61530. 334, Area of the dnvention The invention relates to the use of
co-oligoners 5 synt hesi sed from (nmeth)acrylic acid esters and [err]-ol ef
ins as synthesis oils in Tribology. Prior art The frequently extrene

| ubrication requirenents of 10 nmodern nmachi nes have resulted in the
devel éprment of synthetic lubricants (synthesis oils) (of. Ul manns

Encycl opddi e der Techn. Chem e, 4th ed., vol. 20, 503 - 530, Verlag Cheme
1981). Conventi gnaBosyitdhesis oils belong to different 15 cl asses of
substances; apart from pol yethers, esters-(of nonobasic and pol ybasic
carboxylic acids wth nono-basic and pol ybasic al cohols), phosphoric and
phosphoni ¢ aci dAgseercs, tdid iloiegdiozi | i cate esters, pol yhal ocarbons and

fluorinated esters, gy siRidePdiels RS 2Ad ﬁEEYBfZQO 0135BHRIC
subst ances. Polyners oht ai ned fron1!err]-o| efins, of different Origins,

usi ng di f f &r ent SYBERRSESER P e acxydigr apaf PELPEF PRPePS efadsuse
of their excell agt syntdedigowiipoiis Tedbddsgyt he pol yners of [err]-olefins -
havi ng 8-12 25 C-atons obtained, for exanple, by using Ziegler-

catal ysts or ionic polynerisation catalysts, are essential. M xtures of
such [err]-ol ef Prioli gatters with ester oils are said to have a rel atively

high conpatibility wrifs 3}e erdttlliﬁre:{ﬁre%lre' Qh%rlcétils!ht B@&u@:@éﬁx@eh%&e ofS

said to be the better n1SC|b|I|ty of the_ol efin oliganer/éster m xtures
with pol ar%addi fofesn TRFPMEs Q?Wﬁu¥ﬁﬁﬁ%§e@oﬁﬁoﬁgﬁtQeV€58PWSBHeP§ and
copol yners of [ efmcheitdld nubMildanuet (Bydeheisie amd)eswersumamanhecorre of

e et £ 55 ngl NN Y e ORI pERS o, SOUBS. Sl Ogflae e

t her nost abi | i t y 5310,t Mexdddi tOhessie 99$18at |y i nproved because of t he

a-ol efin incorporate¢opventional synthesis oils belong to different

i5 classes of substances; apart from poiyethers, esters (of
monobasic and polybasic carboxylic acids with mono-basic
.and polybasic alcohols), phosphoric and phosphonic acid
esters, silicones, silicate esters, polyhalocarbons and
fluorinated esters, they include polyoleflns and alkyl

20 aromatic substances.

Polymers obtained from a-olefins of dlfferent
origins, using different polymerisation methods, are of
particular interest. Because of their excellent VI and.
pour-point values, the polymers of oi~olefins having 8-12

'ghx 25 C-atoms obtained, for example, by using Ziegler-
catalysts or jonic polymerisation catalysts, are
essential. .

Mixtures of such o-olefin oligomers with ester oils

are said to have a relatively high compatibility with

30 " rubber materials. A further advantage is said to be the
better miscibility of the olefin oligomer/ester mixtures
with polar additives, compared to the pure components.
Cooligomers and éopolymers of o-olefins with - _
(meth)acrylic acid esters have become of interest to

35 industry as mineral oil additives. Compared to the pure
polymethacrylate polymers which have been used for a
long time, the thermostability of the additives is
greatly improved because of the o-olefin incorporated



e e

- 2 - therein. US-A 4419 106 discloses oil preparations which contain a

hydrocarbon oil and an anount of a pour - poi nt - depressant consisting of a

copol ymer of about 10 to 90 5 . % of al kyl acrylate units containing 8

to 20, al kyl G atons, and 90 to 10 Wt % of a-nmonooiefin units with 12 to 40
C- at ohs per 100 wt % of copol ymer having a Rolecul ar wei ght Mv of 1,000 to

100, 000.. US-A 3 968 148 and DE-A 22 43 064 disclose, for 10 exanpl e,

ol i goners of .t hithdngie whi ch are synthesised fromthree mononer groups and

are used as VI inprovgay s 4TQe_L59eéLq{6edg_l Q,rgé[)ss ogqn?l%?a%%tqon&a% Yty 10 to 90

wt.% of a 1-al kene having 4 to 32 Catons out one or
nmore al kyl (et h)%’-&ﬁlrfb aiglydrocarbon oil and an amoyitg Qfsta\erm%\HQi\gltS to

3|4kci':1r bon atorr;s dépﬁéﬁ%aﬁi&lxdorwlm@ﬁ@?ap@o ohy&dér?»%ﬂ/\ﬂablc’?w 1@%&@(}708 e

al kyl esters o rre,t |c aC| r hommol o termna urate
carboxylic % P Adte q%'f %ﬁﬂ 1"1”’[90rga ':c% a‘i‘t YomEi n

t he al kyl group atwes mﬂmblﬂ(hrto/vamgm [%erqf] ocofmoguoatl edldirg aneirts IV&t}h’ afer abl y

1, 000 to 4, 000. dg @ lecul ar
wei ght range acrﬁ%gved an é (i%xl uni for‘fmot?fg cgipélﬁ'% pr oc?%tﬂéo %ur t her nor e,
US-A 4 009 195 @®MABEGBEEr érfelahtg Afs 44099 HodéPds 449 .whi ch, in addition

:0 ggE\th) 0a/Cryl ic aci dj@ﬁlgss&;" 14 G a@iﬁi@@izs 420 drsh Irclils'i(lgfearr&ldjl&t SI of 1
0 % various (e acrylic ac erivativ uch as

esters aré? eﬁﬁﬁﬂélse'of ]fgl fo}z h1s% YRS Cj" eg}ég.{%| y
added to a m xt rmono ftrseh majnomaﬁ icdonres @l Hiret axsHA \ats v% thp]rmjdmes

having 4 to 32 ¢gy %g]ves B4 %“ﬁ%% caon:’ﬁg.%t&t}%t o the nmolar ratio

bet ween aci d deri
about 10 to 90 wt.
about 1 to 35 wt.

15 . acid esters having 8 to 34 carbon

of a 1-alkene having 4 to 32 C-atoms

o\° o\°

of one or more a'lkyl (meth)acrylic

- atoms in the alkyl group and

oe

about 1 to 35 wt.% of one or more alkyl esters of

' (meth)acrylic acid or homologous,

_ terminally unsaturated carboxylic
20 ' acids having 1 toc 4 carbon atoms in

the alkyl group.

The molecular weight M, of such oligomers is

preferably 1,000 to 4,000. Special mention is made of
%hz 25 the narrow molecular weight range achieved and the high
uniformity of the products.

Furthermore, US-A 4 009 195 discloses an
oligomerisation process in which, in addition to
(meth)acrylic acid esters of C8-C34 alkanols added in

30 - amounts of 1 to 45 wt.%, various (meth)acrylic acid
derivatives such as Cl-C4 alkyl esters are, in amounts
of 1 to 35 wt.%, continuously and simultaneously added
to a mixture of radical initiators and 10 to 90 wt.% of
1-alkenes having 4 to 32 carbon atoms in such a way that

35 the molar ratioc between acid derivatives and l-alkene in

- the reaction, which occurs more or less immediately, is
kept relatively constant within the range of 0.001 to
0.2. The admixture must be added at a temperature which



t he .reaction, which oecurs nore or less imediately, is kept relatively
constant within the range of 0.001 to 0.2. The adm xture nust be added at
a tenperature which - 3 - does not interfere with the oligonerisation
process. US-A 3 994 958 is based on the same priority application as the
above US docunent. Here, an oligoner, the Gonposition of which was

di scl osed by the 5 above US docunent, is subsequently reacted with an
al kyl ene di am ri»ds mgtderntt erdatai wi tA dnmrdmegrome&fﬂamio&g phceqess) on.

