel Depot have been prepared in Engiish by the techaical -
ersciniel of the Depot and are included in this report as Enclosure (Bl to

B)37, inclusive. A summary of these reports has been prepared in English by
Chemical Engineering Gaptain I. KAGEH]IIA and is submitted herewith as ,
Enclosmre (a). ,

Lo : Since all or the ressarch files of the First Naval Fuel Depot were
burneé. in August, ;1945 by order of the Director of the.Depot, it was nceegsary
to sunmon <he Japaitese personnel and reconstruct this information from labora-
‘tory rotebooks,, laboratory apparatus, and pilot-plant equipment. Ths jrepa- ‘
ratior. of these reports and drawings continued for a period of nearly three
months, Auring which time each Japanese author was frequently interrogssed amd
was as s.isted in the organization and translation of his report., This naterial, .
which is submitted as Enclosures (A) and (B), constitutes an integral part of
: this report and, although it way include minor errors in construction intro- -
. duced 1n the translation by the Japaness authors, it does serve as an accurate
indication of the quality and: extent of the lubricant resee.rcti conducted Ry the
" Japanese Nevy. ,
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THE REPORT

Part 1
- REFINING OF LUBRICATING OILS

The principal Japanese crude oils are those obtained from the AKITA and
NIIGATA districts, These crudes are of a highly naephthenic nature and, in
generaL, are not suitable sources of aviation engine lubricants. 0ils re-
fined 7rom Niizu crudes (NIIGATA) are cbaracterized by exceptionully low pour
points ‘and negative viscosity indices, whersas most of the Akita oils have
high wax contents and the viscosity-indices of the relined oils are less than
50. One exception 1s Omonogawa crude from AKITA which gives the best lubrie
cating 0il yield of any Japanese crude oil,- a yleld 2% or less {based on
total vrude¥ of 85-90 viscosity-index lubricating oilo

Cha cride produced in SAKHALIN was of a more paraffinic nature than the
Japanesie crudes discussed above, and from this crude a limited amount of
aviation lubricating oil of from 90 to 95 V.I. was produced by sclvent vx= .-
traction with treating yields from 0.3 to 5% of total crude, deponding upon
the degree of treatment and type of treating process utilived (Enclosure (B)4).

The ‘smel.l emount of domestic crudes available, coupled with the low yield of
refined products, rendered the production of airerart oils from these sources
quite inadequate, and, in order to meet this situation, Japan imported huge °
reserves of crude oil and finished products from the United States befors the
war., These corude oils :constituted the charging stocks for the Jepanese re-
finerieis producing the high viscosity-index oils needad as alroraft eagine

lubricents. ) ?

Two of dapan 8 largest oil refineries, the Second end Third Nava] Fuel Ibpots,
located at YOKKAICHI and TOKUYAMA, respectively, were owned and coperated by
the Jaranese Navy. Thess two plants had a combined refining capacity of ap-
proximately 27,000 barrels of crude oil per day which represented one quarter

_of Japan's total refining capacity. All research actiyity pertaining to the

" processes utilized at these refineries was concentrated: at the First Neval
IFuel Depot, OFUNA., At rfirst, the Ofuna researoh was directed towards sclvent
refining techniques for both Japanese and imported crude oils, Bowever, as
the stock of lmported crudes diminished, the research emphasis was shifted to
the synthesi° of 1ubrteants from various _non-petroleum sources.

A comprahensive pioture of solvent refining studies at the First Naval'Fuel
Depot is presented in Bpclosures (A) and (B)4 to (B)8, inclusive. The tirst
process developed consisted of a combined deasphalting-dewexing operation
using propane, followed by Duo-sol solvent extraction. This so-called "Navy"
process was utilized at both naval refineries but considerable difficulty
with the propane dewaxing operaticn was encountered in practice. The process
was -‘later modified to incorporate the use of Barlsol dewaxing after solvent

treating.

There wera three pilot plants at OFUNA used ip connection with these studies.
One of these pilot plants, built in TOKUVAMA-“in 1937 and Sransfered to OFUNA
in 1939, was designed to study the combined propane dee nalting-dewaxing
process, In conjunction with this unit there was a single-stage phenol-cresol
extraction pilot plant at OFUNA. Each of' these units had a capacity of 10
liters of oharge per hour., In 1944 an acetone-benzol dewaxing pilot plant, .
baving a capacity of 20 liters of charge per hour, was built.
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‘Ancther refining process which was studied was one in which amyl alcohel was
‘uséd for the deasphalting-dewaxing operation sand furfural was used for solvent

" extraction. . This method was particularly attractive to the Japanese in view of
‘amyl aleohol as a by-product of alecohol fermentation and the suitebility of
furfural for: napnthenic oils.l However, it was never put lnto commercial
operatgon. : :

=

/,

A report on the 1nspection of the Third Naval Fuel Depot at TOKUYAMA i« sub-
aitted as Enclosure (F) of Article 10 of this series. This refinery had two
‘pro’pans deasphe]ting, Duo-sol extraction plants, each with a capacity of 16(
kiloliters of charge per day. The capaclty of. the Barisol dewaxing unlt was
30 kilolxter= of product per day. N

Durine the wer . the eiroraft engine lubricants refined in this equipment were
“obtiained i'onxtopped ‘Rhodessa, Osage, and Avalu crudes. The lubricating oil
,proiuetio&,in 194k was 4120 kiloliters of aircraft engine o0il, 4550 kiloliters
of 3ylinder cjl, .and 1950 kiloliters of bearinz oil.

While the 1ubricating oil’ treating data preeentea in detall as enclosures in
this report disclose no new techniques, this material is included to show the
. natire of the Japanese stocks and to serve as a background for evaluating
bhelr overall lubricent posntlon. : :

An lnteresting report entitled, "The Petroleum Industry in Japan" by I.( KT
8nd G, NARA Hes been written through the co-opsraition of S. NOMURA of the
Nomira Office,. TOK¥O, for the Petroleum Section of the U. S, Naval Technieal
. é4ssion to Japan. This report is submitted as 'Enclosure (D) of Article 10 of
this series. The remort discusses the history and recent developments ‘in the
" Japiinese petroleum 1ndustry. The characteristlos of the various Japanesge
srude oils,- Japanese orude oil production, and a discussion of the h&jcr re-
EinLng equipment in Japan is included.

: Part 11 ,
SYNTHESIS OF IUBRICATING 0ILS

A. FUNDAMENTAL CONSILERATIONS ; -? : =

All .reseerch ectivity of the First Neval Fuel Depot pextaining to synthetie
lubiricants fell undsr the Jurisdiction of Dr. .[. KAGEHIRA; who held a spe-
ﬂiatist'= comnisesion as Captain in’ the Japaneso Navy,. For the past sixzteen
years Dr. K4GEHIRA has been studying the effeci; of molecular structure.on the
prooerties of lubricating oils. Hs has been puarticularly interested in the

. syni;hesis of 'pure compounds of naphthenic or milxed naphthenic-paraffinic type
presered by the hydrogenation of aromatic compounds and has studied the re-
latlonship of:the ring structure of these products to thelr viscosity, stabi-
: Aitv, and related properties.

Dr.vKAGEHIRA has eoncluued that the most desirable structure for lubricents of
‘this type is that of a saturated compound in which eyclohexane rings &re Join-
od by single: bonds in the para position. Applying his theories; several
promising lubricants have been synthesized in the laboratory by completiely
hydregenatlng .sueh compounds-as the condensation product of .one mole of d4i-
phenylmethane with two moles of cetene,or oné mole of dibenznyl benzene with .
‘one mole of Getene, The lubricants thus prepared are characterized by high
viscosity indices and satisfactory oxidation stability. Detalled discussiogs
of ‘the-various studlies which have been mafde are given in Enclosures (Al, {Bj1
and- (B)2, * In'this connection, i% is of interest taat the theories of &his
research are. reflected in the overall synthetic lubricant program of the-

Japanese Nevgo

B.; SOURCES OF SYNTHETIC LUBRICANTS

As Japan s aeeumulated reserves of imported crude oil stocks diminished, it

10
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becaﬁefljnd&easinglj imperative that additionhl sources of lubricant supplies
. be deve_’»_].ope\d. The Japanese Navy pioneered this development, and a discussion
:  of ,theg;yringipal sources investigated 1s presented herswith, o ;

1. Shale 0il. A large supply of the kerossne and gas oil f'ractions ob-
teined from shale was available from the South Manchurian Railway plant e
-at. 'FUSHUN, Manchuria. The synthesis of lubricating oils by first re- L
fining these fractions and then polymerizing in the presence of aluminuam .
ckloride was studied at the First Navel Fuel Depot. Satisfactory air-

eiaft lubricants were obtained in 10% yield but the process was appnlied
orly to the manufacture of aerial torpedo lubricants (Enclosures (H)3 and

I ey,

2. Paraffin Wax: Since 1942, high viscosity index ailreraft lubricants,
~obtained by the polymerization of cracked paraffin wax from Sanga Sianga

ar.d- Pendopo crude oils using aluminum chloride catalysts, had besn com-
mercially produced by the-Fuel Depot at BALIKPAPAN, South Borneo., Tke
product was inferior in respect to oxidation stability ané & study of
mcdifications of the process was undertaken at the First Naval Fuel Depot ..
ir.1940. It was found that an improved product of greatly increased :
stability eauld be obtained by condensing the cracked wax distillate with -
arometic compounds, sulfur, or combinations thereof. Stable aircrafd oils -
.were also prepared by polymsrizing the cracked wax distillates with dif-
ferent topped crude oils. The utilizatien}‘in this process: ¢f the wax”
ottained from Barison dewaxing plants was 'lnvestigated but the resuvite
weére not promising. Laboratory data and a discussion of the project are
présented in Enclosure (B)10 and (B)11.

