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SUMMARY

The work carried out undex thls regesrch programme wag
primarily concoyned with the offeet of the composlitlon of a
lubricating oll fraetion on ite oxldatlon behaviours Deforae
commenconent of thie woxlk, however, it wae filvot of all
nacesaary to devise a mothod for the dotermingtlon of reains
and to modlfy methods for bthe debermination of moleeular
welght and oxyzoen contont .

The mebthod umed 4o determine the smount of reglng
produced on oxldatlion wan thelry selectlve adsorpilon on
Mallers Barth, the adsorpilon proceass belng caryrled outl in
o pevroleum ether asolvent. It hag been ghown that this
methed con ageurately deteymine tho guanitliy of oxldimed
products remalning in an oll afber oxidatlon and that the
trentment doem notv affeev the unoxldi=od paxrt of the oil in
a0 £ar ag itg average stonotural composltion ig concernced.

Holeeular welght wos debermined by an ebulllosconle
method invelwing the uge of o thermigtor sensing elemont.
A modllfiention wags nade in the condenaing gyatem of the
apparatuge. A removable cold fingor condenser wasg replaced
by & permenontly fixzed Leibilg type scondenser which hag been
ahown to glve moxre accurate reoulte.

o dificatliona were apde to the Unbtersonchey oxygen
Aeterninatlon avperatita and method and were concerned with

the temperoture uaedy the Llow rate of nitrogen and the
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tlme of analysles The modified technigue lg satlalfoctory
Tor uge with oxldiced oilge.

It hoo heon ghown that the ddfferensos bebweon
oxidotion hehaviovy of olla of Alfferent composition are
prineipelly oneg of degree yreother thon of kind; the amount
of total sludgo, fov Ingtance, belog o Lunctlon of the
arvomatic content of the orlglinal oile  Phe total seldlity
produced on oxldatlon was found o he a Luncition of Hhe
glaflesing Sendency of the oil while +the aeldity of the non=~
aladging part of the oll was found 4o be o funebtlen of the
roroifinie conbent of the original uwnoxidiced oll.

The anount of debexrlowation of the lubxlcant and the
effect of the oxidised meterlials on itz proporbtles waas Lound
o he »eloted bto the avomable content of the orisdneal oll.

Under novmal T« ozldablon tost condltlong, the
anount of asterial romoved on oxldetlon and trestment with
Pullora Harth was fomnd Ho be £olrly evenly apread over the
various hydrocarbon types In tho oll, wlith o slight tondency
foxr tho avomatica bo heo preferentianlly aidackeds Phig effeet
wag found 4o bo emphroalaed with ollg of hilgher aromatlolty.

A atiyring mebhod of oxiduation was dovised which
aceeloratad oxldnbion and under these condlitions it won Lfound
that oxldoblon was more widely apvead ovar the various
atructural typos, with the tendency Lor proforontisl atisooel

on avomoblen mach logsencd.

A conglderable amount of ovidence hog been obbained



indlcating that the oxldotive deberioratlon of the
lubploonnta fLollowed the patdorn ofs
hydroaarbong === veaing === 0il soluble aludge === oll
ingolublo glwudgc.
The exvent bo which thin goguence of yonotlons lg carrvied
wag {ound to boe dependent upon the aromaitlc content of the
orlgined olls. O0ilg low in avomobley form only wesing
witile ollg high in avomatles Loxm oll the ressilon producis
throngh to oil dugoluble alndgo.e

Bome avidence has beon obbalnod indlestlng thotb
the aeldlsy of the oil inoolublo gludge Lo »elsted to 1ig
ingoldubllity and A% 1o sugeested Yhat Yhilo in due vo the
formation of hydrvony selde, produced by oxldation of
gromaties present in the oll aoluble sludge, whioh are

nown H0 he ingoluble in pobrolowm olla.



INTROVUCRLON




INTRODUCTLON

Tabricents Lrom petrolowm olla are the only avallaoble
naterialo, possesging all the required properiviecs, which can
he producced today in the guantity and with the cconomy
required by modern industry. DThoy escrve many purposces such
ag condueting fricotlonal heat away Lrom bearings, asoting oo
a seal, or ng carviers Lfor rust proventives, ag enti-friction
ogenta, and as oxtreme prossure additives ond the like.
Howevesry thelr primary purpose lm, in general to lubrlentoe.

The gpeelflentlion for a lubricant lo, of course,
dependant upon the condltionsg under which 1% 1g roqulred to
performe The moin regquislte, however, ils that during
operation it should undergo the minimum of chenge that nay
reducae ity capabllity o carry oul its function. Contaming-
Glon due to oxbrancous moterials asueh ng duot, wabtor products
of combugbion of the fuol, metallle compoundy Lfrom ongine wear
or lended gasolines decrenge the efficlency of the lubrleani,
but ean bhe roduced or eliminated by coreful design and |
operation. HMNMueh nore impoxtant, however, la the change in
the nature of the oll moleoules bhempolves produccd during
JOLVIiCQ.

Inerenges in englne performance have led to mach
higher engine bleock and crankease tomperotures resulbing in
intlmate conbact of hot oll and aire Under these conditiong

the lubricant lg subJeet o oxidative attback and the ehanges
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produccd in the oll melecules load to vigeoalty lnoreass,
oold and siudge formatlon eaunslng bearing cowvvoslon, laquer
foxmobilon, platon ring atlcking, atoppage of oll Llow ctce.
The exeot nabure and oxbent of these individual changos ig
dopondant upon the nature of the lubrleant and the amount
and temperatuare of tho aly with which 1t la brought inte
coninet»

L% doog nov appear gouvnd Lo investlgate the
meghanlon of oxldation in aguch engine gystems where the
complexity of wrisbleg is nelther known noy undoxaetood,
without an adequate knowlodge of the oxldation in aimple
avatong . Greotor knowledge of tho oxldatlion behoviour of
olla in olmple syetoms whore tho variablos ere fow and
gubJeat o »igld contyrol 1o necesgory and the followlng
worlt dlg an abienpt Go Lthvow some light on the Influence
of thoe ehomlenld nature of the oll on ity ozldoatlon in ouch

alnple gyatoma.
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NATURE OF LUBRICATING OILS




CHAPRER 1

NATURE OF LUBRICGATING OLLIS

Twvopdonting olls are compoged entlvely of paraffinie,
eronntle and nephithonle hydrocavhong, Sechanen snd Virobianzl
having aehown by bthe deverminetion of additilon lodine numbers
that no olefing ore prescnts Lidtlle can be anld at the
momens abowi vhe phyailenl atractuve, execept that the refined
0ilg are oubabonbislly homogeneous almtures of hydrocarbong,
ereluding golld payaffing, which ave migoible in all
proportions .

The proportions of enoh hydrocarbon type preacnt willl
depond wpon the souree of the erude and it velining treat-

mont . Both have o lavge efifect on fhe nltimnte compogition.

3
£

Por insbance, Feunoke et ale have shown that the norrow
frootions of lubricatlung oile produced hy frectlionsl
dliatillatlion have approznimately the some chomical composition
exprogged in termg of »ing analyola, or about the game
digtributlon of arvomatic and nephthoenic hydvoocarbons in each
feactlone. Tho game ciffest was reporied by von Puchs and
A&aefﬂgm§ who Louad thot the conbent of parafflnic alde
choing and pings ig the game in ollg Sehde 20 and 40 of the
gome origin.

Qapnehan™ howover, obtalned o completely adlfferent type

of fractlonation by roflux solvent/wolvont oxtracilon of a mid~



Continent neutral. The £lrst extrrnot Lrxactlons conzloited

of polyoyelice arvomaetles with chort parelffin olde cehainge. The
middle frootlons condinined o omall proporilon of naphithenes
with moderately long paraeffin side chaling. The lagi fraotions
and reéiauﬁm gontained no aromasticg bub only naphthencg with
long poraflfin side chalnge

e v © E‘i £ ' G
Yoi agoin Roassinl s Deoolle and Hewer , and Maln,

Wiliingham and ﬁtreifff, golvent exbracted o Popoes Cliy erude
and found that sromeble rings ave comblned with naphthenilc
ringe profueing eyromatic-naphihenie hydwocarxbons in varyling
ratlon from L33 o %ile Anothor slitornauive oxplanation that
the hydrooarbong conolet of mixturcs of sromoblcs ond
naphthonen mugh be raled oud sinee the meens of sepavotion of
Sractlong fov anclyais would have easlly dliferenilated
Detween vhonte

Only ®Wlghly branched pareffing bolling in $he »ange of
lubzlesting oll dlatilleton have low onough meliting polnto and
are nigelble enough with ollg 40 be congidered no geparatce
gonavituents of lubpricabing oll fractlonge Howavex,
Eeilembmrgﬁ and Vlmgﬁéﬂg Jabornen and van Wegﬁamga and MHlles
and Neyman*ﬂilaﬁla invagtlgated the compogliion of various
¢rudos and concluded ﬁh@% evorl dowoxrod poraffinic type erudos
were free Trom dlsoparaffinag. lodopn maos opectyomeityle
eviﬂeneall indlenteon, however; the progence of igoparellfing
and congeguontly the pogsibllliy of thely presonce oven

aolthough enly In minube anmcunts cannot be enbircly exeludod.
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Ywem evidence of thie type 16 may be coneluded thob
dowaxed lubrloating 01l fractlons on tho whola conalat of three

baale tyness

o) TPeactions in which thore ave avomaitic=naphihenic wings
with paraffin alde chaing, of opproximotely the somo
conpoaltion over the whole boiling range of the dlgililate.

b) Feoeblons in whleh avometlc »ings and naphbhenie wings ore
aoparmto and wivh or wliithont pavelffin oide chwino.

Combingtlons of &) ond Dl

[+
R

Thag oill proportles willl dopend not only on the
peracntagzes of cach hydrocnrbhon tyvoe proasent bubt alge on the

nanner in which thoy ave combined in the moleculio.

gvracbural Groupdng

&
L2 '-‘2

Syuihotic meons hoo been vaed by Robinaon™ 4o determine

the nadvuare of tho avomatice hydrocorbons proeents in lubricoting
ollae, o pdded voariouy ayinthebic high moleoulay welghi
arvonatica 40 de=arvodatloed oile and compared the propsriles of
theao 0ily with those of the oslglnal ollse Trom Uhis woric he
concluded that aronabics romoved by de—aromabisaition ghonld he
cloge to polyoeyelle arvomotle hydiwosarbong with comparobtivoely
ghert glde chalng, o 40 moncoyelic avomaties wlith naphithenic
rings on tholy gide elinlng.

Removal of bthe avonatlc hydeooarbong preosent in dowoxed
lubplentling olls loaves naphihenic hydrocarbonse Maboery, Dueck,

48 33 ('} “ - 9:'1‘?; :!Jh! lr 3»6 1! 163 . + - b - -
foule, Coota and Begy M esJoene 7ol8 g stommined the empdericeal
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Sormulao of thooe naphthones produced Lyom Iubriceting ollas
of wverylng orlgin and found that they varied from Cplls,an
1) Gﬂﬁam”gg Hagt@ugefflg inveatleonted the naphthones of
Rugslon lubricating oll Lreootlong and gove formamine vorying
£rom Cplopen 0 Cplln .c  For the oro able hydrooanrbonn the

apme avbhors gave valunes from ¢ H, y bo G, 1, Thane
0 2ne) Ra

< I‘.Ex "'f.gz'{- L
empivical formulae correapond to hydrocarbons verying fronm
two to {lve condensed wingo.

9"‘) '
»al moxre bthon hol?

Acoording to Kurts and mipkingo
off the ringe in lvbhrleating éil fractlons ave of tho f£ive
aarbon atom types the average mawboer belng He3+ In thelr
method, however, the mumbor of eorbon atoms por ring for
hydroecarbong of the condensed mizoed ping vype deviates Lfrom
tho actual number of »inge by "0 I this deviation is
alsndficont, the avernge number of cavbon stoma chould be
correctod 4o G.7 Indiecating o greater number of slx-carhon-
atiomn vidngs por molecule Although btheve scons 50 be some
ﬁouﬁﬁ ag o tho aboolute relative propovtions 1t muet be
definltely concinded that hydroearbona composed of Live
membeored rings are normally proseont in 1u§r&catin§ odl
Eraotions . From inveatligations of opnbilcal cmaliotlon of a
lorge magbor of lubrieabting oll frootions Gxogsaﬁg goncluded
that the prosence of G§9 Q&Q ﬁ?, One cte« hydrocarbon rings
s highly improbable.

The length of paraffinic gilde chalns igo normally

caleulated on the basla of moleonlny wolghd and the number
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of pinga. Tow Instoneces the fraction inveotipsoted by
Rﬁﬂﬁﬂﬂiﬁ W e ghown to have four avomnbtic and nophbhonie rings
and ghorg ga*n””ﬂn aide chalng of fyom § to 7 cerbon atomg.
nmntauﬁalflg calenlated that the numbey of onrbon atoms in
paralffin «lde chalne wos 16 for nephbthenos from a paraffinic
erude ond 11 Lo nn asphaltle cowrdo.

It would eppoosy therefore that fox olls of medlum
vigeoaglity the nunbor of @a@ﬁ@ﬁ otong in poraffin glde chaing

rarles from § bo 20, long chalng belng assoelobed with

nophuhiones and short oneo with aromntlcs. Those goncluaions
have been confilvmed by comparigon of @yﬁbhmti; hydrocarbong
of varded Vimmaﬁﬂ sy Index, ohort chalus producing hishly
negatilve woluoe and long chelng valuas oven 100,

Me oceurrence of long paraffin slde chaing (Glp or

ovar) in lubrleating oils of low pouwr point smcemg iuprobable

-

as derivatives of hen;epe, gyalohexane naphthaleonoe etes with
long nomaal paralfin giam chalng hovae melbing polntas above
ls“d. Sueh hydrogarbong if prosent ln vho oxiglnal olle
would ba remnoved by bthe dewaxing procesa. On tho othor hand,
aince mi&eskaaga fJoshy and %mﬁh&rl&ndg% have ghown that oven
o gingle byranching. »artlenlarly dn the middle, may be
suf#lelent o lower tho pouw point to below -L0°C., the
pregonee of 'uvaPEin gdde ehalng of Olq Wwlth o branched chaln
gtruature lg qulbe yasmihle. The degrece and chovnetor of the

bronohling ave ng yot vnknowi.
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. ar , a6 ,
Erfner and Spillker’ ), and Spilkor aynthealaed

lubrlceoting hydvocarbong glnilar Ho thogoe dexived L£rom

petrolewn by alkylatlon ol polyoyelic arometlos. Farthe

"

lavestigationy by Spilker ashowod that any eyolie hydroanybon,
aromnatic op n@ﬁhhhom P mwn@ayai. o podyvoyelio, allzyintaed
wlih ono o moye sulficlently long paraffin olde oholng will
have Lubyleasing n@avaﬁiég- The qnaﬁifia “rﬂviav, viscoaity,
vigooadity indox and chemicald compos? %won of ouah hydroonrbong
will be very ologo to bthooe of peivoleoum lubricating oils.
Thia agrocs weld with the formula glven by | qulmi? for an
Vombraat? h@m@g@mmmuﬁ Lenobion of ald-Convinent origln of
apeaiflo gravity 1.00h, nolooular welghi 49k «5 and boiling

poldns 2L7° ob lnme nHereuwy e

¢ G ¢ G
e 2N\ NN N e _
Golly » G0 07 ¢ u’ L i
N I Il |
T 3 ) \1
§ZC {; 3 /{ N /C« \ /(
rg” o ¢
, 25927 , e ,
Hikoola Tveatisated thorovghly the aynbhesio

gyelloe hydvogarbong pogsassing lubpleatlng properbles and

found that the propemiies depanded upon Vho nuwnbor of xinga,

ratlo of avomatic to naphbthenle yings, »atio of »ingg to

paralfing and the nwmbor, lLength, degree of byanching ond
pogivtion of the glde chalng.

Hoas apeclvomotrie gtudicg by Hood, Glore and 0'Nes 111

aloo point to the fact bhat Lubriloating oll frachlons conglat

of polycyelic hydwocarbong to whieh are abtbached several



short prreffin side ocheins (meithyl in meny cuses) snd one long
ehein with ¢ short brench. 4 Sypileel wolecule muy bo ropresented

as follows wihere bthe rings mey be avomatice ond/or naphthenie.

Gharacterisatlon of Iabrigating Qils

Phe manner in vhich the conatitution of alnere) oils is
expressed is dependant upon the cholco of components. Hirst,
tho composition cun boe expressed ngeording o thoe amount of
the various types of moleounle prosont in the sample and the
analyals losding to these Plgures ls called "molocular type
analysls®, dHegondly, stoms gon be regarded us the components
of the oll fructlon and the smount of cueh type of atom present
gun he debternined by "ultimute analysis'. Finslly, struetural
elenents oun be consideroed og Bhe componenss of the mixiture.
The analysls leadlinpg %o these Tigures 1l termed "strucetural
groun anslyslis’™, as the sverage proporiion of the several
ghrustursl groups are estimatod lrrespective of the menney in
which the groups aye combined in the moleeules., Thies loiter
method hos proved o be the most weoful o dete and i is by
Aeans of §6 that the copposition of minerul oils is usually

exprogsaed,

truatur13 Gronn Anolysis

In this wmethod of analysis the hypotheticel mean moleocule
in the fruetlon ls considerod amd the distribution of the

cavbon atoms wvrong the threee types of hydvoocarbon groups
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prenent glvon. Thuao compoalition is oxpressmed ﬁm the percentagse
of the carbon atomy in povelyinie, nophlhenlce and sromntie
gbrreiure olong wlth the mwber of nophihsnle and avromatle
Pings per moleonlo s
ALY methods of oiructural growp snalyals avolved Lrom

the "dlreet meshed® which lg based on molecnlar welght
doternination end uliimate snolyala of The oil fﬁéatiang helfore
angd afisp hyarag@ﬂaﬁi@ﬁa |

A pavaffln moleoule of o glven molecular welght will
have o Gefinlte and defuoible pevcentosge of hydrogene When
naphithonic wihgs are inbrodused %heraﬁﬁiﬁiaﬂ ol eneh ring
rogoudis IR the lowgs of dwo hydrogen atonge. Thovelore any
agaturatod nolecnle contalning naphbhenle rings will hove o
dlower hydvogen conlient thon tha paralfin of the somo moelecular
welghte I% 19 thon pogsible Ho gesablioh o dlrect relatlonshlp
batween hydrogen conbtont, molosulay weigh§ and the nunber oi
ringa por noleoulo 1n o gaturaded bhydsocarbon, vige

R 3 v (8e386 ~ 0.57931) M/L00
whaere By 19 the punber of naphithenle xingg(pur nolecule
H ia who perconlbage of hydwogen

i 1o the molecular welghi.

