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; 85 aero:engin ~ére:subjected to. the most '
"4 ,0s high™ teiiperatures: and high-pressures. : Henoce ‘they must
ation stebility: end: a:low rate ofiohange. of visocosity with vary-'
npeT . THese:requirements :have :led 'to the use of mineral olls in: '
: e:ofcastor:o 1,:and’oils: prepared from:paraffin bese orude-oll (Pennsyl-
‘vania orude:0il) has: been sald to:be:the best, —Extensive studies have been .
.oarrisd out’.in regard:to.the’ chenioal composition of- lubrioating oils derived
from petroleum, end it .heas ‘been:concluded that lubricating oils are, in gen- -~
“eral; ‘composed mainly of c¢yclio.hydrocarbons with peraffinic side chains.
However,. praoticslly nothing ‘was known concerning the relation of ring struo--
ture:to: the viscosity, the oxidation stability and-the other properties of
oyclio hydroocarbomse. .- . U S I ) . :

Thus; -the.author has studied these fundementel problems .sinoce 1929. He ocame
to_the conclusion that a saturated compound in whioh oyclohexene ringe combine
by single .bonds in. the para‘position, such as per hydro- 1, 4-diphenyl benzene
(cenn.cgnm.conu)_ , . 1s"the best and that a condensed ring compound containing
& naphthalens. ring,  such as tetrashydro-anthrecene, tetrahydro-phenanthrene or
hexahydro-pyrene; is suiteble for a lubriceting oil {Enclosure (B)l). -

. Based ‘on these conolusions, in 1940 diphenylmethane and dibenzylbenzene were
‘prepared dby.condensing benzene with benzyl-elcchol in the presence of elumi-
nium-chloride and, ‘after these ‘hydrooarbons wers-condensed with setylchloride
"or cetens,.'the condensation produots were hydrogenated. The hydrogenated pro-
duots bad a high viscosity index and a low Conradson's .carbon. They were,
therefore, suitadle as aero e 6 0ils and proved the correctness of the
above comolusion. - The properties of tygionl exemples of hydrogenated produots
are shown in Table I(A), (Enclosure (B)2). - : :

shale kerosene or gas oil is the most importent potential source of synthetio
aero ne ‘oils in Jepan, sinoe the production is large -and it consists main-

-1y of olefiniv and sromatio hydroosrboans. From bhoth types of hydrooarbons a
suitedle sero engine ol is obtainable by oondensation. Since this raw materi-
al oxtains 20- of aoidio, dasic and highly unsaturated compounds as irpu~
rities, studies have been oarried out since 1937 relative to the pre-refining
pothods, snd the polymerization of the pre-refined oil. It was found that it
was best to treat the raw material with 2% by weight of hydroohlorio soid ges
and 50% :i weignt of 20% ceustic soda solution and then to oondense the pre-
refined oil in the presence of 10% of aluxinium ohloride at 60°C-80°C, for 10
bours.. A satisfaotory aero engine oil was thus produced with a yield of 10%
by weight of the raw material, (Eaolosure (B)3). -

At the ssme time, sinoe 187 solvent extraction methods ap 1ioadble to the pre-
paration-of -asro engine oils from Jepanese crude oil wers estigated, (In-
closures (B)4; (B)S, (B)6, (B)7, (B)8, and"(B)9): As solvent extreotion me-
thods the propane-phencl and the amyl aloohol-=furfural prooesses wore udopted.
In the former prodess, the oper ting oonditions of dewaxing especislly were
& “and 1t wag found-that-1t-was dest to treat the d.u{hdt‘d ol a3 . .
volumes of 1iquid propane at (-)4090 with e cooling rste of 0C-8°0 per minute,.
In the latter prooess, the operating conditions in esch treating stage were
studiede--I0-wsa-Loudd bast .10 -treat jhs resifusl oil of the pstrolsum orude
with 3 volumes of amyl aloohol at =20°C for deasphulting and aowuXing ahd to ex-
cggg the dessphnlted and deowaxed oil with 3-4 volumes of furfurel at 080°C~
3 . Results of the fOrmer Prooess ¥ere utilized in the industrial pleats
‘st the Sscond - snd Third Maval- 1 Depots, -where asro enging oils were produced
from imported orude oils, since the production of orude oils in Jepan was
gms ,m@ﬁﬁo;&ﬁd of the product fron them was only adout n; by weight of
e orulle . - L
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an’ ample -supply -of -this: o1l could mot:-be obtained by.the: PToC Y
‘ebove, . So. other surveys were:made. and:-synthetioc aero engine:oils: 5 the s

