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. The ageing of motar oils takes effect in three ways: - piston ring-sticking,”
- formation of ‘sludge in the crenk-case, and farmation of deposits on the pistons
. and valves, According to the test. conditions, the method of ageing may involve -
more particularly one or the other of these processes, - The object of this work -
is to group the different ageing methods acoording to these different ‘aspects, -to -
discuss briefly those which are usual for aerowengine oils, and Yo discuss the -

oV conmRws,

L Principlis of Jharatory agoing in & oot apparatus,
(IL Oxidstive change and ring-sticking,
I Orative changs ant sleige formtion,

TV, ontutiv change ard st fomaticn,

V.  Conolusion,

L. Princivles of lahoratory ageing in a test apparatus, |
" Table 1 shows the test conditioms to which the oils are subjeoted in

: diff,erentf ageing methods. = Compering these with the conditions to which the oils

~are subjected when working in an engine, great differences are observed, ~ Above -

all, the ageing temperatures are generally much lower than the temperatwres . '
©prevailing at the piston,  There is naturally no effect of pure oxygen on the . .

~--0ils:in practice, nor of air in the form in which it is used ‘in various oxidation -

tests in which air bubbles are passed upwards into-the heated oil. = -Also, in. .
. operation- the oil only comes into contact with metals, whereas the ageing tests
-generally use glass vessels.  The individual methods differ also cmsiderably as
rogards -test conditions, even if there is a certain relationship, such as that .
‘between time and temperature. = Thus, the three tests which make use of oxidising -
.agents, arranged.in order of rising test tenperature and: reduced time of test = <.
are:- ‘the French, Bnglich, and DVL (or WAC) tests, - It is true that the™Sligh -
test is made at the same temperature as .that used in the (British) Air Ministry
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oot bt aming 1o the fash shat 14 vorks in an ataosghers of oxgen 1 Feguires 2
- much shorter test time, Tn the methods of Evens and Schmidt, the time of S
idation and the te ure 'é‘{"é‘;en',lov}r,ezj‘ftha,n{jin']-the53,3.-5-811'_ test;: but then -

; the test not only uses atmosphere of oxygen, _but also spreads. the oils out ghinly
- over a catalyst, - Thus the different conditions f oxidation are partly cancelled .

‘out between the different methods, . But, of cours e, this does not mean to say
that the oils vhen axidised by these different methods will show anything like
‘the same Properties;  On the contrary, it is répeatedly stated that.evena - .
slight alteration in the warking conditions can substantially alter Bhe . ooa
Tesistance toaidation, ' An’ example given by Mander (10) shows (see Fig, 1) how -
the rating of an 0il may be changed by altering tho test conditions, even if the . -
Same method is used. - Here -the comparative.asphalt resin velues of the oils . - S

dnvestigated under varicd conditions arve shown, and the resin + asphalt values -

Obtained by oxidising under -similar conditions are connected together,  The ' v
-reswlting curves for individual test methods arc in no case parallel or PTO=
‘portional to each other, . But not only the oxidising conditions, but also the -~
further stages in the treatment (duration of -copling, interval between the con- -
“clusion of the oxidation process and the determination of the oxidation: prqduots) o
-have a 'great influence on the chianges  taking place in the 0il, as was demonstrated
by Seufert (11) also on the "ﬁa;si's,of'-the’ ‘Woack process, . Fig. .2"('a;ccbrdinrg'fbo‘f e
Scufert) ‘shows how the content of axidation products may change after the -
oxidised 0ils have stocd for varying lengths of time, It is, therefare,
necessary to lay down an exact procedure, - —— . ——- . -0

RIS Estmatesofthecorrectoxld:.smg temperaturedifferby as much as’ several - -
-100°C; as ‘can be Seen fram the few ‘methods vhose results are. shown in Table 1 ‘

in practicve; —¥hers: the practical Genditions. cannot be exactly imitated, Suida
would like to see them exaggerated as much as possible. = Baader (13) takes the
opposite view,- saying that if the conditions are intensified in this way (use of
oxygen ‘instead-of air, f;inc‘re:is,gz_i-.:ftanpe'ratures) s the caonclusions reached may be
erronecus. - - A better plan than that of Suida is perhaps. the one chosenby =~ -
Marder ( 14 ) who would like conditions which, while not exaggerated, are still

the most extreme which oceur An the engine, for ageing those oils, such as acro- =
-engine oils, which have o fulfil the most difficult requirements, It must be
borne in-mind, however, that many oils which were rated very low under these
~extreme conditions behave much better under the conditions normally Prevailing in
the engine. ' Therefore, Marder also makes allowance for the case where it is . .
not. a’ question of 'a test under exceptional conditions, by making the conditions
- maintained under laboratory axidation conform to those found in practice, and by
~carrying out the oxidation test in such & Way that the nature and omount ‘of the .
products of oxidation. correspond to what is found in practice, ~ But it is

tion, and that part of it which is locally over-loaded, - . -

. According to Kadmer (15) Trineral oils_which have been artificially aged at
Yemperatures ‘above 1250¢, ‘can no longer be regenerated, in contrast to cils which
“have been exposed to'axidising conditions in practice, sinece they appear to have'

undergone a. chemical change throughout their whole mass, while in practice over-

heating only occurs locally, for instance, in the piston ring grooves, == - -

: According],y, nearly all the oxidation tests give 0 high : figure for the cont_ent‘
of axidation products campared to the total amount of oil in circulation, while
only those methods which use similar tenperatures can be used for comparison with -

the local over-heating, To determine more exactly the axidation behaviour of the
oils, it would be necessary to determine the effects of' temperature an each one -
Of them. ~This has been mentionod before in Vardous papers (¥, Philippovich ( 16; )
Mz;ideré -;_;1,.‘) » but-owing to the complications involved it has not yet been =

.~ IP the labaratory. methods by . which the changes in the oil are measured are
.grouped according to their relationship to engine criteria, . then the division -
suggested by Fhilippovich 8ppears ‘a reagonable ohe; it is the one which is = -
carried out in this works- . TR P
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Eng;ne Cr:.ter:ta I.aboratogz Tests. i S

:;.:Pis’son-r:.ng s‘b:wkmg i ',_i f_f ; .,OJn.dat:.on (formation of asphalt a.nd
- ol - measurement of vola.t:.l:.ty, ability: to -