Where thore are cromabtic piange in the moleeule and
these ore hydrogennted G0 sotuvatol iugg, bthon each aronotile
eorbon atom adds on a hydrogon atoms. Thua the hydrogen taken

up in the hydrogenaiion of doubie hondo ig a monoure of tha
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nuiber of avomatic rings prosent. Analysis of the satuvrataed
moloeule produced con bhe coupleted as chove with the cuoaption
shat the perecniage hydrogen iag pow o measuwe of the vobal
mumben of vings pregent In the opiginald molecule. Tho Alifercono
batwgen toted ringy and oromatlce rings glves mophithenic mings

H e

and from Hhis piloture of the hypothetical nean moleonle the
whon dlgtpibubtion can bo @aiamlaﬁeﬁ.
Tu the devrivabion oi gtructuval group anebvals methods
14 wag found necengery o make cerbaln asgunpblons regarding
the mumhew of garhon &%ama pmx 2ing and bhe exteont of riug
condengations The final choloe bhas been kete condeonsed, oldx

mewbered plign. Phe veasong for thig cholae have bheen

n Wy 8 " = ‘ra
digongaed 1n aome devall by ven Nens and van U@Qﬁ&ﬂ-e

The Lirat wothod of gbruetuval group anclygis

)

published vwas by Viugbow, Watermon and van Wesben™  and ia

&

uown ag the %Wateraonn Ring Analyalag! Additivivy L9 o Lfoepbure
of hydvocavbon meoleculea and the awbthore noted thet the
Tpventa~lorens apecifle relfwacstlon

5

[

3? i 31 - l 9 jn

TR Y R 2N [TE

md o2 ¢

where 1 = poefvactive lndex ot 20° waing the sodlum D=line
d =  dounalby ab 20°C¢.
wag addivive Loy duerementa of O and MM, and time "2% wng
proportlonal o vwhoe porcentage of hydeogen in hydrocorbon

RN}

molecules. Thorefove by the measurenent of spoenific refroation
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and molecular wolght of o soburoted oll somple the nwaber
e: rliigs ner molecule econldd he eslouldaitod.

Phe goame epudhovrs gave o method haased on the necowra*
gent of 4he anlline polnt fox amanlyelng oil sompleg contalning
aromavle rlnga. Whe andlllne podat Lor tho semplo under
ezeminotion wes measuved ond compared wlith the coryeaponding
velue Lo the completoly hydrogenaied sonple of the same
neloouler walght snd qgﬁbl&A pofvaction; obtadnad £xom o
graphe Tho dlfference in the dwe anliine polnts wag thon
ased by monng of gulitndble facltors o glve the percsenbegs of
aromotle ringa ond bo predlet the apecifie reXractlon of the
agomple £ 16 were conplotely hydrogenatode

*

A& further yofineciiont of thoe "Alrect mathod" was

. ) , N 28 ,
produced Wy leendovatc to give tho “denalby moethodW. Thie

dlgpenaged with the pabhoer ALESLlould nessurenent of andiline

ot
L=
i

point ond reploced 1% by btho sepouvaonent of dengltye. The

avonatlie lug eontenlt and the apeciliic zeiractlon of the

a e

complotely hydregenabtod sample woye egbinated fvom the
differonce batween the dongliy of Hthae gamplo and the density
of the complobely hydrogonated oll of the gomo noleoular
wolpht ond spoelfic refzagtion obinined from a graphe.

&% shils glpge cnalyaig waa reduced G0 tha nmensurenent
of refzactive index, dangliy and moleculek welgiti e Hhe mothod

b ) 4@,

hag beon further almplificd hy the ovelubion of eguailons Lrom

yhich the covbon dlgiributlion and »dng conbvont couild bhe
ealonlated from the above quanitiile A sunmary of the

nethods used bo dérive thogo equationg lg given balow.
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n=d=l1 Uethed of “Struotural Group Amalyolas

Usdng the phyoical congtonbs refractive lndex, (n),
denoity, (), and moleoular welght(), van Ness ond
van Wemﬁenga describe o method fox the stiructural group
annlyale of nmineral oil fractlona based on the atatlaticol
anelyals of a large nuwibor of samples L£rom vardons J0UreOs e

From genersl eguatlona of the type,

1o

& + had +  can

#
3

2
[=E

¢
R & g + bilad + Qlian
where ¢ 4o the porcoentape cavbon in ono typoe of structure
R 1o the mesn number of rings poxr molecule
d 1o the Alfference beotween mepsured density(a)
and the density of the limiting normel paralfin
(hypothetical pareffin containing infinito O,
groups, in the liquld agtate) abt vhe semo
tenparatura.
n ig the slallar guantity for rofrective index.
M 19 the molecular welght .

and ays Hy Gy oy By and ¢y ore congbtania.

Tho porcentnge carbon in totel ring otructure (Cp),
ovomatie ring sbructure(C,), the meon totel number of rings
por molecule(Ry) end numbor of arvemoiic rings por moleoule (R, )
may he Lound.

Bwo equatilons sroe glven for eneh gquantity to he

ealeulated, one for low range arvomeotics and one for the



foe

hizhor Yongo.e

The pereentage earbon in poreffinle struotures(Cy,),
nephthenle aﬁrm&turem(@m) and the mean number of na@hthenie
ringo per mmléeule(ﬁm) are egbtimated by Alfference.

The mothoed 1s Llatended for the Structurnl Group
Analysia of olefin free potroloun dlatillates bolling pbove
the goooline range. It la based on sanples whono molecul&x‘
wedght 1o above 19, those conteining 745% enxbon in ring
atructure where aromatle rings do not exceed naphthenle ringn
by more thon 1.6 times, Jractlong having up Yo Lour rings per
molacule with not asore thon half of them aromatle and iag
therofore enlnatoly suldable for lubricating oll Lrooblona.

The mothod can nlao be uged for gnmples containing up
0 25 aulphur ond semples contalning up o 0.5% nitrogen and
OXYyEoN e

The eguatlons used te oaloulate the earbon dlgtribution
ead wing content of an oll are g Lollows, where all gymbola
are na proviously stoted and 3 denotes the percontege sulphur
DLogOny «

a = d = 0.8510
no o= 1= L4750
In durn two factors, v and w, used in spubscquent enleulationa,
are determinoed.
v 2,51 n o~ d
wo o= d =~ l.ll n
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PThe percontage of earbon in ayxomatle styuveture 1o glven bys

o v pontitvo 70y = hgov + 2R

for v nogative ¢, = G70v + igﬁﬁ

Tho pergentoge carbon in ring atructure lo glven Hys

for w posltive ﬁﬁﬁ = 820w + Egﬁggg - A9

M

Lor w negative 'ﬁGR G 1#4®W**§£5§§§£ - 39

The pereentage earbon in naphbhonle strueturo ond paraffinie

abaucture leo given bys

-~ ey

& lf'.?
Toy © @y = 90,

i

'ﬁay # 100 = ﬁﬁﬁ

The mean mambeyr of aromatle vings nor molecule dg glvon bys
for v positive ﬂl @ Oulpl 4 0O55Uve
4

Loy v negative R& g Qelply + O WO80MYT.

The meén totnl numbor of ringn per molecule (nophthenie and
aromotic) 1o given by
for w posltlve R, ;ﬂ L1e33 + 0146w = 0.005%)
for w nogative Hp * 1.33 + 0.180M(w = 0.0053)
The mean marmbex of noplhithenle eings per molecule lg glven by
RN ik ﬁﬂ - 3&
A simllor serles of equations la avallable Lor monsuroments of

relractlve index end dengity at 70°C when those are nod



avallable at 20°C. Van Nes end van Vesben glve a

aerice of nomographa for rapld solublon of the equaotionn.



CHAPTER 1I.

OXINATION OF HYDROGARDBONS
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CHARPEDBR  IX

ot
L J

Hydrogarbon Oxldation

The mnjor 4iffieculty In early astudles of the
oxidation of hydroecarbons loy In bthe igolatien ol the primary
reactlon producis. Bone and ae-warkergobalievea that the
flrat produet wos an aleohol and that subgenquent producis

woeroe formed by oxldeatlion off the aleohol. Iater worlk by

3L

Goorge, Rldeal and Robertgon” hag ahown thalt aleohels ave

in general lessg coslly oxldieed than the corxrospoending
hydroearben end that in coertaln cases the sleohols =ob as
oxidation inhibitora. The hasle of modowrn theory lies in
the aggumption that the primary rasctlion product bebtween o

hydrecarbon ond oxygon igo o perexzide. Thlo viow weg Meat

He

advanced by Bach”  and Engler and Wilﬁﬁja mabgeguently

"
doveloped in more deball by Gmll@n&erau and ﬁbhelohﬁeaj and

extended to olafing, aromatles nnd hydrocarhons ng o whole

36 57

i
by TPoramer”” and Chavaune and @tevengjs.

George, Rideal and Rdberﬁson59 found that Cyq
and 025 pareffing and alkylbonzenes are ozidised at
100=-120°C to form hydroperoxides which ccoount for 60-80
per cent of the oxygen abgorbed by the nlkylbenzeunes, and
which docomnposed Go glve almoal exelualvely ketenes in the
gaae of pavelilng. The presence of poroxldes in high
conconvratlons In the early aloges of oxldation hag been
repoxsod by Xaﬁseﬁuﬁs Halgbaugh and Gneleyﬁl with hydro/
&3

n ¥ 1a LY
cavrbong and by Tornte'e and by Denilgon ° in the oxildation



i e

of white olls.

in the oxidatlon of hydrocarbonn, thorelforce, it 1o
th@ attack of oxygon on o 0= bond which ig the predominant
reactlon, and accordinegly it 1s the hydroperoxide decon=
pogition produais which sre lmportent in determining the
suwbgequent reactlonss Tho Lfellowing schome deseribes the
gourae of tho reactlion when the abain ficolon reaction of

the hydroperoxide does not boke places

Hydwocaybon === Hydvoperoxlde ====< Alcolol
|

\"4
Xetone ===== Agid + othey products

George and wélsh%% have abown that a choin Llasion
roaction con occur copeedally with terblary hydroperoxldes,
whilch dnvolve the aplidting of the 0-0 bond to give an
alaohol rodieal followed by tho brasking of the wenkest
adJocent C~=0 bond to glve o ketone and o hydrosarbon radical.

In this ense the reasctlon sehemoe eon be glven ans

Hydrogarbon ==~= ilydroporcxide === Algohol Radical == Alcohol

—
—

—
—

. . L e - "
KXotone + Hydwoeorbon Redloal ===2 Hydrocarbon or Poroxide

}
]
2 _
Aaid + othor producta

Rhe position of Initipl otiack hag Deen egbabliahed

. i3
in mony canoge mwigg4) hag found thot the secondary enrbon
atong of n-dacans are atlocked equally ond proeferentinlly to

, 37 9l
the primary carbon ntomm. Chavanne snd co=worikoers ot



gfudied n~dacane, n~nonsne and nwoetanc and found Hthat atlack
of paraffing ia at the CH; adjecont to the tcxminol Gy group.
Thig 1o conslotent with the views of Bugweil“y who gtoten

that the heta carbon atom la Involved primarily, the gommn
aeeondarily ond o0 on %o.ﬁhg aontye of the molecula, a0 thab
foxmic, cectic, and propionige scids wonld bo expected in order
of deeresasling concentration in tho yrenction produets. TFenake

18y
&b '&1a!- "9

found thia to be vhe capne in thr anadysls of the
produaty of oxidntlon of lubricatlng oll fyoctlongs. IHoffmann
and %corﬂﬁg slve the following order of preference for the
131@1&1&5 oxldisod carbon atoms of obthyl cycloherane:s

Towtiary >%econdary of ethyl group > Secondery of macleun > Priasey

The earbon atoma in the oyelohaxano »ing avre not aitacked
with ogqueld fpellity: those adjacont o ths ethyl group heing
Rore yeadily abtbnckod. '

In somparison with nornal parailfing the bronched chain
hydrocarhons are usually oxddleed much more easily and in
goneral o teybiary G- bond 1lg the preferred aslic of attack
1eae 2=nethyl heptone.

In aronatle and hydroaronatic molecules oxidatlion attock
ia ot the woealtewt del bond. fhe oxldatlon of =1de chain
avomotio hydrocarbons ocours proferontlally at the olde chaln
~{Hp rather than in the »ing, whereas in hydroaronotles attack
gongentrates ot the <0 adjacont vo the dowble bond.

On bhe besis of infozmation of thlg kind vesotion

medhtniidgng Loy the varlous Uypes of hydrocarbong have been

put forward and are gummoriaed below.



a) Paraiflng
. -

Zuiddenn” has pub forward the following meehanism

for the oxidetion of a atyalght chaln povalfine.

Op * BeGly=Glly oOlly == R=GH,~G=Clly == R~Cil,+00 ol + 150

Hydropevoxide notone

Op *+ B=Qly o0k ==> RaCH, GO0 v HoHO
“ Gorbixylio Pormaldehyde
LHedd

Q«011
1
160,y o0OOH ==> R=G=(OOH == HOUO + G0y + 10
) 3

.
s

-

e clternote fomeaetlion of acld and carbonyl
gyouplugy ey oventnally lead o complovo breakdown of the
porafiin chnlne

In addisvlion theye would bo gome primory abizel on
the gomia wothey thon tho bebto eavbon atom. Thilyg wourld result
in the formotilon of o kebono of the smme mwber of enrbon
atoms but wlth the caxbonyl group shified one earbon stom
toward the gentre of tho molegulc.

The formation of alechols requires o radueing
aobtlon on the hydroporoxlde, the lavter losing one atom of
oxygen in aobting og an oxldising sgent, thugs

O«
R.i?}}:‘i;g-;(%”mﬁﬁ wanw®  [L,0HROHOHSHG O
' Alcohol



P

With o branched chain paraffin thore are vwo aites of
attack, a tertlary and o gecondary hydvosmen atoms Abbaclk mo
*e:n’eaeo@& glmalvansonadly o In glages dopending upon the

conditiong of oxidation.

R | i Q=0H
Re@={Cllp ), CHp=CH + 20, === R-g=(Cily), -e..«m?)
i1 Q=01 N
R R
- zz«g(c,ng'gkza.f:,szm §OHQ e R*%;}'-(CIL;,} ~QO0H + MO0
£ Lo
OH o

Hydroxy Acide

b) lNaphthenes

LAEEET Nk SR LR T .‘ }7 '
Chovanne and Bode”  have made ai extongive study of the

oxldation of 13k dimebhyvicyelohexone and pogtuloted tho

foldlowing mechaniam of oxidations

o Ny Ha “L
&t 4 . % oM
W (“, 'B ‘\.}2 ”'“"'"? 1 < N!
He Ha Hy Wy
d sk dimethyloyelohexane Iydropevosddao
(T Wy WL Ny
ey oon W H H ou
+ (g =-=> 2 )
4 <M M 3 <
3 < H; )
[} O T [£3% 1y W Wy

134 ddwmothyleyelohoxanol



The Alol may be Lformed in o similoy mammer.
Instead of roduction of the hydroperoxide to form an
alaohol, further oxidotion can oceour resulting in rupture of

the ringe.
AL

h == Oty +CO «CH,CH, «CH(OTTy ) 40, 4COOH  + 11,0

By Wy

B=methyl~/=pcetyl. valeric acld.

k2 Gﬁa.ﬁﬁaﬁﬁzucﬁaaﬁ.(Gﬁ3)OHQ.GOGﬁ **?’GH§.G0.CH2.GH2.CO.OH5
Locetonyl Acctone

+ GHQOHGOOE
#lycolie Acid

Tupont and Ghavannn#é sbudied the oxidantion of three
eyelopentone derdvatives and Lfound that the mechaniom Alffered
from that of the aix mombered ring. Vhereas cyclohoxane
derivatives produced kolones contelnling one carbon atom legso,
the cyelopenione derdvatives produced a gtralght choln ketone
containing the original nunber of carbon atomae. The reaction
in {his case probvably procceds through the decomposition of
the hydroperoxide by reduction to nn aliphatic kotone rather
than to the oyelic alcohol as in the case of the cyclohexone

derivative, 1l.co
u ,00"

"~R SR
+ 0g == ( ==> ClzOH,0U,0HyeCO0R + O

Thug the end produet rescmbles thot formed from & paraffin.




e

The rengon foxr thic difference in hehaviour 1o nol olear,
though it could he poasdbly due to the presence of 4wo tertiory
groups in the ayclohexane derivetives and only one in that of
the gyclopontanca, oy by the dlffercence in ving alze or gilde
¢haln lengile

Chain rupture by further axidaﬁgon,of the hydroperozxlde
may alao deke place in a monner sinilor to that of the olx

carbon atom ring.

