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Improvement of the oxidation stability of :
'synthetic Bright Stocks and aviation oils. bY;v

- polymerizing vapour phase .cracked. distillatei_.:[
along with aromatics or fractions rich in

e

R H Mettivier Meyer. ,
Synthetie oiIs prepared by polymerizing vapour-

~do not meet the-B.A. M._specification as regards ’"“;
" the viscositx ratio before- ‘and after the oxida-;--”
tion, ‘the" Ramsbottom Coke Number, as well as

its increase after oxidation, is-very eatis-l
factory with these oils. . .

“We ‘have now found that- special aromatics, ‘such- S
as naphthalene and its homologues, if polymerized
together with the cracked dlstillate, ‘have a

-very -favourable effec¢t on thé"Vviscosity ratio,_:
~while neither the Ramsbottom-Coke-Numbey BOT-

~its increase after oxidation, are - appre ia 1y~
raieed.L L
-Ne_also. tried aromatic products obtaine A\
practice, such as Pernis Coking" GaBJOil, Woodri e
Coking ‘Gas 0il, Balik Papan Kerex.and Anthracene-m,pf
011, but only™ Pernis Coking Gas 041 proved to be-
“suitable. S —.
‘In further- experiments the addition of aromaticS'

was studied after the cracked distillate had been N
wholly or- partially polymerized--at ‘a low temper-'”“‘;

~ature. ThHey were carried out with naphthalene, but

Twere not_repreducible. For reasons ‘stated in the B

-report it -is, however, highly. probable that by

cearryifig out such-gxperiments ‘in a continuous o
. polymerization apparatue, reproducible results

will ‘be obtained.

The addition of aromatics will undoubtedly also _
tend to keep the sludge. in the engine in’ suspen-,'

sion, .which will promote cleanliness.-h;

An aviation o0il ‘made by polymerizing vapour-'
phase cracked - distillate, to which about 10 % of
naphthalene had been added before. polymerization,
met the B.A.M. specifications, and was the" best
“011 a8 regards: tendency to ringsticking ‘and coke

-formation ever: tested in the Deutz .benzine motor
“at De-l-ft'. el R ‘




IMPROVEMENT oF THE OXIDATION STABILITY OF SYNTHETIG”“““*H

'BRIGHT . STOCKS AND AVIATION. OILS BY POLYMERIZING L
VAPOUR PHASE CRACKED DISTILLATE ALONG WITH . ° =~

o AROMATICS OR FRACTIONS RIQH IN AROMATICS.wa. o

‘vIntroduction. | ’_“ . "¢g~¥.,n,w | 5;“ilfo~wfvs;~»

_ Synthetic oils, both Bright Stocks and aviation
_oils, have been found not to meet .the B.A.M. oxidation test
‘a8 regards the viscosity ratio ‘before ‘and ‘after the: .oxida= v
‘tion (<), but readily to answer the. requirement that the
Ramsbottom Coke number—of ‘the oil itself shall be less than
. 0.7 % and that it shall not. increase by more than 1.0 % S
cduring oxidation.:iimw,, cm - _ -;]c“;

. - iy olefinic cracked distllletes, obtained by
'fvapour-phase cracking of pure- paraffin wax,_give 01ls w1th
. * the highest viscosity’ ratio. However, there is a" : E B
'*“““*relation“betw%en”the“bOiling“11mits of”themolefinie'Ba§§“~M~W“~"
. material and the value of the viscosity ratio.- Thus, aviation.
- . .oils, made from low-boiling fractions show a ratio of- 3:05 -
- wo-Whieh-drops-to-—about-2+0--for the- polymerizate from-the- "high- -

m_boiling fractions (e.g. cetene frection) PR faut.“,”t4i_,;

_ The increase in.Ramsbottom Coke is very slight for‘rf“
»,‘all these 0ils made from purelywolefinic fractions (e.g. ... 2 ¥

"'0.26 for the fr. <175°C.), especially for the polymerizates‘

'from low-boiling fractions.mv- .

