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p naturaliend:s thetic, aero=engine
he :British Air Ministry: xidation:

For..natur ro~engine. oil,: tricresyl phosphite.
‘was ‘the:best antioxidant and a mixture 0.2% of. tri-. .
cresyl phosphite and’ 0.2% of tricresyl phosphate was
actually used.:To avold sludge.separation after.the
oxidation test, it was not necessary to use more than
0.2% of the phosphite. - - g o

2y For synfhetié '»aero-}éngine ‘01l prepared from -
sweated wax or Fischer 0il, copper so&aps were the most
effective, the viscosity ratio being- loﬁered from 2.3

to 1.5, .

3. " For cdstor o0il, p,p'~dioxy-diphenyl-amine was the
" best for .'unprpving oxidation stability. ’ .
L., The. viscosity ratio meesured by the British Air
‘MinistryOxidation -Test had-a close relation to ’

. Warburg's oxygen absorption test at 150°C. )

_TNTRODUCTION .~ *. .- .
"A. . Bistory of Project

The operating conditions in aero-engines had become more severe as time
went on, and hence, there was & need for an effective antioxidaat to de-
orease the oarbon deposition &t the top of piston end on the piston rings
and the amount of sludge in engino oylinders. After referring to the
literature, i\“a authors chose several antioxidants and studied their
effect on nat. °l ond synthetic aero-engine 0ils and cestor oil.

‘This research co. “ad & period extonding from 1940 to August 1945.
- Be: Koy Personnel ...rking on Project

. Chem. Eng. Lt. Comdr. A, VAXANA
Choc. Eng. Lieut. N, KOTAXE

II. DSTAILED DESCRIPTIOR

‘ouleted as the ratio of tho visocosity in 5.U.S. at 1
't@"t&”ﬁvnuntr in 8.U.8." at-200°7 defore tho tast. -

“Ae !ct!iéd of Testing Oxidation of Acro-Engine Oils

In this atudy, the British Alr Kinis Oxidation Teot was. adopted., 1Ito
tost oonditions are shown in Table I(B)23. Oils with or without ‘anti-
oxidants were tested undor tho oonditions of Tadle I(B)2), ané the vis-
oosity and Conredson's oarbons wore zmeasured. JFroa theso values, the
effect of an antioxidant was detersined. The viscosit r:go w‘:.ou-
or test

it t i s

- JO8E ne the Effect of Antioxidants on Aero=-
n - }er . i "

Pr«bponlu of the dase oils for testing the offect of aantioxidaants are
shown Ln Table II(D)2).. .

2n



‘Tesults obtﬁinedo zare;gly
'-tha ;best.‘ 'o;cidant fo
3 l;\

‘ ‘Antioxidant for- Synthetic ‘AeTox
or ParaTrI'x'i Vax

Triphen.yl phOSphite tricre\syl phosPhit _t \
oleate, individually and “in combinatio,ns were. tpated..ff
tained are shovm in Table IV(B)23:iend, 4in these: experimenta-, a mix

ture .of triphenyl phosphif.e ‘and ehromjum olea ound’'to: be:the"
best.

2. - ?or S thetic »Aero-
oil frosi the cracke ;
puratively easuy oxidized und the visuosity ratio ms 2
oxidation test.  The ‘effects of triphenyl: phosphite coppe
end elcrental- sulphur were:tested: for:the above oil. s
tained are given in Table V(B)23. . In "spité ‘ol $he ract:that cop zer
sosp-is, in genersl, thought of &s an accelerator for -the oxidet
of - lubricating oua. copper oleate-: _showied &' remerkable’ -retarding.
action on the oxidation of the-synthetic oil from the- mated wex, -
Other copper soaps, i.a. COpPper:stearate, laurate, benzoate,: etc..
were tested and also found effective as shown in Table VI(B)23.
Eowever, copper atearate was not effective as an antioxidant for the
aynt.hetio aero-engine oils prepared from the crude wax 0s shown in
Table VII(B)23. These saxme phenoncna were clearly shown in"the ‘case’
of a mixture of natural and synthetic serc-engine oil. This con- -~
trery chemical recction of copper soap was attrituted to the differ-
ence in activity towards parsffinjc and oyolic hycrocarbons, in .=
that they are thought %0 inohibit peroxide formation in pararfines.

2. Antioxidants for Castor 041

+p'-0ioxydiphcaylamine end pbcnyl—b—uphthal—ouno nro mtod os anti-
cnnn torphmr.or oil. ; Results odbtained are shown in.Table VIIT{B)23. -

and p,p’~dioxydiphonylonine was, ronnd to-be thn no-t erueun. al.tboush
it was not sot uud.

F. - O n Absorption ttorhro-

_To_olucidate the ottecc of nuoxunu on oagiuo om. ‘the lbaouﬁon
of “oxygen in aero-engine oils wes medgured by Yorburg's apperatus.:
results obteined ‘are given in rum mzawm u ‘oan’ bo seen that the:
vuwaux.;u;n _yaing the Britieh Aly. rked oorpe-. .
lation %0 the szount OF. OXYEEn &BSOT M
Hatthe 2 s pmtat Aol B
en [
sorved as shown in. Tigure: 2UABJAe:

272



X:38(N)-8.