“Furthernore, DE-A 32[{523?\ 6? %i sgéé)sess rgognetg yorrn%&le r ré#lmftsq; rated

di carboxylic acid esters WI [err]~- ol'et
[ err] - unsat ur atzabldicat boxyds cthe i abem GH% dssvmEnt st g Rght -arhai ned or

branched nono %C.i@f&#ér h%é‘%%gﬁ@sﬂ@l&@r@m}ﬁm%s dic @Ay the

conponent ;_ the a- | ns_have car bon atons The copolyrrers may,

optional | Y be 3RVE-Y5 HQEUBRRE ¢ nk rSulsequenRfly. FRarthdi R R bet ween
-60 and [err]. aﬂamlmrdslamiﬂne Hn cordenttofobtsaey amtienprargss i N t he

nol ecul ar wei ghet%g%%g 8 % 81%19 000 may be prepared by sol ution

pol ymerisation 0 esters of (nmeth)acrylic acid and ol efins
with 1-al kenyl 20 Fusmmes DPRfA IE-B FDURIgG)osdss-gopp hagens oL

di scl oses a pr Qf%ﬁ;ﬁé’ét@f&@é&' &ﬂc&ﬂ?&’:}?’ﬂ% Scid é’!ﬁé&?b LRec N L& Ef Phs

conmponents based on at |east c‘g ér] olefin having at | east 6 carbon atoms,

and at |édst oY LF?’%%’(‘E&%’:%‘BI' oRFRuLRE A HfIRTRak1G ACLIGesters

copol yner i sabl Q:dnﬁamx(iﬂﬂfralﬁghtsch@ﬂt@cﬂ &0 Wtarldtsi des Jaléshéhe presence

of a radi cal itiator, an absence of s .or, di luents,. whil st
nong of the rera}t a% 1’@ %e%t?r?ﬁ e%?ceg'% rihO %‘erc?‘%P%%‘?‘a a
t hi nhi ng effectthEFmethbeﬁme,hcmolqmewslﬁ)fcaﬂbon aduyyd netTeeryl ate and

tetradecene havifigAH-ECHAR! optionally, be cross-linked and their

i5 pour-point should be between -60 and 0°C.

Copolymers with. a content of isocyanate groups in
the molecular weight range of 500 to 10,000 may be’
prepared by solution polymerisation of C1-C20 alkyl
esters of (meth)acrylic acid and olefins with l-alkenyl

20 isocyanates (cf. DE-A 32 45 298). US-A 4 526 950

discloses a process for preparing copolymers, in which
the mixture of components based on at least 1 oa-olefin
having at least 6 carbon atoms, and at least one
unsaturated carboxylic acid and derivatives,

: ng 25 copolymerisable with olefins, is heated to at least
135°C, in the presence of a radical initiator and in the
absence of solvents or diluents, whilst none of the
reactive monomers are used in excess, in order to avoid
a thinning effect. Furthermore, copolymers of

30  decylmethacrylate and tetradecene having a molecular
weight of 8,000 to 13,000 are disclosed as lubricating
oil thickening agents by SU-A 1 135 752.
0il additives based on ethylene copolymers and the
like with ethylenically unsaturated mono or dicarboxylic
35 acids or the esters thereof which have a molecular
weight M, of < 1,000 are known from EP-A 217 602.



wei ght of 8,00Q to 13,000 are discl osed as | ubricating oil thickening

agents by SU-A 1 135 752. Ol additives based on ethyl ene copol yners and
the like with ethylenically unsaturated nono or dicarboxylic 35 aci ds or
the esters thereof which have a nol ecular weight [err] of < 1,000 are known
fr 6mEP- A 217 602. ‘(bj ect and Solution_l} is apparent fromthe above
prior art that a relatively |arge anmount of "attention has been given to 5
the class of ne acrélatg %eirgzolefin copolymers and their use as m neral
oi | additives. 7§61 g8¢ gP-e ﬁ88unds, however, has so far had no direct

t echnol ogi cal connection with the known "synthesis oils". Prior art

synthesis of|'s are nognakl ypupLhesisesl tfle anblMbYHLosALboRg, sych as

ol i goners of 1-decene an esters such _as dicar Ic acid esters (cf.
U | manns Encycl $pagravedy FezdR. atRupteof athesfionyhps beensgivensig

Verlag Chepie 18R&)c1Bub betheehassesatt &UbIbERACBOPSRYMBENCaAd their
di sadvant ages. __Because.of _thei

LL.NonR- gl.ar stryucture, the polyol efins have
too | ow a sol ubPFFt §SwhahsFa eﬁ&%daggg ad&%n ggﬁfuﬁ%??ﬁnogﬁ?ﬁmBBPﬁ S
conponents, forheowenpke haghspr €éasuhad( BB) daddti zteshnblogscahown t hat
because of the'EoﬁﬁEéEiéﬁrHﬁiﬂr%hezﬁnownthg ﬁghgg§shgygsgreat di sadvant ages
bility wwth m Y ol

such as problens of m sci N nera I's and base oils not based
on mneral oils, as RERPTadThnSYREAEEIFaPLdFya¥ENBPIIALSYDEYRBREFL§edThe

ester fungbi on Feym APHEB¥EFLOGRUSACHYHEOLYSHEmEREr 8By 1ed88Ehei AHAY B
corrosion.of netal 25 arts... Atte s are_.heing nad o] rconme the
above disadvantﬁaggrﬁysﬂngﬁﬁ Hﬁ&?5%8%§gﬁ§ @t 8§g8F§ &ﬁ%ch8¥§3ﬁPP§s,
hoyever, consi dBnagkéogéddkeodernTeehhor Chemiepr achi ed. , Sholll d20hessgnthesi s
oi | "adm xtures ysgd -gxQh QL Bemie 1981) .
But both élasses of substances used have
15 disadvantages. Because of their non-polar structure,
the polyolefins have too low a solubility when intended
for use in conjunction with polar components, for
example high-pressure (EP) additives.
It is known that because of their polar structure,
20 the esters have great disadvantages such as problems of
miscibility with mineral oils and base oils not based on
mineral oils, as well as an unsatisfactory density
compatibility. The ester function may, moreover, cause
L hydrolysis thereby exbediting the corrosion of metal
EMJ- 25 parts. Atteﬁpts are being made to overcome the above
disadvantages by mixing hydrocarbons with esters which
requires, however, considerable development efforts in
practice. .
- Should the synthesis oil admixtures used exhibit a
30 dispersing action in respect of e.g. black sludge, it is
necessary, additionally, to add low- or high-molecular
weight substances (for example "ashless dispersants" of
the polyisobﬁtenyl succinimide type or VI improvers with
polar groups). This necessitates considerable
35 .expenditure. Furthermore, these compounds which mainly
contain nitrogen may cause density problems. If the
cooligomers CM used, according to the invention, contain
the Component C), dispersing action is achieved without



30 . dispersing actien in respect of e.g. black sludge, it is necessary,
additionally, to add | ow or high-nol ecul ar wei ght substances (for exanple
"ashl ess di spersants” of the polyisobutenyl succinimde type or VI
improvers with polar groups). This necessitates considerable 35

expenditure. Furthernore, these conmpounds Shi ch mainly contain nitrogen
may cause density problens. |If the cooligoners CMused, according to the

i nvention, conteausihg €hepinewh ﬁ&pbﬂémpeWBiﬂ@ actuonwhenanht evgdnw t hout

- 5 ¢ i
Tononer s ar 2%2%%%%@2&?%@&"‘?5?’?59 SERY IR0 Pt ROETarEoTaBhEER
been found thatingempasibiddtyl-ic acid 5 ester-a ol efi n-cool i goners of

this invention nmeet ghenhhBdushr baknl e6iihd CPRAE Stpar tmé@hﬁabyymbl aclhe
pr esent |nvent|on relatei tQ the se of COO|I opers Sy nthe3|§§0|ls in

Tri bol ogy;>synt REEPEaH P SFFPOCOO lgomexy © 1% ﬁBVﬁPtWBfmSF | E88t one
1- al kene haV|nglﬂdﬁ9t32a¢atbqn1abmﬂntsppafeie@larl@ well4 carbon atons in

the nol ecule B) 40 &Bfeg%r\%géit"fl Fent 288" rONELIPLE) BRLYLEE &2

acid ester of Formula (1) 20
wherei n R represealsghpgrsgEN es ﬁwnhyesaﬁdoib$r}nrﬁplbebﬂgy.an unbr anched
and/ or brancheds§hgﬁgsgggapfqua cycl.oal kyl group having 4 to 32 carbon

at ons, preferably carbon ato |, group,
&0 PiT8E we v pPor er 301505 400 WH0 bwpEogr 1 8apHePRS abr GHEERoPEVELHer b
Fornula [ ' 4 to 32 carbon atoms, preferably 10 to 14

i¥; : . carbon atoms in the molecule

B) 40 to 90 wt.% of at least one (meth)acrylic

15 acid ester of Formula I
R O
1 i
‘ CHy = C - C - ORy ' (I)
o/
20
wherein R represents hydrogen or methyl and R,
" represents.an unbranched and/or branched alkyl
group or a cYcloalkyl group having 4 to 32
¢arbon atoms, preferably 8 to 20 carbon atoms
W 25 : - in the alkyl group,