, - ST R e T ".form Suspensions,” solubility. of’ asphalt)' ‘

, Sludge fomatlon in the crank-caSe ;f_:OJudatlon Yests and ability to form Bus= . .
L ~pensions, -also- coking tests.. e
,‘Fo:mat:.on of' depos:Lts on- plstons _ Coking tests. (also react:.ve capac:.ty, or
]-'and Valves. I LS adhes:ure capa.cz.ty)._- ‘

R Rn.ng—stn.cking is caused in the flrst :mstance, at 1east 1n aero-englnes, by

products of change of the oil, but not of the fuel, ' :The oil: ge‘cs from the cra.nk

" ‘case into the cambustion: chamber, is there oxidised, and carries the products of

- oxidation, partly in solution, and partly in the 011 ‘in the. form of sluige, to .
the pn.ston ring grooves, where they graduslly fom depos:.ts (16,) This inter-. - '{ o
pretatlon is confirmed by the fact that ring-sticking is delayed by an increase R
in the flow of fresh o:.l to the! groc\res (J.ncrease& constmpt:.on). e B

, Tha‘b the- ox:Ldat:Lon ma:.nly occurs in the cmnbust:.on chamber is proved by the‘ :

. large quantities of oxygen . wh:ch were found in: the combustion chamber depos;t... T
- (sce Teble 2, Tests by DVL). = Also, Weiss and iaillard (19) ar¢ of the opinion .

. that the temperature in the crank case is ‘too low. and ‘the’ atmosphere too poor /1n. ;
02 for any appreciablc degree of o:adatzon to oceur there. '

TABIE l. -

i - ‘,leeteo'nditions in the'oil oxidation tests,

L L o ‘ - . TR R

l?recess Quéntify used| Time off feﬁxpefat@e vOnd:Ls:Lng Mefal Character:.st:.cs
el T g em Test. BRSO Agent R Found -

Method of = .= KO | 2,6 | " L1200 | - ';;’15" R Incr'ea_se in L
the Englishi- .- = - o oo L MeMm || specific gravity,
“TAir Mimstzy S [ I T (T T o IR R A B e Viscosity,and -
(a2): I e o carbon Pormation.
- Method of 'y - . e T A cur-| - .. |The same, also,
“ the French | = 200 | 120 | 10 | rent orer| -Copper increase in ~
(A:Lr Mz.nistzy PR PR R .| moving strips asphal‘b content, -
: Lo : : S o loeil, e

L Inﬂn.ana o= 3000 | - X720 : ol = fpime ‘taken to "
cobest, o p o ) oo lAixma L form 0,1 and 1%

. SRV FREESRRRIU TN DI S BT T I v;scos:,ty to in=
‘ NPT : R ] lcresseby 257 -
s.-:-.ighmesc(s) 0 - | 200 - |Oxygen | - |Asphalt.
Evens and | . ol =1 |Heavy |Oxygen consump-
Schaidt(6) | 5.5 - lh, .| . 100 | Oxygen . x‘netg' St'.);.ryonﬁ:.ncrea.’isx:p
e : .~ F R coxide |in acid mumber,

T PR I “lon sapom.flca’c:.on :
' R SR R Sil:.eo. ‘number, : asphalt
| DVL Cup N - S e Gel. - | content, -
Ly T SR 285 N T o { Fluidityjasphalt
, Test (7,8) SR L I R . (uncorrec-- oA ) e in reszmlpgil ;
‘ : L , ) ted 275) N Y E TR
“WAC NS RTINS TET CREARE =S (TS NIDPRENN B Substances ins
Method(9) 13035 - 5 288 1 UAdr 7 | Alwmine soluble in gaso-
S A R (uncorrec- ol o0 tim ™~ lehe and asphalt
I ted). 1.7 leup. . i(soluble in
. b B N e Rk 'chlorofom)

-



- Comoosition of the cobustion ‘chanber deposits,
 “the interior of the piston, and the ring grooves, .
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.. On the ‘other hand, pronounced oxidation ocours in the ocanbustion chamber
“in-addition to thermal decomposition, -Incomplcte ccxnbt’zgt:i/.on causes hard .
‘carbon deposits, oo T TTETEE e

. The passage of the partially oxidized oils from' the combustion chdmber to
the ring grooves can be traced clearly in the DVL tests (17) fron the quantities
of lead found in the Ting grooves (vhen fuels with a lead content are burned),
-These show the volumes of lead in descending order. . The circulation oil also
“contains lead, which wes evidently carried there with the residual -.oil, 5 .

: “The question is, %o what exgent the products of Gonversion of the fuel are-
_involved in thé process of ring=sticking, = Weiss and Maillard. investigatod this
problem and found that products. of the incaaplete combustion. of the fuel are 4
dissolved in the oil, being unsaturated .compounds and. acids, such as formic and -
-aeetic acid, ‘and also phenols and aldehydes, = On account of ‘their tendency to
resinification, these substances, it is true,. are partly responsible for ring-

sticking, but are not the main cause of it, mainly Dbecause they only form a

very small ‘part of the ‘insoluble substances, = Tests with' hydrogen, household

combustion.  Admittedly, there are those who hold that ‘the fuel has a much

greater influence-on the formation of deposits, _ Thus Kadmer (20, 21) thinks . .
that this is :predaninantly-due to theincamplete coabustion of.the fuel, and that
the asphalt and carbon which formiare a function of the C ; H - ratio of the

ol R S S Seelm .