, . “ .
Ccnmercially, this process for manufacturing aircoraft lubric~ting cils
-wes in operation at the Balikpapan Fuel Repot and at the Second Naval

i ‘Fuel Depot, YOKKAICHI. The Nippon 0il Company also mapufactured smell
quentities of a similar product at its Yokohama refinery. A4 paraffin =
wazi, melting at 50°C, was cracked in a reconstructed Cross vapor-phase
‘unit of 30 kiloliters per day capacity. The reaction conditions ard the
préperties of the product are given below: s

Reaction Cohditir_m_é_

Cracking TempoTrQtUTSiecscsseeoe550-5709C,
Cracking Timeoo'o.-;o-oocooeco bsec
Polymerization Tempsrature....60 - 800G,
Polymerization TimB8.cevcceesoe 8 - 10 hours =
‘ Ca‘talYSt..........._.....c.....AlC'vl (3-1;%) .
g L ' " .Dechlorination Catalyst.......Ca( Oﬁ) ,{2-3%! -
: - . S Gl&g. ﬁ-%) ;
: Dechlorinetion Temperature....2709C. ‘

SN N U
RORE A

Properties of Product

ReaC'bion. esceecoe novecoss 0ceces .Neutral = L
Neutralization Number.c..secesee0ekl o
, Flash Pointececcosuvscesessasasas2000C, " '
: . Pour Point.c_...0.().17.'0..0..0..028000 i
T A ’ Viscosity, SUS, a1'l 2100000 e« oa 129
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- 3. Fatty 0ils. Polymerization in the presence of aluminum chloride of

.. the olef:[né5 obtained by the dry distillation of sodium soaps of coccanut
- 0il and ielated fatty olls was lnvestigated at the First Naval Fuel Depot.
- The method could only be applied to non-drying or hydrogenated oils since
. uusaturafied fatty oils yielded low viscosity-index products, (Enclosure

. B=12, 13:and 14). A commercisl unit epplying ths procsss was under con-
. 8truction at the Sixth Naval Puel Depot, FORMOSA, but it was destroyed: by
 bombardment. prior to completion. ‘

i

! Under the jurisdiction of the Army, the Jepenese Vegetable (il Company,

- (Nippon Ynshi K. K,) constructed a hydrogenation plent at AMAGASAK[, for

~ the gyntlieals of 7000 kiloliters per year of airgraft olils from scya bean
" oil, Tho hydrogenating units of this plant were destroyed by an explosion

which occurred during the initial test run #nd these units never rebuilt.

- Dr. Y. NAGAT, of Tokyo Imperial University, bad studied this process for
' mAny years. Extensive pllot plant and latoratoey tests had been conducted

by the Arny at the Army Fuel Research Institute, FUCHU, prior to the con-

struction of the plant at AMAGASAKI., The original proceas consisted of -
- the polymerization of soya beam oil, hydroecracking of the polymerized oil
- in the picspnce of molybdenum trisulfide catalyst, hydrogenetion o the

‘. resultant oil in the presence of nickel catalyst, and vacuum topplng to

yield a lubricating oil of the desired viscosity, The research &t FUCHU

]}was directed towards the simplication of the process end the folloving

- condltions vere established as those which were tc be utiilized at the
; AMAGASAKT: plant:

7]

Polymerization
(Soya bean 01l thermally polymerized)

Tempemtue.e..'.leo..CCCOQOOOOBBO-B#OOCC
Press‘:'-‘re.o.oao-..000000000.000.750mm
;Timeodco._o..noctc.ooo.oo..o.o.v:ozh hoursl

ne.ld‘““.-.-.-‘ 4088800008 0-9

. drograck
{(Liguid phase HyEEocrac%ing using

a flowing catalyst)

_’.['elnpera:tureoqconoooooonocoo.eoazo-,36o°C. s
PP@B8UrCseocecsccesecescsesssal5 atmpspheres
011 Velocityeuseeceeessceneeesal/h Vol/aT/vol, of
’ reactlion tube,
Hydrogen Velooity.cecsceoeseees?0(0 vol/hr/vol, of
’ ‘ reaction tube, = =
:Ca'balySt.....,--....oo.o.-...-acu‘SNizAcid Clay(l:l:l)
3-5% as metallid 0o
’ ocxide ' o

YVacuum Distillation e
(In presence of 20% ciay.) )

No accuratic.data of the physical and chemical properties and  service char- |
acteristios of this lubricant were available. A 16,435 kilometer non~-stop
‘test flight in MANCHURIA using the lubricant manufectured in the pilot j
plant has Deen reported.

‘Other proéesses‘uﬁiliﬁing fatty acids for the synthesis of lubricating oilnﬁ

were studied by commercial compenies but none were applied to large scals |
‘production. ' oo ! '
‘bo Flscher ILiquid. A promising source of:raw‘material Tor the synthesis

‘of lubricénIng olls is the product of the Fischer-Tropsch coal liquefactiorn

12 o
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i prégess, This liquid is of a highly paraffinic nature and should yiéla ‘ s
BRI a sitiable and high viscoslity-index lubricating oil., WNo research in regerd
i tothis problem was underteken by the Navy, but other laboratories rave

- made inltial investigations of methods by which this 1liquid might beluti-
1iZzed for the production of lubricating oils. o :

- The' Miike Synthetic 0il Company, OMUTA, was the most productive Fischer-
. Trepsch plant in Jepen, and in 1941 they were ordered by the Army tc ccn>
ceriirate on the construction of a lubricating oil polymerization slent
; " which-was to utilize the product of ‘a U.0.P. Dubbg catalytic crackirg
1 plext under comstruction at 'the time., Wnen the war ended, neither ¢f these
- uaitis had been completed. i :
The process which was to be put into, operation at OMUTA wes first, to pre-
periec & highly unsaturated gesoline by the vapor phase crackirg of the
heextier oil fractions from the Fischer-Tropsch synthesis, TLis cracked
distillate, having an end-point of 2509C., was then to be cherged to a
prSmmmizer'yith 3% anhydrous aluminum chloride snd mainteined with agi- ‘
tation at 60 C, for 8 hours, or 80°C, for 7 hours. The product was to be §
~ settled, dechlorinated, purified with active clay (3 hours at 150°c, 54 by - -
welght of clay), filtered, and topped. A 1light lubricating ¢il and an air-
ereft lubricating oll were to be obtiained from the product, Smell scale -
pilot plant tests indicated that these oils would have the fcllowing chem-
icel and physical properties: :

Aircraflt y Iight :
P T ‘ , .Lubricating oll | Lubricating - .
E S ‘ ~ oil. . .5
i Specific Gravity, 15/4°C. 0.85-0.87 | 0,82-C.83 !
i ‘Flesh Point, °C, 240 145
: © Pour Point, °C. : 20 25
: : Neutralization Number =~ |. 0.05 0,0€
b e Viscosity (§.U.S.)
i at 100 F. ; 1550 104
T L ab 2100F, - 125 .34 -
b : s ~ Viscosity Index 107 5k
? s Carbon Residue, % - 0.08
Ash, % . . 0.003

- Accerding to Dr. KITA of Kyushu Imperial University, Fischer liquid pre- e
pared by méans of an iron catalyst siould be easily adapted to the synthesis
- of .Jubricating oils, since this product is higher in unsaturates and can be. =
more readily polymerized than the product obtained using codalt catalysts,
More complete information pertaining to Dr. KITA's work on Fiseher-Tropsch .
catalysts and the Miike Synthetic 0il Compeny is presented in Article 7 of

this series, Enclosmres (D) and (G), respectively.

5, 'Rubber. Rubber was one of the few types of hydrocarbons readily avail-
able"T0 Japan during the first years of the war, hence it is only natural
: that it should have bsen considered as & source of fuels and lubricapts.
F During 1943 and 194L:the Firsi Naval Fuel Depot studied various methads
; by :whioh sireraft engine lubricants night be obtained from rubber. The
P " methods studied were: ‘ ‘ s

8. Polymerization of the isoprene fraction of cracked rubber distil-
- late, ’ ; o % '

@‘b.Z‘Copolykerization of cracked rubber distillate with 2.54 voldhés
‘of the cracked distillate of paraffin wax, i

1. ce Hydrocracking of =& rubber-phraffinic hydrocarbon paste in a con-
‘- tinuous hydrocracking pilot plant, :

4
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‘Both the copolymerization Vand hydroeracking: methods yielded products of
“high visccuity index and satisfactory oxidation stahbility but neither pre-
2ess was applied to large scale units, Details of the research are dese-
eribed in ‘Enclosure (B)15. :

It 18 of interest that several companies prspared automotive lubricents
from rubber on e commercial 'seale. Since tie product could not be used as
‘prepared kecause of poor oxidation stability, it was blended with mineral

11 before; use. Five plants utilized a Process consistirg of the follow-
Ing steps:: ! A S

&, Shredded rubber dissolved in kercsone or comparatle solvent (210%.
for 30 hours), S ~ ‘ "

b, ﬁﬁbber polymerized using aoid clay;‘cai.g_alyst (222%. ror 8 hours) .,
" Ca Ei]_.tration. .

d. Tipping end distillation of 11ght oil.