“tus: paralleled those or the British Air Linistry Oxidation Test, and, with
further studiea, the .oxygen: absorption method, should be found to be a simple
-oxidation. test procedure. :

- . Table I(B)23. .. ~

CONDITIONS OF BRITISH AIR MINISTRY

onm'rxon TEST FOR AERO-ENCINE OI1S-
:011 sanple (cc) sessscsatrasatsecnscntsatacaossenes &S
‘renperatnre (°c). ...................................‘» 200
TIME (BF) Jivieevereentioraniononsiarnnsnesnsisanes 12
Rate of air blowins (liter/hr)'>..................... 15
L R Ry~ I.Y-1- 3
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A338(N)-8

TI(B)2
EFFEC'I‘ OF' ANTIOHDANTS ON OXIDATION
TABILITY OF: AERO EI\‘GM OIL:. it

‘Additio Yiscositi - |..conradson .’ -
“Ratio: T ca;‘bon(f,’o) ’
- Nome: o b ase oo
» ’T}icresyiphosphite' 0.5 - b 1ar o ©1.23 -
Trieresylphosphate 1.0 . | 1.23° - |. .o0.84
‘Ditenzyldisulphide 0:5™ 149 - | 0 1.3
| copper oleate. - -° 01 "1.70 S
Copper stearate 0.1 .| 158 | 7 1.96 |
" Stearonitrile 0.5 11.260 . 0.96
. Stearophenone 1.0 S2,25 0 ) - 0.96
'rruaurylphenylphoaphat.e 1.0 T 1.57 S
Trioresyl phosphite 0.5 ‘ .
‘Tricresyl phosphate 0.5 | 1.22 -
Tricresyl phosphite 0.3 .
Trioresyl phosphate 0.7 } 1.25 -
Tricresyl phoaphite 0.2
Tricresyl phosphate 0.2 l.2, -
Tricresyl phosphite 0.1 |
Triocresyl phosphate 0.2 ! 1.33 -

278



| No. | - ‘adat

"Conrddson:

Table V(B) 23

L ). ervon(%) |
1 Nomer i .} Til00. 3430,
2 Triphenyl phosphite . -| 0.5 L. 2,60
3| Tricresyl phosphite 0.5. ° 263
4 Trigizgghg:ay; ) 0.5;.:_: " 2—& "
5 Tin oleate . o5 | 300 | ias
6 ,chromimiozeato‘ Sl vousi T vtagge L
e | 9] .
9 Tin ‘oleate '~ - 0.5
' Chrooium oleats 0.5 2.62

THE EFFECT OF OXIDATION INHIBITORS ON OXIDATIOR STABILIT!
OF SYNTHETIC AXRO ENGINE OIL PREPARED mox: SWTBD !AAI

-

Addition Compound Anon::a :g t(:;?po v?heo‘{:ty ‘ g:rn:g?;?
Rone 0 2.13 0.72
Tripbenylphosphite 0.5 5% | 0,95
Copper oleate 0.1 1.32 0.7 ..
Sulphur _ 03 | 3] 080...
Tetraphenyl tin i S b 1.65 med

7¢
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X:3B(N) s RESTRICTED,

ENCLOSURE: (B)ag!

Table -VII(B)23: . .
- THEEFFECT OF' "OXIDATTON: INHIBIT RS ON" oxmA*r:on* SMBILITY:
OF sm'mm-xc .umo-~m “PREP.

""Bag'g 0'11“ !
Synthetic aero ‘engine oil - | None e B o C 158
rrepared from crude wex. i~ — - -
S a ’ - | Triphenyl phosphite 0.5 CXeh0-- 8 1,55
Copper stearate’ ol |15 | a1.s2
Elemental sulphur* .| 0,1..[ ~ 1.65° |- - =
Blended oil of datural end |  Nome ° . ' .. 0.0 | - 1.64 | 1.50
synthetic aero engine:. : "
oil (natural 10%, Triphenyl phosphite 0.5 1630 . | - 1.54
synthetic 90,%) : R —— —— - - -
’ ~Copper stearate- . | 0,1° | 71,80 " 2,07
Elemexrt’al sulyhnr 15 U R O T 2 N

-

'Added at so°c

__ Table YITI(B)23
SOME PROPERTIES OF CASTOR OTL
CONTAINING OXIDATION INHIBITORS

Castor Castor 031l Castor 011 Castor 01X
oi1 +0.5% A 1+0.54 B +0.5 C
Specific Gravity - 0.9616 | . 0.9645 0.9640 0.9645
Viscosity 100°¢ - | 12114 1290.8 1260.6 1259.6
Viscosity 210°F 95.9 | . :98.0 98.4 98.2
Viscosity Index 91.9 ' 89.7 |. 92,9 92,3
Visoosity ‘ o o e
’ Ratio ' ’ L339 < 253 J.29 3.35
Stadllity : —
. Conradson's B AU [P
i carbon 0.61 0.68 0.61 - 0.65
E ‘au, "1“'.._‘ J ',-3.Wm R _,..,_V.z:‘7u.;.“. ..v.,v.w,,wvzﬁs..,.m,w — 2.52
Saponiriocation Value 160.8 187.7 187.2 - 180.7
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