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U.S. Patent No. 2,655,479 discloses a pour point depressant composition consisting of a
30  blend of two copolymers, the first copolymer having an average side chain length of about
12.7 while the second copolymer has an average side chain length of about 11.2.

U.K. Patent No. 1 559 952 discloses a mixture of two classes of il soluble polyalkyl
methacrylates as pour point depressants.



bet ween about 11 and 16 carbon atons. W S. Patent No. 4, 867, 894

di scl oses pour point inproving additives for mneral oils conprising
from 10 t ow8Qoosmbs79s net hyl net hacrylate, 10 to 70 nol - YCoferaot/oanssr
Cl16- C30al kyl methacrylate, from10 to 80 nol-% of a linear

C4- Cl5al kyl nethacryl ate and/ or a branghed 10at - G oal kyl

met hacrylate, and fromO to 30 nol-%of a free-radically

pol yneri zabl e nitrogen- containi ng nononer havi ng di spersing action.
U.S. Patent Nos. 5,312,884 and 5,368, 761 disclose copol yners useful
as pour bbS. rﬂat@ép’peééé@ﬁ%dlscﬁﬂses iubricatiag :orhgornmsgloc@ APTPrisingd etvies About

mol -/ 0 - | t
16, coaali ndl LAV, W&Mp@@lﬁé’dl@%@ﬁwed%t% @IH ene copol mer and be weleg Ces.

These 15695@%0085% TSGR aott REREN R BT YAl Seragiek AT s Sery

speci fi ¢ laacdi) £.d-0t1ke asfyed favingp egighttratons Atk oiltheteskntabottis). 1ir esient
' nvengl ORy. 55 e'?‘moP@EiSﬂLeu{iR of%orﬁqjﬂo%%g2§ib§(%ﬂ}8§‘§? P%%'Mélée H‘%‘ﬁ‘fi%%ﬁ%f

pour poi nt s contal ni ng at Speci es
pol yal kbeFW@ﬁﬂ)aﬁ@ﬁW@ﬂé166%@‘3%9@61%5 havi ng an onset of

crystallizat bove 15C, nd one s CI e haV| an onset
ot o st W im0 BEb ARl FadtR Satitoint TSty SRS B T U BfR5
di scl osemgdammﬂ&tce?(bndf%m&tfwﬂ oeticedlateatt 0 yo Esmek® ofetinass £14Coaki2- 20

W . - % of I t

o1 ClSaIn%y ( F}éﬁﬁ g)\c‘r{r ((?Tﬁ)téfﬁ)m&} C{E ¥t é‘ﬁr%s é;czjgllﬁm'netr(& Iat@and/orabran%h&dh
acryl'dte. @m%yb@efhemlam ardg %@BQ to 8% Mohéiqie fieﬁﬁ?%%“ﬁ@ma@éﬂ@ Wa?@d
f rom nmet kyhtaiihheioyeahsvingZbddesingadtient No. 6, 255, 261 di scl oses
copolynmers forned from5 to 60 wt.-% Cl1-Cl5al kyl - (nmeth)acryl ates
and 95 t &/ 30 Pakent Nas.CLEL ki 36810 disslops Perobmnerpuselid @s aeurgwint dgoi nt

xg;:zfsiﬁge%gssém@fopfuﬁﬁ&% blgvcgg{pggﬂr H§-6¢'n{cﬂi@4e @;?C%gﬂd?@rlﬁﬁbdéwmtes t -
o1 e Yl R e heruaoy BRe w s Rr ek & Rl grdiaghiites. TREL

i nveribi opazehucusenisabomeicacmedpslyarees ¢optaieny mesmcuf(cAyonermus inBIge ﬁpet:[ﬁc

gggg} ogg?gof)\g@i’?ﬁ%é%%ggée@%m}m higgﬁlt aZS;oa? g a\é\bout 4.0 wt.-%

of a Cl8 L(@qadt&)f|No”§t?bﬁ929’b|§él&es-l§6@3!ﬁﬁér¥%béﬂ{ﬂas%ﬁh@ﬁﬁt)ﬂbﬁn@@séﬁm’@} SREr S
str such tructured

| | ght | y §P$tﬁ>é{”§raé aal‘], BISB?.%EF?EQI pgll;{al}(ﬂ eth acryl%?e one é(pecies%avmg an onset of

crystallization temperature above 15°C and one species having an onset of crystallization
20  temperature below 15°C.

U.S. Patent No. 5,534,175 discloses copolymers of unsaturated fatty esters derived from 12-
20 wt.-% of a Cy-Csalkyl(meth) acrylate, 45-72 wi.-% of a Cq1-Cysalkyl(meth)acrylate and 14-
30 mass % of a Cqe-Casalkyl(meth) acrylate.

EP-A-236 844 discloses pour point improving agents derived from methyl methacrylate.

25 U.S. Patent No. 6,255,261 discloses copolymers formed from 5 to 60 wt.-% C44-Cssalkyl-
(meth)acrylates and 95 to 40 wt.-% C1e-Caoalkyl(meth) acrylates for use as pour point de-
pressants.

The present invention is directed to polyalkyl methacrylates and their use as pour point de-
pressants for lubricating oils.

30  The polyalkyi methacrylate copolymers of the present invention comprise monomer units are
formed from:

{A) About 60.0 to about 96.0 wt.-% of a C2-Cssalkyl methacrylate; and



The pol yal kyl met hacryl ate copol yners are -added to an oil of
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Percentages are normally based on total weight unless specified otherwise.

The term copolymer refers to the polyalkyl methacrylate formed from monomer units derived
from (A) and (B).

The copolymers of the present invention have a relative weight average molecular weight

20  ranging from about 5 000 to about 250 000. Typically, the weight average may range from
about 10 000 to about 200 000, from about 15§ 000 to about 150 000 and most typically from
about 20 000 to about 130 000. The molecular weight distribution is usually less than 2.5 and
generally ranges from about 1.5 to about 2.5.

The molecular weight is determined by gel permeation chromatography (GPC) using a poly-
25  methyl methacrylate standard. The determined average molecular weight is therefore relative
to the standard not absolute.