Q. Btending. ' ‘

2

i'I'hé- c‘ombi:ﬁiéid monthly capacity of these plants was 3550 kiloliter of pro-
‘duct, The neme, location and capacity of each factory is tabulated h&low:

" Neme of Plant .~ Lpcation ﬁ_.yzca acit
Nippon Sekivu K. 1!_,_ A]QTA . 8330 1\
| Nippon sekigu K. K, NITGATA - 500
: R Showa Sekim K. Eo NZtIGATA ‘ P 370
A Toa Nenryo K. K. . SHIMIZD 1500

" Peikoku Nenryo Kogyo K. K. ULE 350

{o. Other :Sources, Two other possible scurces of synthetic lubricant .
viere investigated at the First Naval Fuel Depet during thié last few months
¢of the war, These two sources were brown ccal tar and pize root oll, It
:yms planned: to study the products obtained vy polymerizing selected :Prac-
tions of the dry distillation producst of each of these materials in the

‘presence o’ aluminum okleride., 1In the short time that was spent on “hese
studies, nu significant data had been obtained,

A Part IIT
L 3 LABORATCRY STUDIES ON' FUNDAMENTAL
: : LUERICANT PROPERTIES

i "
A. ‘Oiliness.

A considerable amount of reseerch was carried on during the wer at the First
Naval Fuel Depct in regard to olliness agents for lubricating oils, particu-
larly:foxr (lesel engine lubricants and aircraft sngine oils hoth petroleum
and synthetic types. ‘ ; )

A ::a.uméier_ of oiliness test machines were constructed for this purpose and ‘it °
was cohnecluded that Stanton's rendulum-type teste:r was the most Sulteble. for
routine work. ‘Also a special machine, closely rosembling the Alnmen Machine,

) was installed gt.the First Navel Fuel Depot in 1944, to carry out tests in re-
- gard ;0. master ‘rod bearing failures in Japanese direraft engines. While no

practiloal resulbts were obtained due to poor design features, a description of
th:Lg éipparetus is ineluded in this report in view of the use of magneto-~ ‘

14
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snrictidn‘to measure torque instead of the hydraulic means usea in the Almen
Machiné, (Enclosure (B)30.) -

This oiliness research work indicates that the Japemess investigetor recognized . .
- the value of such test variables as bearing metal combinations, xubbing speed

and test temperatures on oiliness determinatioms, but the applicebility of such

varlables was not eonsidered in selecting oiliness agents for prestical englne

tests. ) C .

The most interesting oiliness research carried out at the First Naval Fuel ;
Depot was a systematle study to find the relation betvieen the chemical strue- -
ture ard the olllness properties of lubricants based on static friction deter-
minaticus in a modified Deeley Machine using steel on stsel surfsces, 1t was :
observed that in the case of hydrooarbons, oyclic compounds were better than i
chain comnounds with the same pumber of parbon atoms. while compcunds in which.. -
six-menbered rings are combined with siigle bonds were better than those in -
which the rings were combined in condenized form (Enclosure (B)27)., Iundamen-
tel studies on the oilimess characteristics of stearic acid, benzene, and e
their derivitives indicated that the NHj; and COOH groups were the mogt effec- ;
tive, whereas other groups containing otyzen end nitrogen atoms were com-
peratively less effective, (Enolosure {3)28)

Another interesting oilliness study relaied to the use of soya bean phosphatidas, " -
Research work based on kinetic frictien determinations for steel) on steel -at.
low rubbing speeds and at room temperature indicated that the soya been
phosphatides were effective as oiliness agents and that the Digher the acid
valug the. better the oiliness characteristios:(Encloiure {B)2%) - -

E : . . ]

B, Anti-Oxidents -

1. First Neval Fuel Depot, OFURA., Research work of the First Naval Fuel
Depot in regard to anti-oxldants fell in two categories, namely =nti-
oxidants for lubricants from petrolsum sources and anti-oxidants for B
~lubriocents mede synthetiocally, In :these. lahoratory studies the means [
- for eveluating oxidation stabllity was the use of the British Air Ministry ', -
Oxidation Tegt, wherein increase in wiscosity and Conradson Carbon sfter e
s air-blowing i(n the absence of metal catalysts .is determined. Soms 5f i
3 . theses tests were paralleled by oxygen absorption tests conducted in: the -
‘ - Warburg Blo-chemical Oxidation Apparatus described below. A-fundemental ‘
weakmess of the laboratory oxidation data obtained. is the lack of adequate: -
study of the formatlion of organic acids and supporting engime test results.

The: lubricants prepared synthetically and discussed in detaill in Part IT
of this report were usually deficlent in oxidation stability and the in-
hibitors suitable for ratural oils were not, &s 2 rule, suiteble for the
synthetic oils. For example, for alrecraft ongine oil produced from
petroleum, tricresyl phosphite was the best anti-oxidant investigated,
whereas for synthetlc aircraft engine oil prepared from paraffin wax ar
Figcher-Tropsch condensate, copper socaps were the most offective. (Epclo-
. sure (B)23) r , -

. One of the most interesting laboratory findings was the improved cxidation
stability of siroraft engine, compressor, and turbine oils when vtilizing
Soya bean phosphatides- (Encicsure (B5)29). -

: 2., Eyoto Imperial Umiversity, KYOT(., During the period 194L-45, Profes-f(.*f:

v sor K, of the Kyoto perial University coniuzted researgh relative :

| to. the oxidation of pure straight chein and cyclic ocompounds. In this work: -
he uged methyl oleaste arnd tetralin us being typical, respectively, of un-
sdturated straight chain compounds and ring compounds. '

'Oxidation was studied by the use of the Warburg Bio-chemical Oxidetion
-~ Apparatus In which the oxygen ebsorption of 0.5 grams of oil is indlcated

15
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by change iin pressure., The test is conducted at 50°C. fcr & period of 120 .
minutas and. the millimoles of 02 absorbed are measured,

- . Absorption in cu.mm, of 02 ty
Teame of Inhibitor 0.5 gram ;nethyl oleate with .
T 1% %weight) of Inhibitor |

1

ti-nephthylemine 5.0

g _ s=-nephthylamine ¢ 11,0 -

v g-nephthol © 12,0

ot t-nephthol ' o 17.5

Thenol. e ©19.5

Aniline _ i 41,0

Ko imhibitor . 52,5
¢yelohexanol 63,0 u

P ¥ Tetralin

¥henol : 54,0

Aniiline . 1365

" Mo inhibltor . 18,8

 'ﬁrhese datée are of a preliminary nature end no conclusions have been drawn

.by Dr, IBUKI. ’ i

3, Articie 10 of this series Enclosure (L), presents data relative

" k0 the oxidation characteristice of a blend of syunthetic ludricant pre-
- pared fron soya bean cil with 5¢ of naphthenic base o0il and 0.1% of an

- ‘organie salt {(formuls unknmown). According %o laboratory tests, this oil

. §possessed¢super1or oxidation stability characteristics when compared to

‘tive engine date were available. L

‘typical aircraft engine lubricants manufactured in America. WNo compara-

fu. -Pour'ﬁdintﬁg§gresaénts. The syﬁthesis?br "Paraflow"” was studied and a |

‘most effeciiive product was obtalnsd by condensing naphthalens and cl'lori-

nated .wex!in the presence of slumipum chloride. A significant finding was .

._.:ithat it wes necessary to control the reaction by the additlon of small

e

:'3fquantitiquof water. The need for water was acclidentally discovered and

was not mentioned in'the U.S. patent on "Paraflow". This pour point de-
‘pressant differed somewhat in physical prorerties from "Paraflow™, hut it" -
‘was effecifilve in depressing tha pour points: of olls and was manufactured

'f'gbn a commorelal scale throughout Japan. (Znclosure (B)35).

" part IV - .