¢) Avommbies

8 :
3 and 9tcevens and ﬂnﬂuta§8 atudied the oxidantion

Sfeveny
of o serieg of benzene derivotives and found vhat oxldaotion
always cenitras cbout o cavbon abtom attached to the benzene ring.
Wethyl benzenes oll formed aldebydes containlng the some nunber
o# eorhon atonmg ag the pavoent molecule, whilo largor groupns all
forme ketones contalnlng o phenyl growp plus the obthor group
attached to thoe benzene ring, or the smoller of the two groups
in the cage whore two groups arve presont. Aclds resulting from
she farther oxidation of asldehydea or ketones were also formaed,
oo well ag aoeldg of low moleoular walght whioh formed from the
frogmenta aplit of'f in the formation of ketonesn from sccondary
sompounds . No traces of slcohola woye ever deteoted in the
finel producta .

Uonaldering the genecral case where R is anallor thon 1Y

the repction mechaniom may be ponstulated aas
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ying with o long poreffin cide ehalne Surperleingly, bthese
compounds aid not give an swboeatalyble type curve showling
thet aubocatalyalo ds not o roquialte for rapld oxldatlon.
The naphbthalone derivotlvos woiro 0o o claen the mogth gbable
ond moat of tholry curves were of the linear or autoretardont
TYDO »

Hydrogenation of long gide chain elkylhonzenes $o the
aorreaponding cyelohoxane derxivobtlve resulted in on inereose
in gbablility, whereags hydrogenation of s naphthalene derivative
resulted in o marked losg in ateblility, partiocularly 1 the
nophthalene ring wos only poartlelly hydrogonated. Fhus in the
avability sonle odopted nophthalene wos 1600 times more
sultnble thon tetrahydronaphthalene (tetralin) and 89 times
more gotable thon docehydronanhthselone (decalin)e The influence
of a poraffin olde chadn wae shown by comparing the octadecyl
derivatives of nophtholene, tetralin and decslin remp&etively'
when the factora relsiing atoblility were reduced from 1600 to
210 in one easc and from 89 to 22 in the other.

Phe influence of the structuve of aromotic slde chaing
wag 1llustrated by o compardson of the primory, sccondary and
tertiory anyl dorivetives of honzene. According to tha
mechenign of oxidation of an alltylbengene the primery compound
would fovm the hydroperoxlde ot the allyl carbon attached to
the ringe. The peroxlde would then dehydrateo to phenyl sutyl
cotonoe The segondary compound would likewlge ferm the

poroxlde but olnce there would he only onc hydrogen ctom on



o & e

the corbon in quostion, initlally propyl alcohol rather thon
water would aplit off and soctophenone be tho othor product.
“inoe the vertiary comnpound cannoev form o hydroporoxide ot

the earhon ntlachaed to the »ing Mt smet oxl 1dloo of obhoer
poaltlons it la the mogt gtable of tho three. A gluller trend
wog nouved by Stevens ond Roda aﬁﬁ who f@unn vhat the tort=
butyl devivetive wag maeh moxve rosleotont to oxldatilon than any

?h@ ather ﬁlkylhengenagg
Taraon, Thoevpe and ﬁfmfiala§g avtributed the extreme

gﬁability of nephihelone eronanitlcs 1ln comperlson with the
heongone homologa o tho aifferonce in 4he offect of thelr
#1dntlen products age imhibi%@&m. They oxldlgod n—apmylbhenzene
4o which had boen added 9.07% of preozidiced d=pothyl

mophuﬂamwte and found thavy $ho ousva woo alnogt eodincldent with
that for A=mothylnaphthalenc.

Chernochulkoy and ﬁ?ﬁiﬂ’” gbudied oxidatlon obtabllity by

uhn analyolo of the qapnnﬁﬁiea%$@ﬂ valueg aftor a congbont

flred time oxldotion in o bulb. Pron dhelr resulia thoy
concluded thet cohalnless polynucleoar avomobles are very otoble,
that the Introduction of alde chaln, purticnlariy long olde
chaoinm, decreasecs asabllity and that the boba derivatives of
napithalone are more rongtive than the slpha. These concluslons
He

are in agrooment with those of Larsen”® except that regarding

the relotive giobillity of oL and B =mothyl naphthalonec.

e found oo 414 Inrgon that bonzene

Ghopnoshukoy and Krein”
dexrlvatives esre leas gboble than naphbthaleno homologs and thab
the higher olkyl compounds are less gabtable than thoge of lower

moleoulor woelpslit .
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Hook and Laﬁgﬁﬁ oxidined cyelopontenc, cyclohoxona,
hydrindene and febralin by meang of oxypen and wltva=violey
Lighte Thoy coneluded bhat o five merbored zing is leoas
conily rendily ozlidised than a olx nembered wing bub since
their condltlons of oxldation woerae diiferventy Hwom those used
by othorg gquoted above tholr xesvulis econnot bhe compared with

¥

the obhorg withoub gome »eeopvoltlong.

b) Mizbures of Pure Hydroosrbong

In the oxidation of hydvocarbong the avbsoeauent courso of
the roaction la dependant o zmomo oxbent on the produets of
oxldotions Wlth o alnglo hydrecarbon this x»osulita In o wide
rarlety of oxidotion produobts, hut with alxbures of hydro-
earhons the effeot of bthe oxidetlon products of one hydro-
carbon wpon the rate and extent of another 19 rather
unpredlotablo

Thia 1 readily illugtrated by the worls of Boomer and
Eemakagﬁ who eompared oxldation rates of slngle hydrocarbons
and mixturea. With hoexedocane and cla~deealin they found Lhat
the mizxture oxldiged at the game roto as the pure clo~decanlln,
magpeabing that tho more readlly oxidised hydrocarbon in the
mixture 1g preforventially attoockods Wiﬁh.g migiure ox
hoxndecnne and L-nothylnaphithalene, however, the oxldsition
rote wao aimilar G0 thet of tho puro L-mobhylnaphbthalene and
very much slover than 4he rabte Loy the oxidatlon of hexadesone
alones This slow rate of oxidation of l-methyl nophthalene

19 believed to be due to btho formation of A-naphthol, which



A

inhibite furthor oxidntion go that this inhibiting elfeod io
obgorved in miztures contelining this and eolnilay hydpecarbons.
A fuvther iliugbrotion of bths unpredicbabic charnotor of
tho oxidation of mixtures was shown by compoiing the 2ote of
oxidation of o nowtinl fraction of Pouneyivanieo oll with the
yaraffin*maphtﬁene portion and nromntlice poviélon of the sawe
ol geparoted by silice gole The originel noutval oll wos
oxildisod nore alowly than oithor of vhe congtlivent fractions,
and despléo tho graster obtobllity of the aromatle portion thore
wore indicationsg dhat it wao proforentislliy oxidised in the

gonpoaito noutrale.

Ey¥}
< ne 2 o) R
A ainilar effect wao nobtoed by ITaraen ot al. who found

that in blends of 25 Ho 650 paer cent of dlanylinphbhalens in
whito oll,y ths former wag oxldleod proferentially cven though
white oll by ltoeldf wag Lty oight bimes as »eachive as

diomylnaphthalenc.

¥,

o) Inbelootlng 011 Pragilons

It wag seen In the proviouwvs geotvion that even in eilmple
mixturey she oxidatlon products of ome component could have
g droatlo effect on the oxidation rete of snother. In
lubrdeoting olly where $here s & complex of coupsnorts whooe
indlvidual obructuve in unknowa the oxddation proceqas becones
a0 complicatod ag to dofy oll bul o gonowal approach. Ueny
workers bavo atudled ¢ wildd varlety of lubeicants and the

goneraliagntlons thot enn be mode are summarliasd Holow .

e 2{} %, I
faracen ob al." dotermined functilonsl groups in the



oxidation products of o number of Gallicrnian olils oxtiacted

-

in atoges by furfural and oxnildised ot A60°C¢. Thoy Lfound that .
oo aromnetlcs wore semoved thore was n deoyonse 1o alndge
formniion,; an affect which lg conoglsbent with tvhe councluslong
baged wnpon the work of pure hydvocerbons to the offeet bhob
QEOms L o glve dark lnsolublo condengabion productge
Batractlon algo pegsulted in o highey converalon of
oxryEen o wabtor and alightly less o covbon dioxide and o
volatlle aclda, with no tronds apparvent in L2ee oy combined
acida, nor in alcohnla and corbonyla. o peroxidea were found
in the oxidation products of the olls indleating thot any
poroxiden Poxmed wore lumadlatoly decompomoed Anto furthey
POaction producvy e
B2 BT 258

W

Tornte and co=woykena” gtudiod oxygen obaorpbion
of white @11 ot 155°C¢ and found thet peroxddes wore bthe
prinsipal oxiddotion produgta, wlith carbonylos wailer ond aelds
next and only o troee of cavbon dloznldae. With lubrleanting
olla at o tomperature of L75°C thoy found that about 40 per
gent of the oxygon was conversed to water ond 8 to 10 por ocont
to garbon dloxidoe
58o4 G

Fonoke ob ale worlting undey almllar condibtions with
Ponnaylvaala olld at 170°C gove the following digtribubion of
oxygen in the oxldation producis: wator, hh o 70 per cont:
earven dioxlide, 3 Ho 9 per conts corbon monoxide, 0;6 $0 3.2
per cont: volatile scolddao, 1 0 75 per cont: fized aecido,

o 245 pew conta and 2 B0 7 por conb 4q0ﬁentanc ingoluble

(udﬁy agawned the 1ubto eontained 1% per aent oxygen). They
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~

L
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found that the dlotreibution of oxygen g iufluwenced 1itile by
Tomporature ovaer the xange 150 to 186°¢ provided the awmount of
OXFEon conauued remalng congiant, bat that L6 varles agy
oxidevion proceoddy e

Higlkg=Biwn, Ritz, Lodley and Bruun§9 adoo made sinllay
gtudies ot a vYemperature of 175°0C and Lound that 3k 5 to 4355
pexr aent of the oxygen couwldd be acoounutied fox as wator and 3.1
Lo Feb por cont ag carbon dioxide. Thoy compared an oil
containing 19 pen cent arvomatic r»inge by Vatermon analysis with
one eontalning % por cont and fownd that vho forxmer produced
throe 4o four tinog as mach ®gaolublo sludge® and nselublo
aludge” o9 the latbore Othor btronds agrood with those found
DY Lnrsorie

von Fuchs ond ﬁimmamﬁﬁg omaminad dn dotnll vthe efideey of
varyving bthe conconbyation of Lrlght gbook avemabtlan on the Yime
required for absorpblon of 1800 coe of oxysen per 100 gme of
motor oil in the proacnso of iron ag o cabtalyat. Thoy Lfound
that thoe eurve wolating abeorptlion time €0 concontratlion of
added aromatles pegged through o dlghinet noxloun in the
vicinity of § per cenl, dvoppling off to abuorpbion timcs laog
thon haldf of dhe maminmum at O and L0 per cent ehowing that the
oil hnd o definlto "optimomn aromaticliy®.

-
[t

Thig concept of "optimun cvomalbleliy? with roapect Ho
o . ¥ . . l!-ﬁ
oxddntlon abability was alge Lllugbnated by Penakae ot male”
who soperetod a Pomngylvanis oll condeining 9 por csend sromatile

wings dnbo 12k fyeotiong by o eombinatlon of vacuvum Alabiilavion
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and aodvent exbiaculone AL o tempevatire of 1&&“@ in s
conventionnd oxygen absgsoppilon apparaitug vthey oxidlged soven
Lractiony varying from O bo A0 pewr cont arvomabtlo vings ond
found that pone of the fractlong oexamined woag ag gtoble ana
tho erdginand oil. Hhe mool gveble of the £rnctlong weve
those with 1Y and 25 per con® aromaile ringas the least
gbtable thoge of move avoruablicelby.

An Popbliman aromatloliy? for luonlabing o0lls is slnoo
indiosted in the worl: of G“a'k() who found by mesourenceny of
Al=alegterie atabllity that the olis ehowed o maxinum obeobliilty
in the viednlty of glzn por cont aromatio »ilags.

Thase pesulits ghow that the oxldablon of aronaiticso
Lo o progonag Indepondent of the oxddotion of naphthones ond
parelfinloe gideo chalne. In lower conpantrations the aromnaitica
rotard the ozldotlon of godturaeted hydrocosbons, oxldation of
proneslos thengedves boing an inslaniflicant Lectors AV -hlgher

Ly Lo

coneontrovlona; oxldation of the avonnbles is suporimposcd

on Bhat of sabturatod hHydyooarhona and moy Poveraee the

robarding olfeat of onldatious.



e IFurpoge of Besmearch

Produeta of oxidantlion way bBe divided 4nto bhroe
Dedad grouns depending upen their oodubllilty in tho oll.,
Rhene are Yoll lngoluble gindge®, "oll soluble bav lsopentane
Ingoluble siudge® and thoe yemainiing oll soluble oxygen
containlis motoerlel, loogsely tovmed Yrdsing®s Dach of bthemo
Feagtlong willl have L1ia owpn Indlvidunld offocty on oll
properiles and she oxtent o whioch thle ocouws will depond
uapon ghe amount of canh froctlon and itg chomdeal nature,
Bovh of whish ayve dependent upon the chemlceal nabtuve of the
boee 0ol e

The purpose of the fellowing work moy bHe sunmarised

ng follows e

N

(1) To invoobignie bthe offecd of o1l compowsition ons

a) Tho extont of oxldntion.

Ldation

yrodueta on oll

{h.b

Bl Whe effeet of the ox
PEODEPELeg o

E""é

]

@) The proporties of the oxldation pvoducts .

{(2) Bomoval of 211 oxidlsed moderlelde pnd the comparloon
of the propoertics of bthe weelnimed olil wildh those of

{J}nﬁ 62103 f’,“; 13\.,0' Ql‘i‘ L]

Before comuencement of the reaecaveh progromme 1t
wag Dirst nevessary 60 devies & method Loy Lhe detaimmination
of the reging pirescnt in the oxidised 0ila. ©Uhis i ﬁes@ribed
in Choplor Ve It wag nlgd necessery to nodify tho mothodas
oL debferadnation of moleoculor welght end oxygen contont and

thoge are deseribed in Chapley Sl



CHAPTER IIT

DATA ON TUBRIOGATING OILS USED




CHAPIER LI

Dath ON TUBRIGATING OILS USED

Three minoral oll fractlions in the lwbriecont viascoolty
range were uaed in tho present lnvostigatlone All had boen
refined to gsome extont but were froe of additlves.

The pemple nambor, socurce of supply and informatlon
regording refining history ig glven in Table Xs In Table 2
are given the constonts which were measured by the mothods
deseribed later In Chepter XL g Vvizmey refractive lndex,
denalty, nolecular wolght and kinomatic viscoaity.

None of the somples used contoined any sppreeiahle
quantity of sulphuar and for tho purposes of the progond
investigetlon the sulphur content of the oila lo dgnored.

The n=d=1 method of analyels wag uwged te dobormine
abructural groupn and the resuliés oblained ave zhown in

Table He



PABLE X

e

OLL SANPLRG UHED

SAMPL SOURGH HIGPORY (refining trectment)
1 Mid=Comtinent Aeld refined, solvont dewaxed and
£lltered.
a2 Mladle Neob rompoundedl dlatillate oll and

bricht abtoek: osolvent extracted,
anlvent dewaxed ond cloy finiched:
brisht atoek aloo underwvont propane

denophaltinge

3 bosuanilliaa, Baphthenic feed gbosk: wvaeouun

Venasueln .« dlatilled, counaotlic nodn trented

and rediatilloed.




TAULE 2

CONSEZANTS OF OLL SAUPLES USE

Somple Rofyective Density Volecoular Viseoalty Romshobton

Koo Index 100%® Garbon
20°¢ 20°( Wolght CeB%e Renldue ¢

1921 0.+88% 550 5 ol 0 22

2 1 .55019 0 0%57 ’:55(} 22399 0O 08512.

145280 0o C408 326 227 «0 O o120

TARLE 3
n=ad- ANALYST® OF OILS USED
Somplo G Ay POy PG Wy By Ty
[ ]

1 750 Toefh 270 65a2% 04505 2445 2495
2 12.%3% 30637 2704 G046 0,807 2.5 3426
2 2948 56 ol 2647 %369 1e21 1460 2401
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CUARTTR IV

OXIDATION LRSS

Oveor the years a number of LYoot mebhods hoave been
devolopod fox the Adetermination of tha oxidation ohorseterig-
tles of a lubrleont. Theso are of two basle types, namely,
Tohoretory tests ond ongine testo. Phe formor sive useful
informotion, but ave limited in thelr scope, while the loitor
are of practieal value but provide 1ittleo Lfundanmentol
inforantione.

Laboratory oxldntlon teats are generally of two types.
Mrot there are tesis in whiech aix oy oxygen lg bubbled
through o geaple of the odl at elevoted tempexature, IExomples
of thig are the I.P.Gl toot, the oxidation test described by
xﬁwnﬁegﬁ in which the amount of oxygen ohoorbed ig contlnuounly
regorded, the Indiane oxldation tagﬁ63 and the modiflied Indlans

6
%ﬂ which high speed oblrving provides the

avlepdng vent
gorablon. Secondly therxs are teats in whiech tho hot somple ig
suvrounded by on atnoaphere of oxygen and abaorption taolken

place ot tho surlaco of the olabic souple, c.ge the Sligh
o 65
oxldablon vente ©

Boch teat boa 1bs own ariterion by whieh 1% doteimines
the extent of oxldatlon. Viscooliy inerense , carbon reaidue
increnao, or the cwount of preelpliable materinl forned are
generally utiliced.

Controlled onglie Yosoby are used in the leohoratory



B0

0 atmulato true operating condltions and severnl measurenents
may be made to estlmote lubrleant effleiency. Ilacguer depooits
on components, aludge Aopoglta on filtoers and in oil lines,
corronlve and aobragsive weore 2ll may be noasured.