The long chain alky! esters of the methacrylate may be linear or branched.
Cross linking agents are, for example, polyethylenically unsaturated crosslinking agents.

Examples are methylene bis(meth)acrylamide, polyethyleneglycol diacrylate; polyethylene-
30  glycol dimethacrylate; N-vinyl acrylamide; divinylbenzene; tetra (ethyleneglycol) diacrylate;
diallyloctylamide; irimethylpropane ethoxylate triacrylate; N-allylacrylamide N-methylailyl-
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contains a mixture of methacrylate esters formed from a mixture of C2-Cssalkyl alcohols. For
example, about 60.0 to about 96.0 wt.-% lauryl methacrylate esters, about 65.0 to about
95.0 wt.-% lauryl methacrylate esters make up the formed polymethacrylate copolymer.

Alternatively, the weight percentages for component (A) may vary as described above for
25  lauryl methacrylate.

In the instance where lauryl methacrylate esters are used to make up component (A) of the
polyalkyl methacrylate copolymers, the lauryl ester is derived from a straight or branched
distribution of C12-C4s long chain alcohols. The weight percentages of the compositions
comprising lauryl methacrylate esters may range as below:

30  Lauryl methacrylate Distribution

Chain length c12 C14 C 16

Wt-% 68-74 20-26 2-6
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bel o5 late, nonacosyl methacrylate, triacontyl methacrylate, behenyl methacrylate and mixtures
thersof.

A possible source for the Ci5-Caoalkyl methacrylate esters is behenyl methacrylate esters.
Behenyl methacrylate used in the present examples contains a range of long chain
methacrylate esters wherein the length of the ester chain ranges from Cqg to Cz,. For exam-

30 ple, about 40.0 to about 4.0 wt.-% of the behenyl methacrylate esters make up the formed
polyalkyl methacrylate copolymer. For example, 35.0 to about 5.0 wt.-%, about 30 to about
5.0 or about 20 to about 5.0 of the formed polyalkyl methacrylate copolymer is formed from
behenyl methacrylate esters.
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The Css- and Cisalkyl methacrylates cummulative weight percentages in the formed copoly-

mer generally will not exceed about 22.0 - 23.0 wt.-%. For example, the combined weight
percentages of the Cyg-alkyl and Csg-alkyl fractions may be about 15.0, 16.0, 17.0, 18.0, 19.0
or 21.0 wt.-% of the formed alkyl methacrylate from components (A) and (B) with a minimum

20 of atleast 7.0, 8.0 or 9.0 wt.-% for the cumulative weight percent of Cs-alkyl and Cig-alkyl
methacrylaies. For example, the (A) and (B) components are further defined as comprising a
combined weight percent of Cig-alkyl and Cisalkyl methacrylates, which combined weight
ranges from about a minimum of 7.0 wt.-% - about a maximum of 23.0 wt.-%, based on the
total weight of the polymethacrylate copolymer.

25  Furthermore, the alkyl methacrylates esters in compenent (B) which are equal to or greater
than C 20 makes up at least about 2.0 - about 40.0 wt.-% of the formed polyalkyl methacry-
late copolymer. For example, a minimum of about 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 7.0 or
8.0 wt.-% of the formed polyalkyl methacrylate copolymer is derived from Czp-Capalkyl
methacrylate esters. The formed polyalkyl methacrylate copolymer will be formed from a

30  maximum of about 10.0, 20.0, 30.0 or 40.0 wt.-% of Cxo-Cagalkyl methacrylate esters.
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30 Inthe solution polymerization, the reaction mixture comprises a diluent, the alkyl methacry-
late monomers, a polymerization initiator and usually a chain transfer agent and optionally a
crosslinker.
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phen ynterepht hal ate, 1, 1-bis(3,5-dinetihyl-2-hydroxyphenyl)but ane,
2,2-bis(3,5-di-tert-butyl -4-hydroxyphenyl) - pr opane,

102, 2- bi s(5-tert-butyl-4-hydroxy-2-nethyl phenyl)-4-n-dodecyl ner capt ob
utane, 1,1,5,5- tetra(5-tert-butyl-4-hydroxy-2-nethyl phenyl) pentane;
1.7. 0O-, pieve @i stﬂg@lmﬁrtiee@tﬁbfgdmjsSuch additives include: further antioxidants, metal
3,535 Ea§s‘?\la'fcﬁ‘s tr@ét‘inh%%éél VEéGO%It ﬂﬁ@b’g{h‘éﬁé@é %H%Mﬁal?&h}eﬁbmt depressants,

oct adecy rox - di net enz rrerca t oace

tri decy19BPRyENtS e\gg@t%f%r@,ef e%rm sRIL(A adel E%ﬁ%%'e“t’%ﬁrédd'i“ﬁs Such
(3,5-di- taedhﬁvdmte/hdd@dmytﬂnemmdueiszybtbamyﬁer edoh &( #them, which range in each case
15t ?ggSbgf‘)yliogﬁxta%oqqﬁggth%gggH?% gglzlglls% %t@félﬁt%%%saotfﬁmher
|soocty133d'E\lQ§|3IQ@'FQn%€ﬂ@Vyl - 4- hydr oxybenzyl - mer capt oacetate; 1.8.
Hydroxybgnzy Y ‘ﬂ?gaij’op?'@nﬂllcptr@?’f‘d% y1- 2- hydr oxybenzyl) - nal onat e,

di oct adecyl

di oct ad 1-

a Szdzciﬁﬁer%&%?tgéﬁﬁene%‘sb SRR R RP e o
mal onat e, di [2,@ cb 1er’¢btg¥§{4 ethylphenol 2,6-di-tert-butyl-4-n- butyipheno 2,6 dz—tel‘t—butyl- -iso-
20t eypamet hybwwér)m Qrﬂerﬂwﬁe}opgn‘@l' bh’r‘éﬂ‘@lpﬁer‘i’dl -2 @ighatethicydrohen e ieRay |