following raw.matérials was undertaken;: from paraffine:wax in 1940,  fatty. oil.
pnd rubber. in’' 1943, : and-brown ooal-tar and pine root: 01l in 1945,: ;0 efinioc:
hydrocerbons would be obtained from paraffine wax by thermsl oracking :in=the
vapour phase eand from fatty oil. by the: dry-distillation:of its”alkell soap-:
which would yield a suitable:oil by _condensetion with aromatic hydrocerbons:or:
sulphur. ~In the latter. case, thé .sulphur compounds-formed: in:the:condensation’
product would serve as . the.anti-oxidants.: .The .condensation products: from.the -
paraffin wax contained-soms highly unsaturated compounds derived from diole-. .-
fins formed during the thermal oracking of the paraffin wax, .By:removing. :: :
these highly unsaturated compounds with organic solvents, . the. comparatively .

‘poor oxidation stability of the produst would be improved. High-fractions of

brown coal tar oonsist mainly of -aromatic hydrocarbons of naphthalene, diphe-~

nyl, phenanthrene eto., and those of.pine root oil ponsist mainly .of condensed.
ring compounds suoch as abietin and abietio:-acid. Thege could be.utilized as ..
the source of aromatics,. based on the author's systematic research on the. syn--
thesis of lubricating oils. Rubber will form oyclic compounds by heating, and:
if this reaction is carried out in- the presence of hydrogen to reduce:the.-. .- -
higk;lily unsaturated nature of the product, suitable eero engine oils will be -

obtained.. ; : ‘ O

Superior oils.with & very high.oxidation stebility, as. i{ndicated by-the vlsco-
sity ratio of 1.1-1.3 in the British Air Ninistry Oxidation Test, were obtain-:
ed from paraffin wax by condensing 10%-20% of aromatic hydrocarbons -(benzens,
naphthalene, anthracens, 6%0.) or 0.1% of elementary sulphur or both with the
cracked distillate of pareffin wex, _IL the cracked wax was condensed with-the
residual oil of a petroleun orude oil as the eromatic hydroocarbon, the-visco- .
sity ratio of the product was 1.5-1.6. Blending the condensation produst of
the oracked wax with 10%-20% of a natural oil suoh as Texaso airplene oil §120
or en acid treated distillate of Niizu, Selis or Milll orude .0il, the resulting
oil hed a viscosity rétio of 1l.3-1.6. Solvent extraotion with 1.5 volumes of
a phenol-oresol mixture greatly improved the oxidation stability of the conden-
sation produsct of the oracked wex, the viscosity ratio being lowered from 2.07
to l.4. The above synthetioc method was applied on an . industriel scale at the
Seoond Naval Fuel Depot. (Enclosure. (B)10 and (B)11) - e

The following procedures wers applied in obtaining synthetio oila from fatty
oils; the drhdhuunuon of sodiunm sosp, purifigstion of the dry distilled
oil by distillation with 10% by weight of solid caustia soda, and polymeriza-
tion of the purified oil or condensation of the purified oil with nsphthalens
or other arozatic hydrooarbans in the presence of aluminium ochloride, In the
case of the coocoanut oll, & good oil was produced with ndiold of 205 by
weight. This metbod can only be pplied-to ing oils or hydrogenated
rnztg oils, since unsaturated fatty oils yield low viscosity index products.
Another survey on the pre-refining method of 4dry-distilled oil showed that
kotones formed in the dry distillation of sodiium soeap hed %o be removed by
treating with snhydrous sodium hydroxide and that if water Lformed in this.pro-
cess ware removed from the resction zone, the amount of 80144 ceustio soda re-
quired could be reduced from 10% to 1£. (Enolosures {(B)l2, (B)13 and (B)14)