A groat many enzine vests have been devinad and meny of
Yhege have beon gbanderdlgsed by the Co~ordinating Resenrch
Gouncll of Amariam.aﬁ Lit4le informatlion, however, may be
found on the coryelation of laboratory and ongine tests. Largen,
Armiield and Whiﬁ&eyg7'63 have shown that three ollg could be
placed in any of the oix poaslble opxdera of merit hy variation
or tho catalyot in a leboratory oxidation teat. lotthews and
@@*wammarség have ghown, aowever, thot on oxidatlion test eon
provide a good Indlestlon of how an oll wlll behave in an
engine teat, bubt atress that the catalytle conditions uged
ahould be asn cloge as poassible to those exloting in an engine.

With guch o wide variety of empirdesl and goemi=emplriecsl
teota to chooge Ivom, the cholce of doot muat depond upon the
Infornatdon requiwads In the Hollowing work Lt waae dosirable

to oxldisce Alfforent gamples of oilg fox vanying

£

periods of
timo under gtrictiy controllod conditlons, without abttempting
in ony way o prediet the bohaviour of the olle in an engine
oyotom. Congsequently tho Yoot chwsen was the Instltute of
Potroleun Toat ﬁ.ﬂ.as.gl whieh has the advantage both of belng
a gbandard Yoot and providing operating conditiona whieh are

subJeet Yo eaay contyol.



4le

Bhe Inabitute of Petrelewn Oxidotiion Teal

The atendord oxidation tegt Loy lubricatlng olls in
Britein lo that of the Ingbtlbtulec of Petrolemm = IoP. 45,
which wes originnally the Beitish Aly linistry tead for
avintion engline ollae Garnoxr amﬂ.eo~wgrkera?h exonined this
Yogt Lrom the paint of view af rmgraﬂuaibiliﬁy of reaulvn ond
tho effeot of vardoblons in tho speciiled condltions.

| In thilg teat aldy ig pagaéd 06 & rata oFf 1§'litram per
hour throush o 40 mle. gomple of oll ot 200°G. for € hourg,
lomving fow 12 so 10 houvs anrd oxldlalng fox‘a furthor 6 houra
o givﬁ a total oxidnblon time of 12 nours «

Linemotic viscooliy ot 100°P. (Le 71) ond Romsbothon
corbon wosidue (T.2.1) ave mecoured bofore and afbor
oxddatlone The patieo of viavosliy nitor oxldatlon to
vioconliy befoxe onldatlon, and tho ineroase of tho perconbage
carbon regldue are takon og messures of oll ozidatlon.

Thia Uoss wag oreatod ypyinawlly do eneble olls vo ho
aveonged An ovder of obabllity Yo oxldanuion, bwt Lor bhe
prpoaos of thlg woxrk whe dont waa wsoed to oxldilae tho olls
for vorying perlods of %Ame:unaex atandord conddbiona. Ab
the ousgoel expevlments wore gappled ouv which showod thot no
cagential AL7Loronces woxo produced by oxidisming tho oll for
one prolongod porlod or in perlods of 6 hours as laild down

in tho offialal boob.



Dotalla of Apparatug

The bedling btube in which the oxldation wan earried out
wag congtruoted of heat roslabtont glags 27 cme long, 245 cme
in dlameter and £itted wish o ground glogs bops Inbto this vop
wans fitied o heot roolatunt glosa cop whioh contoined o glasn
Inleot alr tubo resching o & mum. Lvom the hotton of the boiling
ube and an ondlet olr tubo. Thdle bolling tubo was moariod ob
o hodght ecorvoaponding o0 AQ nl.« ot room Homperature .«

The heatlng both conalasited of o copper vessel 2 in. in
Alanetor and 12 An. In helght £11led with o hesvy by heoting
oll. Ab tho requlred depth in the bath thore wan a perforated
brasg plate whisch contalned Live aopecladly drillied holes, ono
in %Qﬁ aonire Loy the ativrer glnmfy and Hho othoy foury apaced
a0 g Lo 9oprve ag supports Loy four oxldebtlon ecllic. The top
of tho both was sealod by an agboatos cover with four holog fox
the cellg, one in tho contre for the etliror shait and two obthew
gnadler hodea theough which poosged rospectlvolys o thernenetor
and tha elomond of o Sunvie Shexaostatlic control. Yhe bhoath was
heated by Hwe elooinic henbora £1tted exbornslly Ho the hotltom
nf the beth, one of 2000 wabls and the other of 830 wabtos The
two hestors wero wged for Initlal heating of the hath, the
lavgery helng swlbtched of whon the correcy Uenpezature wog
reacheds The hoat longog weroe Jugt belapsed by the eenainlng
hentor and fine tonperabare condrol resnltod.

Sedeaing wag provided by o alnglo hladed propneilor
mounved veritieally above the bathe

Inaulatlon of the Dath wos provided by 1 ine. fibre
glans sheathinge.



Ay wan provided by meana of o "Prootor"' dlaphragn
pumnp which vweo capeble of providing o nothepualgating flow of
up o 500 ouble dnchog por minwto. Sonoléive Llow control
was obiained by meana of o aobopeock wivh V~notehon cut at
olvher ond of the hole in the eock. The flow roto was
measnarad on a nownald bype U=tube manoneter fiowmetor widh
caplllaxy (ublig as orlilece Four flowpetors wowe uged,
cach conucetod by o gtopuonk 6o o comaon mendfold fvowm the
"Peootor® punp but with individusld leand offs o the
oxrdGoltlon cellae. 'The flownebors wore culibsoied by moang
Of o POBany oo Boevere

A viow of the bath with Swo coells in poalition ia ahown

“ e M
i Fige La
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SLUDGE AND RRGON DUTERMINATION
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SIUDEE AND RESIN DERULNATION

le Dotorminetion of Sludgo and Prepoyatlon of Dosludecd 0Ll
0 ) Tho teorn "gludgo® conaldoyred in conncetion wlvh uged
adlas venally rofora %o ingolublce motexiala of hydrocarbon
ordadn thrown out of solublon during oll orildatlon. Thig
dofindtion nogloats eobhey dogradobtlon, poedymorisntion op
oxidatlion produsts whlich maoy bBo dleoaelved in the oil. Thogo
Lodtoy masowrlals nay bo congldorod o oll golwblo sludgo aluee
vhay aro 1ot progent in $ho original oll but producod during
orddatione 9uoh dlamolved aludge muat bo conglderoad o ho 3&5%
ag obJeotionable ae dnsolublo slundge ag 3t ropyozonts altorable:
produatyg of the oll and may bHe thovghd of ps potentlal lugolwble
FARALEG

Tho mothod wood Loy oludge detommination was o modifiod
voradon of thet dogeribed by leovin and ?@mﬁ@,il whioch conglgtaed
of Tho dirget dotowmlnation of geluble aludge ond the dndirestd
doborsinatlion of incoluble aludghe

HMeoat dotormination of ingoluble gludzo vag nod
gongldored oingo ALfflewdtics ardige in Bhe tyounsmont of thoe
Piltered sludge o romove nll twuces of oll, moet hydvocarbon
golvonss edthey dlagaeldving part of 1% or precipliating soluble
gladgoe from the reounaining oil.

Raxvpfing aro pooy golventy for gludgo oz naphalivio

Baverlala, the lewoer bolling pareffing bolng the posrogt of



the gerlog. Thus lovin and @@wm@?l nwoed a aonmnerciald pontane
minture Lfor progipléotliony ponbano belng tho lowesd nolooulny
welght paraffln vhich gon be eonveniently handleld. Bapocdment:
ahowed that 16 4id net dlscolvo mntorlal origdnnlly wndissolved
in vho oll Leoelfs
% 1o obviouwaly vary arblirary 40 eloaniily oo "oil
aaduble glwdge®™ that portion of o olawdifiod olld whieh ig9
dugoiublo dn coamoralsd pontnnee. Tho wgo of pontono however,
von congldrred nove deslzeblo dhan llquld propsne og woed by
Hald e Hovinn and M@willma?gg ag Bhlg tonde o prealnpidabo
nodnrisl nopeelldy prosent In the wroxldised oil,

The advantoge of wvolng pontane, although quido
grpiedeal, wan ot 4% did not prociplicte malerdel fvom the
naenidisged odlo, dut ALd prosiplicte gludge ot vory ohowd

ozidotion tineg with $ho moxe avomaitio 6ilo.

b Bzpopimontal Frosodure

A woll gtilvwod, roprosontative goamplo of Gho oxldiced
ol wan £iltorod ng rapldly oo poasible vhwoengh n Gooeh
axnadhle, tlghtly packad wilsh aobootoa to haldf It dopth and
ept ot 75°Ce by moang of o hooting bapo.

On thin eloriflod samplo, ag woll ag on an wnelopliled
portion, tho ponbtane insoluble matbewy was &eﬁﬁﬁﬁiﬁ@a ag
Lollowss

A LO0gme gemple was welghod dnto o sulbeblo Belenueyer

flaglk and 0 1% woo addod a 100 pl. of ponbano, mexdimm



‘-i“ -

golubion boing affoctod by agliotion. Yho aolution wao
pllowed 4o giand overnighi, thon Lilbored shyough a Gooeh
arneiblo Pneked ag aboves The sonbtonto af the erueiblo vore
waghed wish 1000l . ponsono, aucked dyy and drled in an oven
for one hour at 110°C. Feom the differenco in tho welghts of
the penbane ingoluble madtor Bho Ingeluwble siudgo wasn eale

anlatod ng Lollowns

10 = A
(} Hd j‘\ - é‘:ﬂ § SRS

10 = B

wherpa A » gladge not dlogelved in poRinno,

orleinel o1l aaaple (p/10gal -

T
5%

= gludoso 1ot Alagolved in pondnno,
elardficd pomple (gofi0gn.)

¢ o 012 dnsoluble cludge (wh W)

From thio calewnlabion 1% may bo seen that 10A glven
“gotal gludeo® (w4, 208 0il goluble sludse {wi.f) and ¢

givos old dngolvblo eludze (wbeah).

Phe f43trato frow Hovh gomplos wan enlicotod ond sho
bull of the pantano solvent romovod by ovaporaulon oi low
pregsure and ¥oon Honpornsuro. Minal twacosn oXf pontono woro
ponoved wndor vacuwrr ab 60°C and the mosalilng ?doslndged”

il kopt fop ppalyoic.
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2o Notormdnation of Woolng and Peopivation of Jovesined 01
n)  Afber womoval of ol ingoluble and oil seluble aludge,
thove wemaing An the oll oxldisod maborial which lg ned
precipitoblo by hydvocsosbon aolvonitns Thlg valerlal g not
vory highly oxldiscod ¢ polymexiced and lo loosely Sesmod
“wonlneh  The weslng, slong with vhe woyo highly oxldised
peterials convnln oxyson cwd thoroforo bolng mowe polar than
tho hydwocerbona fwvom which thoy ove dewdved ean bo adsorbod
on o aotdve clayn oy caxths gvoeh og Fullors Borbhe
snchanonf? abates thab 4bho adeoxpilon of rooing o Do
ontirely sologbived come high woloowloy welght avomatlo
hydzosarhong helng aldoorbod alsent as »oaddly s 00mBo POging.
On tha other band the deto of ﬂmg‘;{zg, A ———
of roging from hydrecarbong lo uneipootodly oho¥pe

Hofove Fallogs Terth woo adopbod neo an sdporbont fop
$ho gquantliabivo detorntnotion of womino, i% was thouvght
dogdrable 0 covyy owl atme prelialnewy woss nelng oxldlgod
and wponldisod semples of tho maphbthendle olld fypetions Tho
peineiplog of the mothed umed are thogo pas forward by
Mot bhowe ,?g‘;

The oxddigod 0dl was dleeolved In petrolown efhaw
solvent In Who patlo, solventfoll » 26 ml./laie, and thon
oghbated with Fullowo Barbhe Tho Paullera Farth wes renoved
by fditratlon and tho solvent HY eveporavlon.

The following pointa weroe thon investlgatcds:

(1) Tho emount of Fullows Nppih requived to romove a shven

QUG 0f oxygon ot room vemporodure and dhe dopivotion



0f on egunbion rolatlng the gquandliy of oxygon removod
0 the anouns of Pullovs Barth wnged av congbany
agdbation VL0

() The effoos of agitotion Glno on oxysen ramnoval e

{(3) ®ho effect of Fullows Parth on tho unoxnidlged oll.

Holvows Womoyal from Petvoloun Bihor Solution of 011

s

L% wao necesnapy for tho suboequont agtndy of tho oxygen
grce oll that $ho zonoval of the poetroletm obhoy aolwvont
shoudd bo ao conpleto ag pogelblo.

Pha golvens nood boag o boddidng wange of J00-120°C. ab
Atmogphorio Prosowrc, o donelly of 047290 mm.foc., o cofroctiv

indear of L1300 and o wolpenlay wolghi of 106

Sigeey of golvont on amdmii Auxlyg&g
Bae g=d~1 vodues of o mixbure of uroxildiged odl and
golvont can bHo caleunlated from the Lolleowlng formuless
whoro,  Subsorxips (L) vefews S0 oll
{2) wefevs o solvent

and {avw) vofora o average of {1) ana (2).

W geapostive welghis

% & melo fractlon

[ﬂl.“ moday veiractlon

s Wy T

, m g &

Qo ST
Wy Voo,

(&ﬁ;‘!‘:ﬁ m&{g,

{1, d.
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- ig oalenlated from?d

- M

[R] ) na‘\?‘ 1 owav

n v 2 0 av

av
where [3]1’2 Xy R 1 +‘x2 R o

2 - ] M
and ﬁﬂ & ! e 1
n{ + 2 1

Using the above equations the n=a-=M wvalues of solvent/oil
mixtures containing 0 = 3% by weighﬁ solvent were caloulated and

the carbon disﬁribuﬁioﬁ obtainede.
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Whon the denglsy of the migture io plotiod agningd Bho
poxaontoge solvend (Plg.2) o volotlenshin ig obioined whloh
onablon

the godlvont wepldue 1efd afior ovaporatlon o Ho

ohtiodned £rom o deonglty dotcyminntion.
The percontngae orrox In eavben dlatribuilen velwoeg caungod
by the presgence of agodvent in the oll wore then ocaleuloiod

(2ablo 5) and plotied ngalngt tho porcombaso uolvent (Fige3)a



0-941

2940

J-939

)-938

1937

1-936

-935

934

<933

H

932

DENSITY

DENSITY OF OIL/PETROLEUM ETHER

MIXTURES

I l

| 2
PETROLEUM ETHER(percent)

w



e e g e T 8 e e e B

PERCENTAGE ERROR
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Mo by welllioing Ploae 2 and % sho ofPeevivencan
o golvont wemoval and the owvor in tho engbon dlodwibuilon
vaduos eouaold By tho zoanpinlog solvont mey bo ponddly

obiainode.



Mouhaaq of Solvont ucm@VUE

Yoouwn Digtillabdon

A wormel vacwan dlatillction unldts hoadod by an
g r:amnm lo¥ wag cmpleyoad. Whe balls of tho selvent wae Liray
Aletlllad off thoe oil In & lavgo flogk with .gontlc hoal o
provent -Syething snd the rogidue tyonaforwod to o smpll Llaolke
Maotilletion wag dhon contlnued with an oxlva hoating vano
wrapped pound tho meolk .of the flask o fasglliltnte solvons
renovod, ¢

Tor Geme 0f wnosidised odd, and 185 ke of m@lwzat‘ $ha
time roguirod B0 romove tho limléling omount of aolvent ab é
A atiiletlon temporabture of 27+30°% s and o vasvum of 28 inahes
of mevoury wog 9 nloatao.

The dongity finelly sonched wan V9389 corvospondlng 4o
n golvont contont In tho old of 0455 and oxvors 0f 2.47 nnd
ofifs In Oy end @, rospoctivoly s

Botovy Vaeuwws Moblliavion

Tha evoporator unod was moamiacturod by Yoworg Liude
(Cobs Noelb80)s In this ense the wotetlng flask was bothod in
Llould paveffln ab 100°%Cs and the bulk of tho solvent dlobtillod
of# An 2% miywbes withowt any Lxothing. Tho aolvons in tho

2

ropeiving fleok wag then kemoved vo podugs ths amounrt of vapour
i tho wedt and Alebillation contimiod untid nolvont ronowval
tag complotald. Vator hod been weojeabed as o henting bHath
modiun alnce on rolenndng the vaouun under vapour ontowed Sho

appnrat Vop ‘ool 2 evanre
vparatits ond ad veroely offoctod tho fﬁ?ﬁbqﬁﬁ‘l 0N 0NYEOR analynd .



Nire

The wime requirod for limlting solvent pomovnl wog 45
minntoen o L00°%C and o voowan of 20 duchop of mewsurys. Tho
f4nnl denoity obtalmnd wne 0.9405 sorreoponding 4o o solvond

-,

eonaontratlon of O« and oxrors of 0W9¢ and 0.5% in ('}Q and

Cp roopuaslyoly .

Dioouaplon

In tho doscwalnatlon of the carbon dlebribation of an oll
wom an nedsl pvnlyals o $0tnd ovvoy of 1¢8% do bo bo expootods
With tho fizob dlotllletion toohnlque ko oprers in G ond Gy
ero whovoe thlg velued with $he sccond mothod both Gp and G,
orrore ape holow Ghis oabtluntlon appors Pha sotory vacwam
Alotdliation meshod lg bthoveiore Loatery doaronsen shangon Of
Local ovorheopting snd producos o finel Gonocnss mdon of golvont

whioh will not affoed thoe acturacy oF tho a-d=l eonlic.

b) Romgval of Oxygon Gonbodrdas Bodloeg fxom Hho OL1

..... ALY

Erpapdmontal

s

Heme 0F axldiascd olld wore dlgsgedlvad 4w i285ml. of potrolow
gthor and Mlleors Barbth addede The soluvion wan thon oglinted,
Fllvorad throush o ecllulose~ngboniog f1ltor pod soldd wndox the
name "Siertmat®, ond the Pallors Barth washod with more
potenlecun ebhare A gomple of tho £ilivateo wan btalkon Lox an
optload denelby anadyslae, ao descrlbad bolow, ond tho golvent
eponoved by ovaporapbtlon. Wlaally s tho oxyeon content of thoe

. o . . 10
weaddual 63l weg detormndned by bthe Unborsaucher meihod 2 .