C) 0 to 65 wt.%, preferably 5 to 40 wt.% of a
(meth)acrylic acid ester of Formula II

0 ¥
CHy = C - C - ORy (I1)
whefein R' represents hydrogen or methyl and R,
35 represents an alkyl group having 2 to 6 carbon

atoms which 'is substituted by at least one
hydroxyl group, or R' represents a group



30 . | | ’ [err] [err]
(Iry wher ei n R represents hydr ogen or nethyl and R2 35
represents an al kyl group having 2 to 6 carbon atons which is substituted

by at | east one hydroxyl group, or R represents a group - 6 - [err]
wher ei n [err] and [err] represent hydrogen 6r-nethyl, [err] represents
hydr ogen or an optionally 10 ' branched al kyl group having 1 to

40, preferably 1 to 20 carbon atonms and n is an integer of 1 to 60, with
the proviso that if n represents 1, [err] is at the sane tine exclusively
an optionally branched al kyl group 15 having 1 to 40 carbon

atons, the cooligoners having a Iar melght err] within the range of
1,500 to 25,000. The Conponents 2{ C) in yhe cooligonmers CM 20
B

nmust add u% to a total of [err]. HkﬂlGﬁtTcﬁl he~ cB®l i goners used
according to the invention are mnthln the rol ecul ar wei ght range Mw of
1,500 to 25,000 (determ nation by gel perneation chromatography, cf. H F.
Mark et al. Encycl opedia of Polynmer Science & 25 Technol ogy Vol. 10, 1 -
19, J. Wley 1987). The followi ng are exanples of representatives of
Conponent A): 1- Butene 1W§'@meéﬁeRalaﬁ@x%nefem€rﬁﬁR‘eﬁdepgﬁRmm$Wne
1- decene, 1-undecene, 1- eegpgesgﬁts hydro ént6fd§ﬁeggtléngfi§adecene
1-pentade§%n 1- hexadecege g%%ﬁg qGene, ctad ecene - nonadecene,
1- ei cosene,” 1- henei cosene; qﬁ&? v11 9EPYR, BN &ng - tEPrﬁeosene
1- pent acosene, 1- hexacosep&efh{hbﬂyaaosenep carbon atoms and n is an

{ . integer of 1 to 60, with the proviso that if n

s represents 1, Rs; is at the same time
exélusively an optionally branched alkyl group
15 having 1 to 40 carbon atoms, the cooligomers
- having a molecular weight M, within the range
of 1,500 to 25,000.

The Components A), B) and C) in the cooligomers CM

20 must add up to a total of 100%. By definition, the

cooligomers used according to the invention are within
the molecular weight range Mw of 1,500 to 25,000
(determination by gel permeation chromatography, cf.
H.F. Mark et al. Encyclopedia of Polymer Science &
&M% 25_ Technology Vol. 10, 1 - 19, J. Wiley 1987).
The following are examples of representatives of
Component A):
1-Butene, 1l-pentene, 1l-hexene, 1l-heptene, 1—dctene,
l-nonene, l-decene, 1—nndecene, 1-dodecene,

30 1-tridecehe, l-tetradecene, l-pentadecene,

' l-hexadecene, l-heptadecene, l-octadecene,
l-nonadecene, l-eicosene, l-heneicosene,
1-docosene, 1l-trocosene, l-tetracosene,
l-pentacosene, l-hexacosene, 1l-heptacosene,

35 l-octacosene, 1—nonacosene} 1-triacontene,
l-hentriacontene, l-dotriacontene, or the like.
Furthermore, branched-chained alkenes such as
vinylcyclo hexane, 3,3-dimethylbut-l-ene, 3-



35 . . .l-octacosene, 1l-nonacosene, 1l-triacontene, 1-hentriacontene,
1-dotriacontene, or the like. Furthernore, branched-chained al kenes such as
vi nyl cycl o hexane, 3, 3-di nethyl but-1-ene, 3- - 7 - nmethyl but-1-ene,

di i sqbutyl en-4-net hyl pent-1-ene or the like. In addition, 1-alkenes having
10 to 32 carbon atons 5 obt ai ned during2he polynerisation of ethylene,
propyl ene or m xtures thereof are suitable, these materials, thenselves,
havi ng been obt ai nedmétbylbytr d-eve acitibomiteyrliel-st -nidishyhpemnt 1 + ensahor h
the Conponent A) of Eﬂ ?ke cooligomers CMis 1-decene, dodecene or
tetradecene is partlcu preferred. The use of decene which exhibits
the best |owtenperature behaV|our (pour-point) is particularly preferred.

Al so of special int emshaaielaﬁpliLgsmEéﬁeé:l\ﬂawm@emlEto 3X08RAPEA! 2 Bdms
consi sts q%s(netgﬁacr ﬁters haV| 4. to éﬁiierably 8 to 22
carbon ato 313 ﬁ?Bﬁp, 8rpﬂ}¥T?ﬁ Q*ﬂﬂeﬂﬁ ¢l ude, for
exanpl e, the fopropyhgnennnnmnxtuﬁasythmxgdﬁuaxeZbuﬂ¢thexytmesglate 20
cycl ohexyl acryl ec 5 Y
dodecylacrylateﬁéger%éggragbaﬁg¥%9g§et é@ﬁ%%%? e pentéﬁ&éy+g%rylate
dodecylpentadec9¥§§k?¢améteﬁé§é§ecyIacrylate heptadecylacrylate
octadecyl acryl ate, cehyl gheandtachyvRicn @AeYd oﬁéﬁﬁeAﬁOQﬂd@ﬁalacrylate

ol cooyl soryl st o gotulB ceacl alee st Pl S Sl oo
met hacryl at es. Barticularl@ppredbrmed!i oTheruste bef ndeleemd wivbch
{ 1 exhibits the best'lOw—temperatufe behaviour (pour-point)
et is particularly preferred. | '
Also of special interest are cooligomers CM, whose
15 Component B) consists of (meth)acrylic acid esters
having 4 to 24, preferably 8 to 22 carbon atoms in the
alkyl group, or mixtures thereof. They include, for
example, the following monomers:
Butylacrylate, 2-ethylhexylacrylate,

20 - cyclohexylacrylate, isodecylacrylate,
decylacrylate, undecylacrylate, dodecylacrylate,'
tridecylacrylate, tetradecylacrylate,
pentadecylacrylate, dodecylpentadecylacrylate,
hexadecylacrylate, heptadecylacr?late,

&yf 25 octadecylacrylate, cetylstearylacrylate,
oleylacrylate, nonadecylacrylate, eicosylacrylate,
cetyleicosylacrylate, stearyleicosylacrylate,
docosylacrylate, eicosyltetriacontylacrylate or the.
corresponding methacrYiates. |

30 Special mention must be made of the
alkylmethacrylates with > C10 in the alkyl group having
a greater amount of iso-isomers. They include, for
exaﬁple,_Clz—Cls—alkyl esters of methacrylic acid having
about 60 to 90% of iso-isomers parts as well as isodecyl