., In the oxidation tests in the laboratory, THe fuel is excluded as a-factar,
~But in order to test the tendency. of the oil to r'ing-?-sticlcing'i't will be necessary-
to select the test conditions 80 that they agrec as far as possible with the™ -
conditions at the piston ring, - The best guide to the changes in the oil which

The ‘capacity;of'thg oils .to‘dissdlvc asphalt is thercfore important; and that -
not only at one Seperature, but at Several, since the temperature of the oil

. '-'l{.’-o _



falls on 1'bs way f.'rcx:x 'bhe combust:.on chamber the crank cnse, and. thus, .
a.ccord:.ng $o’ the: dependence on- tenpemture of ‘the. capac:.ty to dlssclve asphalt
greater or- less ‘volunes ‘of ‘asphalt can Beparate out “Tests on: “the -capacity
to dissolve- asphalt have. been started at DVL; but so: :E'ar ‘only on fresh oils.
As Fig, 3. shows, asphalt only ‘begins - to-dissolve on any “‘considerable scale_ vrn.th
most oils at 100°9C, but: the solubility then ‘clinbs very: rapidly up to.the = =
finnl temperature of 250°c ( 16 .) The same is true of the suspens:.on of
cerbomceous "Jatter._ e i IR Gl

It :.s clear that the 01ls have vcry varied suspens:r.on capac:.tleSa
D:.fferences ‘are most ‘clearly ‘seenin this respect in -the: groups. of - groases
__cmnpounacd ‘and pure:mineral ozls... “Here, too, it depena.s ‘whether the . -
. condition of the’ suspens:u.on at- the piston ring is stable, - The_VOlB.’blllW
< should also be’ nentloned in this connection, a:.nce ‘the concentrat:.on of-the:
- ‘dissolved products-of oxidation depends on it. ' Speaking generally, it can be_
. s0id that oils which are less volatn.le, as: ‘also less’ viscous oils, ‘have: less
“tendency to r:.ng-stlckng, ‘condi tions being otherwise.equal-(16). Deposits: .
-which have once formed in the grooves can 'be reduced by’ mechanical or cheru.cal
- 1nf1uences ;7 the latter may be’ the: 1ess important, since the reactive: co.pac:.ty
-of ‘the carbonaceoun mtter here is less important than at po:.nts where the L
‘ stmroundmg air has a ‘higner oxyz,en content (17) +

. Among the ox:uia tion tests for 1ubr1cat1ng 6ils thcrc is a series wh:.ch
‘works in the range of tanperatures fraa 275 to 300°C, i,e. the tempemture of
“the 5il on the rings. ' These are of interest in this connection, = The process.
‘used by the Wright Acronautical: Corporation’ (WAC (9) ) uses an ‘aluminium cup
as an-oxidation vessel, which is heated 4031590, - 3.5 ccm of oil are pipettcd
:.nto it-at 10 hal;.-hourly intervals. -'The oil then reaches temperatures a‘bove \
288° (uncorrccted, therefore still: h:.gher) “After 5 hours jthe naphtha g
insoluble port:.on is detem:.ned and of th:.s,/ that quantlty aoluble :m chloro-‘;. .
form. o '

v Ev:.dent]y the test cond:.tlons g;wen here are too mild for accord:.ng to
hter ‘reports the temperature is to be raised to 338° and’ thc tine to. 72 hours, .
80 that the stable oils are better dif‘ferentmted ~.In the DVL process the
oxidation is corried out in glass cups, . 10 g of o:.l are spread out in a thin.
‘layer, and subjected for 4 hours to o temperaturc of about 2859C (in.the oil),
The volatility (loss of weight) and the: oxidation products which are insoluble
in naphtha and soluble in benzene, are determined.  This process is suitable
“(as is probably also that of the W,A.C,) far plotting temperature curves, ‘ '
‘because of its short oxidation t:.me, and it was used for this purpose, - "The .
basis of another DVL nethod, on which A.v. Bu.l:.ppov:.ch will report shortly, is

. the representation of r:.ng—st:.ck:.ng, as far as this can be effected simply on a

. la'boratoxy scale (w:.tnout cambustion of lu’br:.cat:z.ng oil and i‘uel) ~The o0il is ‘
heated in an aluminiua cup to 300°C, and a. seggnented disc moves a.gamst the botton
‘of the’cup with dlight play, ~ The. oil gradually thickens, and exerts e growing

. resistance to motion of the disc, which is indicated: by the deflection of a- e
"pointer on a torque indicator, - The main conclusion reached with this test is:

- that. the cons:.stency of the asphalt is not adequate evidence on which to base
differences in the behaviour of the oil. . Weiss and Maillard (22) also fixed
their test teuperature at: 300°C At this tmperature, the proportion_of the,
naphtha insolubles which was insoluble in chloroform was in agreement with vhat
was found in practical tests. The oil is heated in a flask in'a flow.of air,
the volatile products of oxidation are collected, and tested for acid content,
1\!.5 the density of the oils rose the acid content fell, vhile thé voluje of
asphelt increosed. . Apart fran an initial delay, the absorption of qugen was
in proportion to the time, and reached about 50% of the volume used, ' Increased
air supply, or an extended test tine, caused an increase in the insoluble
products, mthout altering their character,  Greases and. cmnpomded oils gave -
poor results, .- The authors do not adduce comparisons with engine results, | ’
That they do not consider the test conditions ideal is clear fron the fact
$hat it is considered necessary to make a further approxmt:on to pract:.cal
‘condl’cz.ons by the pro.]ected development of a. test en{.p.ne. : :



e IiI Oxidat:.on Change a.nd Sluds*e Fo:mat:.on.‘

By 011 .aludge is meant a mxture of 011 and su'bstances wh:.ch a.re deposited.
:.n the o:.l ~in: so far as ’chese do not fom solid bod:n.eS- S

'l‘a.ble 3 shows the ccnposit:.on of oil sludge ( 16 )

The ccmpos:.t:.on of the sol:r.d car’bonaceous part:.cles in the sluise a.nd the
o:.l is similar'to that of 01l coke; thus ’che axygen ‘content of the oil coke
part:.cles fraa the sludge: 18 the same as that of the oil deposits from the ‘top -

" of the p:.ston( 24), while carbonaceous matter frai the oil on the under side’ of'
~ the piston has 4 to 5% less oxygen. ' While, according to this, it is- harcl]y
" probable that the solid particles :of sludge cane from the crank case;the

“conditions preva:.l:mg in the crank' case hardly allow the i‘oma.t:.on of as:phalt _
. products, - Iaboratory tests were made: by DVL( 25, in which the’ oil was mode
%o circulate in.an apparatus made out' of various: kinds of: metal, and was' fn.nely