[ B - ENCINE LUBRICANTS

EAircraft.ﬁngine 0ils
i - i3

'il@ Mineﬁél 0ils., TIn Japan theré was a sufficient supply of;importad gir-

‘craft engine oil until about 1943, consisting principally of Texaco 01l

- iNo. 120,  However, it then became necessary for the Japanese Nevy to use
01l designated as "K~-120-X" which was prepered in Japan from Philllps Osage

orude treated in the Duo~Sol plant at TOKUVAMA, Full-sciale aircraft
‘engine teiats {conducted at the First Technliecal Depot, YOKOSUEA) indicated"
that "K-120-K" wes not equal in service performence to Texaco 0il No. 120
land, accordingly, full-scale tests were madle at the Mitsubishi, Nakajime
‘and Aichi: Companies, The oil was compounded with 2% by weight of both
tricresyl: phosphate.and trieresyl phosphite (this compounding was caosen in -
‘view of lahoratory research oxldation and ttability tests dlscussed in :
'Enclosure {B}23) - Results of the engine teslis were not conclusive, but in-
‘diceted sufficient improvement on mester rod bearing and piston ring
‘oondition to jJusiify its practicel use in combat planes during July and
‘August 1945. There is no information in regard to the practicel results

té
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Obtifned with compounded "K-120-K" ol used during the last two morths of
the war. (Enclosures (B)25 end (B)26) .

As discussed in Part III, Section B, laboratory date are presented in
Enelosure (B)R9 relative to the improved oxidation stabllity of aircraft
engine oils by the use of soya been phosphatides as additive agents. A
small amount of leboratory data are also presented on the simultansous
use of a phosphatide and trieresyl phosphate in aircraft engine ciis of
both the npatural and synthetic types. No engine test data relative to the
use of these compounds are available.

4

2, Synthetic 0lls, [For synthetic aero engine oils prepared from paraffin -

wax or Fischer-Trops¢h 0il, as discussed in Part I, B, of this report, 1t.

was found that the anti-oxidants most. suitable for petroleum cils were rot
suiteble, but that éopper soeps were markedly effective, Again there is

?O)Sﬂp orting engine data for the synthetic oll so compounded. {Eaclosure
BY<3.)

3,  Viscosity Index Improvers. Japenese navel ailrcraft engine oil R-1A-X"
was produced Trom EIE-ganInent crude by solvent extractlion at the Third
Navél Fuel Depot to meet the minimum viscosity index requiremsnt of G0,
Tn onder to improve the viscosity index, iso-butylene pojymer: were pre-.-
pared following the method of the Stendard 0il Company of New Jersey and
- werc¢ blended with aircrsft engine oil No. 80 purchased from the Texas 0il
Company. This raised the viscosity from 80 S.U.S. to 121 S.U.S. &t 21097
¢nd  the viscosity index from 94 to 101, In single cylinder alrcrait en- HE
_ gine tests it was indiocated that wear with the blemded oll was somewiat Al
grenter then thet obtained with natural petroleum oils, ard it was con- :
elulsd that it was necessary to improve the heat stabllity of the polymer
engine oil blend before 1t could be siatisfectorily used 1m aircraft engines. . -
(Enclosure (B)33.)

Lo Reclaiming. In view of the increasing shortage of aircraft engine’
lubricants in the latter part of the war and the difficulty of tremsporting
used lubricants from the airfields to the refineries for re-refining, &
portable unit, which could be fabricuted at the airfields from materials ’

. ‘on hand, was developed for reclaiming used lubricating oil. The unit S
~ consisted essentlally of & tank with a perforated plate in the bottom o
. covered with a sheet of paper. The oll was placed in this tank end the
, ashes of wood, grass, or roots-were ndded, using 15% of ashes by weight.

‘Theé oil was heated %o 130°C and érawa through the paper into emother tank

using a vacuum system, Anelyses of ‘the used and reclaimed oll in one case

showed reduction in the ash content from .2 to .01% and in ac¢id rate. of
~from 7 to 20 liters per hour by this. apparatus. . B

;f' ghowad reducéion in the ash content from .2 to .01% and in scid value from
.- .26 to .08. Recleimed@ oil could be produced &t tte rate of from 7 to 20
liters per hour by this epparatus.

B. Malrine and Aero-Tropedo Engine Iubricents \ i

Duriﬁgﬁﬁhe period of 1938 to 1943 research was carried out at the First Naval
" Fuel Dnpot to develop lubricants particularly sulted or marine and aero-
torpedo  englnes, Signifiocant results included the following:

1. Marine Torgedo-gﬁgines. For marine torpedo eaglnes the lubriession
rejqulrements were judge o be similar to those of aircrpff engines, and
aireraft englne oil prepared from Oha crude by solvent extracvion {Fart
I, this report), and having a viscosity-index of 99 and a pour peint of
-1L%C, gave excellent results. S
2o Aero-Tdr edo Engines. Aero-torpedo engines operate at a muck lower :
tenperature Eﬁan Those of marine tolpedos and consequently, require specidl -

oW
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lubricants, A synthetic oil prepared from crude shaie oll by the poly-
_merizatior. method (Part II, Section B-1) wes found to be satisfectory in
prectical service tests, This product had a viscosity-index of 92 and
#8 pour point:of -32,

For still lower temperature conditions of operation, & synthetic oil pre-
‘pared by the polymerization of a fracticn of cracked wax distillate (Part
ITI, Section B-2 of this report), compounded with 134 aluninum oleats, gave
satgsfactory results, Tts viscosity~index was 112 and i%s pour point, ‘
«46°C, The aluminum oleate was added to prevenl the oil from being weashed
out by sea water in the aero-torpedo engine ai the end of its ruun on triel
shots, This product was tested and approved by the Naval Aeronautical
‘Arsenal, VOKOSUKA, in 1943 for use under all conditions of temperature.

¢. TURBINE OIS

Turbine oils were, in general, prepared from Jeipanese crudes, These turblne
0ils had high pour points unless dewaxed and tte capacity of the dewaxing
plants in Japna was insufficlent for treating turbine oils, since ths plants
were chiefly used for the production of aircraft engine lubricents, For this
readion, pour point depreasants were menufactured &8 discussed in Part III, C,
of this report, and added to turbine oils, depressing their pour polnts from
approximately - 15°C to below 0°C. This method was applied on a commercial
ncale, : } : L ,

o other additives- such as cxidation inhibitors or rust-proof ‘compounds were
useil with turbine -0ils and no. information in rogard to service performance
characteristics of turbine oil was obtained., : _ .

». | DIESEL EN3INE OTIS

1. Streight Mineral 01ls. Prior to the war, turbine oils had been mainly
used ToT EATine dlesel engine lubrication :in the Japanese Navy, but thias

. type of oil, except that prepared from Oha, crude, was not found satis-
 factory from the viewpoint of cylinder wearr, When aircraft epgine oil
' Mo, £0 (produced by the Texas 0il Company) was used as a diesel engine
“lubricent, cylinder wear was decreased to uabout one~fifth that obtained
' with the turbine oil, but the carbon and lacquer deposits on the pistons
were excessive. Lubricating oil prepared :from Oha crude by vacuum distila
-lation, phenol extraction, dewaxing and acld clay treating gave gocd re-
i sults in engine tests and did not require the usse of an additive, btut a

" treating yield of only 0.3% was obtained., (Enclosure (B)20.}

.2, Compcunded 0ils (Laboraﬁorg Tesmsg. In 1942 and 1943 a series of

¢ laboratory tests were conducte o determine additives suitable for usse
 in submarine diesel engine lubricating olls. These compaunds were studied
" from the stendpoint of oiliness, cil stability, and dispersion or peptizing
"of ecarbor deposits., It was found that calcium phenyl stearate was the -

;. most effeotive from the standpoint of detergency and dispersion of carbon
" deposits’and that lecithin !soya bean phosphatide) and tricresyl phos hata
-~ were the most effective as oiliness.agents: and anti-ozidants, The deter-

. gency tesis were made by washing & piece of Tlannel stained with saot,

{ with gasdline containing 2% of each additive, whereas the laboratory dis-

. persion fiést consisted in measuring, by means of a photometer, the trens-

! fucency of white oil to which had been added oil sludge and one of the
. sevefal &dditives being investigated.

. As a result of this laboratory work, it was concluded thet calclum phenyl
. stearate was sultable.as an additive for high viscosity aero-iype engine
- 0ils intended for use as diesel engine lutricants, whereas lecithin and

" tricresyl phosphate were beneficial as additives for low viscosity--index
! 0ils vhen used in diesel engines. (Enclosure (B)29.) ‘

1
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3. ! Compoundad Oils (Engine Tegsts). No actual engine data were obtained
‘on dlesel engine lubricating oils either straight or compoundsd. It was
repurted, however, that practical tests in diesel engines of turbine oils

compounded with lecithin (the active constituent of soya bhean phosphatide)
showed this additive was not sufficiently effective to render this oil
stock: satisfactory as & diesel sngine lubricant., It was further reported-
that. diesel engine tests showed that fhe use of calcium phenyl stearate =
did not sufficiently reduce the carboi deposition cheracteristics of air-
craft. engine oll No. 80, “
Part V
SPECIAL 0IIS

A, "PRECISE" OILS

. The term "présise oil" is applied by the Japanese Navy to such types of lubri~‘

cants a& instrument oils and hydraullc olls, Specifications for five different
greades -of these oils were established by the Japanese Navy in 1943. All but
one of them consisted of highly refined and selected fractions of Niizu crude
0il obteined from the NIIGATA district ia northwesterr HONSHU. ‘ "

The refined product was highly naphthenic and, although it hed an exceptionally
low pour point, difficulties were encountered in practice which were attri-
buted to the low viscosity index -(-100) and low aniline point (60-65°C.) of
these oils. It was reported that, in service, rubber softening end swelling

of packings was frequently encountered. Several explosions had cecurred be-
cause of the bursting of rubber hose and all rubber fittings bhad to be renewed
frequently. = During the war the First Naval Fuel Depot was actively engeged in
developing synthetis lubricants which would surmount  the difficulties encoun-
tered with mireral oil. .. comprehensive picture of this development is pre-
sented in Enclosures (A), (B)21l, snd (B)R2,. ’
Four precise oils synthesized from non-conventional sources were develored by
the MNeévy at the First Naval Fuel Depot. The method by which each was pre-
pared may be briefly stated as follows: ‘

l.. Number 5 Precise 0il

i
=

a, 804 of & fraction of polymerized dodecene boiling friam 180°. to
300°C, &t a pressure of 5 mm Of MmeTrcury.

b, 19.8% of & selected fraction of refined Nilzu crude oil.
~ Ce 0.2% of rapeseed oil.
2;  Special Precise 0il

© 8. 33.5% of the polymerized product of thermally cracked paraffin
~wax distillate. . .