When an oxygen contalning oil is trented with
Mallers Barth, the axygaﬁa@eﬂ molacules are prefercentinlly
adsorbed, solong with ansllor amounta of non~oxidised
compounds whieh are not so fLirmly sesocioted with the
Talloers maéth and mey be removed by wamhing with an exceas
of potroleun evhore Noxr for an n-=d=ll annlyels to be carried
out on an oll the axysen contont shonld bo helow C0.5% and ag
thila percenvage ln reached Hthe Millers Nayth begine to
adsorbd mnore of the nonwoxidised compounds. These loagen
maat be recovered 1 ony rellablliity 1o to be placed on any
gubaeguent quantitative analysis bagsed on the ewount of
@xiaigéa gonmpounda xomoved by Gthe treatmont.

The recovery wan achiovod by aglioting the f£iltered

oL®

oty

TMallers Rarth with g furﬁhar 125 wle 0f petroleun etharx
for 19 niantes, when an oll of tho same oxzyvgen content as
the firat extract could be resovered. 9Joversl washings of
thls nature were found to He neceassary to complete recovery
of non~oxidisod odl whon en excessive auount of Fullero
Barbh 3o used (Migel)e

The wolght of ench aubsogquont oxtract was determined
by evaporatlng off tho solvent in the »otavy ovaporstor and
then tranaferring the oll reoaldue %0 a omell weighing scoop
by means of 30/450°C. petroleun othor and allowing this

solvent 4o ovaperate off in o Arying ohambor kopt ob BOC .

L



PERCENTAGE RECOVERY OF PETROLEUM ETHER

EXTRACTABLE MATERIAL WITH WASHING
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ehomioed pature and yyeen eoentont. Qhip anpn bo soeoh fron

Figs § wherpo he opblonl dongdsy do plowbod ppelingt the ozygen
agontont of pobyrolouwn ether solublong. Tho orlginedl oldd alivvug
o allght Adfovonee in opbienl denglty Lyom n rocovered @il<@f
Hho gome oxyoon conbdont buld thiso dffovonco io not moarked and
3o perbhaps due 0 Gthe offoet of qxiﬂmﬁi@a 0w Bho ahomioed
natare of tho 08l

Whon the oxyeon conbard of tho petrolows obhor
aolusiong wag plobied agodngl tho loge. opblecl donaldy o
giradoht Ldne wop obbained {(Pige G)e Thin way bBo wged b0
ootdnabe tho cwsund of oxygzen In thoe oll dlsoolved 3
pouroloun othore woneouboring ot verying dogvecs of oxldation
moy effoet vhe chomival nature of tho oll wllh o corveaponding
vardation in opticad dengliy. Howovew, oven with dhilo
posorvation nabehing with prepered samplog providen a vsofud
saddo $0 enablo on @s%imatc Bo vo mwade of Bho axlent of onysen

Bpoemovald }

Al Pogvops Affechlng Osysen Romovol

o o slven Qﬂmjﬁnlvmwm Fovdo Bhe ronoved oX oxldlaoed
peterdald from the oll depends uvpon B2 quanility of Pallovs
Beweh vgod ond the $lne voguived for oguilibeium $0 boe vonchod.
Tho agliation time roguired o gein oquilibyivn deortpscs with
Lnereasing onogntn of Mullors Fevth (Pilg. 7) and sorresnondingly

s Fie somouny of ﬁ’gll@kﬁw Borih roqns loeod Aeemo a6Ga with : iﬁ:@"ﬁ, aadno
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geivavion thao albhoueh this offect 19 conaldoswbly lagg wlth
on areoss of Pallews Poxth (Pige 8)e
Opbimon conditlona for rewoval of oxygon fyom 1656570 Uo
G olibss wan 15 nine sglintion Hine ond o Mllors Bavih/old ratio
o2 6fle. Pavbhor oxbvectlon wes llmitod by the suewunt of
vinabdng 2ogrived S0 yecover 011 lonses and lg wineoossasy if
g ned=l pnalyadn Lo roguirode
Iz ropresonto the oplgined Opf,
x  wepyescnbo tho onyeen vomovod (), ond
¢ woprosombs why Wllows Porbhfolld watlo, (whud.
Yhon loge g waa pRothed sgrinot Lloge O o givalght llne
wag obioined (?&a“ 9)e Whdg i in sgrocment with $ho
Provndideh igobhemm fo» adeowrpilon from solublon and wouldd
pppoay Ho indlonte an oven Mobtvibubion of oaygon ovewr Hho

oxidinad natorial e

Feow $hla graph $he oguobions
"g - ] » 3 s
:Mwﬁﬂﬁ% Bologel o logel holda whowe X and B awo

AoRatanda o
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may be anleulabtods Uhils nllicd wilth eolouy matohing mokon
the FPallderg Torbh tventmont fneb ond olmplo and pievenss
ezeosadve old losooy due $0 on exeens of Fallers Bawth boing
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PERCENTAGE OF ORIGINAL OXYGEN IN  OIL
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Sho peagodnro woed for Hho twectmont of oxridined oil
wan pepoated with the wnoxrddiged oll with Pallors ey sihfodl,
wablos varylng fyon 13 G0 8/a. The orlgiveld oil hag on oxygen
conbont. oFf 00058 and thio ig progressively roducad wlih
ineronsding amounte of Palloro Toxth elbhongh 031l logsgos ax
maah graster due b0 the mueh opellor amovny 0F ODEFOR PRO9ont .

Whon $ho o~d=l valnos wowe oxenived 4 was neticed
hat rofvacbive dndozs deoralty and viocooiity Qoarassod ollshtly
oo tho Tullors Faeihfodd wablo wos ineroaned, Whe nocvwacy of
e moelecudor welght dotorminations ot pe ﬁ”*mw; o aindilay

oremination.
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Avvhough Individuel changeo in proporilos occeny oo

d

epproginble chongo in cosbon digbribubion and xing cowmbtomt wag

brought aboud by thig trootmond .
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Tha changea in phyeleal pyopertlies wero é&ﬁ@ﬁ%ly raloabed
o vhe deewonso dn oxygon contont (Fig.10) and the changes vere
auah ng o vend towarda n congennd aafh@m WMaotelbusdon Lov
oxygen contonts leaa than O 5. \

Thug at thio low coneentyrovion of oxygon,olil. loages AL
any woere wndnportont ag Loy oo $hHe n=d= ommlysio 1o conecynede.
he effost of Pallera Iayrith on unoxidiced seaplogy of
Gidn 1 and 2 wes aloo oxamined end &% wos found that the changes

in propozvica producod wag mmeh lowor than that for Gho
naphthieonio type 0il, as waa $0 Ha ospected aince they 4ld nob
ONBRAR oRY ORYSOLe

Vavilae Linocoln, Byrkit and J@meﬂ?é hove renovod tho
oxddiged poriion of an oll by moong of an webive oloye Thoy
thon gontbnatod the pow o3l with 300 per cont by wolght of

aloys ond an epporent rosln conlont of O por cond wag



EFFECT OF FULLERS EARTH TREA TMENT

ON PROPERTIES OF UNOXIDISED CIL
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founds  Bho pomoval of thie rowin made praetlosdly no

Qe Lorvoneo 1n vhe oid oharagtorlabico, thus boaring out thoe
aonminalons nodo atiovo on the bagla of tho Fullowg Forth
Bpontmont« Phun any npogsoiblo offced of $he Fallowa Bogih o

Ea

tha =0+ anelyols of the wooxldised odld may Do roglogtods

23 Notomminstion of Roolaw

Abons 20 gme 0F omldiasod ofld wes acouvvobtely welghod
oulk Inbo a flaglk and tho voguired cmownt of pobroleuwn obhog
godvony nddod. From o noulodgo of tha powiod of oxidatilon

£ tho odd and Lbs oxygen contont tho approzingto guendlty
of Fallors Barth roguirod waes eavimabtod. Thlg emount wag
addod to tho m@lvmmﬁl@il ndzburoe ond sgliontod for 1Y nAmaton .
A omnolld geaplo was thon filborod and EQEQWE@mmﬁmhaa wath o

praviougly

Tt

voparod gomplo of unexldised olld and golvente IF
oxdrootion vas nov oompletvo smelld asownbs of Punllows Bawbh
woso addod ungil o fldveorod sompdo moatched wibth whe proparod
gpaploes Bho godvont ond werddigod olld mlziure wos Ghon |
Liivarald. %o sho faltored Follorg Bawbh was thon added bthe
pene anownt of @epeh o0lvont ag woo oXiginally voed ppd Sho

milmture agliiovod fox 16 nlmwtos. Thig slxture woao thon

P

LS

livored and the LBrato combined wlth the oxlglnad
aodvontfold £LLBLOB0.
Sodvont wao thon wrasoved by ovaporebtion ond who

rogldne of wnoxidisod old twenefowred Ho o wolghod botble by

monng of 50/60°C. potrolown othore AfSow avaporation of Hhd
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solvent at 60°C. the bottle and contenss weré weighed and
the welghlt of the recowvered oil abbtalned. Mrom thlg the
total weight of oxldleed mabterials was obtained and from a
iknowlaage of the quantity of voital sludge the amount of
resing was obbalned by difference and expressed ag 2
percen'bage. At the game time s gample of dereglned oll wag

obtained which wag lept For fucther snalysls.
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Tho Inshituto of Pobtyoloun oxldalion appoating
desoribed in Chepior IV, was noed af U ouboet 0 oxddipo
pemplon of tho threo olla for poriods sabpglpg fyom 1 houyw $0
ah hourse Tho oxldised ollg a0 obvalned wors hen Brented
by Sho proccfuros doseribed dn Choplor Ve to doberaing tho
omountg of sludge ond roslng produced and of by somo bimo
obboln gomplos of gludge and vogin Fveo ollase. On thego
gomploga of oxidisod, oludge £reo and vosin freo oila ¢Q§&@un
annlyals wowe onrEiod ount in owder o aolobliah tho of £oau ox

oxldotion tluo on the produation of tho Aifforont typos of

oxddation produstae Alon fron thoao anelyals Liuvag,
Information woa obtainod whioh cnablod tho nobure of Hhe
oxidigod produets B0 bo dofuoody and sho oovwwee of Gho
wnonidiaged ponglon of the oll 4o Ho dotorminods o laod LHwo

Ll ("“‘IC

podnta will bo Aloovssed in Chaptors TIL opd VIXLD soapcoiively .

gludeo nnd Reodng Prgdusod

Dovle, TAncodng Dyrkilt and J@nﬁm?€ Rave gugeoatod
that owldng 4o Gho mmeh graniier nroperslon of voging than
alndge produsod on he onidatlon of o lubrlooting olld, tho
roglng formed aro g Bxuer noasuro of he oxbdont 0f exldodion.

O exondnd g Plge 3y Bhe offeot f};_;f 041, compondsion on tho

exvont of oxidation eon Yo obsopveds. 011 Mo elp who dovoot
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in oromatles, formed ps oxpected tho gmalleat ciount of
robolned oxldation products (me dlistinet from the gaseous
producte of oxidation). It would have been expeoted that

011 Wo 3, contoining by for the greatast amount of avomatles
would hove produced the largest amount of retolned oxidation
products. This wog indecd the canse up to aboui 12 hours
oxildntion (of. the ~bondard oxidation tost Hime)s After thig
tinme the smount produced by 0Ll No .2 wan grenter due te o more
congbtont rate of formatlon, while the raie foy 011 No .3 fell
pfter an Initially high value.

Mo ingsoluble gludge was profuced by 0ile No.ld and 2 and
ne soluble sludge by 01l NoW.d durdng the ozldation periods
aolectad, as night be cxpocted from the sromabic contents of
the oll. 011 Noe3d formed Lar more Hobtal sludge thon 011 Mo .2,
bal while the rote of formation of ingoluble and soluble
gludge fox 01l No«5 was llnear, the rate of formatlon of
goluble aludge of 01l Ho«.2 Inerenscd reapldly afber 12 hours
and although 1t 4id not qulte reach the oxient of ooluble
gludge 1n 0Ll No W% at 24 hours 1lts rate of Lormation ant thin
abage wag much highor, but at approximatoly tIn soue lovel as
that for total aludge in 0il Noede

in all eases the rate of formatlon of resins Lell afbor
about L& houres oxldation time. In thlg respect Davie et &1.76
noted that in an englne teagt, the deeronse in rosin content
occurred approximately concurrently with tho inerenae in

pontone incolubles, suggesting that rosing aftor formation



&’3 ®

oxidised further 0 sludgea. A oinilor offfcet weo noted in
the present work and ls Lllusitroted in Mg.l2, where 1% lg
particularly notlccable with 01l Nos2e The rote of formation
of sludges in 011 Mo 5 wan linear and had no correaponding
inerense with the decrease in ragin formabtlon, but this g
neoin conglabont with the work of Bavigié who Lound that in
loog re¥ined ollam, tho reain sontont reached o congbant
cuantity and the sludges produced st o consbant rate. In
thio roapeet 1t should be noted vhet 011 No.j contolned o
vory high percontage of avomatics, Indicatling a low degree
of refining, ng one of the elfects of rolfining o erude 1o teo
reduce tho amouny. of avomatles preaont .

76

Davio et ol noted that the decressc in reslng wos
not oqual to the Inervesse in dludge formation and they
attributed thle dloexepancy oo being due to further oxldation
to oll insolubles which they dld not measurc. In this
reaspeet they geom to have lghored tho faet thot o very large
amount of tho oxygen abaorbed by the oll aon be anccounted forx
in the goooows produets of oxldation such og wator and carbon
dlozido and therefore part of the deerense in reain formation
aould be qulte coelly oxplained by on increagse in the rote of
iormoblon of these gonaous produetn. Hau374 conglders the
preclpltation process cyelios He ouggzested that sludpgos were
produced Lfrom realng until the limit of thoir solubllity was
reoched, when they precipliote and eariy adsorbed rosing with

thome The resin content of the oil would thon Ineroase %o
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n now moaximum and the oyale repent. Thig effect wos not noted

in the progsent work,

Oxygen Contents of Oxidised Oils

- Ag was montloned serliey in Chepter IL,; tho worlt of
ﬂmrnﬁe;%g’g?SSS FTondke et alf%g and Hieksa-Bruan ob al.,59 hng
ghown that the bulk of <the oxysen adzorbod by an oll could be
aceounted for in the gascony products of oxidaitions The
noasurenent of the ameunt of oxygen remaining in the oll was
not, thoervefore, a measure of the toltal oxygen reacting with
$ho oile IV wao lmportent, howover, o delevmine how the
oxyeen rotolned by the oil varded wlih oxidation tiwe ond oil
gomposition.

IV can be geen Lrom Plge 1%, that the curves for
QREYEHER versug oxidation %ime ore ecimiler in type for the two’
olls of higher aromatuic content, while thnt of the low
aromatle 61l is dlesimllow. UThe fowmer two oile showed an
increnac in oxyaen convent Livet, Lfollowed by » decercose aond
then finnlly an inerenso agaln,; whereas the lattor ghowed g
ateady inerenae in oxygen contont with vime« Phleo increanse
then decrensze in oxysen condont wan mogt mogked with 011 No .35,
a vory rapld incroesse Ualklng place in the L£ivet hour of
oxldation. The extont of thlg lnorewse wos verified by
reponted oxddations Lo perdods lens than olandy minatca.

Lavgon, Thorpe and A?@fi@lﬂﬁﬁ huve detovmined guenti=
totlvely the produets of oxldation of five olosses of

hydrovarbong. Albhough peroxides did nov appesr %0 congbtltute
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a mojor oxldatlion produet Laraen et ez?l..’“Cj have shoun that
poroxidc content rises shorply in the early otages of oxidation

i f" fod
42957958 obgerved the

and then f£allge. Dornte and co~workexrs
formotion of peroxides in the oxldation of while olla, but no
peroxldes were detected in the oxidntion of olher less reiined
olla. Tonske ot al.us doubt that porexides may be found in
measurable amount .

These oxidised oll samples were onolysed for peroxides
bvut no trace wae deboctable. It may be aooumed therefore,
that sho rise and £all in oxycen content caoimot be direatly
due to the formatlon and ecomposition of peroxidea, but rathery
4o other primary products of the decomposition.

In conen whare oludges and rosin were present the
cffcet of thelr removel was to reduce the smount of oxygen but
not the shape of the oxygen versug oxidation time curve.
gince resing ropresent the bulk of all the reotoined oxidation
products 1t 1o the form of {thlae oxygen vorous oxidation time
curve whieh dctermines that of all the others. The vanlueg of
oxysen content of the deresined 01l Noe3 was hlgher thon that
expected from the extent of the Tullers Narth treatment, dut
this was found to he due to the presence of water Lformed
during oxidation and retained in the 0il as an emalsion,

Trom the above results it would then appesr that after
the inltial aboorption of oxysen to form poroxides and then,
oxtremoly raplidly, the primery decomposition products of the

peroxiden, the eracking and degradation pProceases foraing
the gascous [
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produets used up more oxysen than wag belng sbuerbed by the
013« Thoreafter thlg reacitlon roduced in oxtont and the logs
of oxysen wao wnore than gounterbalanced by the amount abaorbed.
With o1l of grooter pavalfinlelty the btime required to
reach goullibrdan dn fthe Jormotion and decomposition of
gomnpounds to fovm tho gasaona products of oxidation beconen
mch loag undll 1t s noegliglble In Ghoe coae of O11 Noeloe
Thin may be due to thoe grester avallobility of varalfdinlc type
hy@rn@avhoam, whioh willl bo dnvelved in the formantion of
goaeona nroduetse Thls conclualon lo supported by the work

done claowhere on the oxidation of pure hydyracarbong.