A desiradle oi) was pr:gu-od by the nydrocrasking of rubber "in ‘W solution-ef -
B volumes of a paraffinio hydrocarbon such &s bor oi) under high pressure
:g)%%roccn ia the preeendos of niokel st » for 15 hours.  (Enolosure

Research oa brown coal tar and ‘gxu root ol a3 sources of asro-engine oils had
:3‘3‘1’-?;“ izportent results at the termination of war. - (Enclosures (B)16 and - .
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ethod! of ‘recleiming aero engine 0ils; and.a’sim-
¢ ;. ¥ X 3, satiafactory oil!] "filtering in'the presence of
‘wood . ashes’ at’-100-. C;/wes:established. "This method: was aotually used-at

-geveral ‘air-stetions.’: (Enclosure (B)1g)- R SRR S

Studies on ‘th'e""aqti-cf rrosive. 6yiihd‘ei‘?"'§;1 of ‘@ero engines were carried on and
‘suiteble oil was obtained; used ln practice. i

5 : Enolosure (B)37) - -
. TORPEDO ENGTNE OILS (Raclosure (8)19) =~ ©

A mixture of a steam oylinder oil-end a rape 0ll was used for merine torpedo
‘epgines, but the formetion of the oil sludgs wes observed to.be comperatively
large.  Since the operating conditions of merine torpedo engines regembled
. those-of -aerc engines, ‘preparation of the oil from Oha orude oil by the pro-
pane-phenol procesg has been studied sinoce -1938, and a refined mineral oil with
“a viscoeity at 210°F of 92 8.U.8., a viscosity index of 99, a Conradson's car-
bon of 0,55 and a pour point of (~)14°C wes obtained. This-refined mineral oll-
_wes successful in- engine tests, however, a mixture of 80% of eero ine oll- )
. #100. and 20% of aero engine oll #80 wes actuslly used, owing to the insuffici-
. 'ent supply of Oha-orude oil. S : L ' S

_For -aero torpedo eagines, a very low pour point oll with a high viscosity in-
dex was needed. From studies on the preparation of aero engine oils from

- shale gas oil, this was considered to be a readily obtaineble source. The
practical epplioation of the product was verified by studies on its prepeara-
tion condensation of the pre-refined oil end on engine tests of the product.
8ince.1942, the raw material used was produced and obtained from FUSHUN in
South Manchuria. A . h : !

The aero torpedo engine oil prepared from shale ges oil, however, was inferior
in respect to pour point and unsatisfactory for use in the coldest zones. For
this purpose, the synthesis of a product from the oracked distillate of para-
£fin wax was studied and an oll was prepered by condensing a fraction of the
oracked wex boiling from 100°C to 230°C end adding 1.5% by weight of aluminium
oleate to the condensation produst. The produot had a viscosity at 210°F of
96 S.U.8., & _visoosity index of 112, a Conradaon's oorbon of 0.06% and a pour
point of -46°C. The o1l proved to be satisfaotory in sotual use sither in
0014 or tropioal zones. . :

III. CYLDNDER OI1S YOR MARINE DIEQXL RNGINES {Enolosure (B)20)

In general, turbins oils were used for marine Diesel engines in the Jepaness
Kavy, Piston ring snd cylinder wall wear was comparatively high. Thia wear was
considered to be Gus to the insuffioiency of the oil visoosity. Hence, an oil
heving & viscosity at-210°F of-78 8.U.8., a viscosity index of 99 and s Cone
_radson's oardon of 0,00 was prepared from a frastion of Oha orude oll doiling
from 260°C to0 300°C at & vasuun of 5 = Hg the propane-phenol process. -This
oil was proved to be satisfeotory o5 a Diesel oylinder 01l in-1940 ¢t it was

ng{ sotually supplied sinoe the yiold was so small, 0.3% to ths original crude
03d, : : '

‘In 1041, other tests on the utilizaticn of sero engine oil #60 for Diesel oy~
1inders were oconducted, dut no satisfsotory results were obtained.