N
.

b. ©66.5% of a selected fraction of refimed Niizu crude oil.

~~%. Special Watch 0il. The fraction boiling fren 120°C.to 300°C. of the
. . polynerization product of a mixture of 20 parts of toluol with 100 parts
of’ & thermally cracked wax distillate.

4;; Precise 0il from Shark Liver Oil. Squalene, obtained from shark
© 1iwer o1l distillate, Was hydrogenated in the presence of a nicksl
etibalyst,

Detaily of the methods of preparation anﬁ the properties of the products are
given ‘in Enclosure (B)21. The Number 5 precise oil has been used since 1943

IQ
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, x1:

as an inStrunwnt 0il for aerial torpedoes and the special watch oll was uti-
1ized in timei ‘bomb mechanlxmn. The other two olls did not progress beyond

_tqa experlmenba; svage, but were to he utilized as hydreulic oils,

B HVDRAU'L]C. 0ILS

The Japanese Nevy used two hydraulic oils in addition to the “precise oils™
described atove, - One was a highly refined fraction of NMiizu cruds oil., and the

»3'otaer was a'tutanol-eastor oil mixture. No research op gither of theqe olls

was conducted at the First Naval Fuel Depot during the war,

Co ESTERIFJLD 0I1S

ffAlbhough the - Japanese .Navy conducted no research on this type of lubricant, it
- ig’of interesit thet the Japanese Army did use esterified oils as automotive =
' lubricants. Enclosure (D) outlines the information obtained from the Japansse

‘Mobor 0il Ccmpany {Nihon Hatsudokiyu K. K.) pertaining to the manufacture of'
‘th'ese olls. ;i 0f particuler interest 18 the lov temperature lubricating oil

. prepared by: hlending 87 volumes of refined bubyl ricinoleate with 13 volumes
. of polymerized soya 'bean pil, The lubricant :vas manufactured for the use of

“the Army ih‘Manchurian operations, but production was stopped early in 194i
51uce there 'was no appreciable military aotlvity in tkhat aresa,

: D.,i ANTI--COREOSIVI: CYLINDER OIL

A cyllnder cil for aircraft engines which served as a rust preventive was

. developed ati‘the First Naval Fuel Depot in 1943. Details of the manufacture

ofi this procunet are given in Enclosure (B)39.° The compesition (wt. %) of the .-

: 011 is as chlows- )

. Refined rapeseed ' 0ll eccevscsecan 75
St |t Aluminum stearate seececesoaces LO=12
it " Trieth&nol MiNG cosescessscsnnnsa 5
H n—B'utaan ©Peessessss0accssaceso 10-8 . 0

i

’In 1944 the preparatlon of polyisobutylene to be used as an insulating oll

wag gtudied:et OFUNA. The reaction was carried out at & tempsrature of

'_--150°C. andla polymer ‘having an average molecular weight of 170,000 we.ss ob-
" talned., The grocess was not applied commercially. The method of preyaratlon
-jfol;Ums that

egsoribed 'in U. S. Patents and- is outlined in Enclosure {B)3L.

R ' part VT
L S GREASES

i =

v Research work conducted at the First Naval rual Depot on lubricating greases,

vprimaridy for eircraft use, was undertaken in 1938 using netural minsral oil

i*stocks. In:il9Lk3, due to the increasing shortage of o0ll stcoks, the research

on: greases from petroleum sources was paralleled with studies of ayntketic
}lubricating ©0ils as substitutes, Cenerally speeking, natural lubricents
.fram Japanese crude oil consisted of aromatic: hydrocarbons which have. good

' 'soap solubility,  characteristics compared to paraffinic hydrocarbons. Syne
thetic paraifinlc-type 0ils were less desirable due to solubility charactex-

::tion productq of paraffinic and aromatic hydracarbons were suitable,

’.Prior to 197 &, special “greases for aviation engines and auzilisry psrts were

igties, particularly the high viscosity grades. When using syunthetic lubri-
cabing oils, it was found that for calcium or soda somp greases, coniensa-

; imporued chiefly from the United States and up until that time, prachcallJ

: no research bad been carried out in Japan along these lines,

: ,Thu procedure adonted in 1938 was first, to 1nstall modern grease menufac-
:-turing equipment including the latest electrLcally heated experime ‘ual grease

20
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kettles and milling machines of the throe-roll type. The second step was to
menufagture greases whose characteristics matched those of imported greases
found to be satisfactory in service, Arter matching these greases in srall
equipment, experimental products were munufactured at the First Naval Fuel
Depot in equipment of pilot plant size,

1. Megneto Greese. A grease for aircraft engine magnstoes was developsd
whose service perlormance matched that of Bosch Magneto Grease rannfac- )
tured in the United States., The Jupanese grease wes composed of a soda

. 8oep of castor oil with an excess of soda and was prepared at a terpera- -
ture of 230°C, Quick cooling was 1sed and was followed by miliing to s
provide a smooth texture. For manufacturing megneto grease from syntaetic
oils and castor oil soap, it was found necessary to specify the viscosit
aad paximum ~niline poin‘l': of the synthetic olls in view of solubility
co>nslderations, - :

2., Rogker Arm Greasc., Two experimental greases having satisfactory
sarvice periormance characteristics were developed. Both of these greases
eyntained a mixture of sodium cleatie and sodium stearate soaps and a
siiall amount of glycerine, There s no information im regard to the
manufacture of this lubricant using synthetic oils,

3, Controllable Pitch Propeller Grease, A satisfactory product was
made by using & mixture of aluminun stearate, aluminum oleate, and lead
oleate soaps, plus a small amount of glycerine, compounded with appProt=
imately 90% of viscous lubriceting oil stock. Friction tests in a *
miachine resembling the Timken Iubricant Test Macaine showed that the pPre-
scace of lead oleate imparted frictiion reducing properties.

h. Liy uid Grease for Framework of Aerc-Torpedoes. A grease contalning
Vi a'IuT%i num stearate and 0.2% calclum stearate aind 92,8% of cylinder
stock gave excellent results for thie prevention of corrosion of engine

_parts. -The role of the calcium stearate in this product was to modify
" the plasticity of the aluminum stecrate. : \

5, Special Grease for Preventi orrosion of the Interior of Compressed
._ Kgr Cylinders of Aero-tTorpedés. Up until 1593, heavy cyiinder oll

wiz Tound unsatisfactory in a&'ﬁesiveness and in anti-freezing charicter-
intics. ‘A product overcoming these deficiemel:s was prepared by heating

1, aluminum stearate and 0,36% calcium stearate with cylinder stock,
followed by milling. v '

6, Sea Water-Proof Grease. This product was prepared as an anti-,
corrosive, anti-wash compound to be used on machine mounted on sub- -
marines, A satisfactory composition consisted o 139 aluminum stearate
and 187% hsavy lubriceting oil, ‘

T Sgecial('Greases. A minor amount of work was done on special greeses
such as alcohol-proof greases and greases that were resistant to con-

centrated nitric acid. (Enclosure (B)36, Part II.)