. ; A similar influence of the boiling limits of the , _
‘base material, ‘on the viscosity ratioc. as well as on- thhuin- s
créasé in coke, has been observed in the’ case of Bright - o oo

“T§;ggg§.* ) : , .t - - T _ : )

. . Starting from a technical base material, such as o
vapour-phase cracked distillate (fr. up to 280°C.) ex Balik-

.UPapan Wax: cakes, which conteins cracked. products rich “in .35.,w;
~rings. especially in the higher boiling fractions, polymeriza-
tion gives synthetic o0ils which do mot meet .the B.A.M. vis-.
cosity ratio either, while the Ramsbottom Coke increéase is

comparatively unfavourable (usually O. 6 -~ 0.7 for S 505).

" A marked improvement in—Ramsbottom“increase is possible by
removing the highest bozling fractions from the cracked

" distillate (to 0.45 - 0.50; for the aviation oils from fr.
<250°C. and.<160°C..ex B.P. cracked distillate). Tﬂé‘vis—f |
cosity ratio, however, remaias far above 2.0.. = E

.
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f[gether ‘with the cracked distillate, imparted to. the. Synthetic”f
- Bright ‘Stock a low- viscOSity ‘ratio as well as’a- comparatively_!

UUJG:)U

'These cracked aromatics therefore had an" unfaVourable
On the contrary, naphthalene,'when polymerized to-

~Qlow coke_increase, w1thout 1mpa1r1ng the other properties.

e

I”~;This resilt’ led to a.more exten81ve investigation s

iutowthevposaibility of " polymerizmng the crackededistillate
together with naphthalene and other aromatics or strongly

vharomaticffractions.-Special attention -was paid.to’ theaadd~ 1“35
ition of naphthalene after the complete or: partial polymer-

ization ‘of the cracked- dlelllate,,SO as to saturate-the’

fﬁhigh-polymer olefine ‘with an: ‘aromatic’ nucleus. In this: way i
“a saturated and very highly molecular Bright- Stock’ might ”uf

. bhe.formed- (w1th high film formation temperatur s

and high

Viscosity)

It has been found that 1t is actually possible to

Tprepare a. higher molecular Bright Stock~by addrng 10 4 of

fﬁ*about 200 to- -about 240 ‘sec; -while the -full-film- tempér-~-
~ature was 312 C., i.e. “about 20°C. higher, than that of an

'VVnaphthalene after the cracked distillate has practically

been . polymerized. The‘naphthalene nucleus has th te
on . product k: T pE rer
aphthalene in the subséduentmdistillati n) .
'y "¢Saybolt U. 21L0°F.) comsequently rose: from-

. oil made from B.P. cracked distillate- (w1thout naphthalene)

e7and steamed off .at 300°C." (see:grauh l)

:~”1tion whether the required. reactison takes: place, .or U -
-~ whether- the unaltered‘base material reacts With the naphoj:f

lnwsubsequent~experrments-1nwwh:ch*nephthalene~—--—

q,_dwas added after the cracked distillate 'had been more . or
- less polymerized, this result has not been fully realized.~ .
e Th-was-invardably -noticed--that- only--a- csmall- -portion: ‘of- the S,

'hnaphthalene takes part’ 1n the reaction, the rest’ being ey
. separated *unaltered or in the volatile. tops, ‘even when™ aﬁ“""

umolecule. “In the case-of Yincomplete¥ polymerization the . .
‘reaction. product therefore chiefly consists of. the. high— AR

additional” amount of AlCl3 was added and the temperature was
raised.vﬂf... _ P e ST S
g ‘The'reproducibility of the proceduré'is ﬁoﬁ‘very“-f'-'
great. It is assuméed that the polymerization reaction takes y
place in . such a’ way- that the ‘high-polymer compounds are form-;

.ed ..at_once owing to the very rapid. growth of an activated:

“polymer oil, +the ‘unaltered.  base material ‘and a small -

b

quantity of tops. It.depends on the exact ‘momeént - of- add-

thalene to mainly lowmmolecular tops.v T

kY






those of»Bright Stock ‘made from the same fraction1
“the addition. of” naphthalene”TP Y45 TITE TeIe8T

.~ 'P-~169 and-P 187 the. ‘naphthalere. molecules e
'llow-molecular oleflnes, 80 that strongly substi
. -~aromatics ‘were formed with a;comparatlvely'low'
... weight.. These. ev1dently“actwas ‘anti-oxide
. test: .the .viscosily -ratio’ dr0ps.to 1,64 «a
L ively, while the. coke 1ncrease lS not h;g

higher molecular Brlgﬁt Stock w1th—““h1gh full'fil
temperature (312°C., see graph l) R




ane {168 Kerex fri |108 naphthalens
- -z00-2500€. b oo

G(As referrod to total naphthalene consumption.:"":‘" a




B *abcut 23 5), ‘the" olymerlzatlo ‘ LRz
.~ out for 2% hours: at,a“nlgher temperature (60°C‘
fwthalene adsorpt. i o :
o V.I. .= 112), for
o Yet'. even: in. ‘this" ¢

to be 1ncomp1ete.

ﬂﬁucracked dlstlllate fractlon <250°C.;’befor
- polymerization’ (see table 3). In the first" place

" ‘tempted to polymerize 510+ % of naphthalene together
_cracked distillate, after this had been partly" ol
- (B.V, of the reaction” mass‘—'e)f}s,; “the-

naphthalene l % of.. AlClB




Polymeriz

‘Substance ' added-

Ransb,co o' numbér S..by wt. B
ADitto - ufter oxidatiolr
‘lncrgaae :




“Aabappears from table 3,
s hardly. any influen”

: gards the LY 0o
“river an ernis fr. <320°C ), in sp
content (d Q. -'0 9228 and 0 996, :

h’;'Coking chle#Stack (fr.;
C in aromat: c,ring}, ‘have: anwapprec1abfe
! 5P HoweT

SR For" the preparation of & : ‘
Balik Papan cracked dlstillate should bei'
*f"aboﬁt 85°C i AT SR 5 ‘

SR T At this temperature the polymer‘za‘ion“?‘“
- extremely quickly. The additlon of aromati" fter




'ﬁAtant 1ayer

t% conc./C D;+Jaghfha1ene Vﬁk

Fiashipb.nt'P M v "
: “Conradson : \
T HColour Unlon

' u% ¢ in.najhthenlc rlng

?ﬂ.h7_ﬂ in: paraff. ~chain
“UBIAYHY “oxidation test TR e
: T viscosity in p01ses/100 P.‘
Dltto‘after ox1datlon_hw S

- "Vlsc. ratlo e i
O Ramsbettom coke ‘numbe¥ - in"% by.wt
- IDitto after ox1dat10n S A

L.71

Oy 23
S 061
0.38_

oei07
L7104 T

. .

'1uIncrease o

——..———__.——-—__

% Tops »300° o /c DE

;,jll Pro; ‘er'b:l.es of the* tops‘ ') 30000

3,807%
Y _
- ]‘?P“_ . OC‘,.;- i o ST _

~C 1in aromatic ring
- @ dn- naphthenic. rlng

Predictlon.\ Sl v :gﬁ;_LV""

N
-
e

0.8608%

h

l 4751w

0 3260

9633
311

38 5
60,5

1

C 1n_paraff _chain.
Completely hydrogenated. e

'Q in aromatlc rlng computed from

fhe=risé*ijﬁ
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,polymerization has ,aken plac Ly. be effective v
- .these ‘aromatics react with the polymerization produet form--
ed’at the" “high- temperature. -As these-high- ‘temperature. polyeg
T mersTare yrmed under-the influénce-of - cyolization and:
.ﬁgﬂsaturation:reactions, it'is hardly to be: expected ‘that this
;~rreaotion; etween the added: aromatics’ “and the polymer will.
s lace ‘to a- satisfactory ‘extent. Such a polymerizatic
(P 222) was carried out at 82.,5°C, The resulting
‘judging from