IV. PRECIOR OIS (Enolosurss (B)2L and (D)g2)
-ogether with the progress in aircraft, torpedoes and other r.uhihorln. 80000~
Preolas machines have also developed snd improvements in the properties of

Precise oils were necessary to insure satisfeotory opsration. lmportsnt pro-
perties required of procise oils are: high cxidation stadility, high viscosity
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index, low pour point-and elso, 4m. the. case ‘of ‘aircraft: hydraulic:
high aniline polnt. =& i et R e L e

Based.on the possibility of obtaining low.pour ‘point-oils from Niilzu crude: oil,
the manufacture of lubricating oils to be used for the precise mechines . of -alr-
oraft. and merine torpedoes .was. studied slnce 1838, .applying .a-sulphuric:acid . -
treatment -to-the-distillates of Niizu orude-oil: (using.50% by weight of '98% -
sulphuric acid to-the raw material). In che case of a precise oil: for the ..
marine torpedo (No.4 precise: oil) 0.2% of a rape oil was.blended with a re-.
fined Aistillate. The main- properties of produ¢ts are shown in Table II(A)e

In the case of aero torpedo precise machines, a very:low pour point oil wes
needed. For this requirement no satisfactory oil. was obtainable from Niizu.
ecrude oili:—Considering that the average molecular. weight of the precise oil .
is epproximately 400 and that the polymers of olefinio. hydroserbons have very
low pour point, the polymerization of dodecens was studied in 1940.° An oil
was prepared by blending a frection of the polymerized .product of dodeagne
boiling from 180°C to 300°C under a vacuum of Smm Hg, a rerined mimeral oil
prepared from & frastion of 45%-49% of Niizu orude oil, and & repe oil in the
Tatio of 80:19.8:0.2. The product had a Redwood No.l viscosity. at 109 of
457.6 and at 3000 of 154.5 seconds, a viscosity index of 101, a pour point of
(-)63°C, end proved satisfactory in engine tests. Hence from that time this:
product was actually used. e e e N Lo
In 1943 there was a demand for a special watch. oil with a very low- pour point.
This requirement was easily satisfied with an 0il synthesized by condensing -
100 parts of a thermally oracked distillate of paraffin wax with 20 parta of.
toluene in the presence of aluminium chloride at 909C for 8 hours and then
distilling under Smm Hg of vacuum to out a fraction boiling from 1209C to .
300°0. The produat thus synthesizeéd had a viscosity at 30°C-of 70-Redwood No.l
seoonds and a pour point of (-)659C. . :

As enother source, shark liver oil may be utilized, since it oontains the

- squalene-fraction. 8ince 1943 studles were made on the separation of squalene
by vacuum distillation and on its bhydrogenation. A produat suitable for use
in verious precise machines was obtained. The viscosity of the oil at 30°C
was 110 Redwood Ko.l seconds snd the pour point was (-)559C.

At the same time, No.l precise oil used for the oleca and flaps of airoraft

wes found to be inferior in regard to rubber swell and low teumperature
froezing ohoreoter. Considering that an oll of paraffinic neture has excellent-
anti-rubber-swelling and low texmperature fresz. characteristics, a dlended -
oil of 33.5% of a condensation produst of the: ly oracked wox and 86.5% of

a refined mineral oil pr:gmd, frog o frastion of 20%-37% Niizu crude wax and
66.5% of s refined mineral dil prepared from a freoticn of 29%-37% Rilzu oruds
oll, was prepared. This blended oil was satisfectory, yot it was not developed
suffiolently to be put into prastioce, .