Gorbon Residue

The covbon residue of an oll do dependzut both upon
1te eavbon/hydrogen retie and the amount of oxygen prosent in
ite On oxldotlon the cavbon/hydrogen ratio will btend to
imereéme due to condenantion and polymorlaation type reacilons
and shag Inceresace bthe gaxbon regldue value, while Lhe oxygen
content alsmo inoreases aud reduces the garxbonr reglidue. The
final balonce will then depend upon the noture of the oil
bofore oxidotion and Lte oxidation bhehaviour.

for the three olls under conmideratlon, 1% can be
geen (Fige 14) bthat the carbon rosiducyof the oile btended to
incwoage with oxidation times With 011 No«l, the rato of
inerense wag lincar ot Livst but then lncreanmed,; possidbly due
w0 the covvesponding roduction in vatc of thoe oxysen rotention

of the 0il (Fige 13). With 011 No .2, the cavbon rooidue of
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the oxidised povtlon of Ghe oll followed bthe sawe pablorn asg
that of the oxygoen versus oxidation tlne onrve. Dhila effeatd
woo moxe notleenble on the desludged oil and g contiary to
what wonld De empoated in the relotionghip belbwoen oxygen
contont and cnvbon xesldun. It mugt be ngoumed thonr, that
the deerease In ogygen contont of the oll waa allled with o
for sronter dooreaso in tho corbon/hydvogen rablo.

T4 would spposr thal the gbzuotuve of the oxidised
part of the oll and the roenetlona leading ¥ tho fovmation of
thoege atvictures were for more Important 4n this o1l in
devermining the carbon reglduo thon wag vhe oxygen content of
whe o3l. The reoultae glven by 041 Mo ed agrao with this in
thos the garbon realdueg of tho oxidised parts of the oll
incronged Tinonrly with time and indepondently of the oxyeen
sonbont of the olle

| The earbon residuo of the oll inercosed with
ineroosing amounis of avomatlos ag aon be seen Lfrom Flge 1h.
A glollar offecet wos noted by Gibsﬂnfi who found that above
9% CGp» tho earbon wesidue ineroase was o function of & C o
Phia 1g Yo bo ozmpectad from the high corbon/hydrogen rotio of
aromnabics.

When bhe carbon vosldus was brolken down into the
sontyivubion of sludges and resing vo the total wvalue, 1t was
found that this wae deyanﬁaﬂé on the compoalilon of the oil,

e

ag con be goon fvom Table 8.
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It can bo aeen that an the aromotie content of the
oll incroeaced the conbrlbutlion of the more hoavily oxildiaed
\yarﬁ ot tpe 0il incereased while that ol the resins decrensed
and bthot of the hydrocarbon portion of the oxidised oll woo
amaldl ond tonded o o conatant value.

Thio agrees with f?‘imi‘h};?g. who cuggested that the
carbon reslidue of o exude 1o roughly proportional to 1tz regin
enitont s olnee hydrocavhons do not form an apprecicble amount
ol coke under the condltlons of tho Ramsabhobtom and Conradaon
carbon resldue besto. |

V‘amilie:{?:ﬁ?g haa ghown dhat resing in grude olly
produced 20% and sludges 70% of tho colte in Ghe Conrodson test.
It con Do seen that the velues for the above oxddlecd sauples

o o1l btond to this value with inarvengo in avametioc conbent.
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Vincoalty

TARLE 9

R T A AL

011 Nowe. Vieoomilty of Vigeoalty Toubleog Vigeoslty Ratlo ot
Unoxddiged QL av 12 and 24 Howrs
2090 50°¢  20°G OGSO 20°0¢ 5OYG 20°¢ 50°C
after
Lt S Ces e d fixto = .

ot

933 12709 Over 2?{. hvaoe 1.2 142 1.6 1.5
807 oL 1i%e5 17 16 Lol Loal Hop 3e2

3

3 1083 o« 20 iz 2e2 148 Qo 240

Prom Pigoe 45 and 16 and Teble 9y the offect of
oxldation on the visgoalty of the oll and the cffect of the
venperabure of meaouremont oan be seens. Ag 1o to be expocted
the pate of imereame of viaccowlty ob bobth 20°0C. and 50%0. wan
1n tho order of ingreansing aronatleidty. Avomavics tond to
polymariac on oxidatlon o produce wvery vigcouns umalerialss
The time tekon for the viscoolty to double may bo uzed to
devornine the inditlal rote of incvense of visconity ond $this
1a chown in ¥nble §. Thia figure, howevor, mash be congldered
0o oady glving on indiecation of dhe inidlal reto of increane
in viscoslby oand not as o diveot neansurament of She rato of
chonge of viscosity as 1t can hoe geen from Figa. 15 and 16
that the wale of change of viaseosity increasced with inorensing
oxldntion timg.

In thig veapeed it should bo nobted that the Ingtitute
oi Petwolown vout wees the vigeoalty ratlo aftor 12 hours

oxidatlon to olagelfy an oll with reopoet o oxidetlon gtabllity
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L% oon be seen how thia classificetlon cen load to orvors
Prom the deovormination of viscsosdby 2nblo alb 20%. and 50°C.

afser 12 and 2 hours oxldatlone After 12 houvwes $he ollie

O

RN

would bhe elaoasiflecd ng heving o lower oxidstion gbabillty 1n

order of lnereasing ovomabiclty ot 209% . ond 50°C. Howovew
aftar 24 howra, bthe viasoasity watlo of 011 No.l had nov
subotontinlly inercaned whoreag thoos oL Olla 2 and 3 had.

in feet 01lg 2 and 3 had the gome viacoaeldy wxotio st 20°0. but
at 50 011 Noe2 hod o higher yetlo than L1 No Wi, theroby
veverailng the alvnaitlon sg regerds twhose bwoe ollg aller

12 houvrs oxidalbion.

On premoval of oludze the viosenivieg of tho olla
Aecroaged o valuee jJugt ~bove thad of vhe omigingl oll, the
dlfference hecoming grasier with ilncreecsing oxldation tlmo.
Wish 041 Mo eh the ainilopdlty botween the viecogity of the
original oil and the desindged oll wag vory groat, the
Ailfforence only bacoming oppairent at hizhor oxddoblon timcoe

On wenovol of resinge the vigcosldy Lfeoll below that of

the original oll, the ditference Inereasing with lnsronsing
oxidation vimee. The pobe of chonge of deeyronge with incroesaing

oxifation time Ffor all ’h FQ0 olla wag lineay et 20°0 and GO%G.

Hieko=Bruun el &10‘ working with b

-~

19 olde contalning
195 and 21% of cavbon in svematlos found that 809 and 97
ragpectlvely of the visgoolty lnerease wao couvged by the
reglngs In thia work it wan found Shat for the dwo oilg whieh

produced both siundge and reolng, the contribubion of each



Low

varied with the time of oxidation (Figs. 17). wWith 01l No.2
$he resina produced the bulk of the inerecase up to 18 hours
oxidetion bime and thon the contribution of the sludge began
to play on inerensingly arester role. With 01l No«d the resing
played the mayor role up to § hours and then the aludge took
overe It would scem from thia that the avomptic contont of
the o1l and the time of oxldation ayre the two important Loctorsa.
sinee the two olls uaed by Wicks~Bruun ot al.gsﬂn@ra higher in
aronaticg than 011 No«2 tholy £inding thet yresing played thoe
mayor volo may well hove been due G0 less aevere oxldotion
conditiong.

From remulia given 44 oan beo onloulatod thot the

From remalis givern 46 oan be oaleulatod thot the

vg&mvisaogity contribution of the resling fyom nll three ollg lies
batweenn 6 and U ca«/gne Loy oxldation times verying from 1 to
2h hourae. The aludge viscoaity conbtrlibution tended on the
whole to ingrenac olightly after L hours oxidstion to chout
ten times those of the resing (Figze 18). It ghould be noted
thot Ponglic ot &1‘49 had alrendy expreased the view that
vigooalty inerense wan & rough messure of the total gquantity of
oxldation produotae. In thie reapoot It would aypaaﬂ‘m for more
aotlsfectory oxiterion of the extent of oxldntlon than the

vigooaltbty ratioc.

Acldity

8o
Durwell  has shown thot the alkoli consuming produets
present in an oxldlsed oll awo more complex thon simple aclds

and eabers and include locbtones and polyhydroxy compounds «
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He olao showod that there was no rolation hatween metallile
corronion and the aeilds as dotormined by the neutrelisation
nunbers Congseguently, for tha purpose of Vthls work the term
"nalda® will be used to donate those oxy«wcompounds capable of
producing o hydrogen lon ond not no o measure of tho amount
of earboxyl groups prooent. |

Trom Mge 19 1% con boe gcen that the acldlty of alld
shiece oils inereanmod opprosnimately linearly with oxldation
tine s with the moxe syromaitle olla tending to yprodusc the
greater colditye. In thls roapect &argemal found that
lobricating olle doxlé¥ad from Alfforent erudes produced upon
omddotlion almogt ldentleal (uantitlos of water ond carbon
Alexides bDut showed no trends In the totel nclidity developed.
&1bgon77 hage howover, shown thet there la » lineor relation~
ahlp betweon the log Acld No. of the Qesludeged oll end the
poroonvage c¢orbon in Parealfinde struature. Whon thoe threo
olls under consideration were desludged 1t wan noted (Pig.d9)
that the acldlty deereenold gonsidexrably, capeclally with thae
moye aromatle oil. Removal of resing decreaged the seiditles
Ho thelr origlnel wvaluea before oxidatlon: 1n tho cane of
O0ilo 1 and 2 thils wae gero end with 01l No 5 aboub an Acid NO

0L Qa2

When the Log Acedd NO of desludgoed olls was plotted
agolnot the pereentage pareffin (Mig. 20), then 1% was found
thet the relabtlonghlp way opprozimatoly lincare. This would

appear %o lead o the coneluslon that the developmont of
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poldidy in the non~aludging part of +the oll le welabted to the
paraifinle contont of the unoxldised olls while the develop-
mens of bobtal eeldity da connseted with tho tendency of the

oll to produce sludge on oxidatione

Phe denaity of the oxidlned ollg ob any deogroe of
oxidatian will Gepend on tho relatlve ratas of Lfornation of
compounds of higher and lower denoliy thon that of the originel
oil. Prom Mge 21 1t con be soon, thot on the whole, the
dengliy of the ollg Fended o ineronse on oxldatlion, buv in an
irresular monner indleoting that the fovinatlon of oxildised
prnﬁucté was not o uniform procease. The totald incresse in
density wao related to the avomatic content of the unoxidined
ollm, the percentnge Iineroeasc ofter 2 bouvs belng o linesr
funetion of the syomatic conbent (Fig. 22).

The romoval of gludges and reoins dscreased the densitys
that of the sludges to velues Just above that of tho original
oll, while the removal of resins tended, on the whole, to
rofuce the denglty to values below that of the origlnal oll,

thla tendency inerensing wlith inercosing oxidation time.

Noleceular Welght

Increone In the aversge molecular wolght of an oll on
oxddotion may Bo Que elther to the removal of lower moleoular
welght hydrocarbono ag oracked producta of oxidetion, opr

polymorlsntion of hydrocarbon moloouloge. DToCrease 1n moleeular
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PERCENTAGE INCREASE IN DENSITY OF

OXIDISED OILS
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welght on the other hand moy be due elbthor to the cracklng of
hieh molecular weight hydrvecarbone or preelpitation of high
molocular wolght compounds from solubion In $he oile A atudy,
thoreforo, of the wolecular woight 6f the oxldlsed olls hefore
ond after the removel of sludge and reelne cowld well glve non
Indication of the type of molecule bolng primarily attacked.
With 0ila 1 and 2 the form of the melcoular welght
verana oxidation dime curve was vory simnilar vo that of the
oxygen conbentd versua time,y, while fox Ol No«5 the curve took
the oppoaite fovm up Yo 9 hours oxnldotion and was then einmilar
H0 the oxyeen conbont/tine curve. Thne for tho fivet two olls
the fowmmation of oxygen containing melaeoulosn would appeary Lo
be dlrectly responsible for the Increnge in molecular welzght
and a deereasc in Gﬁygen conbent accompanied by a decrease in
moloculor wolght would indicate n nrodominance of eraeking
typae rosctionse In 041 No.5 thig tondency vasg lnidtlally
roveraod aud o loss in oxygen aceompanled by an lncroeasge in
moleenloy welght would indleato the predominance of condensp~
tdon type reactlons wivth oxysen being lost as wober (Pig. 23).
When the moloonlar welght of dhe unoxldised part of the
01l was exenlnod Lt wag found That hoth 0illg 1 and 2 ahowed pn
initlel deerease in moleoular welght up o 1 hour oxidstion
and thlg was then followed by an inerence, syeoter in the
cage of 01l No.2, Phus the larger hydrocnrbons initially bhore
the brunt of the oxidebive attack nnd an thoy wore removed the

atback begnme concentratod on the lightor hydvoecoybons. Vith
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04l Mo e% atiock varled inlitlelly between lighlor anrd heavlor
hydroenybons and thie mrat have beon due Ho differences ln the
pobon of oxidation of bho two, wpresunabdly since they may in
thio coge have vepresontod two hydvocnrbon Lypege. Once thlg
dultdial varlation goaged Litvlo change waa nobtoed in the
moloculor welghd oo wan also tho case av Hhe hlghor gteges of
oxldation of the obhor two ollse In the unoxidlsed olla the
bullk of the hydrocarbong present mugt thorelfore be of
myy&oxﬁmaﬁe&y the some molecualay welghé, with a emell
pexcontage of materlal of more dlverge molaecnlar welght ond
agtrrebure whieh beax the et of the Initial oxldotivo albaclt.
Thia effeey wag more nobleeoble in olla of higher syomabielty.

In Qhopler VIIT will be dlgounesed the hydrocanrbon
types dnvedlved in thoso molecwlar wolght chabges of the

unoxldised part of the olla
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ClraReER VIE

DI EPPRCE OF 013, GOMPOSTTION ON TUE NATURE OF

OXLDIYEBD MATERIALS

Thaoreticolly thoe simpleot mothoed of exnmining the
proyvertics of the siudges snd resing produced on the oxidation
of inbrleating oil Lrocilong ig 40 gaparate and onolyac thenme.
Howaver, for thie method o produce accurale resulba 14 is
noceasawy that no change in the nodure ond propertics of the
aslutdge and reging lg bHroughv about by whe meang umed o
soparate them. In the cage 0f the resing vhare would appear |
o be no fundamontald change broughlt about by the separetion |
process ag they will redisgolve 1 the oill gziving it once
agodn 1t origlnad phyeiceal propevtics. Unfortunately the
meana of sepavatlng vhe ﬁiuage from the oxidiaed ollg involves
tholr peptloation ond ageregation ond in thils proocess thore
1o no guarenvee that no furbhor polynerisation of the sludge
will btake placoe. In ovder o beat thim, =ludge wos
preeipitoted Lrom oxidised somplon of vhe ollyw by the 2ddition
of petrolceun ether whleh woo thoen evaporated frvom the oil at
Zoom vemporature and wnder vaouume I¥ wag Lfound thaet the bhHulk
oi Who proclpiteted sludge would not redigsolve in the oil.
dovig, Lincodn, Byrkit ond Jeneg?g alao feund thot when
sdudgon and resing were sopavnbod, the yooine went bhoelk into
aolutlon wherena the eludges did nob. Owing to thils difficulty

the method waed 6 devermine the propertles of the sludge and



roaing woe o oexonine tho propertics of the oll hefore end
sfter thoiy romovael ond from o koowlodge of dhe amounds ol
aludge and ﬁémim prodnced to esleulabte thelw proportlos.
Yhon wondom @&kﬁﬁwla a of gludge ond rosing wore btaken ond thelr
proporbles compared wish thoge obtsinod by Yhia Aifferenca
method 1% wag Lound that fox the resing thoroe was reasonably
cloge agyaameﬁﬁiin ald casea, whilo the gludges showed widaly
dlveorgent velusg.

e o the vobuve of the oll inaslubila sludze ond o
ing@lﬂbility 10 moat hydroearhon éelvmnﬁ$ 16 woa not posaible
t0 caoloulate or dotermine ide propertlios emcepl in o linited

npuaboy of euuQge

Plee 24 shows the wvardation in the povcentoge oxygen
in gludges nand resine with oxidation time and oll composition.
Oxygﬁm contont of the ingolublo and soluble ¢ludge Lron
01l No«3 deereased »apldly ab fleat, porbtleularly thet of tho
ingoluble sludge, aoffer an Inldled hich velue, and then
increanad. The zato of dncronae of oxygen in $ho insoluble
gludge wag Lalrly rapld whille, afbfer tho inlélal deoronse,
thot of the goluble slwdge inerengod gradually o o velue of
obout L0% aftor 24 houra oxldetion. Phe oxygen in the soluble
agludge Lrom OLL No«2 wog indticlly much highor thon that from
01l Hoe3 but decweosed faivly repidly to o value of about 157
afver 2% houra oxidations

*he chenge in value of the percentoge oxysen proscnt
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{ie

in the roning was oimdllor for all threo ells. This wag an
dnitlal dncrease Fellowed by a devorcease then finally o wore
cradunl lnoressce The points of which tho ehapges in 2ate
took place were alfferent for the throe elle, belng earlicet
Faxr G N@.§ sind latoat fox 011 Noe.lse Tho wosins from Olle
2 and % in the lator gtnges of oxidation had very almilar
volvens oFf oxygen content, belng 4% ab 24 houms ozldeition,
vhido that of 0L No«l waae wabher highey belng abous 10F at

. houpg.  Whese veluon fop Gﬂyteﬁ content compare wiith those
ohvaliined by Hiokg=Bruun ob mz- )9 which wore 9<15% fopr rosing
and oves 20% for aludgen. Iavig ob al.fG suasogted that o
value of L5% for oxyeon pyrosont in "Hotal penbano
precipitoblen® wan a ronszonoble average for eonoh maboprioloe.
It con be seen f£rom the pbove yesuliu, however, that the
porgenbage oxygen in aither the slundges op wooing wilill depend
on the exbtent of oxldatlon of the oll.