iqgexperim ,
~;f'°if however, °°ntained hardly any naphtha eng,

“complete ‘change in. the reaetion'di
: »omatlcsftake part in: the

) and 111 sec.nSaybolt,.respectlvely. The polymerizate P 237
':fpossesses very good properties‘(Conradson o, 26, colour Unio
cily Va. ). en 'meef”“fﬁ”“ﬁ“t“M““oiiﬁuttong' ; ‘Vt%cw%iﬁyl
-gratio 1 .70 and coke increase 0.38). “These - cpnstante" cori
»;,’slightly legs satisfactory at.a polymerization tempera$ure.o£ i,
10000y (Conradsen 10,395 VLI “100- ooke 1ncrease’1n the B A.H. ol
ﬁtest 0 45, viscoslty ratlo 1 84) A G

o ‘ e_--This shows at’ the same tlme ﬁhat the addition of 10_*"!?
ekeﬂnaphthalenefglxes ----- a. comparatively . thin Brlght Stoek: at~amlow,g;ﬁ55
- .temperature and a comparatively thick. aviation oil at a hWigh .
< temperature, in-other words, the temperature’ susceptibility
-gof“cracked distillate decreases considerably under the in-
~“fluence of the naphthalene..A temperature of about 120°C, - .. v
. .will be: necesaary ‘for the preparation of a 100 secy' oil (soo,;f}f
,;graph ~3)+- The infiuence of “the nqghthalene addition on- the_.t_km.g
yield . of. lubricating 0il is not unfavourable (see ., graph 2).
‘Calculated on ¢rucked distillate ¥ additionm - the ‘yields of St

. "Bright Stock’ {74 %) and aviation-0oil (e7% % _5 ‘are about 1 %- :
“.nigher than when. cracked distillagv is polymerlzedzwithout o~

;;_~the addition of naphthalene.; : ‘ ;_;.

,Q\ AP S s
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R ”épgcr;”li" .
-t 0 M abt,120°C. L

: ,H,afTheriscositiegkbf theéeupo~ymerizatéé”Eféfi%f;*i&&ffffl

- and 1QQJSec;¥Saybolts'Asfappears.frbm@%gbleaA;'the-cpnétants:

— of the first two oils are highly satisfactory. (Conradson 0.27;

o ~cblpnag§pigpt25Iéhd52%-;frespédtively);?thefB%A-Mifoxfd&tibﬁ*
test gives a viscosity fatip“offl;SG*andeﬁcdkéfihéréaqe*bfmwxw .
’O;LL;YAt“abouthZOQC;.an:aviatiohWoil'iS*pQOdﬁéed,»but”itsk‘“&
'ilPRQperﬁiQSféféfnot~Quite7SQtisfabtoryv(V;I;“88,106n£;dson¢y“ .

. 0;50;;vis¢6§1t&’f€tib”l.53;“Ramﬁbottomvindféase}OfSZ)@~It:isiff

“”"”ﬁremarkableﬁtgat»thewinflﬁenceﬁofwthegtemperqpp;gfonlthegvi87~.a

~ *cosity of the polymerization product is very slight.” A témper=

"~ ature of*épdﬁt~130°C;.wOuld;_consquﬁﬂly,;be;reqﬁire&”for‘the g

' production:dftan“aviation»oilﬁ(see’also.g:aph]}).ﬂ;ﬁ]  [ e

L B g‘-‘ﬁpnder‘ﬁQe“inflgence;of'the”high‘pércentageJOf“ﬁt
-z;%r*nhphthaienﬂ;?%ﬁa#pOlymerizatibn;rﬁﬁhjignmhé§7§v;dentlY“been'
‘“”““Hrargely:;eplabed~byéanw&alkylation»rea@ﬁiqnﬁlmﬁhighjiéFfﬁr .
» ,gleSSndéﬁgﬁaentpon]tempﬁratpre;*Onpfcan,~consequ ntly, ‘hardly =
e v4speakgéf;aﬁnﬁimai?pblymggi;apipp.:éa¢tion;“Duting'thefpoly—:y' o
=‘-«“I"meriz,ation-with """ 25 %'of’naphthalenéfhéhy*lbWLmdleculgrj:F*j7~fwﬁﬂ
*‘"***productsfarevfbrmed,-whi¢h'1195qgj§idevthe'lubrigating_qilg e