Y. ADDITIVE AORMS FOR LURIONDI ONID

Wwith the insrease of Rorsepower in asro snginss, lubricating oils-are :mnd. .
to highor and higher ratures and sures., Under these severe ¢ L1008,
& pare !xdroou-bon oil will not be satisfactory froz the standpoint of oxida-
tion stabdility snd oiliness, sod edditive sgents will DeooRe necsssary W 1%
prove these properties. G E e

Conaldering the above, since 1040 studies have been made on snti=oxidants and
ollinese oarrieras for osro engine olls. Referring to the litersture, phenolis
cospounda, metallie lo:gl and sxine compounds may do said to bBe roprossntative
of snti-oxidaate. O the other hand, natural mineral olls, synthetic olls and

'
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geatar; .01l are; used:'as @ero.engine;oils end the effective -anti-oxidant for.an.
{ndividuel oil: may’ differ due to ‘differences in:chemical™structure. ' For na-
tural. oils;: tricresyl phosphite was found: to.be-the best-antioxidant and - - -
‘tricresyl phosphate weas:found to-have neearly ‘the-same retarding effeot on oxi-"
dation." . (Enplosures: (B)23; (B)24,.(B)25, and .(B)26) -In this respect, the  ::
soya-bean phosphatides.were: also. effective on natural aero engine oils. '(En-
olosure (B)29):-For synthetic oils, tricresyl. phosphite, trlphenyl phosphite,
copper oleate, tin oleate, chromium oleste, snd their mixtures were tested as
anti-oxidants, and copper oleate was found to be the best for synthetic olls
prepared from sweated waxes, Fischer olil, or diphenyl-methane series hydro-
carbons. The viscosity ratio after -the British Air Ministry Oxidation Test of
sn 0il with-a small amount of.copper oleate was decreased from over two for-
the original to l.5. ' For castor oil, .p,p'-dioxydiphenylemine, thiodiphenyla- -
mine and phenyl-b-nsphthylamine were tested end the former compound was found
‘to be the best one. .Among them, a mixture of tricresyl phosphite. and tricre-
eyl phosphate was.actually used in.natural oils. - (Enclosure (B)23). N

A systemetic survey was mede-to-find the relation between the chemlcal struc—
ture and the oiliness of lubricents, and it was observed that in the case of -
hydrocarbons, cyclic compounds were better in respect to oilineas than paraf-
finio compounds with the same number of carbon atoms, while a compound in
which six-membered rings combined with.single bonds was better than one in
which the rings were combined in condensed form. (Enclosure (B)27) .In the
.case-of polar compounds, the -NHz and ~-COOH groups were most effective on.the
oiliness, the =0H group was next, and other groups containing oxygen or nitro-
gen atoms were comparatively less effective. (Enclosure (B)28) Soya bean
phosphatides were also tested and found to be.effective not only on the oili-
ness but also on the oxidation stability of aero engine, compressor and tur-
bine oils.. (Enclosure (B)}29). Studies on the method of teating oiliness were -
also carried out and a simple psndulum oiliness tester suitable for routine
testing was obtained., (Enclosures (B)30 and (B)31) .
®or Adiesel engine cylinders, a turbine oll has.been generally used in the
Japanese Navy and recently an asro engine oil §80 was tested for its evalladi-
lity. In the former case, the woar of piston rings and oylindor walls was
high, and soya bean phosphatides were tested to decrease this wear, but no po-
‘sitive results were obtained. When aero engine oil §80 was used, the wear was
zuoh szmaller, but the carbon deposit in oylinders was greater. In 1942 cal-
oium phenylstearate was tried in engine tests as a means of decreasing the
oarbon doposition but no desirable effect was observed. (Enclosure (B)32)