)1rr§| gn? ? |es( 3y EBhec’f{:"}l%reér) %‘X‘g%?ﬁ' 44 &*nﬁh ;rfggi cy%oiszgphenol 2,6-di-tert-butyl-4-

trinmet hyl benmﬂ'@xymethylphenol linear nonylphenols or nonylphenols branched in the side chain,

1, 4-bi s(3, 5 Quchta%réﬁEIHBHﬂa%&Mﬂﬁ%MPQQZ&%m% 15m§m§/ﬁ}rrdéét¢§wﬂéﬁ8i22

2,4,6-tr r ox Z
Corrpounds dlmethyI6(1 meththep¥adeC~ 1-y1) phengl QC}( IRQB 1 metjﬁyltndec- T-yl}p e-

2, 4- hBs- oct y haeind apktore6 teBed- di -t ert - but yl - 4- hydr oxyani l i no) - 1, 3, 5-
25triazin e,

2- oct yl mérZ apikylitrdoraethylgi(edols: dit-diosivithipmeihy-Gteryhybinheah 2.4 mioctyithigmsthyl
azine, 2- 6- meth Iphenoi 2,4-digctylthiomethyl-8-gthylphenol, 2,6-didodecylthiomethyl-4-nonyi-
octyl mer capt o- -bi s(3,5-di -tert-butyl-4-hydr oxyphenoxy) -1,3,5-tri1az
ine, 2,4,6-tP F , 5- di-tert-butyl-4-hydroxyphenoxy)-1, 2, 3- tr|a2|ne

S 2 et O ) Sl 155
2, 4, @0tri s( 3tet wtyilﬁs@quumw;|2u5tdﬁ9awa5wg'ﬂpj¢f@ﬁw@t%94ﬁ) Flhegylsft @q*@d&ﬂ'waphe-
1, 3, 5- tri s( 3nbi; gb-di-@rtbudipdioghindyie roxyrseBylyP4-apdreshistie xa b e a-blityB4-5

r

i azi ne, 5-tris -di cyc Xyl-4- d xyb i rate;
VO 2008105575%@%’"&'59%0375‘85%%’@'&5’??%&85@?% B TS Hl RABIRMN:
bet a- (5-t ert diseygheny)) h@imf@,xy 3- net hyl phenyl) pr op| onic acid: with
pol yhydr| c al cohol s g with 1, 6-hexanediol, 1,9-nonanedi ol
et hyl ene ¢t- yEBsBOPhEFOE alp FraPRia 8P TMARYHSHE 3‘}‘?00@“%78'@“‘1 WSS e eRf (dAmin
gl ycab, diethkyl ene glycol, triethylene glycol, pentaerythritol,
tris(hydroxyethyl)isocyanurate, N, N -bis(hydroxyethyl) oxalic aci d
di am de, 135. Slytioaylaide §uoinheng-ethsirs geirthicdis@riert-pulyk-4-methyiphrotan &dihist
trimethyl ol pb%@ﬁ&ﬁ ! ﬁ’enhbj 44‘-th10-bls(6-tert-butyl 3me 05viphenol ), 4,4"thio-bis(6-tert-butyl-2-

R "m?hvipéwoa'bét“y o2 L Bh& 5, £ U AN Ty e

gama- (3, 5- dipbgrod)diselghide;4- hydr oxyphenyl ) propi oni ¢ acid,
3,5-di-tert-butyl -4-hydroxyphenyl acetic acid: with nono- or
pol yi#@dr i1e6. alPdaliising bisphenolsp 2hmetityleaerdis(6-tetthaiyil-metiylgbenpho?.2-methylene-

'lsogglt amil %Q {eﬁt%%ﬂ%'thgépéqeﬁolﬁﬁ&aﬁl%ﬂ“y@he -bik, [&nmwas@abm memyxhydimgy;
LR ot BB, Pl RN bl R g L ER5ioRb ERL omy-

4-methylphenol), 2,2'-methylene-bis({4,6-di-tert-butylphenal), 2,2'-ethylidene-bis(4,6-di-
tert-butylphenol), 2,2'-ethylidene-bis(8-tert-butyl-4-isobutylphenol), 2,2"-methylene-



phenyl enedi am ne, N, N -bi s(1, 4-di net hyl pentyl)-p-phenyl enedi am ne,
N, N - bi s(1-ethyl- 3-nethyl pentyl)-p-phenyl enedi am ne,

N, N' - bi s( Iwvoetdsgsrept yl ) - p- phenyl enedi am ne, PCT/EP2007/061589
N, N di cycl ohexyl - p- phenyl enedi am ne,
N, N - di phenyl - p- phenyl enedi am ne, -12-

N, Nedi ( napht h- 2-y1) - p- phenyl enedi am ne,

N-i sopropyl - N - phenyl - p- phenyl enedi am ne, N

25(1, 3-di net hyl butyl ) -N - phenyl - p- phenyl enedi am ne,

N- (1- net hyl hblpfﬁy(ial))hmlmmyéﬁﬁyiyl pt-naptylphyhai 22l-mathplene-bis[6-(alpha,alpha-dimethyl-
N-cycl ohexyl plii lﬁh%ﬁ*ldﬁi g ln%l%ﬂ’ér%%ﬁ@ﬁ di-tert-butylphenol), 4,4'-methylene-

4- (p-tol uenesu ona
N o T BT S -2 e lrbgnal SRS ey B ppiavgheyPhigane,
N- al | yl di phepygtbits-tei-budylHssagha@oxdcixpheiaylh-anmatieyiphenot, 1,1,3-tris(5-tert-butyl-4-

D DU 2 RSO YA 0B R0, o dIBRY ATIRRUGL .o
di (4- et hoxyé%h@ﬂryaimh’qléanegetaylmeglm b'ﬁfgft?’yqs(a"tﬁﬁﬁEWh‘idhaﬁﬁOXym@ﬁ:éwa

ﬂhﬁnﬁl N2 4' nelt@nbis@edbRbenyd- ﬁ@ir&a;reemeﬂwher@u)ammhﬁh@nylUmiam@pbuty:

AT ﬁyﬁe ﬁw?@wpﬁravﬁ%‘ﬁsﬁgu@w%bmx@?rgawn%ffssr i bis 5
(o-tol yl) bi guathiyd2hydtofydhériy) Butank, 2et-biglSSudiyérs-plteryhdaodypleenyl)-propane,
tertygctyl atgd. d‘t@lﬂﬁm/dt |J4Hya PQY%@tH}/Iﬂ%nyﬁMﬂ&Hd%cmneﬁQﬂBbu@ﬁ@1dl'5§J

35ky| ated tert- ut tert oc % am nes, m xture of nono- and

di - al kyl at ed‘%%@‘fﬁmbuty' ﬂ/@/% PERSR7/ 061589 - 14 -

phenyl am,ngs of yelale

Godety! ol pheRy A Hse ey fPWP%”""E‘ %ﬁﬁﬁ BBy 4 dpgprdcenl ater

i sopropyl / i sotiedeny-4thystiexyyd, afinredizylbemizymar @@t@ﬁ?embﬁe% bk Ky 1Satied
t ert-butyl di phesny I@éﬁzgﬂﬁercaptoacetate tris (3,5-di-tert-butyl-4- hydroxgbenzyi amine, bis(4-

R T e R

5m xtures of drmytmnzyi)sdlptlldea‘sdmty&ﬁédjzim wutwwdmxemwmpmcetate
N-al | yl phenot hi azi ne, N, N, N1, NI -t etraphenyl -1, 4- di am nobut - 2- ene,
N, N- bi s( 2,2, BysoxdenanEehipiongies; dnda cyI;ZLZ) Hé@ér@ttﬁw@we?dhs&m%enzv*

bis(2,2,6,6- h’%’ldn@t@eﬂ|BMb@%d?ﬁl—(fﬁleﬁ-b@ztﬂih%@@b@ﬁmthyﬂaeazﬁm@ionate dldodecyl-
tetrarrethylp eri i |n4

»
Exanpl es of Fctaﬁ Pﬁlgh% I?(?xs %éﬁf’fgﬁ bgfy gﬁé{?%yb&?‘ @r 15 d&ﬁé ﬁi tes
este2§ of t hiay@mstolbiity))-phenydird.e-bistl, ﬁdbtertibmy{)élhﬂb'ewbenéld‘)mlomfesaI ts of
di t hi ocarbam c acid, 2,2,12,12- tetrarreth){

di hydr oxyl 93 ﬁy@_rgxxhepg%pwﬂa@@gﬂ@ngﬁ& 3,5-tris(3, 5 d| -tert-butyl-4-hydroxybenzyl)-2,4,6-
2, 2,15, 15- t etrircomiideyizerts, 13-tk B&Sd:r-mryblﬂyll @ rokgibentzel}- zatsm -hexatigbamne.

3. Exanpl es er:
Benzotri azol géneg% dtenr %é'ltgggé gd %ybé’gﬁér cagf obenzot riazole, 2,5-
15di mer capiohagzad édn%%é‘s 2% blélbctﬁm%l'déﬂob@(szﬁlgtﬁb%@ﬂyﬁ@—hﬁcﬁoﬂanmno -1,3,5-

tol utri azol ei{ and derjvative

a2 bl oaarss ¢ b IS B sty 4TS EBRE b B e 2
Manni ch basescigimdomniet,6ibardhb-di-ert-tutl-dthydrazydhenoxg it B, 5atgazine, 2,4,6-tris(3,5-

1-[di (2-et hyl | ]
1- % dl E 2. 2,[ hgldﬂt‘(:?ﬁ;gg W%%Pi{%ﬁ?g%ﬁ#é% 1% And (3,5-di-tert-butyl-4-hydroxyben

al koxyal kyl béﬂﬂ&CV?r&E@Pe%C* 5§rﬁﬁt%b%¥'(3rh¥ﬁgﬂxﬁﬁﬁ Heehylesirahisetanezis e,
1- E 1- but loxKetatuyek bnsmalqéﬁbatyway@b@pa@q’!ethyl -1,3,5-triazine, 1,3,5-tris(3,5-di-tert-bu-
1-(1-¢cycl ohe X -
RO RGN X MR T
bases of 1, 2h4drpmbaml)@gcya@uv@ke as

1-[di (2-et hyl hexyl)am nomet hyl1l]-1,2, 4-trjazol e

al koxyal k@h{f‘cyar@mppheg@gf @gygrgﬁytl’qp%@csd anilide, 4- hydroxystearlc acid anilide, N-(3,5-
1- ( 1- but oxy etdhyert)bulyl-2-Hedoky sz oy peardayit atigdceamarnol, 2, 4-tri azol es;



4. Exanples of Rust Inhibitors: W 2008/ 055797PCT/ EP2007/ 061589 - 15-
4.1. Oganic acids, their esters, netal salts, amne salts and
anhydri desyoabospssromnd al kenyl succi ni ¢ aci ds and t hei r ppaEPIRIV@SWEr S
wi th al cohol s, diols or hydroxycarboxylic acids, partial am des of

al kyl - and al kenyl -succi ni c aci ds, 4-nagnyl phenoxyacetic acid,

al koxyand al koxyet hoxy- car boxylic acids, such as dodecyl oxyacetic
aci d, dodecyl oxy (ethoxy) 5 acetic acid and am ne salts thereof, and

al so N-ol eoyl -sarcosine, sorbitan nonool eate, |ead naphthenate, _
al kenyl sdci@i Bstersand betad hitgrtliputyl elsh ydeoxy-3-rdettidplany|) prawisinigi asidawitll polyhydric

) e, APl et it g st
Ni t r ogen- conF%‘iH‘i’PWég iofigfaylengyalycs!. %'ethffgar“(s 9§YF9' Q'Fﬁ%‘ﬁ’a? %’C‘Hrpenbe'
cycl oal i phat iythritet] tris(Bydrondetuyi)isecyaalrtie, BiN-disgedicayetnd) dxatr gahdiemales 3-
id
. [SN g S(()IZ hha%ghé’é%'n& ﬁkﬁi%deﬂ%&r?ﬁ%ﬁ?ﬁ%onkﬁéﬁ ntg@?/%lol lpropans, 44y
4.2.2. Heteroé'&%l’m%t kﬂﬂnﬁf@éh’@@ nga@iamcmkéa Zﬁqcéﬁi‘ﬁol i nes and