35 methacrylate. Here, a higher degree of branching has an
advantageous effect on the low-temperature behaviour
including the pour-point, and a certain C-number
distribution improves the viscosity temperature



dfi§fﬁé{ﬁa¢}y{éfes'mﬁth'['”' - )
i 5o i Y err] in the alkyl - - _
i so-i somers. ° yl group havin
acid having ;Bgﬁtlgg|$geéoafgfe?§gp!e, C12-C15Palkyl gs?e?;eg}eaeﬁﬂggp;lfi
met hacr yl : -isoners parts a -
ef f.ect gnaiﬁé Igﬁlf’ a hi gher degree of branching thmngagialdeecyl 3
certain C nunber dHEHDEFature behavi our -i 8cl-udi ng the pour - 1 RIeon
behavi our. Th ooistr'butlon i nproves the viscosity tenpergghpt’ and a
fully conpara%%%%ﬁ#%ﬂgﬁéss§ﬁ1ﬁg:fglbed’ when used as Synthesiseoils are
respe i | nt ' i
e LA i e
oroper 11 66 of e e s Coppapcth SO o TR
have the 10 Oi%l?%MPﬂﬁeﬁﬁggﬁg;ngQrzﬁﬂ?ﬁﬁgﬂhtne$@e@¢ & t Ehebever . rthey
WER g0 srcnasacriomamsasechinrs PP PERR ol SHATEL 18O 1
solubility p}oE?@ﬁ%L%ﬁ?%égggﬁ?ﬁgoﬁeéckyagsretgograﬁgh@Flﬂﬁgéoﬁfgﬁfgstgnd no
Pfuagalb Ther etabidfisy ABdc & %5h£%§8£ gigg??&?kb!ebah&eidur is entirely

> peen fo%?QcEE%b_synthesis'oil admi xt ur es Ofoggg}:ggﬁefgfgbis}ngly,

or

exanpl e, and pdlyolefins and/
Qr t 1
%}p&&ﬁ 3 \B%%C{E 5,718V cwesteaar [chelyi @aate WS ndex 20

than the indivi :
0|igonér.(Jt|Yg?u?| ; is due to the influence of th
Lover | o tem;iémng@_a@amgﬁﬁgoner conmponent that disti °
cvarmi o, v L Sy hd IR ST e iR (R B Y
sl qul at or, - e et !
bongs, the beh drusap! whaws 2Bop L AT Lo TyF 65 SLop witte codBe el BRI ng
- - ayi Q4fa1 oils, poly-a-olefins (PRAO) , Ling Lestdyghedonlke
' liquids and no solubility problems with additives. The

15 density behaviour is entirely neutral. There is also no

corrosion due to acid formation.
it has been found that synthesis oil

Surpriéingly,
and

res of cooligomers cM, for example,
s have a clearly higher VI index

onents which ig due to the

influence of the oligomer. It is also due to the

oligomer couponent CM, that distinctly lower low-

temperature viscosities may be achieved than is the case

 for example, with syntheti
simulator, see Example 12) .
bonds, the behaviour

idative load (Example
he Technical Service,

- admixtu
~ polyolefins and/or ester
20 than the individual comp

¢ hydrocarbons (measured in

25 ° the cold cranking Despite

partially existing residual double

"is excellent under great thermal-ox

18, VW engine test carried out by t
comparison with PAO formulatiom) .

30 : . 1f oligomers are used as a comp

oil, which also contains Component C

there is a good dispersion actiomn,

en-containing dispersing group, -
o loss in the

onent of synthesis
) in a sufficient

quantity, whilst,
because of the oxyg
blems are avoided and there is n

density pro
35 shearing stability of the admixture as is the case, for
r weight VI improvers are

example, when high-molecula

used.
‘As a

result, the-characteristics of the different
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I s excel lent under gréat thermal-oxidative |oad (Exanple 18, VWengine test
carfied out by the Technical Service, conparison with PAO fornulation). 30
If oligoners are used as a conponent of synthesis oil, which also
contai ns Conmponent C) in a sufficient quant?ty, there is a good di spersion

actidn, whilst, because. of the oxygen-cont ai ni ng_di spersing group, density
problens are avBileBPsRALiRREZONE WaY|BRsafhl eyied 38ithex WAk ngFstability

of the adn1xturelahous hhemaa$eambﬁﬁtedﬁﬂ@i§h mbBéchleh wahgnulvm wei ght VI -
| nprovers are ug are the. char ag Ler stics feren -
o ol b Spac 1 S9PTERExRuy B beRFETAICE FRuertiont s, Bhr RBateLoe R kR
amount of hi gh- nespeatat0m£hghshvar1ngrSvebsllﬂMLs Puothdewozdvabhbeges, for

exanpl e, wsth r%i@ﬁcbfterBﬁléhﬁékhﬂgléﬁaPé|ié¥s rukkhgrmore, the 5 risk
of deposit formation_is less likely. A particularly advantageous m xture

with ot her synthe5|sAOPP§tF§ua§§EY|B@HaBE?%ﬁPuSSWh¥HE§FsW6F sOther
poly-[err]- olefgyathgée& oMisChsatespaibegubalby: preferred by the |ndustry

d the 10 CE h d b I
e %o £ T FeRRbERR B B R PSRBT Kb LA (o} BN
45 - 53 (1987); aAe Phagdeulariyopugferzed Eyhhhermnggsechmlan54thg48 - 156
(1987); b”annoFéﬁgl%des%%Es agE)lgﬁcﬁ' - Ricatfox ¥§§é 501&5and polyolihe

starting materia err]-olefins are imarily crack oIeflns
mainly with a b6EERKE p6int oﬂ -pELheeAMSON and} [ SYRFD- TﬁBbﬁolﬁ(FérPF9oref|ns

normal |y have geaer ahoBenrnuia (bhl 480- 53 (1987); Al eplhgge, Tribologie
(lll) Lerr] mhered Sc re E%%%% ecﬁnlﬁlgxl 948“p’1ggr?1987), Ullmann,
§¢, 4th ed. vol. 20, loc.cit. p. 514 - 821) . _

15 The starting materials for the poly-u-olefihs are
primarily crack olefins, mainly with a boiling point of
between 30 and 300°C. The poly-a-olefins normélly'have
general Fdrmula IIX

20 'R - CH -[cnz - (l:H ﬂH ~(IIT) -
1 .
CH3 ‘R n
wherein R represents an alkyl group, more
25 particularly having 6 to 10 carbon atoms, at a molar
g“j weight of normally 300 to 6,000 (Mw).

Organic esters (OE) are, on the one hand, esters of
dicarboxylic acids having 3 to 17 carbon atoms such as
adipic acid, azelaic acid and sebacic acid with primary

30 alcohols, the wmost important alcohol component in this
case being polyalkylene glycois, and, on the other hand,
the mono carboxylic acid_esteré, more particularly
esters of C6-Cl2-carboxylic acids, with alcohols,
especially those with the neopentyl structure such as

35 neopentyl alcohols, trimethylolpropane and
pentaerythritol. The ester oils exhibit a high
adsorption capacity on metal surfaces and therefore a
good lubricating power which means, héwever, that they
are relatively semsitive to (hydrolytic) decomposition



25 partlcul atly having 6 to 10 carbon atons, at a nolar wei ght of
norral |y 300 to 6,000 (Mw). Organic esters (CE) are, on the one hand,
esters of dicarboxylic acids having 3 to 17 carbon atoms such as adi pi C
acid, azelaic acid and sebacic acid with pritary 30 al cohol s, the nost
|np0ﬂtant al cohol conponent in this case being polyal kyl ene glycols, and,
on the ot her hawtichheayppeosardsoxadrnesiyied desowpeosinbra paptuctisar | y

esters of 06-Cl2- carwkalcs&féldﬁegmxtﬁg@ Cf%m 2. gesps%agl Bt a%%tvv'éfbthe
neopent vyl StrUCtl[erg such as neopent yl al coh s, trimet hyl ol propane

and pent aer yt hr i{f®Y/STRE é§t%} 5?¥st]%?<h‘il%‘i’ﬁe%t¥ﬁg€ﬂ Btiehn LapketY-on
metal surfaces m'rd athiexr e&fooris 2 gund ﬂh&rddi&tes@@nmwgr ewbieeh ofeahs, dumewer

that they are relativ (%/tsensmlv to tﬁlécﬂg: n}g\gﬁhtg H_Ip of’rag’r?e
S 9

whi ch may produ e cdrr |ve“8ecorrp03|t|o VI'SCosSit
frome.g. val uessteralpdfuttie n{Jeradiidks tat 33&@]111160th Bé Aefpantye gl ycol

ester of the n- cg}&%bq){;&ln’b? et N HOH- %%@ogq_.llag ester of the n-Cl2 5

acid, .or froma valueo for the trinmethyl ol propane ester of the n-C6
acid to a value of 36.4 for the corresponding ester of the n-Cl2 acid.
Prepar ation of eeelpagemiion Gff bdAsidomems faom prior art, the clained

cool i goner, $..may be prepared under.certain conditions by radi cal - induced
pol ymer i s&tlon for exanple by thermal polynerisation and by adding a
suitable initiator oAsakifown Rewopmsiot eént, The glaimed savldgowmrse

carried out in {hg %Qsﬁgclfe?é‘]:fecf‘ lﬁﬁé&er&exl%lrﬁlc%ﬂdl@lbﬁ‘é Bgﬁ%%%,%aqf a

sui t abl e sol vent.. | S, poSsI to use ané vent | onal

sol {ent suit abl dngirced, polymesia o he diafmeXa@phe PYashermedal ol s,
HC-or'l s , PAO, ewsh&mferisation and by adding a suitable initiator or a