7 atomigzed, ‘writhout the Pormation of" asphalt after 50 hours at an air tempcz'atm'c -

of 198°C. - Kadmer ossumes that in the fomation of ‘'sludge, as also of -
carbonaceous deposits (see above) the products of the incomplete comhust:.on of -
thé fuel play a la.rgc part fonn:mg ac:.ds_, sapomf:.able ma.tter, and asmgx_l.t:.c :
m..terials(Zl). T . , e : e
o An :mportant fo.ctor in thc i‘o:matlon of sludge in the engine is the
penctration of water into the lubricating system. " As-the ‘oxidation of the
“Jubricating oil becones intensified, its- tendency to form emulsions increases,
‘resulting in the fomat:.on of extra.ordnnar:.ly stable emulsions of water-in-oil.
On this basis, Andrc 85( 26) has evolved an axidation test, in which the oil,
after oxidation (150°C, . outside air, copper catalyst), is tested as to its -
~tendency to cmlsify m.th water, and conclusions drawn as to its degree of
‘oxidation, . Apart from this case, lubricating oil axidation ‘tests generally
“exclude’ the :.nfluence of htmldn.ty, whlcb. to a certa:.n extent is a contmda.ctlm
of conditions’in practlce. ‘ L :

| f._.TABIE:.‘

. Somosition of 0il Sludge. ~ - o W

:Designation - . - S RN T Rt I Bl ege
How o‘bta:.ned R Centrifuge - __Qntnfuge - Centnf‘uge '

e T SR - (la'boratozy)
Operat:.ng time . 200 hrs, - 9 h.rS. ' 35'hrs, . -
Engine . . ®mWE mw‘ 132 | sAM 228 (JPEE)
Water7 - 1.5 s 30 . 0.5 =
" Nephtha solubles % S 614-.8 . 84,9 " 77.
. Chloroform solubles 7 b2 o L3y B
L (e, 67aspha t |(0.8% asphalt (2, 37aasp1m1t
e _ soluble in' - (Ash free) soluble in (4sh solu'ble in (ash
o . CH015) fen sl CH013) ,._.Eree) cacl) free)
Hydrogen % 13, 8 IS b - RE 8.»5 - .8, 6‘ 11. N j- 11.1 ’
Oxygen + n:.trogen 7 B B Tk s, 65 . 5.7
Ash % 0.2 ..« b0 e 0,05 -
" Chlorafarm - ;.nsolubles 7 029450 10,8 10.5, o
"Carbon % | 8.9 . 68,9 51,2 66,0.| 69.6 70,5
Hydrogen % Voo L9 o 3 N -7 ST RN - S 2% IERENS. PRSI Ss. o, F
Oxygen + m.trogen 7 15,6 . 27T 2.3 .. 313 - 26,h
Ash - % 43,6 w224 - L2 .
Camposition ofAsh Ao T ARt IR :
Si0p a.bout 74 : ~ I F U AR PRNUEET Rt o R 0.1
Fe ML N R © 1805 EARIR LA L 114..6 AR R B o I
A1 ‘-’-"', % 6,5 RERRE R IS 0.1

L A R I | 5.8 0.0
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. - ‘The increase-in viscosity, with progressive formation of oxidation products,’
is‘used by several tests as an indication’ of ageing, /8uch. tests. are the English
Air Winistry test and - for oils with very high resistance to oxidation -tho .
Indiana test, Evan: and Kelman (27) heated the cils in Pebri dishes in: the " .
_presence of iron to 180%C assuming thereby that ageing-is campleted on tho hot
“cylinder walls, ' The ‘changes in viscosity which occur in this ageing test =~
~-should be-closely related to the behaviour in the engine, . At all events, the = -
. values obtained agree better than when the ©il is aged in‘a flow of air - at least
An the case of oils vhich contain metallic sosps. = Demerell (28) describes & .
‘method for measuring, viscosity in a glass dish, which serves as an oxidation test 5
- (e.8. 2.5 hours, 150°C), The principle of the method is “the measurement of the:
time which the oil takes to:flaw, from oone side to the other when the dish ise .

SR 'Aj‘_oart'fran.'individual-.ca'ses, such as that which has “jus'bj.beeni‘mentioned,
‘there-is less emphasis on the dotermination of the viscosity in the ageing - -
tests, than on the actual identification of' the products of oxidation, since -
. the'increase in viscosity = and the density - are the result of ‘the ‘formation -
- of these substances, and there is no simple relationship,  The determination ,
~ Of viscosity alone is. therefore only an emergency measure (as in the Indiam
test, if there are no products of -oxidation to be-identified), but otherwise v
is done in conjunction with tests for identifying the products of oxidation,
.. elther by isolating them by mesns of solvents, or by initial eambination with'
. ‘an absorption. agent, as was done by Suida, P811," ebes oo B
., Lests made by Mardles and Ramsbottam (26) show how great is the influence
= of temperature on the formation of the products. of oxidation, They found that
—in-general mineral oils require not-less-than-2k hours at- 200°C_toformrons © -
_pexr ‘cont of ‘sludge, while at.2250C they only need a few hours, and at 250°C only
& few minutes. The increase in absotpbion of oxygen as the temperature rises - -
.. correspands to this rapid increase in the formation of sludge. Thus, at-110°C -
an oil required 300 hours +o.absorb 1 mg of oxygen per gremme of oil, at 125°C
.48 hours, and at-2009C only & few minutes. . The authors found similer relation~-
. ships when oxidation was carried on until the formation of solid substances ‘
ocowrred,  But they see no connection between the fomation of deposits on the
one hand, and sludge formation, increase in viscosity, acid formation, cte, s Oon
the other, - They therefore demand that oxidation tests which are based on the -
measurement of the absoXption of oxygen should be supplemented by a determination
. of the products of oxidation. = The.DVL came to the same conclusion when they :
investigated the Evens and Schmidt test(30) -

.~ It appears that one should not at once generalize about-the great influence
- Of the increase in temperature on the formation of axidation products, . Thus,
. Marder (10) found thet the increase in oxidation products caused by the incresse
“in the test temperature from 250°C to 2759C is. only a fraction of the increase
Which occurs when the temperaturc is raised from 200 o 2500 (see Fig, 1); he
. draws the conclusion, that the -logarithmic .relationship between the temperature
and the speed of reaction, of' which van t'Hoff claimed the. existence, was S
invalid for the reactions which take place in the ageing of oil, -