- Fart VI
LUBRICANT SPECIFICATIONS JAPANESE HAVY

Orfficial specifications of lubricants usesd by the Japanese Navy during the war ~
period are included as an Enclosure to Article 1 of thid series. -

c
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. ‘ENCLOSURE (A)

- SUMMARY OF 7
LLUBRICANTS RESEARCH PROGRAM
AT THE FIRST NAVAL FUEL DEPOT, OFUNG&

by
CHEM. ENG. CAPI. DR. I. KAGEHIRA

" Prepared for and R«aviev:éd with Authors by
the U. S. Navel Teclinical Mission to Japan

December 1945
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? ENCLOSURE (4)
I. AZH( INGINE OILS . 4 (]\r

Of @1l slorts of lubrisating oils, aero engine olls are subjected t:c the nost
sevoere conditlons, i,6. high temperatures and high pressures. Hence they must .
have high oxidation stability and a low rate eof change of viscosity with vary- .
ing temperature. 'These requirements have led to the use of mimernl oils in
place of cestor oll, and oils prepared from paraffin bese crude oil (Pennsyl-
vanla crude oil) his been seld to Le the best. Extensive studies have beaen
carried:.out in regerd to the chemical composition of lubricating oils derived
fron pelroleum, and 1t has-been concluded: that lubricating oils arre, in gen-
eral, c¢upogsed mainly of cyelic hydrocerbons with parai’finic side chalas.
However, rfactlically nothing was known concerring the 1elation of ring struc-
ture to tho viscosity, the cxidetion stabllity end the other proparties of
eyelic hydrocerbons. : :

Thus, tho author has studied these fundampntal problems since 1929, Hs came °
te the ¢gonclusion that a saturated compound in which cyclohexene rings combine
by single bonds in the para position, such as per hydro- 1, 4-diphenyl benzens
(CgHy1+CgH10-CgH11)s -1s the best and that a condensed ring campound conteaining
a naphthalene ring, such as tetraehydro-anthracene, tetrahydro-phenenthrene ar
hexahydro-pyrene, is suitable for a lubricetirng oil {(Enclosure (B)l).

Based pﬁ,these con¢lusions, in 1940 dipheﬁylmethaﬁe and dibenzylbenzens vere

‘preparedl by condensing benzene with benzyl-aleohel in the presence of slumi-

niun chlioride and, after these hydrocarbons were condensed with cetylehloride ’
or ceter.e, the condensation products were hydrogenated. The hydruogeneted pio-
ducte héidl a high viscosity Index and & low Conradson's cerbon. They were,
thereforis, sulteble as aero engine olls and proved the correctness of the
above cinclusion. The properties of typical examples of Lydrogenated products
are shovn in Table I(A), (Enclosure (B)gg.

&

Shale kerosene or gas oil 1s the most importent potential source of syntic ic
eero engine oils in Japan, since the production is large and it consists main-
ly of olefinit and arometic hydrocarbons.: From both types of hydrocarbors a .
suitabld aeero engine oll is obtalnable by condensation. Since this raw materi-
al contalns 20-30% of acidic, basic and highly unsaturated compounds &3 impu~
rities, istudies have been carrled out sinpe 1937 relative to the pre-refining )
methods; and the polymsrization of the pre-refined oil. It was found theat 1t
wag besl to treat the rew materisl with 2% by weight of hydrochloric asié gas

and 50% by weignt of 20% ceustic soda selution and then to condensie the pre-
refined 01l in the presence of 10% of aluminium chloride at 609C-80°C, for 10
hourz. i gatisfactory aero engine oll was thus produced with e yileld of 10%-

by weiglil o@;fhe raw materiai, (Enclosure (B)3).

<

At the gomo time, since 1937 solvent extraction mesthods appliceble to the pro-
paration of aero engine oils from Japanese crude oil wore investigeted. (En-
closures (B)4, (B)5, (B)6, (B)7, (B)8, end (B)S8). As solvent extrection me-

In the flormer process, the operating conditio; 3 of dewaxing especially were v
surveyed and 1t was found that it was best to treat the deasphalted oil in &
volumes .0f liquid propane at (-)40°C with a cooling rate of 19C-5YC per udnute.
In the latier process, the opereting condlitions in each treating stage wers
studieds It was found best to treet the residual oil of the petroleum crude o
with 3 volumes of amyl alecohol at -20°C for deasphalting and aewaiting and to ex-
tract tlie Geasphalted and dewaxed oil with 3-4 volumes of furfural at 30%C- °
1009C., Results of the former process were utilized in the industrial plents

et the flecond and Third Naval Fuel Depots, where aero engine oils were prodaced
from imported crude olls, since the production of crude oils in Japan was

slight and the yield of the product from them was only about 5% by weight of o
the cru¢ie oil. o !
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ENCLOSURE (A)"
An jemple supply of this oll could not be obtained by the process mentioned
above. So:-olher surveys were made and synthetic aero engine oils from the
ifollowing reir materialsiwas undertaken; from reraffine wax in 1940, fatity oil
?nd'rubber in 1943, and brewn coal tar and pine root oil in 1945, o0ler’inic
iydrocerbons..would be obtained from paraffine waexz by thermel eracking in the
vapour phase:ond from fatty oll by the dry-distillation of its alkali soap
which would yleld a sulteble oil by condensation with aromaiic hydrscarbons o
sulphur. In:the latter case¢; the sulphur compounds formed in the condensation
product woulil serve as the anti-oridents. The condensation products fiom the
- pereffin wax contained somes highly unseturated compounds derived from diole-
fins formed (uring the thermal oracking of the paraffin wax., By removing
~%hese highly: unpaturated compounds with organic sclvents, the comparetively
-poor oxidetion stability of the product would be improved. High frections of
‘brown coal tur consist mainly of aromatic hydrocerbons of naphthalene,: diphe-
nyl, phenanthirene etc., and those of pine root: oil comsist mainly of condemsedl
ring compoualls such as abietin and ebietic acid. These could be utilized as
the: source of' arometics, based on the author’s systematic research on the syn-
- thesis of lubtricating olls, Rubber will form cyclic compounds by hesting, and
‘12 ithis reactiion 1is carried out in the presence of hydrogen to reduce the
highly mnsatuwrated nature of the product, suitable sero engine oils will be
obtainsd, IS , , : .

I

srior ti-with a very high oxldation stability, as indicated by the viseo-
- 'sity’ratio o0i:1.1<1.3 in the British Air Ministry Oxidation Test, were obtain-
ed fromijuref'fin wax by condensing 10%-20% of aromatic hydrocarbons (benzens,
nephthalene,.mithracene, eto.) or 0.1% of elementary sulphur or both with the
cracked distillate of paraffin wex. If the cracked wax was condensed with the
resldusel oil .of a petroleum crude oil as the aromatic hydrocerbon, the visco-
slty ratlo of the product was l.5-l.6. Blending the condensation product of
the: cracked yrax with 10%-20% of e natural oil ‘'such as Texaco airplene oil #120
or ian acid tr'eaijyd distillate of Niizu, Selia or Milli crude oil, the resuldirg
0il had a victoosity ratio of 1.3-1.6. Solvent extractior with 1.5 volumes of

a phenol-crezgl mixture greatly improved the oxidation stability of the conder- )
satlon produét of the cracked wex, the viscosibty ratio being lowered from 2.07 .
t0 ils4., .The' ubove synthetic method was applied on an indusirial scale st tha
Second Naval Yuei Depot. (Enclosure (B)10 and (B)1l)

.The.following i t1rocedures were applied in obtaining synthetic oils from fatiy
0ils; the dry’distillation of sodium soep, purificsation of the dry distilled
oil by dlstillation with 10% by weight of solid caustic soda, and polymeriza-
ion of the purified oil or condenssation of the purified oil. with nephthalene
or other aromatic,hydrocarbons in the presence of sluminium chloride. In the
case of the cocosnut oil, a good oil was produced with a yield of 20% by
‘welght. This methed cen eonly be epplied to.non-drying oils or hydrogenated
Tatty oils, since unseaturated fatty oils yleld low viscosity index products.
Another survey on the pre~refining method of dry-distilled oil showed that
‘ket,onea formed in the dry distillation of sodium sosp hed to be removed by
treating with enhydrous scdium hydroxiée and that if water formed in this pro-
‘cess were remwved.from the reaction zone, the emount of solld caustic soda re-
‘quired could be reduced from 10% to 1%. (Enclosures (B)l2, (B)13 and (B)14})

A dééirable Sil,was prepared by the hydrocracking of rubber in e sblution of v
‘5 volumes of & peraffinie hydrocarbon such &s Fischer oil under high pressure
of hydrogen in the presemee of nickel at 300-350°C, for 15 hours. (Enclosure
(B)15)i dih ' T

i i
by I

Reésardh on f&own coal tar*and pine root oil és sources of aero engine o0ils hed
ﬁh?wnjno importent results at the termination of war. (Enclosures (B)16. and

i

o
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" Research was conducted on a methed of reclaiming aero engine olls, and a sim-
- ple method, which yielded a satisfactory oil by filtering in ths presence of
© wood ashes at 100-1.30°C, was established. This method was actually used at

~ peverel eir stations. (Enclosure (B)18) :

Studiesééh the enti-corrosive cylinder oii of aero engines were cerried on snd
a sulitebla oil was obtained, used in practice. (Enclosure (B)37) '

& { ~ :
II. TOREEDO ENGINE OILS (Emclosure (B)19) : ‘

A mixture of & steam cylinder oil end a rape oll was uesed for merine torreda
engines, but the formation of the oil sluige was observed to be ccmperatively
jerge. Eince the operating conditions of marine torpec.o cngines r1esembled -

those oi: aero engines, preparetion of the oil from Oha crude oil by the pro-
pane-phenol procesg has been studied since 1938, and a refined mineral oil with o
a viscosity at 210°F of 92 S.U.S., a viscosity index of 99, a Conrsadson's e&ar-~ .
bon of (.55 and a pour point of (=)14°C was obtained. This refined mizeral eil

was successful in engine tests, however, a mixturs of 80% of aero engine oil 0
#100 and.' 20% of aero engine oil #80 was actuelly used, owing to the insuffici-

ent suprly of Oha crude oll. .