.15 Redox system. The polymerisation may be carried out in
the absence of a solvent but also in the presence of a

suitable solvent. Therefore, it is possible to use any
conventional solvent suitable as a polymerisation
medium, as well as mineral oils, HC-oils , PAO, esters
20 or oligomers'already prepared. Here, l1l-alkene of .
' Component A) may, for example, be introduced into a
suitable reaction vessel and heated to a suitable
reaction temperature. Generally, a temperature range of
80 to 200°C, more particularly 160 + 20°C may be
25 considered suitable. Within the same temperature range,
Q“; Componént B) or B) + C) may, in the required amounts, be
added to the preparation mixture preferably by being fed
in over a certain period of time, for example 0.25 to 10
hours, more particularly within 5% hours. This mixture
30 is then suitably polymerised out in the batch for a
'certain time, normally for a few hours, about €6 hours
being given as a guide. It has proved advantageous to
add the initiator during the entire reaction, for
example in batches of about 30 minute intervals or else
35 continuously using a feed method. The radical starters
used as initiators are known per se (cf. Kirk-Othmer,
3rd. E4. Vol.'13, pg. 355 - 373, Wiley Interscience
1981; Rauch-Puntigam loc.cit.). The initiator amounts

used are normally within the range of 0.1-10 wt.%,
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20 - or oljgoners already -prepared. . Here, 1-al kene of Conponent A) nay,
for exanpl e, be introduced into a suitable reaction vessel and heated to a
suitabl e reaction tenperature. CGenerally, a tenperature range of 80 to
[err}y, nore particularly 160 [err] may be 25 consi dered suitable.
Wthih the same tenperature range, Conponer®1B) or B) + C) may, in the
requi red amounts, be added to the preparation m xture preferably by being
fed in over a cerefierabdy odtdfin ithe reogeexdmdl.a-6. 38 .50 baskeducs) the e
parti cul arl y Wi ihjemab%URAiHS of Hichdetlr € silcaniies ﬁﬂ%qa%wﬁsa%'r}éevs ose

pol ynerised out in the batch for, a certain tinme, nornal ours,

about 6 hours b@h?@egldm%o%t@awéhawﬁcw%wam/mm &hedd the
initiator duri lngadlbmeleﬁtsa@dreqﬁdc@aurfeorl %XM'fe-llllffebaéfCItﬁé qfcriua;t.a.@ttoﬁo

m nute I nterval s, .or ,el se {1 nuo Sl N a.l ee

radical starters %S?&%eqél At r§|a§ r‘%\/vx—' % q’% na%oﬁthﬁeszs 3rd.
Ed. Vol. 13, pghd®&% -1s3793|,vaxv Ia@yal e deci eﬁ@@MQth Iémqm:g?an for
loc.cit.). The igi [ HSREHRLS '&&r-@(f‘tybgt\'}di (?/ae base o ft}{]

0.1-10 wt. % pre erabl w thin the ran
total anpunt of HhhoRELALRE tidhadded t%nag’@r‘:ézh@rse t%é‘%%@@%é’@orﬁibm tion

CEar acteristics a&fcﬁlr?:d&ﬁ‘{)@ dox tee Op@r(])wmfdls@tﬂ qmﬁrl%@iuwér /ﬁaftc"drf ld f 8 g;
the initiator I n enzen t he action.te ture ut
hours is }O\/en & EHFHE %Ht‘ﬁ’)l nl%ﬁcé’tr 3 & & rrTI132 é:f'ar?até-" "ﬁg(r)'-oxi des
such as di-tert dngut mmcﬁ dthe hﬁoﬁdnensrnab:reat dion &xaagdet,i rezattatde $hushe

addiition of an %E:cor Q@a c%s%% p%ga'ﬂ'otd %tforth[éerng:ﬁn%§ I10

gi ve.&as a gui de & T es t'ai ned, about t he
monomers are, @V@ké}fpﬁ@tf#@éd{@dﬂtﬂﬁﬂlmbvﬂeﬁ ithe |frlar?émplé’é‘—sé§ afor

separation of t @cd@l@mrﬁe@hﬁé@%@ﬁéﬂl@{ WHeKirGridhall mdrdthed @101 Nt

is, for exa | e, uired.to be high, the resi dual nononmer must
np be égmove 9

- The products are colourless, oily liquids which are
completely miscible with mineral oils, PAO, HC oils and
ester oils.

The following Examples serve to illustrate the
20 invention: '
Here, the physical data are determined using the
following specifications: (cf. Ullmann, 4th ed. vol. 20,
loc.cit., F.H. Mark et al. vol. 10 loc.cit.).
Viscosity : n (100°C and 40°C) (according to
\ 25 ' DIN 51 562 or ASTM D 445 in the
' Ubbelohde capillary viscosimeter)
VIB calculated from the 40 and
100°C viscosity of the base oil

Pour-point: . in the automatic pour-point

30 _ ' ' measuring apparatus according to
| DIN 51 583,
Molar weight: (Using gel chromatography
' compared to PMMA as standard) .
. Refractive

35 Index: According to DIN 51 774

Noack-Index: According to DIN 51 581

Non-uniformity: U = ﬁﬂ -1 (according to GPC)
Mn



15. Dbe renoved. Theé products are colourless, oily liquids which are
conpletely mscible with mneral oils, PAOQ, HC oils and ester oils. The
foll ow ng Exanples serve to illustrate the 20 i nvention: Here, the
physical data are determ ned using the follow ng specifications: (cf.

U | rann, 4th ed. vol. 20, loc.cit., F.H -MiRk-et al. vol. 10 loc.cit.).
V'sc05|ty X [err] ([err] and [err]) (according to 25.

DIN 51 562 or ASTM Xudsabhrevieatiboe| LAMR" casrd |kelowixetaiseter) VIB
calfﬁlate? fr;”&iﬁ%iﬂétﬁaéf§§éﬁé¥'Sﬁﬁﬁéthéﬁpéfﬁt&Eﬁibf&ﬁ Popyia PEHD! :

in e automatic ur - poi n

neasuri ng- appar%ﬁ'\fz)%r ac'éBrEﬂ“ﬁgeFBeEI RE 58> Hpat by lpr oRaRmtWwith (RdiRicqel

chr omat ogr aphy @@igared to PMVA as standard). Refractive 35. | ndex:
Accor di ng d0 DIN 51 774 Noack- | ndex: According to DIN 51 581
Non-uni formty: U= Mv -1 (according to GPC) M - 12 - The

abbrevi ati on " APAMEREZ bel ow refers to al kyl nethacryl ates; "PAO' to
poly-[err]-olefin, "TMA-OD- Ester" to the ester of trinethylol propane with
adi pic acid. 5 EXAVPLES, Preparation of the synthesis oil conponents 10 .
Exanple 1 1 erIP’EﬁP‘?LrﬂE?:‘éﬂeoFlEbe SYPERARLT 0Pt CPBRPPICRYS t he

10 Example 1

P ' 1 mol of 1-decene (140 g) is heated to 160°C in the
reaction vessel. Then, a mixture of 0.5 mol of
_ isodechmethacrylate'(113 g) and 0.5 mol of C12-C15-
15 alkylmethacrylate with a 60% iso-isomer content (136 g)
' is fed in over 4 hours. After the feed-in, the mixture
is polymerised out in the batch for another 12 hours.
‘ Théreafter, during the entire reaction time of 16 hours,
~ ' apart from the last hour, di-tert-butylperoxide ié_added
20 as initiator in 30 minute intervals (in this case 30
| batches, total amount 2.8 weight % based on the
monomers) .