I h . d
T4 2. 5 SRR e DU BRI B B AP e TR S svele-
sul phonat es, heat-¢hydmpgheataropisid ptidB-digert-blivi4-hirroypbdratacein s
al i phatic ca m%hb @!ﬂ@:@%@@ eoa v@th'npéiﬁédoﬁ effiait)] RBASASINGOH NG,

aci ds and sa VISCOSIt i ndex enhancers:

pol yd€ryl at e§°t3‘ﬂﬁ999‘h‘ei ﬁﬁ@?‘%ﬂeﬂ%é o- Wﬂ”@?%@rﬁ”&%‘?f‘e Si}éﬁohf'r?goropanedwl
pol ymet hyl ”Eh&mhwl Qe thivdisglipye giodd, deteianetdhaor, retty@ne glyoblymetas
Popal yier o 20 AR AERERhAsY AR N PRI ARy BRAR, acfa'o‘?gna.ee 3

copol yners s ne to
copol yners, Hyﬁimd@@dfo‘sﬁwléﬁﬁéﬂqd§mﬁ’é’”@b¥ihﬁx?ﬁ@ﬁ@ fr'%‘ﬁW@W@Q%%

copol yners aggxpabmethsiosphdibiziiisesidaoal2. Hédarsi ty inprovers, Wm ch
al so have di spersant and/or anti oxi dancy properties are known and may

opt i dsal Iiwmammmf betad8lgidi-tentrbutiyd-4tHyeropypdag} sropibnit lcig: N hW-pia3i fodi-tert-
256. Exanpl es, [ g .
et hyl ene/ vi ny [a‘iég a %Bh%cﬂq@%rﬁgﬁ%% W%ﬁb&%ingaﬁ%hggﬁ?ll}ﬁ%bggu‘ hy
copol yners, éfq{(y@*’&ﬂé'ﬂfoﬁﬁ’ﬁmt%’ﬁ?@}‘ﬂén%@”ﬂ'O%ItN b’e@ tyd-hygiroxyphenyl-
di sper sant s/ pploaghaaiinepol ybut enyl succi ni ¢ aci d am des or im des,
pol ybut enyl phosphoni ¢ acid derivatives, basic magnesi um cal ci um and
bari um sul. thésaires acid dvipmdn@); at es. 308. Exanpl es of extrene-pressure
and anti-wear additives: sul phur- and hal ogen-contain- ing conpounds,

e. g. 26hl dr1GhAminic patioxideptay.N G'ISBHFGPY'MBBY@F?W'B? N, ¥ EsaePelyor s

(soybean oi | phempmetiamine, RINlst1 eintatiylipediyt-pashenylehedidmhipdliNIESbis(1-ethyl-
o ooet ot SarabePEbulEEhefRorNERER A AEHED-AEnRhShEr 5 Hl Y hine,
20081055797 PO EPPO0EX61ERSYlenadiamine, N,N-diphenyl-p-phenylenediamine, N,N"-

di(naphth-2-yl}-p-phenylenediamine, N-isopropyl-N'-phenyl-p-phenylenediamine, N-

25 (1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine, N-(1-methylheptyt)-N"-phenyl-p-
phenylenediamine, N-cyclohexyl-N'-phenyl-p-phenylenediamine, 4-(p-toluenesul-
phonamido)-diphenylamine, N,N'-dimethyl-N,N'-di-sec-butyl-p-phenylenediamine, di-
phenylamine, N-allyldiphenylamine, 4-isopropoxydiphenylamine, 4-n-butylaminophenol,
4-butyrylaminophenol, 4-nonanoylaminophenol, 4-dodecanoylaminophenol, 4-octa-

30 decanoylaminophenol, di{4-methoxyphenyl)amine, 2,6-di-tert-butyl-4-dimethylami-
nomethyl phenol, 2,4'-diaminodiphenylmethane, 4,4'-diaminodiphenyimethane,
N,N,N',N'-tetramethyl-4,4'-diaminodiphenylmethane, 1,2-di[(2-methylphenyl)amino]-
ethane, 1,2-di(phenylamino)propane, {o-tolyl)biguanide, di[4-(1",3'-dimethylbu-
tyl)phenyllamine, tert-octylated N-phenyl-1-naphthylamine, mixture of mono- and di-al-

35 kylated tert-butyl/tert-octyl-diphenylamines, mixture of mono- and di-alkylated nonyldi-



met hyl ene- bi s-di butyl di t hi ocar bamat e, derivatives of

2- mer capt obenzot hi azol e, such as

1-[ N, N- bi s¢8-2aishydsrexyl ) am nonet hyl ] - 2- ner capt o- 1H 1, 3pbempaibhiazol e,
derivatives of 2,5-dinercapto-1, 3, 4-thiadi azol e, such as
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bis{di(2-ethythexyl)aminomethyi]-1,3,4-thiadiazolin-2-one;

30  3.5. Amino compounds: salicylidene-propylenediamine, salicylaminoguanidine and salts
thereof.