Yields of aesro engine oils from Jspaneso orude oil meeting the viscosity in-
dex specification were small, being of the order of to tho original orude.
If a suitadle visocosity indox improver was f ound, ylelds of aero engine oils
would be jnoreased dy adding s small aemount of it to the low visoosity index
ofl. Yor this purpose, in 1942 an isodbutyleno polymer was proparéd by poly-
merizing isobutylens at (~)40°C in tho prosepss of aluminium ohloride and top-
ping off the fraotion up to 230°C under Sum Hg of veouum. The product was odb-
served to dbo unsatisfaotory in ongine tests from the view point of the heat
stability of oil. (Eoolosure (8)33). In sxtending theoo ntudles & sultadle -
high rroqmnogyiunhunc patorial with an average moleoular woight of 170,000
was -odtainad by pol Ting ‘1sobutylese in-1iquid ethytene at-{-)130°C-in the -
presence of an ethylochloride solution of sluminium ohloride. (Enolosure (B)34)

ino oils wore, in genoral, prepared from Oho or other Jepsnope crude olls.
oso turbine oils hud high pour points unless dewaxed, snd. the caposity of do~
waxing plants in Jepan was insufficient for treating turbdbine oils, sinoe thoese
plants were ohiefly used for the production of aaro ongine oils, MNence, an
attoxpt to propare a sultadle pour point depressant wis reds, oid studies ob
the preparation of & compound gizllar to "Paraflow®, whioh wun observed to Ue
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the best additive. for this:purpose,-were:carried out.’: Bxperimental:results.
showed. that: a_.satisraeto_rrdapressant:;oould‘.,bpifqut'aih d- by the;condensation:
n‘aghthalene and chlorinated wex in the:presence of 5% of eluminium chloride’at:
509¢-100°¢ . for -3 hours.: :The reaction was. controlled. by the:additon:of’ small
quantities of water, which was not mentioned in‘the U.. 8. Patent on:"Parallow"
The psbduct. .readilg depressed’ the pour point of -gyploal”turbine’oils from”
(+)15°C to below 0°C.. ' This method was epplied on-a comuercialscale. *: (En
closure (B)35): o o ’

VI. GREASES

Studies on greases were mesgre end almost all special greases used in-Jepan-’
were imported until recently. Considering these oonditions and the ‘availabi-
1ity of greeses for verious machineries, studies on the preparation:of speoial
greases Were begun in '1939. There was a demand, that greases should possess:- -
‘certein properties, and it was desired to utilize the water-repellent nature
@t—oaloéam—soap,,tha_hish_xmﬁnm_mu”u_!iﬁhajgnsugg neture-of sodium
soep, the water-repellent and the high temperature withstanding cheracter-of -
eluminium soap, eand the extrems load carring property of lead: soep, and to.
select a suitable oil ‘for each grease. R R s

\

With these .ideas in mind, a magneto grease was first studied and was prepered.

by mixing 78.7% of a refrigerating oil with 22.3% of the sddium soap.of ces-
tor oil containing an excess of ‘ceustic soda st £30°C. " The product had a‘con-
sistenoy at 259C of 254, a dropping point of 175°C, and a good heat stability,

and was used successfully in preotice. (Enclosure (B)38, Part 1.}

Next, a controllable pitoh propeller gresse was studied and was propared dy . -
nu::.gg 91.6% of a solvent refipned mineral oil having a wiscosity at £10°F of.
of 135.4 S.U.S. and a viscosity index of 886, 6.48% of eluminium stearate,
0.72% of eluminium oleate, 0.8% of lead aleate, snd 0.4% of gg:nm.' The
product was an excellent greese with a consistency at 10°C of 347, & dropping
Doint of 409C and good hest stebility. (Kacloswre (B)S8, Part 1) ,

For the rocker arms of aero sengines, a satisfeotory grease was obtained by mix-
Lng 91.2% of a solvent rafined mineral oil b"‘ﬁl‘ viscosity at 2100F of 95
S.U.5. snd a visoosity index of 67 with 3% of sodium stesrats, 3% of sodium
oleate, 1% of caloium oleate snd 0.8% of arine at 150°C. - The product had
a consistensy at 259C of 380, a Aropping po. of 11990, good beat stability
and a water-repalleat nature. (Enclosure (B)38, Purt I.) ) .

Preparation of the sbove mantionsd greases from synthetio ludricating oils was
alao studied and condensction products wvgmd from olefinic and aromatio hy-
droacarbons were observed to be only suitadle for the preparstion of greases.
(Znolosure {B)36, Part II.) e S .