When the welght of oxyzen precent in aludges and
voaloy por 100 gne 0F oxldised olld was conaldered 1t could
he geon bthat the lower the aromadlo content of +the oll, Sthe
groater the welght of oxygon pRasent in the sludges and

reaing (IMge 25)e With OLL Noe2 4% was nobved Shat Shers was
Lltially o grooter welght of oxygen in the reoing than in
the sludges bul that this was roversed aifter 12 hours
oxldation time, alior which 4ho welshis present in coch were

aboud ainiloy.

With 013 Noa3 the greator welght of oxygon weg initially
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presont in tho roming, then lngoluble gludge and inally the
least in the goluble oludsze. Afbor 24 houra oxldation the
grentont welpht of oxygon wang prosent in tho soluble sludge,
followed by insoluble sludge and finnlly resinoe

With 041 Nol.l hoth the welght and percontage oxygen
progont tended to inorense with increnclng oxldation time
showing thot the aboorption of oxygen outwelghed loames due
Lo oraclting wactiono. “ince therc could have bHeen no losses
oi oxyeen by Luarther oxidatlon of the realns te form aludge,
the oxysen contont of the resing from thls oll was much
hMpghor than thoge Lyom O0lla 2 ond He

With 011 o e2 1b won acon that afber 9 hours oxldation

the percontege oxygen in the rosing recched an approximately
gonatont velue and ot the game btime tho welpght of the oxygon
prasent In the sludges began to show o rapld inereonse
indieoting 4wt dynomle egullibriua had boen reached in the
rooction hydrocarbons ==2 pesing == soluble zludge. It woo
odoo noted that althousgh the welght of oxysen present in the
aoluble aludge was inerensing, its percentage wos decrsasing
Faldrly ropldly indleating thot further polymorisction of +he
oludge dtnolf was talting ploce. Again onince no oxygon woo
heing loat in the foraation of incoluble glndge, the oxycen
content of the soluble oludge wos higher than that for
041 Noed e

With 01l Ho 3 the percentose oxygen in hoth the

aladges and resing btonded $o a conabant velue aftor an



initinl inerenne followed by a decresse in thelr value
indicating thot equilibrium had been remched in tho reactlon:
hydrocarbons ==* resing == soluble sludge == inooluble
aludge. Thia wag also borne out hy tho Lret thmh the inerease
in wolght of oxmygen present in insoluble sludge and soluble
alndee only oceurred afbtor tho percentage oxysen in soluble
and reolng tended to o congtant value. It was also noted

that elthough afbor 24 hours oxldoblon there wag a gresntver
welght of oxygen progsent in aoluble than insoluble sludge, the
mbe of inereanasc of tho latder weg vory muech greoter.

It wao notod in overy onse thet the cmount of oxygen
present in the rooing initlally Qeoronsed and later graduslly
inercaged,‘pasmibly due to the ocarly predominsnce of cracking
type renotlonge. Siallay loasen in the aludges con hoe expleined
by Lurther polymericatlion of the sludge Ateeldl with removal of

nyeen aa watore Agein thls type of reccotlon probebly nloys o
laas dmportant part so oxldatlion proceeds ond the aludge

beeomea more polymnerdsode.

Sarbon Rogidue

Poom Ploe 26 4t con bo gcen that bthe easbon reciduc of the
reging vag gquite amall and dended o inercase «lighily on
oxildatdon. “ince these mmﬁérialﬁ are relatively unpolymorised
and contoin up to 10 oxysen it o surprieing thet there 1g no
obvious walation between the carbon residue of the resing and
thelr oxygen content. It muat Do concluded that thoe oxygen

compounds in thoe rosing were veporised under the conditiony



X\CA RBON RESIDUE

QlL NO. I

X-RESINS

FIG 26 _—

\

OlL NO.2

X - s0OLUBLE SLUDGE

u! O -~ RESINS
OO 2
| o
: [} )
i
9
50
: <
oo X
~—_OL 2. o) 0
oL v e T
{ OlIL NO 3
f
t
N w
.o
. (@]
40 = ‘ n & @
ul o d
‘ = V/ - ,
e X-INSOLUBLE SLUDGE .
| s O-SOLUBLE SLUDGE :
20;3 A-RESINS
i .
A T £> l e - - ]
®) il | | |
4 8 |2 |6 20 24

OXIDATION TIME(HOURS)



of tho enybon reasldue teot before the carbonlantlion process took
place and could therefore play ne port in it.
The values of the carbon reaidues of the solublo sludge
£yom 01l Mo .2 veried invergely with tho ozyson conbtont of the
oxldined oil sithough it ahowed ne rel&tionqbip with the oxygen
sontent of tho solublo aludge 1tseld

yith 011 Noe3 1t was noted that the carbon yosidue volues

of the sludgos showed o trongition point in their rate of change
ot points corrcaponding o tho ohange in ozysen content. With

the ingolublo sludge thig wap o glowing down in the rote of
doeroaaey wille with the goluble sludge 1t wag a glowlng down
in she rate of ineyoancs

With the dnpoluble cludge the inliiolly high oxygen contont
gove plag o o iarge carbon wegidue, the value £01lling an the
oxyeon contont fell then fodling moroe glowly ag the oxygen content
inononseds Thig pointe to the Laed thot Indtlaelly the oxygzen
aonpounds woxo oanlly cracked or dlebtilled off belfore they could
ploy any part in tho carbonlastion. Tho Lfolling 4in velue with
vimo was probably duc Go bhe more fira atbaobuent of oxygen,
poosdlbly by wing linkagos, whleh could thon talke pert in the
carbonloatlon. - The flling in rete as the oxymon content
incereased was probebly duno to the fovmation of mony wing polyners
whieh inerossod tho gavbon/hydvogen ratlo o cueh an oxtent thot
the insvense in oxygen comtont hod only o partisl offcebt. At
thig gtege 1t scemn worxthwhile to comment on tho foct that the

deoerense in covbon pesidue with ozldetion time and She inerence



in oxygen condent sulo oub the possihility that the ingoluble
aludge coatoined any great povcenlbage of clomental cailbon as
Nall&nateyn@g has ousgesbod.

Pho opposite offeet was noted with the goluble gludge,
the earbon roaidue ineressing wlih oxidation tlno ag Vhe
ozyeen £fell and then looveacing more glowly oo the onygen
sonbont abarted vo lunerosses Thus the lasresso iIn oxygen

content waa not sufficlent Ho ovopcome the dnoveaso of carbon

Yzl

realdue of the polyvuerised gludge and Ghe woemult was o ney
Iaeresse in eorbon rosidue bub ot o lower roto.

oummardoling, 1t oan bo sald thatv tho oxygon preseny in
the reging wao romovel bofore 14 counld sffect the ¢carhonigation,
wheveas the carbon reglducs of the gludges could be affooted
by the oxyeen pragent, bt that thig wag depondany upon the
cround ol oxygen, how 1% wos atioohed and the degrac of

polymnorlantion of the sludgoo .

égiﬂitx

From TMlge27 1t can be gscen that thoe rosing from the more
paraffinie type olls haod o higher meld numbore. This wag
probably duo to the kpown fact that parafiing on oxldotion
tond vo produce a greater quontity ol aelde than ony other
hydroeazbon, allled o thoe foot thal congldernbly logso sludge
woa {owmed, and, hence thore could have been no transfer of
acidic materiol. This promise wae bHozno out by the fact that
whore gludge wae formed the anld numbera of 4he reelns tonded
towanrds o congtont value, whorens that of 011 No el kept on
inorensing with oxldation time.
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A almilor effoed was goeon i the meld nuabors of the
aniﬁbie aindgon Lrom 0dle 2 and % Tith 011 Mo .3 which
produced insoluble sludge, the acld maﬁbe?'%@maaa w0 decrease
to o congbant valuc, while that of 011 MNo.2, which formed no
ingoluble oludge under the conditions of oxldntion, tended to
incrensno with oxldation timo.

Tho aeold nuabesr of dho dngolublo giwdge was {far sreater
than “hoae Low él’aslgasa and resinay whileh hed values of the
mome oxrder for nll throe oila.

Por 011 Mol tho welght of aaid (in mge KO por 100 gu.
of o1l) in the resing inercosed linearly with oxidotion time
(Fige 28) in mueh the some mamner os the poreconbtage inerensc.
The wolght preosent was much grootor thon In any other fractlon
with the oexception of Hh innolublo sludge Lfrom 011 Noe3.

Por Qlla 2 and 3, the greator welght of aold wos
intiinlly prresont In Bhe rooins. Howevors tho rates of
Inareasa of the welghts of =20dd wore groster for the sludge
than for the roalna. With 011 Noe2p equnl welghbba of acdd in
aludge and reain woere not producod unbild 2& honure oxldatlon,
whilo Lo 011 lNo 3 thio ocourred afber 12 hours and thercafter
thare wag a groaoter weleht gf acld in the colvble sludge than
in the reaino.

When the oxygen prosent in celds (tolen as =C00H ag o
firvat approximation) woo talon as o percontoge of the totol
oxygen preacnt, 1% was ovident (Mge 29) that the scidie
oxygen in the soluble siundges and resins was very mmeh leas

than that of the ingsoluble nludge.
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Uq.'

In the past considexable thought buaa been glven to tho
rolovionahip botweon gludgo and aeldidy developod on oxldation
04 Avbricating oil fraationas. I8 Lo Inowmdhat over roefinod
odle verny quickly bulld up acldg on oxldation, snd that in dhe
advonsed sbagos of osnidovion siundge forms froguenbly with o
dogvoanaa 10 aoldity .« ﬁareuﬁmam@§ ilrat ouggosved that aecdds
viere progureors of rosing end aldidges and ﬁamhamem?§ advanaed
whin view Ly glaining $heb the formation of slwdgo wag duo to
the condonoation of ccldmy probably with polyeyclic naphtheness
hio vicew 19 now no longar tenoble glnce 14 1o known vhab
parasfinle type olla can produce vory large smounug of neld,
without +tho Loxaotlion of aludgo e

Hoglam and Fmahliehgu augeoatad shat bthe Lfonasiilon of
aldehydes ond kotonon preaocdoas thot of sludge and Eaaﬁgﬁ.hmg
olaboratod on thia by making tho hypothesie ¢havw odludge 1o
avaduced by tho condensatlion of aromotls hydvoxyl comnpounds
with cavbonyl compounda, although no oxverimonial ovidence
hag oo fav Heen offered o ouppoxrt this viewgelnt. IL thio
shaory 1o covraect, howvevery then the fervmatlon of welds arnd
gdudeo ahonld bo compobibive ag thar wovrld hoth be Lformod
from 1donbiend compounda nomely carbonyl conpounds e

Somo avidenoe that thia 153 Indeed tho coae haa hean
offovred by Ivving and ?hmmgg@ga& who oxldiged trangsformaer oilg
under sonditions whore the diffusion of ouyson was o reto

eontrolilng foctore. Thoy found thot In ol enaeg where the
rate of neldity doveloped decransody tha zode of sludge

formption inevessed ond omplalined 14 on tho poswapiion thob

Al



the aeidie components in tho ol pasblially roprosented
potentiol eludgs olnoa agludge formod laver had ivacll a
Weh aclddibys An laporbant feature noted wea that when
onyeen was Limlted glndge fommatilon prodominated over acld
Lormotion.

ﬁ&eLamamyﬁ hoa obooyved that tho fommouvion of hydrozy=
neliss which are Anzoluble in petrvelown ollss may be of
ipporionee in the produeilon of sludges whieh ove vaytislly

5

o iinbios e has euggestod What vhe acld congtituewnts of
$he oludge ave ab Lenst pavidally of the hydrozy varietye
L6 now sooms vRguogvionable that there lg come conneetlon

betweon acidlity and sludge, bub the nature of that connegivion
1g ablll open o doubivs In tho progent work 44 has been noved
thad bhe acldidy of the incoliuble oludge way voxy mueh highor
vaan that of the aoluvblo gludges and poding and that tho
agldlo ozygen roproaonted o growbor porsentnge of tho btotel

thon olthor that of the goluble oludge ov rosinge. Thig belng
bhe gaso L4 geemg likely that the aeldlsy of the ingsluble
aludge g rolated in gome woy bo LUs ingolvbillty, 9inco bhe
acidic groupings presons are highly polaw 1n natuye, the
polarliy of whe insoluble oludge mugt be conglderobly groater
than that of tho pawent oile. I% would vhen sppeor not unlikely
that the soluble slndge on aboorpilon of oxyren produeed anids
e oush an extent that She polariiy inereanzod $o ouch o vmlme
ahowe the gindge waa no longer «oluble in the non~polar ol

tme—o

and preeiovlintion rosuldiode



Dopaity

1f twe oimilay compounds ave homogencousty mixed end if
ﬁl and ﬁ, aye bthely denoitieg and wl and WQ Tholr weapeotlve
wolghte thon tho nverapo density of the nixbuve can be givon byl

Yy Y
Iy & Vg

mf‘ﬂiwmm;«m
V. + V.
1 'd
él 9 d ¥
y L

Mew 48 “zv 1o the density ol tho oll, wesing and coluble

aludge miztuve ond dy Lo the densliy of tho oil and regin

Q

mixtures then d, the donelty of vhe sludge canr be caleulated
Frons
1 .\‘I 3 L] {11

G ?1%1 F iy )d, 2 - g

oo Wy l

In o glnilov nanney the denelvy of the reogling may be
geloulatod .

Prom PMigs 30 &4 con bo geon thot afber Initlsd
Llvetuotlons In values the deneliles of +he rerdng Loy aldl
thires olle tended to approseh a congvtant valwve «lightly abhove
that of the orlginal oil. Thls Indicatog bthat 0Reo equilibrium
hod been reoched tho rosing produced are of o wnlforn noturc.
In thia mogpeet 4% waa noted that bthe logs sludge tho oil

formed thon the lounger tho time wrequired for the reslng to btend
towards o congtont vaive of donality. Thilo wag to he expected
1% reqalna vere to bo congldorad ag an interaedinde produet in
the fornation of aludges

A alodler effest was netleed in the donolty of the

aludges vhere 38 con Be geen that the denalsy of vhat Lrom
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G13 Ho «2s which produced no inseluble aludge, after the initiel
fluctuetions tonded o lncyongse Lfap more rapldly bthan that Lrom
011 No% whose densor matordal, probably contributed to

fornutlon of the inpoluble sludgo.

o, coular Wolght

Ty

Tor o wixture of two almilaxr ﬁ@mgmﬁﬂﬁg whe molocular
\*f-:-e;;‘:‘é,;gg;?:’ri; of bhe x»m,,::z;*e;m:*@ Ban ’h@ arproevend et

oy ™ | My, + My

where ® la the mole Leactlowne
Ag o firvet approximailon, howovers; the walue ean b& volen agd

4 B g S 3t,E

‘av 2

whope % thig timo wopresents the welght frawtlon of the
agngtlituenis .
A% ouboerlpt 1 rofevs Ho the old and regln mixiureg and
subogeslnt 2 Yo the olndgas

thos the moleculay welght of tho aludge con he glven agl

tﬁﬁ b 5‘::"‘ 1}'7
, _ av i1
Moy ™ e . 2 whazo M .. %o tho moleoenlan wolght
(X8 =% :} (‘ %? "
of the oll, sludge and resin nizbtuvo.

& o olnllar mopner tho noleoudoer welght of the reging
mey bo ealonlatod.

From Pige %4 4% can be geen that tho moleoular welghi of
the resing from ald bhroe olla afbter lnlbicl flusbuatlons

tonded o a congbant value. Uhet of 0ils 1 ond 2 pave Hheao

values as Just above those of i oprisinal ollas which QErany
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(AL

gith he obaervabion of Sachanen wnd Vanglliac ﬁfﬁptha"”ﬂm
podosulor wolght of mesing in unoxidisced olls wag close o that
of the frootion Ffrom whleh 1% wos dovdved, oxceeding 1% vsually
by 30 ox 40. In thls »eapocs ﬁmma?@ alao found thes the
podocoular wolghto of zeclng prefoxmnd and separaied from

¥

lubslenting oldl AMlatdlistes and thoge Pormed as o result of
oxddation oFf the Alatlllates had oomparetlvely olose vnlues of
molocular wolght and clomental conpogitione
01 the othor hand the congbont valuweg sppronched by the
voglng from 0L Nm;ﬁ gorvegponded o o Glmer of the oxiginal
oile Thia 4a probably volated o the high svometic content of
tha 031, 3% belng known that avomatics tend 4o polymeriae to
o omueh geeover dogren than any other hydvocazbon typoe
Tho modecudar vielght of the goluble gludge from 011 No W3
roae Andtlally them £ell Yo vnlues opproachilng thet of itg
ragingg while that Lo the solduble giudgo fyrom 0L No«2 wag
ostrancly Bigh ot firet and $hon foll Bo valuew wpproaching
that of o dimere
Ponole ob a1¢&53uﬂ.nw g eryoseopio nevlhod with
naphthalone an golvent abisined values of around 1500 for
bouh pentans and 0dd ineoluble sludzoe 3ubxnem?§ ueing on
churilioseoplo mebhod oblalned valuse of up Yo F000 for the
molocular wolghito of thoe sludgeae Phewe values axe comparable
o those oblalned in this woxlse Nowavewr, olhor worlers using
o vaydety of mebhoda obilained veluon which wers widely

3 ) - &3‘.} o
dliforcnt fvom thosoe Plelffer ond el weldng the Longmirs



89

_ | 89
nethad obbained wvolnea of from V00 40 In0,000. Swanzon,
by o mobhed lavolving dlffusion and dl=cleciric conaobaont
obtained gimllar veluog, while Kotz and Eeuﬁﬂ‘by meana of on
olactron nieroscope obtalned values of leas than Gﬁﬂ for the
Alomeber of 4he oludsge partioles, corpespornding 4o molceoulny
wolghte of less than 90,000,

Pha fact bthat the molacular welshi determinations were
anrriod out on the oludge geparated Prom the oxidlaed oll io
of conasidorable imporiensce. Vardabtlon in volues by the
AL forvent woritara 1o Lilkely to have heon caouned by different
degraen of agorogotion of the sludgos on thelr prociplbotion.