- The temperatures at which there is active destruction of the oil, , .= - -
accampanied by external evidences of fecomposition, are in the region of 250°C -
“(Mardless and Ramsbottom (29), Suida (31). ° The methods which work in this
temperature range have already been mentioned in connection with piston ring

* 8ticking. ‘These methods are more concerned with discovering the tendency to’

~ formation of sludge, but also attempt to find the relationship to ring-sticking,

~In the same way, Barnard (32) found, in his investigations into the -

-.Indiana test, that the connection with ring-sticking is only a general one, and

~ to the Yendency to the formation of sludge,” On the other hand, he found that

. there Wwas a large measure.' of agreement between the tendency to sludge Fformation -
in-the Indiama Test and in the cngine, as also in the increase in the viscosity
Of the oils. According to Ramaya’and Waldmann (33), the Indiama test = -
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reproduces falrly accura.tely the ‘behaviour: of ‘the- o:v.l din the eng:me, vmn.le the
,"TAII' Minis try and ‘Sligh Tests are unsat:.sfactery in 'th:.s respect,:” Jestes and:
‘Hamn (340, while' they made no comparative engine. ‘tests, ‘nevertheless Tind: that
-the Ind;ana Test is: sat:.sfacto:y for canparative tests ond for class:Lfymg o
“ubrs. cat:.ng ‘0ils. " The fault of most of the: custanary onda’c:.m tests, as. they
see it, 'is that’ they ‘Pix the time of oxidation arbitrarily,; and at the same -
f:.gurc for all the oils investigated, without. considering: g Ne oxidation of" an
0il is not a linear function of %imeé, This leads. to ‘the production of -
lu‘br:.cat:.ng 0ils in dlfferent stages of' oxldat:.on, and’ to a g'eater dependence
.on the test conditionsi:—This d:.sadvanta.ge is avoided By using as the etandard_,_ :
of compar:.son the con.datmn time requ:u:ed by the 'oils under test to reach the "~
seme or a Similar state’ of oxidation, ' The: Indiana Test fulfils this requ:.re-
ment; & modified form of it, (With only 20m3 of initial 0il) will be described
1ater. "Tests, made on 10 oils, showed that the rating was-to a large extent
:.ndependent ‘of e.xternal cond:Lt:.ons (temperature, and the volume of air). o

o These advantages of 'bhe Indlana test do ‘ot maru.fest themselves in 0113

: with a very slight tendency to form- aSphalts “such. as_many: syn’chet:.c oilsand
aero-engine oils with a mineral oil base, Many such oils produced no asphalt
in 'the VL ‘bests, ‘even af'ter 400 ‘hours: runnmg “time, . Jostes and Hann, and -

_also Kadmer ( 35 ) made the seme findings with synthetic oils, - Kadmer draws .
attention to the pronounced thickening and pronounced formation of acidic and’

‘ sapon:.f:.a‘ble produets of the synthetic oil, which thus contrasts with other . _
-light oils, - It must also be noticed that:the reduction in the- volume of o;l.l

" causcd by the repeated taking of samples, is a disadvantage of the Indiana =
test, especlally with stable oils.,  This defect can be 01rcmnrented, if the:
a.ncept:.on of" the f‘ormat:.on of asphalt is determined by an-optical method, using

& small volume of oil.  In this -connection,’ mention should-be made of a method
of Weiland (36), who measured the coloration of an oxidised oil (1549C, 5 minutes

- under a flow of an.r), and found. that the- results were reproducm'ble, and were. in

- -agreemen‘b with-the Ind:.ana Test, - “According to. Weiland the oxidation of oil-
is; w:l.th:.n certain hm:Lts an. expone_nilal funct:.on of. the_tanperaturﬁ._m._.

Apart from the Indiana tes‘l; thc most mdely used test is the Engl:.sh
(A:Lr Ministry) process( 1).. _ According to tests by DVL, the limits placed on
. the Ramsbottom carbon values (max:.mum of 1 for the carbcn value of the fresh oil,
- maximum of 0.70 for the increase .in the carbon value) are samevwhat too -stringent,
" whilst the maximum increase in viscosity (at _the most 100%) can be met_by the
‘ ordlnary aero-engine oils, apart -frai~the compounded and synthetic.ones, -4 ——
variation of this test is also carricd out by IG; a canpara.t:.ve test is made '
“in m.trogen, and the: th:.ckening of the 0il when axidised in air is compared with
it, so that the influence of the vapomsatlcn loss/can be eliminated, . The
T eff:.cacy of the Air Ministry test is shown by the tests of M:Lelmkowa and
-Dziewonski (37), who obtained camparable results from tcsts made on & Jupiter
engine and by 'hhc A1r Mlm.stxy laboratory method, - The mumber of oils tested .
_ Was,, howeverl small, ©On the other hend; Redgrove (38) found that it is better
. to rate an 0il by the Indiala Test-than- by the Air Ministry test, - Auld ( 39)
recamends that the Air Ministry mudat:.on be carr:.ed out’at.a h;gher .
tempera.ture (250 :ms’cead of 20000) s

o ‘Tho same tendency in the d::.rectmn of hlgher temperatures ig observed in S
-the: methods which Damian worked out .for the French Air Mlnlstry. .+ By this.
method, the oils are subjected for. 120 hours at 1400C to. a sw:mg:mg movement in
gently movmg air, so that they move over strips of copper! i(3)e . Domianfs . T
-object,in adding the copper strips was to temper the strictness of the cond.:.t:.on.;
of selection as far as POSSlblo. to the requirements of working safety” (hD). x
Actually, the French ageing: process - according tomm;hests (25) - puts-a-
- greater strain on the oils than the English one.  Of the observations made by -
Damian (41), those: oils which behave well in an engine give less than 0.2 % of
. separstion and an increase in the Conradson carbon value of less than 200 Bou
Only the former was confirmed. by DVL tests:  On the other hand, the increase
in the ‘Conradson value ‘caused by oxidation was more than 2007 in some oils which
. otherwise behaved well, . That the Damien process in the.form given above has™
——proved: unsatlsfaotozy :.s shmm 'by the op:.m.on of Martmef (42) who thinks that
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"ithe values found by tha.s means do not agree with the: state of 1ubmcat10n in
‘the” cyl:mder. Another method of. Da;nmn'v mll bc ment:.oned :m connect:.onﬂ With :
'the est:mat:.on of' carbon values. T T Ft B SR T