For aerc torpedo eangines, & very low pour point oil with a high viscosity in-

dex was needed. From studies on the preparation of gero engine olls from

shale gég oll, this was consldered to be a readlly cbtainable source. The
practicel application of the product was verified by studies en itis prespura- ,
tion by condensation of the pre-refined oil and on engine tests of the product. ‘
Since 1942, the raw material used was produced apd obtained from PUSHUN in

South Memchuria. .

The aerc torpedo engine oil prepered from shale gas oil, however,. was inf’erior
in respect to pour point and unsatisfactory for use in the coldesi; zones. Tor
this purpose, the synthesis of a product from the cracled distillake of para-
£fin wel was studied and an oill was prepered by condensing a fraction of the,
cracked wax boiling from 100°C to 230°C end adding l.5(b by weight of eluninium
oleate tio the condensation product. The product had a viscosity at 21091 of
96 S.U.8., & viscosity index of 112, a Conradson's cearbon of 0,086 and a pour
poiat ol ~46°C. The oil proved to be satisfactory in actual use either in

cold or froplcal zonés. ' : CoE

III. CYSINDER OILS FOR MERINE DIESEL MNGINES (Enclosure (B)20)

- In general, turbine olls were used for merine Dlesel engines in the Jepanese

4 Naevy, Pigton ring end cylinder wall weer vias comparativiely high. This wear was
congidered to be due to the insufficiency of the oil viscosity. Ilience, an oil
heving @& viscosity at 210°F of 72 S.U.S., & viscosity index of 99 and & Jon=
radson's carbon of 0.05 was prepared from a fraction of Oha crude oll belling
from 250°C to 300°C at a vacuum of 5 mm Ig by the propane-phenol process. This
0il was'proved to be satisfactory as a Diesel cylinder oil in 1940, yet i1t wes.
ngt actiually supplied since the yield wag so small, 0.3% to the original erude e
oil. - . PR

In 1941i other tests on the utilizstion of aero engine oil #80 for Diesel oy~
lindersQque conducted, but no satisfactory results were obtelned.

IV. PRECISE OILS (Enclosures (B)21 and (B)22)

Together with the progress in alircraft, lorpedoes and other machineries, acces- -
gory pracise machines heve also developed and improvements in the properties of
precise olls were necessary to insure salisfactory operation. Important pro-
perties required of precise oils are: high oxidation stability, high viscosity

oy ‘ ‘
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Eith the increase ‘of horsepower in aero(engines, lubricating oils are exposed

ENCLOSURE (4)

:indax, low pour point and also, in the case of@aircraft hydraulic apparetus;

hig: aniline. point. ; i

Based on the! possibility of obtaining low pour ‘point oils from Niizu erude oil, &
‘the: manufacture of lubricating oils to be used for the precise machines of air- '
.eraft and merine torpedoes was studied since 1838, applying a sulphuric aecid
treatment to the distillates of Niizu crude oil (using 50% bty welght of* 98%
sulbhuric acid to the raw material). In the case of a precise oil for the

marine torpedc (No.4 iprecise oil) 0.2% of a rape oil was blended with & re-

ufined distillate. The main properties of products are shown in Table 1I(A).

N

'In uhe case af aero torpedo precise machines, a very low pour point 0il was

neededo For ithis requirement no satisfactory 5il was obtainable from Niizu

*ﬁie oil.  Ccnsidering that the aversge molecalar weight of the precise oil
1is ‘spproximetely 400 and that the polymers of 9lefinic hydrccarbons have very
lowpour point, the polymesrization of dodeceneiwas studied in 1940, An eoil .
waslprepsredxby blending e fraction of the poljymerized product of dodecene e

- boiiling from/ 1809C -to 300°C under a vacuum of 5mm Hg, & refined minersl oil

prepared from a fraction of 45%-48% of Niizu crude oil, and a rape oil in the
ratiio of 80: 19 €:0.2. The product haed a Redwond No.l viscosity at 10°C of
4576 _end at 300C of 154.5 seconds, & viscosity index of 101, a pour point of
{~ )u3 G, end proved satisfactory in engine tests. Hence frcm that time this
product was actually used. 3

In L948 there:wss a denand for a special watchi oll with a very low pour point._

. This requirenent vias eésily satisfied with an il synthesized by condensing
100! parts of! e—thermally cracked dlstillate of pareffin wax with 20 paxts of
-toluene in the presence of sluminium chloride at 909C for 8 hours and thern

dis3i11ing under 5mm Hg of vacuum to cut a frastion boilin% from 120°C to
‘300°C. | The product- thus synthesized hagd a visvosity at 30YC of 70-Redwood Mo.l
secunds and a pour point of ( }650C. - ,

As anothsr source, shark liver oil may be utillzed, since it conteins the
squalene fraction. Since 1943 studies were made on the seperation of squalene
by ‘racuum distillation and on Its hydrogenation. A product suitable for use
in rarious precise machines was obtained. The viscosity of the oil at 5000
Nas 110 Redwood No.l seconds and the pour poinc was (-)550C. .

At ,he seme time, No.l precise oil used for the oleos and flaps of aircraft
‘vas; found to he inferior in- regard to rubber swelling and loWw temperature
freszing charscter. Considering that an oil o paraffinic nature has excellent
antl-rubber—swelling and low temperature freezing characteristics, a blended
oili of 33.5% of-a condensation product of thermally cracked wax and 66.5% of

‘e rofined minersl oil prepared from a fraction of 29%-37% Niizu crude waex and
£6.5% of a refined mineral oil prepared from a fraction of 29%-37%4 Niizu orude
‘sil;, was prepgred. This blended oil was satis&acuory, yet it wias not' developed
suf’iciently to be put into practice. . .

7. 'gi ADDITIVE AGENTS FOR LUBRICATING OILS

to higher end; higher temperatures and pressures., Under these severe canditions, °
g mire. hydrocerbon oil will not be satisfactory from the stendpoint of oxida-
tion stability end oiliness, and additive agenhs will become necessary to ime
prove these properties.

qonsidering the above, since 1940 studies have been mede on anti-oxidants ané
‘oiliiness cerriers for aero engine oils. Refer:ing to the literature, phenolic
compounds, metallic soaps and amine compounds may be sald to be reprssentative
of anti- oxiaqnts. On the other hand, natural inineral oils, synthetic oils and
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castor nil are used a&s- aero engine oils and the effective anti-oxidant for an
individual oll may differ due to differencss in chemical structure. For na-
turel olls, tricresyl phosphite was found to be the best antioxidant and ,
tricres;yl phosphate was found to have nesirly the seame retvarding effect on oxi-
dation... (Enplosures (B)23, (B)24, (B)25;.and (B)26) In this respect, the
soya~bsn phosphatides were also effectivie on natural aero engine olls. (En=-
closure (B)29) For synthetic oils, tricresyl phosphite, triphenyl phosphite,
copper onlsate, tin oleate, chromium oleate, and thelr mixtures we:re tested as -
anti-oxidants, and copper oleate was fourd to be the best for synzhetic olls
prepared from sweated waxes, Fischer oll, or diphenyl-methene series hydiro-
carbons. The viscosity ratio after the Eritish Air Ministry Oxidation Test of

an oil with a small amount of copper oleete was decressed from over two for

the origlnal to l.5. For castor oil, p,r'-dioxydiphenylamine, thiodiphenyla-
mine and phenyl-binaphthylamine were tested and the folmer compound wes f"ound

to be the best one. ~ Among them, a mixture of tricresyl phosphite. end tricre- o
syl phosiphate wes actually used in naturel cils. (Enclosure (B)23)

A systenatlc survey was mede to find the relation between the chemical sfiruc-
ture andl the oiliness of lubricants, and it was observed that in the case of I
hydrocanrbons, cyclic compounds were better in respect %o oiliness than paratl- v
finle conpounds-with the seme number of carbon atoms, while a compound in

© which sjx-membered rings combined with single bonds was better than one ia

~ which the rings were combined in condensed form. (Buclosure (B)27) In the

. case of poilar compounds, the -NH2 and -COOH groups were most effective on the . - .

- oiliness, the -OH group was next, and other groups cont:aining oxygen or nitro-

'- gen atoms were comparatively less effective. (Enclosure (B)28) Sioya bern
phosphatiides were also tested and found to be effective not only on the oili-
ness buti-also on the oxidation stability of aero engine, compressor and tur-
bine oils. (Enclosure (B)29). -Studies on the method of testing oiliness were _
also carried out end a-simple pendulum oiliness tester suitable for routine B
testing was obtained. (Enclosures (B)30 and (B)31) -

Por diesel engine cylinders, a turbine oil has been generally used. in the
Japanese: Navy and recently an aero engine: 0oil #80 wes tested f£or its evailabi- i
. lity. In the former case, the wear of piston rings and cylinder walls wes W
' high, ard soya bean phosphatidss were tested to decrease this wear, buf no po~ e
sitive results were obtained. When aero sngine oil #80 wag used, the wesr was Wl
much sméller, but the carbon deposit in oylinders was greater. In. 1942 cal-
clun phenylstearate was tried in engine tests as a means of decreesing the
carbon deposition but no desirable effect was observed. (Enclosure (B)32) -

Yields cf aero engine oils from Japanese srude oil meeting the viseosity in-
dex specification were small, being of ths order of 5% to the original crude.