. renge. Owing to. this, thé“oil;yield“is:c¢mparatiVQ}y71pﬁ ' e
.. (&5 % _and 58% %{&gggpect;vely}; o R o S

o Fu---rpe following has a130~beéﬁ,found:finwtheqp91ymar-, "
" ization with 10 of?na'hthaléneva11~thé~naphthalens~takea -
‘??ﬁTWWpart”infthéﬁreaC£idh;gpértlytfQrmiﬁgLYQLQPilﬁaPéﬁg,’whichf“"f’
- y dre1highly}anomatic“(P 237 40~% of-C in ring structure, = LI
‘ P 221 about 28-% of cyin“ring“structure,'s%ﬁitablegl),ﬁbut
chiefly resilting in lubricating oil constituents. Thus,; the
“analysis of oil P 221 “shows 20 % of C in ring structure.
(éﬁfiviatioﬁjbii'ﬁadé”ffdmfB;P# crackedﬂdistillat6~<25090;~~-”Hw,

only~contain5”about 100 % of C in fidg“strﬂcture);%Whenw- -

. pglymagizing*with‘zs 4 wt. of naphthalene pot all the naph-
thalene reacts, part of\it~being.recovéféd‘ﬁhéltered”when
thd reaction mixture is steamed off; moreover,.the tops

_”‘po;;ing~above 300°C;'are‘exceedingly.aromatid*(abbutfks %i'i,f; 
'.jof.Cfiﬁfiiﬁg“structure!inj?'2413maboutﬂjs‘%:in,P%238),iM; L

T It is, therefore, hardly advantageous*tg;polymenize-'"
more than 10 % wt. of naphthalene<tbget@er*with_thé-cracked'
 aistillate (polymerizate P.241 contains 22.5 % wt. of C in
ring stfucture, which is only 2.5 % moPfe than polymerizate

2‘221,afarmedjby'the;polymerizatiOn with 10?% bfvhgphtbalene);;h
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... ... The BrAM. test of polymerizate P 241, t00, is, .
s‘EQI!%Parativel.y, only little better than that of polymerizate
FBrast. T T e
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.. Synthetic oils is such are known mnot to meet the -/
B.A.M. specification as regards ‘the viscosity ratio, but,

on the contrary, to have alhighly.satisfaétory,Ramsboftqm_-
Coke increase; in particular the polymerizates from yolatile
glefineg ShGW’a“véry'IOW*éokQTiggreaSe;fThe‘cquOunda_fiCh '
“in rings, which occur -in. the highest fractionscf the tech-

'j“hich;vapour—phase_distillategeow;Ew,WEXankégﬁh&??+§_Iﬂ£x‘_

..’Tunfévburable-influénce on the Ramsbottom coke increase, . . 5 .
. ‘although: the .B.A.M.-specification ~(coke Increase <1.0) is "

8till met. .

-

_[it has.ﬁdW 5§enf§§und}that special aromatics (such

fWMWMTMasmnaphtgalangﬁandthe:simple homolo ueS’of“naphthalene)a“

. - if polymerized together with clefiniC'crackédfdistflt&tefWﬂ¥F“$w
-~ or Balik Papan cracked distillate <250°C:, have a highly L
“*W“favourable”effectwonchewﬁmﬂaMelOXidatiOﬁwteSt~a3?regatﬁs R

- ___the viscosity ratio, while thé”ﬁéﬁéﬁbtﬁdm]Eokéfinc:gage“is*“ﬂw~v
. _preetically metraifed. . o7

.. . . «, s -
SRR W P b

~._'.,:_ - T T AR

- e Awfgvéurable”éffectﬂwés‘Qbﬁéipédfﬁibhfnaphfﬁaiehe.
« " -ahd; though- to less extent, with Pernis Coking Ga&¥® 0il _ ===

. .7 <320°C. Woodriver Coking Gas 01l end-a fraegion eéx B.P. - .
— - xﬁx*gg_$he”contrarxmpgovgdVto be tod little aromatic.