At the end of the reaction, the yield of monomers is

g#i 25 about 98%. The product is a colourless, oily liquid
which is completely miscible with mineral oils,
polyolefins or ester oils.

Substance data:

30 n (100°C) = 45.1 mm?/s,
n (40°C) = 489.0 mm?/s
VIB = 146
Pour-point = -43.2°C
Mw = 4,000

35 Mn = 1,790 U = 1.23

Evaporation loss according to Noack = 4 - 5 wt.%.
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reaction vessel.. Then,- a mi.xture of 0.5 nol of isodecyl nethacrylate (113 g)
and *0.5 nol of Cl2-Cl5- 15 al kyl net hacrylate with a 60% i so-i soner
content (136 g) is fed in over 4 hours. After the feed-in, the mxture is
pol ynmerised out- in the batch for another 12 hours. Thereafter, during the
entiTe reaction tinme of 16 hours, apart fu+ am t-he |ast hour,

di-tert-butyl peroxide is added 20 as initiator in 30 mnute intervals
(in this case 3f@xhapebeg, total amount 2.8 weight % based on the nononers).
At the end of the reaction, the yield of nononmers is 25 about 98% The

product is a colourless, oily liquid which is conpletely mscible with
nineral oi | s, pHegbbdf amsusedestnieExambie Bubbuaintbedaethad®ylaterr] ([err])

= 45.1 [err] [e r 9 re] gV 146 Pour-point = [err] Mv =
4 000 35 hﬁk&h%% b fgaléﬁBO%%gpgrgtrgﬁrFoss according to Noack = -

5 wm.% 5. 13 Exanple 2 Method as used in Exanple 1, but the nethacrylate
m xture is fed ph 1@@11c5a&g@t§r5518§y5|caI characterstics: [err] ([err])

94.9 [err]/s rLr rr]) 210.8 [err]/s VIB = 164 10 . Pour - poi nt
DEEARAE 33601&#—‘? )3p-5 T/s, ~
n (40°C) = 1,210.8 mm?®/s

VIB = 164
i0 Pour-point = -33.6°C
Mw = 8,330
(O | Mn = 2,280
U = 2.65
Yield of monomers = 95%

15
.Example 3~

" Method as used in Example 1, but with a reaction
temperature of 140°C, initiator used: tert.-
20 butylperbenzoate

Physical characteristics:
n.(100°C) = 87.8 mm?/s,
n (40°C) ° = 1,188.3 mm?/s
K,f ‘25 ViB = 154 '
Pour-point = -34.7°C
Mw 6,890 '
Mn 2,240
U = 2.00
30 Yield of monomers = 97%

Example 4

2 mol of l-decene (280 g) is heated to 160°C in the

35 reaction vessel. 1 mol of isodecylmethacrylate (227 g)
is fed in at this temperatﬁre over 5 hours. After the
feed, the mixture is polymerised again in the batch for
6 hours. During the entire reaction time of 11 hours,’



U = 2.65 Yield of nenonmers = 95% 15 Exanple 3 Method as used in Exanple
1, but with a reaction tenperature of [err], initiator used: tert. - 20
but yl per benzoat e Physical characteristics: [err] ([err]) = 87.8 [err]/s,
[err] ([err]) = 1,188.3 [err]/s 25 VIB =154 Pour-point = -34.7C Mv =
6,890:Mh = 2,240 U = 2.00 30 Yield of monoemers = 97% Exanple 4 2 nol
of 1-decene (280 g) is heated to [err] in the 35 reaction vessel. 1 nol
011: [ sodﬁcy:c neéhag{]aﬁtatﬂcdtﬂaﬁ@)lésst freshd, néﬁl—t’féiitsmmyrl@re&tou:rme)\ﬁﬂi aﬁiﬁtmlrs.
After the fee the m xt S in e ours.
During the enti & alctt oot i e 'ﬁg‘%{ 15t 1n%%%v%1s14(5?1 é:lg%r r}"farom e | ast
hour, di-tert- blhqﬁ:lqmrsxmajd:wtsaladd%délaﬁs thq ibsed ion IMenimanmamensler val s
(in this case 20 bat ches, a total of 4.3 w.% based on the npnonmers). 5

At the end of the reaction, the yield of nononers is about 92% Physi cal
characteri $ticsAf &g §nd (9E the Teachiqn.s tl’ﬁ)yle[léarﬂ @asqers 1S 250, 3
[err]/s VIB= 134dsut -g@i nt = -48. 4C Mv = 2, 240

Physical characteristics:

n (100°C) = 25.9 mm?/s,
10 n (40°C) = 250.3 mm¥/s
~ VIB = 134 o
¢ _ Pour¥point = -48.4°C
. Mw = 2,240
Mn = 1,370
15 U = 0.64
Example 5
W As in Example 4, but isodecylmethacrylate/decene 1 : 1
20 mol, total initiétor amount 2.8 wt.%.
. Physical characteristics:
n (100°C) = 47.6 mm?/s,
. n (40°C) = 603.8 mm?/s
kJ; 25 VIB = 132
Pour-point = -38.9°C
Mw = 3,120
Mn = 1,610
u = 0.94
‘30
Example 6

As in Example 4, but isodecylmethacrylate/decene in a
molar ratio of 1 : 0.25, total initiator amount = 2.8
35 wt.% '



Mh = 1, 370 15- , U = 0.64 Exanple 5 As in Exanple 4, but
|sodecylnethacrylate/decene 1 1 20 nol, total |n|t|ator anount 2.8
wt. % Physical characteristics: [err] ([err]) 47.6[err/s, [err] ([err])
603.8 [err]/s 25 VIB = 132 Pour-point = [err] Mv = 3,120 Mh = 1,610 U
0794 30 Exanple 6 As in Exanple 4, but +snﬂeey|nethacrylate/decene in a
molar ratio of 1 : 0.25, total initiator anount = 2.8 35 wt . % - 15 -
Physi cal characEmMsﬂdaxscH#ﬁﬁdtdiMﬂH@cs- 424.6 [err]/s, [err](40C =
1,219.7[err]/s 5_  ,Bgur [err] Mw = 12,300 Mh = 2,890 U
6 Vel v of TorDeed 2 98558%06Ex9§‘ng%e 7 As in Exanple 6, but

|sodecylnethacry1dﬁ@ C3 fed ﬂm2éﬁeﬂﬂﬂﬁﬁshours total initiator anount = 2.8
w. % 15 Physi cq}IEpharlapQ)t eristics:

5 Pour- p01nt = -10.7°C
Mw = 12,300
Mn = 2,890
U = 3.26
_ Yield of monomers = 98%
10 '
Example 7
| '\. . | .
~ . As in EXample 6, but isodecylmethacrylate is fed in over
- 2.5 hours, total initiator amount = 2.8 wt.%
15
'Physical_characteristics:
_ n (100°C) = 888.2 mm?/s,
- n (40°C) = 27,162 mm?/s
o VIB = 206 ]
20  Pour-point = (too viscous)
Mw = 24,800
Mn = 3,480
U = 6.12
Yield of monomers > 99%
&NJ 25.
Example 8
As in Example‘S,'but a reaction temperature of 140°C,
initiator: tert.-butylperbenzonate 4.8 wt.%.
30 ’ '
- Physical characteristics:
n (100°C) = 130.7 mm?®/s,
n (40°C) = 2,335.1 mm?/s
VIB = 147 |
35 Pour-point = -25.9°C
"Mw = 6,690
Mo = 2,200

U = 2.04



[err] (100@) = 888.2 ferr]/{s, [err](40C 27,162 [err]/s VIB= 206 20
Pouk- poi nt (too viscous) Mv = 24,800 M 3,480 U = 6.12 Yield of
nononers > 99% 25 Exanple 8 As in Exanple 5, but a reaction terrperature of
[err], initiator: tert.-butylperbenzonate 4.8 wt.% 30 Physical

characteristics: [err] (1000 = 130. 7[-ed®] Fs, [err] (400 = 2,335.1
[err]/s VIB = 147 35 Pour-point = -25.9C Mwv = 6,690 vh = 2,200 U =
2.04 - 16 - Yield of monomers = 96% Exanple 9 5 As in Exanple 5, but

a reaction tenperature of [err], initiator: tert.-butyl pernonoate 4.8 wt.%
Physi cal characteristics: [err] = 460. 1 [err]/s, 10 [err]([err]) =
12,321.7 [err]/Bxgmple 230 Pour-p0|nt = [err] Mv = 11,800 Mn = 2,560 15
u =2.31
5 As in Example 5, but a reaction temperature of 126°C,
initiator: tert.—bﬁtylpernonoate 4.8 wt.%

Physical characteristics:

n (100°C) = 460.1 mm?/s,
10 n (40°C) = 12,321.7 mm?/s
VIB = 180 _
{ - Pour-point = -8.5°C
N~ ‘Fiw = 11,800
Mn = 2,560

15 U = 2.31

Yield of monomers = 88%
' Example 10
\-/" .