Var:.ous canparn.sons 'between these and other oil oxldatlon methods have
been niade in verious: quarters, with: generally very:little agreement It must )
‘be remeibered here which changes in the propert:.es of ‘the oils are be:.ng -
‘campared, -and to: ‘which _group of 0ils: the canparison appl:.eS., Accord.:.ng to
‘tests at DVL (25), ‘the re.t:.ng “agreed better when the 1nd1v1dua1 test data’
f;(:mcrease in viscosity and carbon value) ‘ere: compared with each other than
‘when the same individual results’are campared in. ‘different methods (inerease
~in: viscos:.ty in the AIr Ministry. and Indiana . tests).' " Similar: tests weremde
by Mart:.net (43) with transfomer o:.ls, ~he was ‘able to dlst:.ngu:.sh ‘poor o:.ls
and. those which were sat:.sfactory, ‘but found different orders: of rat:mg w:.th
‘the differcnt methods, - In the same way Noaclc rated autanotlve oils: "
chfferently a.ccord:l.ng to’ the method he used, ‘even though in 1nﬂ.1v1dual cases
" he cbtained agrcement ‘between values obta:.ned by different oxidation fnethods:
(including one of his' owm, which agreed well with engine tests). . Redgrove, (38 )
on the basis of his: tests, Would not. use the oxidation method: for assessing - »
the bchaviour in the ‘engine, but rather: as a means of tracing the origin or:
method of.refinement of Wew oils,  Despite these unfavourable opinicns, the’ ;
oxidation tests are still in use for assessing sludge forming tendency on ‘the
one hand and on the other hand to obta_n mater:.a.l on wh:.ch to 'ba.se the cho:n.ce‘
of ’nethod and :mprovements on them. -

Dok

» IV Ondat:.on Chanqe, and Fomatlon of' Depos:.ts.

e Ow:.ng to the hlg,h temperature and the presence of oxygen in the englne,
part.of ‘the oil is lost by veporisation and combustion, Insoluble. oxidation -
‘products form in the remaining 0il; and these are given the collective- names o
of “earbonaoeous matter (or coke)" and asphalt; where these. produets of: e
oxidation separate from the oil and form more or less permanent layers on ;
pa.rts of the machlne:c'y, they are known as: "d.epos:Lts" : ; Ll

‘The place where these deposity ma:.nly forrn is the can'bust:.on cham'ber,
since it.is there that the greatest oxygen content and -the highest temperatures

“are found.. The piston ring and the crank case s:mcludmg undergide of ‘the -
piston) are only involved to a secondary extent (8, 19) The fuel may also-

. 'be a contributory cause of coke fomation, if :|.t is of such a nature or the
conditions of -cambustion are such, as to encourage it;—but- -nOS‘IrOp:mxone“e.’OOut—
the origin of coke aré to the effect that the’ part played 'by the ﬁxel :Ls '
_1nelgmfz.cant compared w:.th that of 011 (8) o 5

Generally, the carbon~tests ‘are ~eseé for. meeeuz—‘mg the d os::.t ' Mentlon
, should also be made of:a proposal by Bahlke 'and colleagues (4 for using the
_vepourisation (907 point at 'lm Hg) to measwure the formation of deposit; low
vapomsat:.on in their opinion énhances the formation of deposit, S:.mllarly,
-there is a certain relat:.onshlp between the v:Lscos:Lty and the formation of -
“deposit, in that very viscous mineral lubricating oils, such as Bra.ghtstocks
and cylinder oils, have much higher carbon values than the fluid oils (46),
The structure of the 0il also has an influence an coking; thus, paraff:.n-base ~
‘o0ils (unless: enriched’ by refining with solvenis so as to form 1so-paraff1ns)
‘have higher carbon values than asphalt-base oils of the sane viscosity,: ;
—Special importance-as regards the formation of depos:.ts attaches to-the - capac:.ty B
Yo’ undergo-reactions of the carbonaceous matter formed. = The’ strueture of the
~ 0ils has an influence: here, as was shown by tests at. DV’L (16) - Thesec tests,
~which showed the amount of coke which burns away at various temperatures, proved
that the capacity of the coke to react is in the following order, accordmg as
they come fran the following types of oil: po.raff:.nlc, compounded . ‘
naphthen:.c, and fatty oils (see F:.g. ) ERSIRE

. : Other fo.ctors 'bes:.dcs the structure of the 1ubr:.eat:.ng 011 influence the
reactive ca%acz.ty. Such ‘are the composition of the fuel;-the: oPemtmg RN
condltlons temperature, rtxmlng t:un and thc type of eng:u.ne.
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_' ' HOW fa.r coke wh:.c.h has once: formed. d:.sappears ow:mg to combust:.on or e
: peeling away.is:a. questlon of . the reaction: capu.clty and the: adheu:.on capaclty.
‘The .volune of ‘coke which farms is thus determined, on ‘the ‘one hand by the ' "
dependence .on ’cempera.ture of the amoun‘h of .coke- wh:c.ch foms, anﬂ N o
mné'. on the . eavt:.on and ad.he<':.on ca.pac:l.ty (16) e

. The carbon tests can be looked a.'h f‘ra:l var::.ous po:.n‘bs of v:|.ew. ]
it is most. pract:.cal to. d:.s‘bmgu:.sh between tests which work by excluding a:.r
or 11m:.1::|.ng ‘the air flow and those ‘whiéh worlk.in an um‘estncted flow of u.:.r.
“¥o.begin mth, We should d:.scuss ‘those: tests wh:.ch do ‘not heat the 0il. nght
“up to the” Pormation of . ee.rbon, ‘but. st:.ll hea.t it to ‘the point. atiwhich craclang -
occurs and distillation products form, which can. “then be investigated., - Such
_aré the cracking tests evolved by Koctschan (47) (heating 300 grammes: of 011 for -
- 4wo hours to 380°C in a’ glass retort, 1nvcst1gat:.on of: the deposits and . i
. dis u:.llates) , also tests by Maillard. (48), vho found decanpc>51t10n temperatm‘es P
* (under atmosphere pressure) for mineral o:.ls of 380 %o 400°C, for castor oil of.
- 2r 500¢, and & DVL process for determining the thermal stability of aoro-eng:.ne_ 5
_oils (l|.9). In the last mentioned case, 150 grasmes of ‘o1l are heated in a :
. glass flask: for 6 hours. in nitrogen to LO0CC, ‘and then tested for. changes 1n_
- properties. (sPec:Lf:.c gravity,: v:.scoslty, bromine: number, moler'ular Welg,ht).
The greatent thermal stability was possessed by a naph‘bhemc—oase o:|.1 s
'folchcd by paraff:.n—base oils, and fmlly synthe’ca.c o:.ls S il