- - Anthracene oil,<380°C‘;-a1%hougﬁ_affecffﬁgftﬁgf?fgt&%ftr“—;44—~

“ratio favourably, had a very bad influence -en the Ramg-—"
.. _bpottom coke number as well as-on its increase, , C e
- | The polymerization of cracked distillate with
" naphthalene has been 3. aimined more extensively. Special
attention .was paid to the addition of naphthalenme after--
fhefcfdéked“distillateVBadicompletely or partly polymer— .
ized-at & lov temperature, In a few cases the.resulting
Bright Stock —actually had = higher mol.weight,. a very good

.-  B.A.M. test snd a high full-film temperature. The proced-

: ure-is not yet reproducible, however; this can only be.
effected by a continuous polymeriZatipnwapparatus. By
‘polymerizing cracked distillate to which about 10 % of
nephthalene had previously* been added a high yield of o
polymerizate was obtained (both Bright Stock and aviation -~
- 0il) with highly satisfactory properties ignd B.AM. test. -

.  Undoubtedly, naphthalene derivatives are formed
which ect as anti-oxidant, An aviation oil P_221, made by
‘polymerizing B.P. cracked distillate <250°G. 4+ 10 % wt. of

T ——— B = T TR R - - - y ! /

N e e s
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naphthalene at about 100°C ‘was tested in- the Deutz gasuline

.engine at Delft. It was f
regards tendency to- rings
 tested at Delft"™. Moreove
distillates, to:. which the:

ound that "it was- .the_ best oil as
ticking and. coke . formatIon ever.
r, -oils- formed from good cracked

will mést probably be better: ‘than those made without: aromatics

Ain keeplng sludge in the
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;e - . :v@f: T I

——

":—-—

- Bromine ‘value = s+
, lvd 20/4 :
20 S
D U_,.mﬁ :f

Jeraction
.| 200=250°C.

ex B.P.-

kerex .

ﬁn<386@

ex: ¥

‘anthracenef
‘0il

dedﬁﬁmr

tCoking
Cycle }

" stock.
TMC 8911

ﬂflﬁs;j“

10, 6

. 0,9228  ?
"1’52875:"

of drfferent aromatlc products polymerized |
w1th Balik Papaﬂ’cracked dlstlllate. G -

========T'
fr-<xZPC.¢ o
ex. Pernis ||
JCoking -
|Cydle. stock |
TMC. 9046,.

0. 996

I ) e s ||
3 §° R - 0.3334 | 013340 | -
g Py °C. 4 1.5 - 7,0 ' -15,0
i Average mol, Wnlght B 155 5 172 .} 1683 -
: A.S.T“M, I.B.P. < TR ‘“190““‘““5188' S
,,,,, ' : 10 % - ” - L e 219 R4
R — 20 % - = = = T 228 | 254
P 30?% ; _ R c-335 | zE0e -
R X o I S e 243 -~ 2680
- 50 %_ S - ar B QL 272 E
------ .- 60 % - - - 287 278
70 % - - - . 266 287 W
‘80 % -] = 277 208 . U
i 90 % e - 2017 311 o
- .95 % . - =~ 03 3x
N _F.B.P. S - SISERE R I
. % residue - - | | - .= ’
T . % : 1'0“88 __ ‘ Tl T
s T v




Engler viscosity ';; o RS ,0' ~”~ ».V 54/}3

.~;“:~Saﬂx1t Universal =~ - e e 70/33.m, |
. Viscosity Index . . .- T R — A—M Beok~—page—116m—
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