20 Method used as in Example 4, but in addition to 1 mol of
1-decene, another 280 g of synthesis oil prepared
according to Example 4 is used as solvent in the
preparation mixture.

i,i 25 Physical characteristics:
' n (100°C) = 28.0 mm?/s,
n (40°C) = 294.0.nmﬁ/s
" VIB = 127
Pour-point = -44.5°C
30 Mw = 2,180
| Mn = 1,350
U = 0.61

Yield of monomers = 98%
35  Example 11

- As in Example 1, but the methacrylate component is
~ butylmethacrylate, feeding-in time 3.5 hours.



Yiel d of nononers = 889% Exanple 10 20 Met hod used as in Exanple 4, but
in addition to 1 nol of 1-decene, another 280 g of synthesis oil prepared
according to Exanple 4 is used as solvent in the preparation mxture. 25

Physi cal characteristics: [err] ([err]) = 28.0 [err]/s, [err] ([err])
= 294 O[err]/s VIB = 127 Pour - poi nt [ ert]1B0 Mv = 180 wvnh = 1, 350
U 0.61 Yield of nononers = 98@635 . Exanple 11 As in Exanple 1, but

t he nethacrylatepﬁgg@@agnbhh&abubyhge&hgqryIate feeding-in time 3.5 hours.

z[é?ri 2! 5 aa8 JPEREY ) eV B LS B Tpoint = [err] My < 6,500

= 1,80 U n= (205¢)YlehdzoBBﬁnaomm?BS—-91@610 Exanple 12 3 nol of
dodecane (523 g) yrp heqyed to [err] in the reaction vessel, 1 nmol of
Cl2- C15-al k Inethacrylate with 15 a 90% i so-isoner cont ent (272 g) is
circul ated Por 5PIUEoRPInt Af t-@6-BR€ feed-in, the nixture is pol ymerised

Mw = 6,500

Mn 1,860

U - = 2.51

Yield.of monomers = 91%

10
Example 12

3 mol of dodecane (523 g) is heated to 160°C in the
reaction vessel, 1 mol of C12-Cl5-alkylmethacrylate with
15 a 90% iso-isomer content (272 g) is circulated for 5.5
' hours . After the ﬁeed—in, the mixture is poiymerised
. again in the batch for another 11 hours. The initiator
is added as in Example 1. After the reaction, the
solvent is removed by distillation. The resultant
20 product is a colourless, oily liquid which is completely
miscible with mineral oils, PAO or ester oils.

Physical characteristics:
n (100°C) = 16.7 mm?/s,
v 25 ' n (40°C) = 128.1 mm?/s
VIB = 141 '
Pour-point = < -52,1°C
Mw 1,510
Mn. = 1,230
30 U = 0.23
Evaporation loss according to Noack 6%

Yield of monomers = 95%

Example 13

35 _
As in Example 12, but instead of dodecane, the same
amount by weight of hydrocrack oil is used as solvent._'
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agai-n in.the bat.ch for another 11 hours. The initiator is added as in
Exarfpl e 1. After the reaction, the solvent is renpoved by distillation. The

resul tant 20 product is a colourless, oily liquid which is conpletely
m scible with mneral oils, PAO or ester oils. Physical characteristics:
[err) ([err]) = 16.7 [err]/s, 25 [err] 1g err]) = 128.1 [err]/s VIB =
141 Pour-point = < Jerr] Mv = 1,510 M. 1,230 30 U 0.23

Evapor ati on | osPhgsdeadi dgtiho dohydrotrickl didt nonomers = 95% Exanpl e 13
35 As in Exanple 12, but instead of dodecane, the same amount by weight of
hydrocrack oil is used as sol vent. Physi cal data of hydrocrack oil:
[err]. ([err]) 8 (3083C}err]/8: 691 B/ 51,26 5 Pour-point = [err] Physica
data of the resv&gagtlgklgoner/0|l m xture [err] ([err]) =.5.08[err]/s,
[err] (40 % 24 1 err]/s, 1 VIB = 144 Pour-point = [err] Exanple
14 15 400 g F - 5t CP2+9Cdi ssol ved in 450 g (1.99 nol) of
isodecylnethacrylate 250 g (1.78 nol) of 1-decene are heated to [err] in

the reaction vesaglscalnaael hacky apfasmgﬂ oﬁggﬁgr'/pﬁevsax%&ehourS- -

After the feed Aar & s meri se agarn
'n (100°C) = 5.08 nm@ s,
n (40°C) = 24.1 nmﬁ/s,
10 VIB = 144
" Pour-point = -34,5°C
L - |
> Example 14 -
15 400 g (0.28 mol) of Cl* is dissolved in 450 g (1.99 mol)
of isodecylmethacrylate. 250 g (1.78 mol) of 1- decene o
are heated to 140°C in the reaction vessel. The
S methacrylate mixture is fed in over 1.5 hours. After
\ the feed-in, 'the mixture is polymerised again in the
20 batch for another 15 hours. The initiator is added as
' described in Example 1. The initiator is tert-
butylperbenzoate, total amount = 3 wt.%. The resultant
product is a yellowish oil which is soluble in mineral
oil.
\«’ 25 | _
: * Cl is a methacrylic acid ester of an ethoxylated

Cl6-C18 fatty alcohol mixture, average ethoxylation
degree 25, the alcohol used here is marlipal
1618/25R, product of Hils AG.

~ 30
Physical characteristics:
n (100°C) = 1,006 mm?/s,
n (40°C) = 15,756 mm?/s
VIB = 276

35 Pour-point: too viscous

Mw, Mn cannot be determlned via GPC because of
excessive adsorption
Yield: > 98% ' )



20 batch for anot-her 15 hours. The initiator is added as described in
Exanpl e 1. The initiator is tert- but yl per benzoate, total anpbunt = 3 w.%
The resultant product is a yellowish oil which is soluble in mneral oil.
25 * Cl is a nethacrylic acid ester of an ethoxylated Cl6-Cl18 fatty

al eohol m xture, average ethoxyl ation deglBe-25, the al cohol used here is
mar | ipal 1618/[err], product of Huls AG 30 Physical characteristics:

[err]([err]) ExanpX¥®6igerr]/s, [err] (400 = 15,756 [err]/s VIB = 276 35
Pour-point: too viscous My, M cannot be determ ned via GPC because of
excessi ve adsorption Yield: > 98% " - 19 - Exanple 15 300 g, (0.37 nol)

of Conponent (0¢ ¢s(@i3zzohekd ¢f dompenent 7G2%bH|is cﬁﬁ%@dﬁ%@l%tﬁ%‘ér?l at e.

300 g (2.14 m)p P mol) éfdfgsﬁécy%@%@ﬂyi@téGOQ(’m ¢ hez2 reachoon essel .
The msthacrylae m xture 1S fe ove hour.s. TOt(il:| reactlorltlr?ith
hours, in%tiatbrdQeRRei bH %%aFﬁdE‘k‘ArﬂJf% Ci in fhe figpction vesse

di-tert. -butylm@tma¢ﬂp1atetmixannanis3fea ¥ averpmcmmuxs:s Botabl e in
mneral oil.. 10 **

t he h icy e :
‘net hoxypol yet h@?%ﬁ%@?@c%f‘m%f 1§ﬁga§§§gg b %tgafg%lé%&%tel?%eas—l%n t he
al cohol used hBxampbe Chr boiﬁaxtisoorerd} perr'édehmlemr@m% EPbRde) .
amount 3 wt.%. The product is soluble in mineral oil.
10 :
- *k C2 is the methacrylic ac1d ester of

methoxypolyethyleneglycol of an average

ethoxylation degree =16; the alcohol used here is
Carbowax 750 ® (Trademark of Union Carbide).
15 '
n (100°C) = 293.4 mm?/s,
n (40°C) = 3,999.0 mn?/s
. VIB = 217 ©
(U= Pour-point = 22,1°C
20 Mw, Mn cannot be determined via GPC because of too great
an adsorptlon
Yield approximately 100%

Example 16

25 '
As in Example 5, but instead of isodecylmethacrylate
-C12-Cl5-alkylmethacrylate with a 90% iso-isomer content.