S&chanan7§ hne ouggeotod that 1n asolubion sludgoes
conalat of high noloonlar wolsht materisl on o which ig

adosrhed »osing oo producing o nilcollar atruoturao.
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PROPURPLRS AND GHIMZOAL GOMPOSINION OF OLiS

RUCOVERED AFPRER PULLERS DARDH 9UBATMENG

o L T

General Droportlos

S TRTe

The oild wrocovered aftor the btroabmnont with Fulleors
Rarth repreancnted that porxrtion of tho oll whiwh-waa nod
Wenoked in the courso of oxidatioun. 411 gamplog Pocovored
Prom the theee ollas wore yollowish in colonre For 011 Hoed
thia 4id not vary very much frvom the coleuy of the oviginal
03l Bt for OLlg 2 and 8 the Bypieal awomgbic bloom Shob
thoae 6ile had pouseasned beforo oxidotion wag Loab.

Tha oxyeen values of the pecoverad olda woro glisglitly
lghay than thonse o€ the nnoxidiged 0llas byt thie vas found
e be duo b0 glipght tyoces of wator which had been enbrained
and emalolfied in tho oild during bthe oxidublon procogse.

The carbon rosidues and vigeocgltliecs oll ghowed o
vendongy o decressas. Aciditiesn for Gllo 1 and 2 woere moro

&

ag were thoge of the opiginal oila, while that of L1 Yo e3
ghowod a «lighi incwenss. With 011 Mool the donaity of 4he
voeovered porblion wan eppronimadeldy tho semo an that of the
origlanl o0dl with ollght veriations ans oxldotion nrococeded.
Thooe of Olla 2 and 3 btendod to Qecveaso with the rolte of
decresae 0F Q3L Ho <% grootor thon thal 6f 043 No el

Fow O1 Noel Vhe molecular weleht docreased up 4o

& howw and then dnvrossed o o consband valuo whish was

L



Yl e

aldahtly bglow that of the originel oil. 011 Wo.2 vwas oinilor
with 4ho conatant valuoe shout thot of the origlinel oil,

whorens She conatant value approsched hy 01l No«d waa ollshtly
hisher than that of the originel oll. @hig latter oll hed also
morce fluetustions in the noleculor welght of lte reeovered
portion in the lnitlal otoges of oxldatlon thon had the other
two odlo.

Thag 1t can be scen that thoe propertics of the
unoxidiced payxt of the olla were nimllar Yo thoae of the
oricinal olle, with o tendency to decrenne alightly in value
as oxldotion proccedsn. Thia fendency was more pronouncoed with
increasing aromaticity of the ollae.

Rhe abovoe obacyvotiona cgroe well with the worlt of
Pooll,gl Neack.92 ﬁuiﬁe.gﬁ mﬂrcugsangk and F:%chindlergES who
found thot tho removal of rooing Lrom oxidisoed olls loft the
remalning oll in proctically 1ta orlginal condition as far oo
1te physlcal chorsctoriotics were concerneds. Davias, Lincoln,
76

Byrizit and Jonea’ ™ cone to the same conclusions after they
remnoved resinag stogewlne Lfron on oxidised oll and found that
the neutrealisatlon number, enrbon rosidue, oxyson content and
apponificatlion number nll approached the originel oil
choraotoriailen.

ron the results obitained il would appear that 1t 1o
tho henvier moleeular welght, denser and moéore viscous material
thot beoro the brant of the exldative sbtock on a lubricating

0il fractlone.
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Viaconlty Index

The ptandord nothod of expreﬁs;ng tha verlatlion of
vigconlty with temperature of an oll ig tho "vigeosliy index"
vhieh ia based on an empirdcal sceolee The atandards 2re tvo
acrica of lubricating oll frectlona, the one obtained from a
Ponnaylvanla erude bolng arbitrarly cassigned a value of 100,
and the other fyvom o Gull Coogtl crﬁde a value of zero. The
viacoslty index of an oil of o glven viscoslly at 210°F is
enlentloted fron ito viscoolty abt 100°F and the viacoaity ot
100°0. for esch of the obondards hoving o viscomity ab 210°F.
equal ?m that of tho unknown. The viscosity index (V.Il,.) io
then caloulated from the followlng equations:

L o~ U

Vele = mclﬁﬂ

where Ty 1 and U are the viscositica at 100°T. of the
zoR0 Vele atondord, 100 Vele atondard and the sample
reapoctively.

Thlp mothod gufferas from thoe dlasdventagess

a) It 1o nol onocte.
b) It glves anomelouns esults ob valuos higher
thon 100.

Cornellisnen and Wa#ermangﬁ have doveloped a formula
for expreasing tho vardation of vigscoolty with tcuperoture,
which thoy clola obviates those dimadvanbngose Thin formula igs

Tog Vo= (A/8%) + B
whoepre ¥V = viccooliy 1in coe

T w ghoolute tomperature in desrecs Toelvine

A B and x aro conglantoe



A

Thoy ﬁmv@ intope mhaw&ﬁi thnt bhoe valuon ﬁhx.x 100
identiopl fop adindlor conpoundg and Ghat tho dog .Ml woan
noproedlenl indon o inddecting the denporaturo 192
depondonee on vicaoaitye 9he suthore clolwm thoat thio do eloo
an obasilute dndexn ond have nomod AT the "Foandonontol Viaooolty
Pomporature Indon® (ReVelelele For all vecoverod olls fron
She suno oploloal oll Bho voluen of » wiil Lo 1donBlonl.

Pl nhove mebthoed was caployed 4o dodeopmine hoaw the
vincoalby fsonporeture rolotionaldp of tho rocoverod oile
vapriod. The two Hemporstures chonon vore 80%C. and w0%CGe oo
o admple oobior of convonionsoe From Mue 42 4% oon bo aocon
That tho FeVelels of She reoowvarod ::a:miz-:s srom 011 Mo &l vorloed
pround that of tho eviszinal oll in on ivymgmi&? BENROTre  Un
Gho othey hand thoae of 0dla 2 and § aftor o rapdd ini4icl
dearcnos tonded o doarconce Lincardy with 3 rote of deorvonoe
sroptor Qo 011 Npede Thuas the moro cromadlo $ho oil the
gracter tho tonfency for Uho viocosity dupondonio apon
Loanporatueo 90 boeono long an onidoblon ﬂf@ﬁﬁﬂﬁma Phla ponns
in prooadlos Shet $he yooovored odla havo o Dotlor PeVelels
shont Uhe orlglonl ollo, o polnt vhich conld be of Iunpordanoo
18 2% 1o Intondod Shat Sho odla ahonld bo uwand saein altop

POBOVOLY
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Garbon Dlatribubion

Tho carbon Algtribution of the rocovered olls from
011 Noel showed virtuenlly no change with oxildation time. The
changea in moleoulor wolght of the vecovered olls wero
thorefore not assoclated with any porticulor hydrocarbon type.
There mugt be in this oil, then, o moleculay wolght ronge of
compounda of the seme average compositlion and no speelile
type oi compound wag proferentianlly atteclked.

With'the recovered oils Lrom 011l No.2 thero was an
initinl increase in the percentoges of Cp, Oy and Gy (Fige33),
and this was asgoclated with the inldiol rapild decrense Iin
molecular welghts This polnts to the faet that high moleculax
welght paraffinic compounds bore the hrunt of the initial
attock. Aftor this initial lnerenne in GR' GN and GA' the
valuea dropped o that of +the original 04l and then only
allghtly decrensed Ffor the remolning perdods of the oxildation,
agaln Indleating that moat of the oll conalated of compounds
of the gone sverage structure.

011 No <3 ahowed much groateor inltial vorintions in
avernge compoaltion thon 011 No.2 before it reached a constant
value similar te that of the original oil. ‘There wan an
Initisl drop in the carbon in ring structure associnted with
an inereasc in thoe molecular welght and then an incresse in
the percentage carbon in rings cecompanied by o decrecse in
the moleeular welght. This would appear to show on initisl

attack on low molecular welght oromatics aa the poreentage
: ontag
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GA dropped at this otage while thal of GN phowed a glight
inerencnes. Thig was followed by abttack on high moleculor
wolght paraffinie type compounds hefore o conaotont composition
wog reooched. AL the stnge &here oxidative attock on the
pavetling was the predominant reaction it wos noted that the
percentage oznysen in the oll showed a deoreénse so 1t seemns
likely that tho loas in paraffing was due to thelr undergoing
arackihg type remcilona in which oxygsen was alao loat.

From o siudy of the sbove resulte 1t can be seen that the
more aromatle the oil the longer the time required for the
unoxldined port ef:the oll o reach a conatont composition.
Thio iﬁdiemteé that with the lesg refined olls the process of
oxldation has the seme effoeet on the oil an has the refining
procenss, Leee the compounds beardng the brunt of the oxidative
attaclk in less refined olls are those compounda which would be
removed by the refining process. Theao would appenr to be
inltialily aromatics and Tthen high melecular welght paraffing.
Afger removel of those oxtraneous compounds whnt moy be termed
the basie odl is left and this undergoes vory littlo chunge
in average strustural composition, ot lenat up to 24 hours

oxldationy and under the glven oxldntion conditiona.



CHAPTER IX

ACCHLERATED OXIDATION AND OXIDATION OF 4 RECOVIRED

ERACTION OF Tt NAPHTHENIC TYLH OIL (0I5 Noe3)




QUAPTER %X

ACCHLERATED OXEDATION AND OXIDATION OF A NBCOVARGD
PRAGTION OF PHE NAPHIHENIC 2YPE 0% (OIL Mo %)

In previowns chapiers the detarloration of tho olla and
the proportlos of the wrccovered {rocilons with increaslng
oxldovlion time wero gtuldied. It wag noted vhnt the extent of
oxidation ond vhe composition of vhe yecovoraed olle oll
aporooched congtont valucs in the later stuges of oxldation.
it wnge lthorefove, thought depirable o promote Lurther
oxddatlon and S0 geo U0 whalt oxGent he proviows vendenclen
werd ropeated and 4o deteraine the effect of the oxidation
profducits on the oxldotlon process. %o achieve tho fivet of
thoso nimo 4% woag nefeanawy vo obtaln an accolorsted

sidation Beat that wowld Ho as cloge so posaible to the
condiddong lodd down in the L2« bogbe For the second 1%

wag noceasary o wamove the oxlduatlion products afior 24 boura
oxldation undoy le&e Tead condltions aud then re=oxldise the
ragovored fractlons undew the game coadltions Loy perloeds
varying up o 2% hours.

sdneo 011 No o3 undervent the grestest ozidotion, 1t won

dogidad to corry oub the exporduonts mentioned shove on thin
oll. The apparetus and exporimental proceduro developed are

describod hoelowe.
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1. AN _ACOELERAUED OXIDATION 2mS®

A survey of the veriows leboratory oxidation tesl used
waa eorsled oundl, comae of which were montioned in Chaptoer 1IV.
The teat mooh closaly approziuating to the deslyed conditionn
wam the "Inddannn Stirring Cxzidation Toaot®, in whiech aeration
of the oll 1 achloved by roapld otirring of the samplen.

Thig oot wag developod by L@mb. Loone and Gayneréu in order

to obtain an oxidabion toot that would glve oxldation atabllity
valuog comparable to thogo obianined in enzine tostae The
aoccloratod doterloration of the sample soehieved was clained
by the amﬁhmgm o ba due wo o longer rotention period of the
volatllo produets cateolysing the oxldation reoobtions.

It wap therefore decided to coubine the principles of
bhig mothed with the conditions of the TP toot oo far os wasg
practical, in order to echlsve the regulived condiilons. The
tont developed then conaleted of budbling alv at the rate of
60 iitres por hour through 160 mle of aample by menns of o

hollow glase stirrer.

Dotodla of Doat

& wlew of thoe apparaing weoed, without the beabting bath,
la glven in Ploe e

0 oxdor o obuain enough sanple to caryy oul the
reguired soolyels 14 waw ﬁ@@esmmry to eenle wp the apparstun
From the TP test by inewcosing the gquontisy of o1l oxidised

Lyom KO mle 4o 160 mle. The glass coell in which oxldotion took
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Hae

place wos 26 cme in longth end 44s intornnl dlameter wao § cm.,
ﬁeimg twice that off the cell in which the I«F. test wao
corriod ouit. Ag a reouli the helght of tho oll in cach ecell
was tho geme, bolng epproximatoly O eme Tho top of the cell
woo coverod by meana oFf @ cork with o hole in tho ceontro fox
the combined aly inlaobt and gtlrror shaft. Phig aleo gerved

oo on outlos for the volatile produets of oxldatlon.

The combined alr inlod and gtlrrer ascombly conglgtod of
an oclactrle motor rototlng the hollow glags tube whioh
aonbolined o ablirrer gland. Phis gland wog £3vted wilth two
nereoury seala o allow plx ¢o be possoed thyough the gtlvver
ghaft and ardlt through the tipg of the vanog at ¢the ond of
tho ghafft,y tho lottor oxteonding Uo & mine from Yho bobttom of
vho ecelle. The lower soetlon of the ahoft wog conpected Lo
the vwpper by meang of a oudekfiy Joind Just below the gland,
enpbilog 4% 4o bo dizconncetod for cleaning oflor an
omldation sune Lhe holght of $he oll in tho eell corresponded
O o preosure of @.ﬁﬁi inches of meveurye Thus in order that
theore should Do no eseope of alx at the mereury sealos thoy

wore Lilled wivh meveury 40 o helght of 0.50 inchoes.

]

The atirrer chall wao arbltrarily rotobted ot 500 2epene

¥

fhe heatdng bath in which the 6il vag lmmersed was 4G ome
high, 235 ome in dlamector,; logsed with asbeotos and hoatoed by
bwe SO0 wott Droy heaters fltted externally e the bottom of
the bathe The temporoture was hold at 200 + 045°C. by means

of a “unvic control unit.
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Exporimentpl Dotalls

| garples of 01l 10«3 were oxidlsed under the
conditiona gpecifled above and the siudge and rooln valuen
devermined. rucbural group enslysls was oleo garrlod out
on tho fyaction of the oll roeovered afvoer the Tullors Iarth
troptnonte Oxddation waz contimmed unill the quantity of
oxddined mobterlal bogan 4o approoch a congtent wvalue, which

accurod oftor spproxinabtely 30 hourg oxidatione.

2e NE-OXIDATION OF RECOVERED 01T

A puaboer of gamples of 0dd WNoe3 were oxidiged fox
24 houvs undery the conditionn of the .06 Vet and nmized
Yogothor Vo form o composite gamples. This acuple wag When
treated 1n portiona oi about 160 gme with Pullexs Farth and
the unoxidiaaed part of the oil recovereds. This was repeated
untll onousgh sample had been recovered. The rocovered oll
wog thon oxi&iaed ag before for pariods of up 4o 24 houra and
the regulting olle analysed Lorx sludge ond resins. Styuetural
group enelysis woo then performed on the olls recovered afier
the Mullers foxvh treantmont.

In dho analyasls of the rosulis obiained, tho poriodo
of oxldatlon by this mebthod wero added on to “hogzo of the
original oil o Yhnt the total perlod of onidation of the oil

undor Lee oot conditiona was 18 hourg.

Intont of Oxidation

Wivh the atirring mothed the quantity of oxidised



matorial produced was greator than that obizlned under the
novmeld %el’. test condlvions for oimiler pexdods of tlue (rig+%5.
Howoevery whon whe ouidotlon produeds wepre conaidored as reslng,
solublo elndge and inecolublo sludge, 16 eould he soen that the
voalne very qulolly (6 housa) epproschoed a oconabant velue whioh
wan alndlloy to that zeachicd undor the T.Pe toot conditlons
after 2b honrs opldatione A ginllar offesd woe aobed with
aolublo sludge although the approasch o a congbend volue aid
pot deke ploce wndild oboud 180 houys osldatlon timoe. Whon the
cemonnt of lngolvble glundge woe conelderad, howevere 46 wan
poted thot thle was much gieator thon that oblalned under the
Lale boat condlitions end constltubted a consldershbly greater
vercentope of the tobtal oxldation products .

Phuia, &% appoors obvlong that undoer seeclerated
contidtdons the equilibzinva between the peagtions s
hydsoegarbona == wpaeslng ~~2 goluble «ludge ~=» insoludle
alndgo, wae atbolned much wore guleldy and that the individual
roactlons were alao much accelorntede As o rezult the approach
to conotont valuce In the amountsg of esine ond goluble sludge
oceurred aooney and insoluble eludge wos then produced at o
g@c o eongtant ¥ote than thot under normal uvusccelerated
Lele tont conditions.

Afber the ramoval off the exidation nwoduets and the ra=
oxidation oi The remeining oll 1% was noted that the genercl
Trends of the oxlginal oxidotion woewe repsotod with the pveatina
vending to appronch o conctont vaolue. Mvever, instend of o

linear incrense of sludges 1t wes found thsi the ~mount of
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