. If a suitable viscosity index improver was f ound, yields of aerc engine oils
would be: increased by adding & small amouat of it to the low viscosity index

- 0il. For this purpose, in 1942 an isobutylene Polymer wes:prepared by poly-

. merizing: isobutylene at (-)40°9C in the presence of aluminium chloride and top-

© ping off: the fraction up to 250°C under -Sim Hg of vacuum. The product was ob- i
served tc be unsatisfactory in engine tests from the view point of the heat :
stability of oil. (Enclosure (B)33). In oxtending these studies a suitable ol
high frequency insulating material with an average molecular weight of 170,000 o
was. obtained by polymerizing isobutyleme in liquid ethy®ene at (-)150°C in ‘the "
presence: of an ethylchloride solution of aluminium chloride. (Enclosure (B)34),

%urbine }‘pils ware, in general, prepared fl'om Oha or ‘other Japanese crude oils.

hese turbine oils had high pour points unless dewaxed, and the capacity of de-
waxing pilants in Jepan was insufficient for treating turbine oils, since these

. plants were-chiefly used for the production of aero engine oils. Hence, anp

. attempt to prepars- a suitable pour point (lepressant was made, and studies on

. the preparation of & compound similar to "Paraflow", which was observed to be
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thei best additbive. for this: purpose, “ere carried out. Ezperimental re; 3u1ta

shewed that i satisfactory depressant,‘ could be obtained by the condensation of
nag -ht.halene iad chlorinated wex in the presence of 5% of aluminium chloride a3
50%'c-100° fir 5 hours. The reaction was controlied by the additon of small
quentities. of: water, which was not mentioned in the U. 8. Patent on "Paraflow™
Ther. product 'sadilg depressed the pour point of typical turdine oils firam
(+)15°C to bilow O°C. This method was applied on a commercial sceie. (Ene

Studies on graases ware meagre and almost all speclal greasss used in .)‘apan

. wel'e. importeil uatil recently. Considering these conditions and the availabi-
.lity of greasss for various machineries, studies on the prepjaration of special
. greéiases. were pegun. in 1939, There was a demard that greases should possess

certaln prop:artles, and it was desired to utiliize the water-repellent nature
of icaleium soap, the high temperature and speed withstending nature of sodium
sofp, the walsr-repellent end the high tewpersature withstanding character of
alvminium soiap, and the extreme load carring property oi‘ lead soep, and’ to

»se]eot a suibable oil for each grease.

'W;t-h these inlaaa in mind, a magneto grease wasr first studied and weas prepaered

by mixing 78.7% of a refrigerating oil with 2Z.3% of the sodium soap of css-

"tor oll cont: ain.ing an excess of caustic soda st 230°C. The product hai a con-

sistency at i259C of 254, a dropping point of 175°C, end a good heat stability,

-.anél wes uzed suacessfully in practice. (Enclcusmm (B)38, Part I.)

,.I\Ieﬂ;9 a cont rolleble piteh piropeller grease w&s studied and. wes preparad by

~mizing 91.6%! of a solvent refined mineral oil hewing a viscosity at 21009 or

.. ofi133.4 8.U:S. and a viscosity index of 88, ¢.48% of aluminium stesrate,
: 0.4»2% of. alunintum oleate, 0.8% of lead oleate, sand 004% of glycerine, The

product was an oxcellent gresse with a comsistiency at 10%¢C of $47, a dropping

jpo:l\m: of 4001' aad. good heat atabllity. (Enclcsure (B)36, Part I.)

'Eor the roclsmc arms of aerc englines, a satisfetotory greaae weas obtained bry mix-

: S.U.S. and

ing 91.2% of' a solvent refined mineral oil having a viscosity at 210oF of 95
;7igcosity index of 67 with 3% of sodium stearate, 3% of sndium

-pleate, 1% of ealcium oleat¢ and 0.8% of glycerine at 15006. The product had
‘ a cionsistens; ab- 25°C of 36&}, a dropping point of 1199C, go3d heat stability

enél & wa*er-mapellent aaturd. (Enclosure (B )..ts. Part I.)

' Preuparation af the above mentioned grsaass rrcan gynthetic lubriceting oils wap

alséo studied ‘and condensation products prepered from olefinic and aromatic hy-

“drcicarbons wiare observed to be only suiteble Ior the preperation of gruases.
: (Emclosura (]3)33, Pert II.) -

'In 1943, greases for the frama work of aero tcrpsdo engines and for tho. anti-

corresion of;'alr chambers of aero torpedoes were investigated, because of the

,lack of satfsfastory lubricents for these ugesi. The former grease was. mada

by mixing 92,79% of a synthetic oil from Shéle ges oll haviag a viscos Lg
c

21(!°F of 6l.9 S.U.S., & viscosity index of 85 ‘and & pour polnt of (=)35 \uith

- 9%0f aluminlum stearate amnd 0.21% of calcium stearate at 130°C, The Jroduet

obtiained prorad to be satisfactory in engine tests and had =a consistem,y at
(- 140°C -of 2134, & viscosity at 210°F of 1036 &.U.S., and goond heat stability.

(Ericlosure (i3)3s, Part I.)} Changing the mixirg ratio of the synthetic oil,

altminium stizarate end celcium stearate to 87.64%, 12% and 0.36%, respectively, -
e satisfactory grease wes obtained as an anticorrcsive lubricsat for the com-
prissed eir ‘chambers of aero torpedoes, having a consistency et 259C of 226,

8 ciropping pr::int of 90°C and good heat stablli-ty. (Enclosure (B)36, Part I. )
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Recently a sea-water-repellent grease to be used in submarines was studied and
wag prepered-by mixing & refined heavy minersl oll, having & viscoslity at :
2109F of 141 S.U.S. and a viscosity index of 15, with 13% of aluminium stea-
rate. .Practical tests showed the producih to he satisfactory. The consligteney
et 259C and the dropping point of the product were 310 and 889C respectivelys .
(Enclosure (B)36, Part I.g .

Alcohol proof and concentrated nitric acild proef greases were studied in 1945. .
For the former a mixture of* 90% of petroliatum and 10% of aluminium steerate

end for the latter a petrolatum was observed to be suitable for the purpose,
but no practical tests had been performed by the termination of war. (En-

clesure (B)36, Pert III.) - ;

Table I(4) )
AERO" ENGINE OTLS SYNTHESIZED FROM DIPHINYLMETHANE oo
» “SERIES HYDROCARBONS

Properties of 0il ‘
: After the British Alir T
Viscosity, COnr?d- Ministry Oxidation Test .
: ——— sou's .
Synthetic 01l . {8.U.8, | Index Carbon Viscosity Comradson?
K st (wt.%) Ratio (3arbon
210°F ” (wt.9h)
Completely hydrogene-
ted product of con-
densation product of |-
1 ons mel. diphenylme-| 90.6 121 0.13
thiane and two molss .
cxbene. iy
Completely hydrogena-
! ted product of con~ 7
L deznsation product of o ‘
2|l oas mol. dibenzyl- |136.6 18 0.11 2.2 0.7
banzene and one mol. i ‘ ‘ _
catene. ‘ : .
5| (2)+0.5% by weight of 1.4 0.5
copper oleate. :
4}(2)+0.1% by weight of ; 1
copper oleate. s

. | i
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Table II(A) .
PROPERTIES OF PRECISE 0ILS
Neme of Precise 0il
. No. 1 No. 2 No. 3 No. 4
Frection of Niizu Crude 29-37 33-41 41-57 ' 41-57
01l used.: = (%)
Bolling Range of Fraction .
at 760mm Eg (c?%cl)llated) 250-345 335-360 3€0-410" 360-41C
, o ¢ ,
Various Tarious Alr~ Preciss
i o precise precise craft machine
Application machines machines magneso in marine
; ; in air in air. - torpedo
craft. craft.
) Viscosity in 131 246.2 562.6 508.8
Redwood No.l
| Sec. at 10°C
Properties . 5 ‘
- of 011 - at 30°C 62.2 - 90.2 160.1 152.6
& | Pour Poinmt -55 -50 -49 -47
B S € )) ‘
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"I.  INTRODUCTION

thenslve studies have been carried out in regard to the chemical comgposition
of lubiri cating oils derived from petroleum oils. (1) The results of these
studies snow that lubricating oils are, in general composed largely of cylic
hydrocarbons expressed as CpHpp.2, etc. The relstion between thes
structare and the viscos%t¥ of hydrocarboﬁs has also been studied, but mainly -
for allphatic compounds

Practinally nothing 1s known concerning the relption or ring structure to the
viscoslty and other properties ot cycliu compounds.

Thus, bhe author intended to conduct a qystemetlc survey of the relationship
betwee:a the structures and the lubricating properties of cyllec compounds in (
order 10 synthesize better lubricating oi