The remamable th:.ng was that) in spite of the:.r\ better behav:l.our as -
. rega.rds ageing and eng:.ne perf‘omance, the synthet:.c aero-eng:.ne o:.ls had a '
' lmve_ 'themal s‘ba'blllty e AL T s o ot

The carbon tests wh:v.ch operate m.th air excluded are the fam:.liar ‘ones
‘of Conradson ( 50) and. Ramsbottom (7) ‘These two. methods burn- the o:.ls at such .
~high tempemtures, that ‘the vapours. :Lgnlte outside the vessel; S0 tha‘b the .
-welght of the deposit is related to the. qmnt:.ty of oil Wea.ghea. in, Little is
nown aboub how well these tests agree with the results fourd ‘in practice
_‘although a series of tests made. at DVL (51 ) produced- good agreement at least
“for the Conradson test. ~The oils were rated for carbon, and sludge formation -
“in the engine, by this method m.th more accuracy than by several other qx:.dat:.on
tests currently in use (Fig. 5). - But because of ‘the small number ‘of o0ils
tested, no general:.sat:.on can be made fram this result., If the tests are i
a.ppllcd to used oils, it mst be remembered that forelgn matter. and asphalt
‘increcase the weight of deposit, so that the Conradson value of used oils: o ,
-differs. from that of fresh oils by the we:u.ght of these substa.nces. - The carbon T
tests carry the art:.f:.c:.al ageing of the oils to its. completlon, the = = o
Ramsbotton test specified in the (Enullshg Air M:Lmstry Ondat:.on Test, mey be
mentioned in this respect, . . Jentzsch (52) has patented a method, in which the
0il, which has been treated w:.th axygen at tempera.tures between 2000C and the
po:.nt of self—a.gnlt:.on, is subjected to coking ‘bemperatures, €8s 5000, and the -
carbon deposits determined, In the apparatus evolved by Damian(53), the. oil,
pre-heated to 100° ‘drops into a crucible whose temperature can 'be adausted o
botween 200 and 550°G It is there heated without a flome, and, is ‘kept @t
~the test temperature for 15 minutes after the last drops of oil have fallen, . '’
| After treatmcn’c with petrolew ei:her, the chlorofom, soluble and insolubles are
determned - By-this means  the lubrication’conditions prevall:.ng in-the -
cylinder are rep:m.ﬂced s repid, exfrane. fluctuations in.the" oil temperature,
" heating without flome in an atnosphere vhich is poor- in oxygen, ‘formation of
. “thin layers and-flow of heat to the static: oil-when the engine is stationary
(reproduced by the d:mpp:.ng of the oil, followed by heating), and the fomat:z.on
‘of innoluble substances in'the hot o:.l_( insoluble in chloroform),” 'The ~*
asscssment is made by plotting te‘nperature curves; shcm.ng the temperattn'es
whén the depos:.’ce first a pear and at which they reach a meximum, and the -
~amount of these depositse F:Lg. 6 ). ~After the moximum has been reached, the:
-amount of deposit falls sharply, fz.nally approaching the Conradson value (\'m:.ch
should correspond to the deposits in the cambustion chamber and at the top of
~the piston), - With poor oils, the Jaximn value for the portion. inspluble in:
' c’llorofom (8%) was reached at 300°C. . The used or.aged oil was also tested in ™
“this way;  the less the differences in the values compared w1th fresh 011 the
Detter the assessr.lent Aof the o:.l '
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“The | two 1ast~na.me6. method.s wark in a lim.ted flcw of air, ‘thus’ 1ea.d:.ng up
i to the Tethods in which the oil is heated in abundant a.ir until. ‘coke foms.
They thus imitate the Tormation’ of coke in the. ‘engine, as far as’ this ‘oceurs . :.n
‘air, ' 'To: these methods, which are: ba.sed on oxidative cok:.nﬂ' st be added.
another, ‘described by DVL as early as 1933, in which' the o:.l is: ‘allowed to’ agop
~from a burette :.nto a V2A cruc:.ble \vh:.ch is: heated aml has’ air play:.ng S e bl
it 1) A% temperatures -of 400°C and above, self 1gnJ.t1t:s.on Anvariably took
nde, ‘I'he deposit from the coked ‘or burned.oil ‘is weighed | befare and’ after - .
extract;.on with benzene (Fig. 7).~ ' The method does not appear %o produce’ rosults - :
:differing’ substa.ntlally fraa the Com:‘adsm and Rgmsbottan: tests. (sec also F:Lg’- 5). :
It is poss;ble that too little account has been taken of. the movanent of theoil
‘during the process of oxidation in' this ond similar processes. . - Iater: tests 'by
‘DVL-cause the .oil-to- drop-on to a hea.’ced metal strip vhich is tilted ina - .
“certain way, 80 that thc oi) flows:down it, | A’ carbon—llke ‘goating-is left, T
which can be’ we:.ghed. “The amounts’ of depos:.t 1eft: on str:.ps of different metals ;
ab tcmperaturcs between 250 end. 2..00°C co.n be shmm by cur\res (see I"J.g. 8). S

A d:.f‘ferent]y constmctcd appara‘cus of 'bhe Bf,andard 0:.1 Developnent Go.
(Thwa:.tcs ( 5%) )has o metal funnel, with a spiral-on the inside over wh:.c% $he -
0il flows slowly, The fummel is heated to temperatures from 250°. $0:350°, anﬂ
the amount oideposzt is cstimated fraa the increase in the we:.ght ‘of the’
fuhnel.  Thwaites' found thc.t the results agreed to a certa:m extent m.th

eng:.ne tests (F:Lg. 9). .