In 1943, grosses for the frsme work of ssro torpedo sogines and for the anti-
ocorrosion of sir chambers of sero to .wsre investigatsd, because of the
leck of satisfaotory lubricants for these uses. The formar grease was nade
gogtlxg; 92.79% of a synthetic oil from Shale gos oll having a vi

uod.sy at
81.9-8.UsBs,y .92 88 r point of (-)34°C with
of aluniniux stesrste and O. of caloium stesrste at G, THe product
[ cmﬂ grmd to bo oatiafect in “tm tasts and hed & oonsis ‘«t
-} of 204, & viscosity at 1 of 1036°3.U.8.; and good heat stadllity
Enolosurs m&o. Pars 1.) - 2 of the synthetio

e ~ 0ddy .
alusiniun stearate and caloium atearate m 124 and o.:og. respeotively,
& satisfoot greese was obtained es ai anticorrosive ludbriosn the oom~
prevsed air s of eero o5, having & consistency st 2890 of 216, -
@ dropping point of apd hnrnuuﬁty-‘ “(¥oelosure (B)36, Part Is)
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‘Recently a ns‘ga&water.—'rep’ellent.»gre_a‘se;to»be‘ used’ in submarines was: studled: and
‘was] prepared by mixing: a‘refined heavy minersl o0il, heving a-viscosity at. . .:
“210°Fof:141 S.U.S. and a-viscosity indexr of 15, with 13% of ‘aluminium stee- -
“rate.. Practical tests:showed the product to be satisfactory. . The consistensy,
gattasy"c, and’ the dropping goint of the product were 310 and 88°C respectively.
“(Enclosure: {B)36, Pert I.) = T vt -0 o T :

“Aleohol proof and concentrated nitric acld proof greases were studied in 1945.
"For the former e mixture of 90% of petrolatum and 10%-of-aluminium steerate..

_and: for the latter a petrolatum was ‘observed. to be sultable for the purpose,

but no practical tests had been performed by the termination of war. (En-
closure (B)36, Part III.}' . R , : :

, - . Taeble I{A) .
-AERO -ENGINE-OILS-SYNTHESIZED -FROM -DIPHENYLMETHANE
: -~ SERIES HYDROCARBONS :

Properties of 0il
S - |  After the British Air
Viscosity - conr?d-_ ¥inistry Oxidation Test
son's
Synthetio 01l : 8.U.S. | Index Carbon Visoconity Conradson's|
) ) .sr (wt.%) - Ratio Carbon
210°F. : . (wt.%)
Coumpletely hydrogena- Lo
ted product of oon-
- densation produst of =
1] .one mol. diphenylme-| 90.6 121 0.13 -
thane and two mols.
cetene.
Completely hydrogens~
tod produot of oon-
densation produst of
2| one mol. 1-  |136.6 108 - 0.1} 2.2 0.7 -
dbonzens and ons nole.
cotens.
3| (2)+0.5% :{ weight of 1.4 0.6
copper oleats. '
4]{2)+0.1% by weight of
copper oJeate: 1.kl
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"ENCLOSURE :(4)

.. Table II(A) :
PROPERTIES OF PRECISE OILS

\ [y

Name of Preoise Oil

o , . No. L No. 2 - No. 3. No. 4
Fraotion of Niizu Crude 29-37 ° | 33-41 . | 4157 41-57
011 used. .- (%) : ST e A
Boiling Renge  of. Fraction . S o . B
at "IGOmm‘ Hg (ce(%gl)xla,ted) | 250~345 335-360 360-410 ) . 360-410
R S Verious ‘| Various CAdrs - Preoise
. . . S --precise precise - oraft machine |-
Application machines machines magneto “in parine
Co.. +  in eair ‘4in eir ) . torpedo
1 : -1 oraft. craft.
Viscosity in 131 . 246.2 562,68 " 508.8
Redwood Noal : . 2. : :
.. Se0. at 10°C . ~- .
Properties S
‘ofr o0il at 30°C 62.2 90.2 160.1 152.6
Pour Poim('. -55 ‘ -50 -49. 47
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