4,  Examples of Rust Inhibitors:



Pol ymer Conponents Wi ght - % Based on Total Wi ght of Co- pol yner
Dodecyl net hacryl ate 61 Tetradecyl net hacryl ate 23

Hexadecyl nebhesnydret e 7 Oct adecyl net hacryl ate 4 Ei cosylpoeichanrydise 1
Docosyl net hacryl ate 4 Exanple 2: Synthesis of lauryl/ C30-alkyl

met hacryl ate copol ymer (90/10 nononer_{4i ght ratio) 10100.0 g of high
tenperature oil (neutral hydrotreated oil) is charged to a reactor
and heated to 95C under nitrogen. 0.213 g t-Butyl peroctoate in 4.05
g of oil is added to the heated oil in the reactor. Two separate

par al | el 4flee@spaaiceaciiet theipeftons, metabsaltngpniing ealistred rebysdrides: alkile afd alkenyl-

feed is madeg m%facﬁ‘isré‘nﬁttﬂgrepa?cfal éﬁ@rsjwltﬁ aﬁ:Bh&lQ‘Hd@ o%ﬁhﬁ%@fﬂ) Iﬁ)ac?d% 48

g of C30-al ky rrethacry at e, g dodecy|l nerc ‘E) (t
175.8 g of hPgHe @é?ﬁf@roéﬁiﬁv'eaw ?‘k%ﬂ’:{ schmf@msé BeNViRPEROXYagetG 3G a[koxy"
peri od. The #&hd skodyedxy-Gariadxgic sdids; seth aaddgehixlacehe atie dodegaixs écthdrg)

C30- akky! . |
ro oma% e?lrp er a%l%z?lg raXuLIi%Flg af’n%ens%h? {%%cF]B%('r: (;%hgabéo %PJ)IF@%@@&Q&&{'%B}%ﬁgrfm%éoleaatte
per oct oat e i I#ad paphihepats alsenylsueginicaciieahyiides. £ 8 dﬁ@ﬁﬂe“ﬁ@ﬂc@& acipkrshy-

first and se@ﬁdtd2&2@%0@@@1@1@&@@&nstmhﬁ@v@ws;husalt%tthérh@r esticiafy sb-
hours, the s cond itiator i s doubled. The reaction

m xture is h I"'ﬁ'q‘” tﬁejﬁané’ga@‘??%%tﬁl eﬁ% r at 2095C, after which an

addi tional, clak nd:29 g in 3.61 g oil is added to the

reaction mxturggn Qﬁjtiﬂzr%b?h%one nore hour at 95C. The average chain
| engtih ofs £ heekidQalisntic BBE %ﬁ}ﬁﬁa@r& Bmings 3Rd émmrsawofairgum anﬁhu%r@é‘i'ﬁ?cf age

rgﬁlr 3' } ggg;rlgg% égcﬁl %@Q[‘F{% ainlf{&elg_r'a%%rngy?ates rg)? Mrﬁebls(g%ydroxyethyl)-

amino]-3-(4-nonylphenoxy)propan-2-ol;

4.2.2.Heterocyclic compounds: substituted imidazolines and oxazolines, e.g. 2-heptade-
cenyl-1-(2-hydroxyethyl)-imidazoling;

156 4.2.3.Sulphur-containing compounds: barium dinonylinaphthalene sulphonates, calcium
petroleum sulphonates, alkylthio-substituted aliphatic carboxylic acids, esters of ali-
phatic 2-sulphocarboxylic acids and salts thereof.

5. Examples of viscosity index enhancers: polyacrylates, polymethacrylates, nitrogen con-
taining polymethylmethacrylates, vinylpyrrolidone/methacrylate copolymers, polyvi-
20 nylpyrrolidones, polybutenes, polyiscbutylenes, olefin copolymers such as ethylene-
propylene copolymers, styrene-isoprene copolymers, hydrated styrene-isoprene co-
polymers, styrenefacrylate copolymers and polyethers. Multifunctional viscosity im-
provers, which also have dispersant and/or antioxidancy properties are known and may
optionally be used in addition to the products of this invention.

25 6. Examples of pour-point depressants: polymethacrylates, ethylenefvinyl acetate copoly-
mers, alkyl polystyrenes, fumarate copolymers, alkylated naphthalene derivatives.

7. Examples of dispersants/surfactants: polybutenylsuccinic acid amides or imides,
polybutenylphosphonic acid derivatives, basic magnesium, calcium and barium sul-
phonates and phenolates.

30 8. Examples of extreme-pressure and anti-wear additives: sulphur- and halogen-contain-
ing compounds, e.qg. chlorinated paraffins, sulphurized olefins or vegetable oils (soy-
bean oil, rape oil), alkyl- or aryl-di- or -tri-sulphides, benzotriazoles or derivatives
thereof, such as bis(2-ethylhexyl) aminomethyl tolutriazoles, dithiocarbamates, such as
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Table Il The resulting conposition of the polyal kyl

met hacryl ate copolynmer fornmed in Exanple 2 is: No. of Carbon Atons in

Al kyl

Chalwo\j\yosmgfgyﬁ,ased on Total Weight of Copol yner 13c®&plodés1ssh. 1

16 4.3 18 0.5 20 0.6 22 0.7 24 0.8 26 0.8 28 0.9 30 0.8

10

15

20

25

30
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methylene-bis-dibutyldithiocarbamate, derivatives of 2-mercaptobenzothiazole, such as
1-[N,N-bis(2-ethylhexyl)aminomethyl}-2-mercapto-1H-1,3-benzothiazole, derivatives of
2,5-dimercapto-1,3,4-thiadiazole, such as 2,5-bis(tert-nonyldithio)-1,3,4-thiadiazole.

9 Examples of coefficient of friction reducers: lard oil, oleic acid, tallow, rape cil, sulphur-
ized fats, amides, amines. Further examples are given in EP-A-0 565 487.

10. Examples of special additives for use in water/oil metal-working fluids and hydraulic flu-
ids: Emulsifiers: petroleum sulphonates, amines, such as polyoxyethylated fatty
amines, non-ionic surface-active substances; buffers: such as alkanolamines; biocides:
triazines, thiazolinones, tris-nitromethane, morpholine, sodium pyridenethiol; process-
ing speed improvers: calcium and barium sulphonates.

The inventive pour point depressant may be admixed with the above-mentioned directly in a
lubricant. It is also possible to prepare a concentrate or a so-called "additive pack”, which can
be diluted to give the working concentrations for the intended lubricant.

Lubricating oils containing the copolymers of the present invention may be used in a number
of different applications including automatic transmission fluids, manual transmission fluids,
hydraulic fluids, greases, gear fluids, metal-working fluids, engine oil applications and shock
absorber fluids.

A further embodiment of the invention relates to the method for improving the low tempera-
ture properties of a lubricating oil, which comprises adding to an oil of lubricating viscosity a
polyalkyl methacrylate copolymer as defined above.