‘n (100°C) = 41.8 mm?/s,
- 30 n (40°C) = 417.6 mm?/s
VIB = 152
- Pour-point = -44,1°C
Mw = 3,430
Mn = 1,830
35 U =0.78



15 [err] ([Lerr]) = 293.4 [err]/s, [err] ([err]) = 3,999.0[err]/s VIB =
217:Pour-point = [err] 20 My, Mh cannot be determ ned via GPC because of
too great an adsorption Yield approxi mately 100% Exanple 16 25 As in
Exanpl e 5, but instead of isodecyl nethacrylate Cl2-C15-al kyl met hacryl ate
withi a 90% i so-isonmer content. [err] ([errRp = 41.8 [err]/s, 30 [err]
([err]) = 417.6 [err]/s VIB = 152 Pour-point = [err] Mv = 3,430 M =
1,830 35 U =Bx#fple 1720 - Exanple 17 As in Exanple 1, but the

met hacryl ate conponent is Cl2- Cl15-al kyl net hacrylate (90% i so-i soner
content), 5 AMA/ decene-ratio: 1 0.5 nmol, AVA fed in for over one hour.
[err] ([err]) =RAg3in4Ekemplesl,[but]tli¢enethacrylatgioospanent. ig0Cl2-v|B =
165 Pour -poi Nt &15e5 kyMietnddryedTood: 286- thomer 1éohbedep) i cati onal

_ anpl es 5 AMA/decene-ratio: 1 : 0.5 mol, AMA fed in for over ome

hour.
n (100°C) = 234.4 mm?/s,
n (40°C) = 4,810.6 mm?/s.

10 VIB = 165
Pour-point = -25.6°C
Mw = 23,100

o

‘Mn = 3,230
U= 6.14
15 - |
| Applicational Examples
. Example 18
'\_ﬂ?

' 20 Compariéon of an oligomer/ester oil mixture with a poly-
a~olefin/ester oil mixture with respect to the viscosity
data.

20% PAO 100 in 20% oligomer
U | ™a-0D ®-ester from Example 17
in TMA-OD ®-
ester
- 25 n (100°C) 6.68 mm?/s 7.70 mm?/s
' VIB - 193 212
CCs (-30°C) . . 1,800 mPa s . 1,600 wmPa s -
It is clearly'noticeable that with the use of
30 cooligomers in the mixture, in spite of the viscosity

being higher at 100°C, a lower viscosity can be achieved
at -30°C and therefore a better low-temperature
behaviour.



Exanple 18 20 . Conparison of an oligonmer/ester oil mxture with a poly-
a-olFefin/ester oil mxture with respect to the viscosity data. 20% PAO 100
in 20% ol i goner TMA- CD [err]-ester from Exanple 17 in TMA-OD [err]

ester 25 n ([err]) 6.68[err]/s 7.70 [err]/s VIB
19373 212 CCS ([err]) - 21 - 1,800 nPa s 1, 600
nPa s It is clearly noticeable that wwth the use of 30 cooligoners in

the m xture, |nE§Qh5§e059the viscosity being higher at [err], a | ower
viscosity can be achieved at [err] and therefore a better |owtenperature
behavi our. - 21 - Exanple 19 Conparison of an oligonmer/PAO formnul ation
with a PACS/ PACdBmbat-iebat o8N ann ol igoMét¢pgoneokRtliatdni wilthuh 5 by the

Forml att on-" + BRos Z884g Roathaeson spckhaPTRlchbodk SRIE, Rollief BAE° 10

14. 2% convEnt i ob#l tbe Pechajeal Service.Dl package 15

40. 8% PACS 40. 8% PACS [err] ([err]) 19.5 [err]/s
18. 7[err]/s VI 147 148 SAE-C ass
10W 50 10W50 result obtained 63.7 points, no 67. 2
poi nts, no 20 by t he PAC4Ck$: PRO 6 Oligdmks Feemni ca
Service Example 18 in PAO6
10
i;: " Formulation 45% PAO 40 45% oligomer
14.2% conventional 14.2% conventional
DI package ‘ DI package
15 _ ' 40.8% PAO6 40.8% PAO6
n (100°C) : 19.5 mm?/s 18.7 mm?/s
VI - 147 148
= SAE-Class 10W-50 - 10W-50
~ _ result obtained 63.7 points, no - 67.2 points, no
20 by the _ticks ticks
Technical Service

with VW

_ When the oligomer/PAO is used, an excellent diesel
\_ 25 evaluation may be obtained which is proof of a high
thermal -oxidative stability. Account must also be taken
-0of the fact that the pure PAO formulation used for the
comparison has a very high diesel performance, as is
known.

B LT LT I L R T T



e

with VWWen the oligomer/PAO is used, an excellent diesel eval uation
may ‘be obt ai ned which is proof of a h| gh thermal - oxi dati ve smnm"m“"
Account nust al so be taken of the fact that the pure PAO for M“,”m
for _the conparison has a very high diesel performance, as is

C B M S * - 22- dains 1. Use of 200--o0l i goners as synthe5|s oil in
Tri bol ogy, synthesised from5 A) 10 to 40 wt. % of at | east one 1-al kene
having 4 to 32 eapkar atonms in the nolecule, B) 40 to 90 wm. % of at |east
one (nmeth)acrylic 10 acid ester of Formulal R OJerr] 15

wherein R represents hydrogen or methyl and [err] represents an optionally
branched al kyl @r.oupUme afcyol-odlikpheysoap Bynthgsdst 0i32ipafbdRodrars in

the alkyl groupg 5, preferably 5 to 40 wt.%of a
(meth)acrylic ac??i&ggsélrsegf tf%o?‘rrul all [err] 25 ' [err]

(11) wherePn R represents hydrogen or nethyl and R2 represents an al kyl
group having 2 to 6 ggr bonoSQo 40 wt.% of a@t QEBstWohehlialkehet hawtiad by

at |east.one hydroxyl groyp, or R represents @, 9¢QuPLEeLthie,

B) 40 to 90 wt.% of at least one (meth)acrylic

10 | , acid ester of Formula I
O N
L CHy = C - C - ORy (1)
15 , _
o wherein R represents hydrogen or methyl and R,
represents an optionally branched alkyl group
K or a cycloalkyl group having 4 to 32 carbon
N~ atoms in the alkyl group,
20 '
C) 0 to 65, preferably 5 to 40 wt.% of a .
(meth)acrylic acid ester of Formula II
. R? 8
- . T
\ 25 CHy = C - C. - ORy (IT)
wherein R' represents hydrogen or methyl and R,
represents an alkyl group having 2 to 6 carbon
30 _ atoms, which is sSubstituted by at least one
hydroxyl group, or R' represents a group
Rz e ]
-|- CH - CH - 0 -J - Rs
35 , .

wherein R, and R, represent hydrogen or methyl,
Rs; represents hydrogen or an'optionally



[err] 35 wherein [err] and[err] represent hydrogen or neth
represents hydrogen or an optionally * C L MS mﬂh [Ib"ﬂ HN”"'
al kyl group having 1 to 40 carbon atoms and n is an integer x
with the proviso that if n represents 1, [err] is at the sane tinme an

opttpnal ly branched al kyl group 5 23 - having 1 to 40 carbon atons,
the co-oligoners having a nol ecular weight [err] wthin the range of 1,500
to 25, 000. branched alkyl group having 1 to 40 carbon

atoms and n is an integer of 1 to 60, .with the
proviso that if n represents 1, Rs is at the
same time an optionally branched alkyl group

5 having 1 to 40 carbon atowms,

the co-oligomers having a molecular weight M, within
the range of 1,500 to 25,000.