R

S The 1a‘b'be:r ‘nethods’ are vcry closely related to those dlscussed in the
‘section on piston-ring sticking, and indeed their most important pm:'pose is
- neasuring the. tendency of oils to r:.ng-stlclcmg, for ring-sticking is . toa
" great extent a function of the formation of deposit, Therefore, there. isno
_hard and fast line dividing methods for measuring the tendency to’ r:.ng—st:.ck:mg
: and those wh:.ch are for measunng the fomat:.on of other depos:.t.,. .

» The foma.t:.on of depos:.ts in the can'bustlon chanber is’ an :mportant factor
in piston-ring stick:.ng and theé tendency to form sludge. The’ mrocesses which
“are used for assessing these properties should thus not dev::.ate too much from the
'cond:.t:.ons 1n_1vha.ch depos:.ts are i'ormed S L o

: Thus, 1t is not the aVerage change :m the whole of “the o:.l but that :.n
- the part of it which is subjected to excessive stress, which is measured. © But.
pany of the exidation tests work under:conditions which, while they change' the
total -oil:to a greater extent than in pract:.ce, affect to a lesser degree ﬁiat
'proport:.on of the oil Whld‘l would. be overstrained in pra.otl.ce.

Tak:n.ng th:.s fact mto account we should tzy a.nd get as close as possible

» to practical conditions, .Since therc is a certain amount .of scope here, it will

appear best, at least as far as aero-engine oils are concerned, to choose for =

"hboratory tests the ' most stringent: ccnd:.t:.ons prcva:.ling in ‘the: eng:.ne, w:.thout
hcwever, go:.ng to extrmes. R PR

The o:udat:.on tcst confoms to pract:.cal cmd::.t:.ons on the follow:.ng po:mts:- ‘

1, Tenpera ture. Thcre is'a tendency to fix the tem geratm'e h:.gher than was
prev:x.m:.sly the custom., A tauperature of 275 to 300°C (as in the DVL or WAC pro=- .
ceSSeB) y iS- requircd in order to imitate the processes in the ring grooves,’ anB.

a higher one still for the combustion chamber. (see coking processes), . By

‘raising the tenperaturce in stages it is poss:.ble to get nearer to the condltions
obtaining in practice (Damian), The same is true of the plotting of the curves
(VL cola.ng by drops—w‘l‘hwaltcs, Da.ru.an)

2. A:Lr. Here, too, " it is necessary to dlst:.ngulsh betwcen the nng grooves and
the canbustion chamber.  In the first case the air is poor in oxygen (Demian),
~in the seconﬂ case :.t is richer (ovL, Th\mtes, VAC).  The custamoxy carbon

R
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teste depart frcn pract:.cal cond:.t:.one in that, while the vezy h:.gh tenperature
imitates:the’ cond:.t:tons in‘the ccxnbustlon chamber, ‘the excluslon ‘of oxygen: does o
"not, .  The ccmplete exclusion of air gives a false impress:.on - as.the thermal
trcatment of" syr}thet:.c o0ils shows, and’ the use: ofoxygen instead of aj.r is:

l'czcluded bcca.use it 1s not in accoraance mth pra.ct:.cal cmdlt:!.ons. :

-3. The Vessel B Age:.ng in g]ass vessels dOcs not cozrespond to practlcal con=_
~ditions.  Metal vessels are bettor (WAG), or metal strips can be used (Damien). :
VL have already trlecl to approximate more closely to practical’ condit:.ons W
' us:.ng several .Je‘cals I'b would 'be des:.ra‘ble to- nake i‘u.rther tests on these

l,. Movement of the o:.l durlng ondat:.on. In th:.s respect the :.nd.lvzdual
processes differ vexry -greatly, according as the greater cnphasis is leid on the
development of thin, ‘highly-heated layers (a) or: thorough mi:d.ng w:.th air (b)

. ‘Under (a) can be reckoned'—« :

| ,The DV'L dlsh process, in wh:.ch the o:.ls are lcept mot:.onless dur:.ng the
: test' ) , : 2 v .

».The WAG and the Dan:.an dropp:.ﬁg processes, wh:.ch J.ntroduee 'bhe o:.l into
the oxidation vessel gradumally, . . Damian cmt:,nues the hea.t:.ng of the - -
stat:.onary oil for saie time, in order to imitate the heat flow when the ‘
engp.nc is at rest, and when there :v.s no cool:mg by oil water, or a:.r, S

The nethods in. wh:.ch the o:.;l. flmrs d.own over a heated plate (Thvmites,
DV'L), or is-in the f‘om of a th:.n lo.yer between meta.l d:Lscs. (DVL) '

- Under. ('b) are. :.ncluded all those nethods in Wh:.ch a:.r is- blom :mto the :
o:.l (A:Lr Izhm.stxy, Inﬂ:r.a.na, Wc:-..ss, and Maillard), :

"~ An, 1ntemechate pos:.t:.on 'bctween (a) ‘and (b) is occup:.ed ‘by those teats .

wh:.ch keep the oil in a ‘state of motion by pwap:.ng or sha.lca.ng (coppez' etr:.p
. proccss of. Dav:v.an, a.nd DVL-Turb:.ne).

o It is recmmcnded to conbine the mcasurenent of volatmllty mth the
~ actunl oxidation test, and to determine other properties which influence the
-.changing of the o0il in the engine, such as capac:.ty~to -&isBolva aspha]:t arrda v
to fom suspensmns, and rcact:.on capac:.ty, :m speclal tests,

Thcrc appear to be good. prospects :E‘or detennmng the mdatlcm tendency
by measuring the tmc toaken %o reach a certain state of oxidation, 0f ‘such
methods, only: the Indiana test has so far got into wider use, Tests should
be made o sce if this principle can be applied to other methods emplaying.
- more - strz.ngent conditionsg, especially in respect of‘ aero-cng:v.ne o:r.ls whxch
have high res:.stance to the formatlon of asphalt, o
, . ;
: The tests in which the ox:.dat:.on tme is, arbz.trar:.ly 143.1(1 down requ:.re
very exact test conditions during: mc:.dat:.on and consumption: if the -
. reproducibility is to be improved. ' It is particularly necessary with Jused

oils to dlst:.ngulsh between the end of cnndatlon and thc 'beg:.nn:l.ng of
consunpt:.on.» '
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