EXAMPLES

Example 1: Synthesis of lauryl-behenyl methacrylate copolymer (90/10 monomer weight ra-
fio)

140 g of high temperature oil (neutral hydrotreated oil) is charged to a reactor and heated to
95°C under nitrogen. 0.406 g t-Butyl peroctoate in 7.7 g of oil is added to the heated oil in the
reactor. Two separate parallel feeds are set-up for metering into the reactor. The first feed is
made up of a mixture of 252.0 g of lauryl methacrylate, 28 g of behenyl methacrylate, 1.12 g
of dodecyl mercaptan (DDM) and 235.2 g of high temperature oil and is metered over a

2 hour period. The second feed consists of 1.22 g t-butyl peroctoate in 23.14 g of oil and is
fed over a 3 hour period. Both first and second feeds are started simultaneously. At the end
of 2 hours of feed, the second feed rate of the initiator is doubled. The reaction mixture is
held for an additional hour at 95°C after which an additional charge of initiator, 0.56 g in
10.84 g oil, is added fo the reaction mixture and held for one more hour at 95°C.The average
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chain length for the lauryl methacrylate is about 12.6 carbon atoms. The average carbon
chain length for the behenyl methacrylate is about 20.3 carbon atoms. The formed polyaikyl
methacrylate (Jauryl/behenyl polymethacrylate 90/10) formed in Example 1 has an average
chain length of about 13.4 carbon atoms.

5 Tablel
The resulting composition of the polyalkyl methacrylate copolymer formed in Example 1 is:
Polymer Components Weight-% Based on Total Weight of Co-
polymer

Dodecylmethacrylate 61
Tetradecylmethacrylate 23
Hexadecylmethacrylate 7
Octadecylmethacrylate 4

Eicosylmethacrylate 1

Docosylmethacrylate 4

Example 2: Synthesis of lauryl/ Cyp-alkyl methacrylate copolymer (90/10 monomer weight ra-
tio)

10  100.0 g of high temperature oil {(neutral hydrotreated oil) is charged to a reactor and heated
to 95°C under nitrogen. 0.213 g t-Butyl peroctoate in 4.05 g of oil is added to the heated oil in
the reactor. Two separate parallel feeds are sef-up for metering into the reactor. The first
feed is made up of a mixture of 180.1 g of lauryl methacrylate, 31.48 g of Csg-alkyl
methacrylate, 1.46 g of dodecyl mercaptan (DDM) and 175.8 g of high temperature oil and is

15  metered over a 2 hour period. The first feed is also stirred and gently heated because the
Cag-alkyl methacrylate is not completely soluble in the base oil at room temperature. The
second feed consists of 0.64 g t-butyl peroctoate in 12.14 g of oil and is fed over a 3 hour pe-
riod. The first and second feeds are started simultaneously. At the end of 2 hours, the sec-
ond feed rate of the initiator is doubled. The reaction mixture is held for an additional hour at

20  95°C, after which an additional charge of initiator, 0.29 g in 3.61 g cil is added to the reaction
mixture and held for one more hour at 95°C.The average chain length of the Csgalkyl
methacrylate is 30.4 carbon atoms. The average chain length of the formed polymethacrylate
copolymer (90/10 lauryl/Cspalkyl) of Example 2 is 14.4.



0.04 58 0.02 Exanple 3 WD 2008/ 055797PCT/ EP2007/ 061589 - 19 - The
copol ymer of Exanple 1 and a commercial pour point depressant are
each addedysensnaizel y to hydrotreated G oup |l m neral porfep0bhes1ggour
poi nt and viscosities are recorded in Table 3. Table Il 5Properties
of 0.2 wt.-%of PPDin Goup Il Hydraotygeated Mneral G |. PPD Pour
Point [C] Low Tenp. Brookfield Viscosity at -35 C [cP] Kinematic
Viscosity 40C [cSt] Hydrotreated Goup Il Gl -18 Too viscous to
nmeasure 35.48 Conparative2

Table

The resulting composition of the polyalkyl methacrylate copolymer formed in Example 2 is:

No. of Carbon Atoms | Wi.-% Based on Total
in Alkyl Chain Weight of Copolymer
12 65.1
14 21.1
16 4.3
18 0.5
20 0.6
22 0.7
24 0.8
26 0.8
28 0.9
30 0.8
32 0.8
34 0.7
36 0.7
38 0.5
40 0.4
42 0.3
44 0.3
46 0.2
48 0.1
50 0.1
52 0.08
54 0.06
56 0.04
58 0.02

Example 3

5  Application data for pour point depressant: Comparison of viscosities at low temperatures.



Exanpl e -42 (-39) 244 000 35.82 Exanple 1 -45 80 600 35.5 1) The
conpositions of Exanple 1 and the Conparative Exanple conprise 40
- % pol wabkyis/oge@bhacryl ates in hydrotreated oil. O.2pokEr¥n0icisddi s
solution is added to the hydrotreated oil to determ ne the viscosity
and pour point. The 0.2 wm.-%in Tableg3 10represents 0.8 wt.-%
actives (copolyner). 2) The conposition according to the Conparative
Exanpl e conprises a comercially avail abl e pol yal kyl nethacryl ate
copolymer. The polyner is formed fromlong chain esters of
net hacr yITas eofdlyber of Efdmeplpdand pabmimeraiel paurairti depressasipare seeit added sepa-
second r r I -
et hacr yk‘cﬂ?*ifto LRSSRER Ak LR SETRYRUER I phaTes FR G RpouRd
primaril $ect2- CI sal kyl methacrylates. No C22al kyl nethacrylate is
detect ed )" olysis GO/ Ms. The Low Tenperature Brookfield Viscosity
i s deter m@g—by ASTM 02983. Kinematic Viscosity is determ ned by
ASTM P44 abl e 3 shows that
EampPe g Pk PE0d BRI Moo QLS £y et | o
t enper afur esPRBan t hePROCoimBEL i lal boy Earan-[Bagakelgol|yal kyKinematic
met hacrylate. - 20|- Clains 1. ne\tfgag;t £ hg)\{@l’l ng themgg,wl nt d
a mneral oil conposition, which conpri ses adding|to (i) m ner al
oil; (HY A polyal kyl nethacryl at|e copol veRdr corrprl si ng ’ﬂﬁ)@dﬁ%tﬂ uni t|s
formed f (A —_apout Tgiht—per rof a
Cu-Ci s cl| Kk Pmtreatﬁd yl at e?ié)and TooV E;to rgg%sdjwm to aggﬁl{g 4,
wei ght per@éene I8l af G fi-C30 al kyl nethacryl ate; wherein conponent
(B) comirEsRsaaREt |40 149 (@Bput [S0 perognbo@ I8 al Kyl net gyl at €,
about 5|to about 15|wei ght percent 020 al kyl nethgcryl ate and about
40 to aboutEB5onle] ght percent 022 al kyl nmethacryl gte based on the

total wel gBkadple gOnponent46B); and, optgommdl Ty, (ifiT) O hsgs
addi tives.

—h

Y The compositions of Example 1 and the Comparative Example comprise 40 wt.-%

polyalkyl methacrylates in hydrotreated oil. 0.2 wt.-% of this solution is added to the
hydrotreated oil to determine the viscosity and pour point. The 0.2 wt.-% in Table 3
10 represents 0.8 wt.-% actives {(copolymer).

4 The composition according to the Comparative Example comprises a commercially

available polyalkyl methacrylate copolymer. The polymer is formed from long chain
esters of methacrylate (= C 12 ).

The pour point in parenthesis represents a second run of the same test. The commercially
15  available polyalkyl methacrylate copolymer is determined to be a distribution of primarily C2-
Ciealkyl methacrylates. No Czzalkyl methacrylate is detected by pyrolysis GC/MS. The Low
Temperature Brookfield Viscosity is determined by ASTM D2983. Kinematic Viscosity is
determined by ASTM D445. Pour point is determined by ASTM D5950. Table 3 shows that
Example 1 (invention) has a significantly lower viscosity at low temperatures than the
20 commercially available polyalkyl methacrylate.



2. The method of claim 1, which conprises adding to the mneral oil a
copol ynmer of a weight average nol ecul ar weight from5 000 - 250 000.
3.The method of claim1, which conprises adding to the mneral oil a
copol ynmer, wherein conponent (A) is 65,0 - 95.0 w.-%of the forned
pol yal kyl et hacryl ate copol yner. 4. The net hod of cI aim1, which
conprises adding to the mneral oil a copolyner, wherein corrponent

(B) is 35.0 - 5.0 w.-%of the forned pol yal kyl nethacryl ate

copol y@fims>. The nmet hod of claim 1, wherein conponent (A) of claiml
is a stralght chain or branched al kyl ester of nethacrylic acid
selected fromthe group consisting of lauryl nethacrylate, nyristyl
met hacnyl at ametieddydf Iovetihgihebaieint dadeioytl debmacsiydnakkich tarmsliaey hdding to
met hacryl at @) Atridef@iditcyl net hacryl ate, pentadecyl nethacryl ate,
hexadecyl nti) Aaolyyked retardiae sdpslyeer tdregrisiof mdhorhkeunits fdradd 6dbmcel ai m 1,
wher ei n conponen{A) @B)uti6s taatsiut 86, gleightitadcemt offia Gr-@ncdiledmatheylyiaes bet  of
nmet hacryl i ¢ aci d{Bebadtidétb dvonhd,t Wegigmpewcpntod aslsCh matkylohetbaapasty]

met hacr yl at eherett @dgoypentnB} baropriseatbout Fdntadkboyt Strperhent rGh atkd, methaarggte,
met hacr yl at ebouh&rté slusy i 5 weightmarsdnaCe alkfboetbgdrylatetand ebgut 40 4o abatit 66 Bagight
met hacr yl at eercentCaalios petheciilaterhased en thedotalasighy bf asetphaet (B)azrngl, optionally,
hexacosyl n#i)idenddties. oct acosyl mnet hacryl ate, nonacosyl

nmet hacryl ate, triacontyl methacrylate and behenyl nethacrylate and

m xt ur @ t h@heutethod of Haimbtwhieh esmpsises adding tosfer einarab olhg eershvimer Af a eight
lauryl net haesrgdeaneleeuil weiarpoee f00P BFO? @0ehenyl nethacrylate. 8. The
met hod of claim 1, wherein co onent (|E§é IS present in an anmount of
from 0301 - Tb%mﬁthcg &g 1b | Fergse ageinove theopireanel ag@polyoer paeten
by wei ght oforgpgnent (A) is 65.0 - 50wt o of the formed polyalkyl methacry!ate copolymer.

4, The method of claim 1, which comprises adding to the mineral oil a copolymer, wherein
component (B) is 35.0 - 5.0 wt.-% of the formed polyalkyl methacrylate copolymer.

5. The method of claim 1, wherein component (A) of claim 1 is a straight chain or branched
alkyl ester of methacrylic acid selected from the group consisting of lauryl methacrylate,
myristyl methacrylate, cetyl methacrylate, dodecyl methacrylate, tridecyl methacrylate,
tetradecyl methacrylate, pentadecyl methacrylate, hexadecyl methacrylate and mixtures
thereof.

6. The method of claim 1, wherein component (B) is a straight chain or branched alkyl ester of
methacrylic acid selected from the group consisting of stearyl methacrylate, octadecyl
methacrylate, nonadecyl methacrylate, eicosyl methacrylate, henicosyl methacrylate,
docosyl methacrylate, tricosyl methacrylate, tetracosylmethacrylate, pentacosyl
methacrylate, hexacosyl methacrylate, octacosyl methacrylate, nonacosyl methacrylate,
triacontyl methacrylate and behenyl methacrylate and mixtures thereof.

7. The method of claim 1, wherein component (A) is lauryl methacrylate and component (B) is
behenyl methacrylate.

8. The method of claim 1, wherein component (ii} is present in an amount of from 0.01 - about
5 parts by weight of active copolymer per 100 parts by weight of oil.



