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i nvention relates to processes for the copolynerization of _a q)l % and
an unsat umad ealsjaed ycar boxylic acid ester in_.the presence ofP /R 8@3 g{ de
-catalyst. In particular, the present invention relates to the

copol yneri zation of vinyl acetate and spgecific diesters, for exanple,

di al kyl 10 furmarate-vinyl acetate copolynmers (FVA copol yners). FVA

copolynmers are parti cul Mﬁ%@ﬁ%’.‘ﬁgéﬁﬁdﬁ Iprq)?degr overs (LOFIs) or

pour point depressants S as we as wax crystal

modi fiers for fuels apREERDRCALPOLYMERIZED CORBIGRIMERS OF THE | NVENTI ON
In the field of lubricating oil additives, it has been known for many

years that various polynmers and copol yners can be used as additives for

i nprovi ng grppynPerr THE INVERTIORD! e characteristics of these |ubricating
oils. 20 For instance, certain of these additives have been found to be

. useful Bor inproving the viscosity index or the rate of change of
vi scosity of various oi
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S

pol ymers and copol yne of al pha-beta unsaturated pol ycarboxylic acid
esters havecqgpslipmeriabtion of vinyl acetadeand specificshestemhdacexampleudiaky! and

been 1 d0nd Loaiateain seiate pongbmiprsBYALERURRE R T bordiifeR .co™®
Jumarat e v AR URGROEERSPABARORSRES (LOFIR)CHBER Doph| v a2

‘| ubricatingp I'Ves, prinmari cause of their ability to act as

| ubri cati nggé&presEhRM ihnbosIrg oilhas wetiapeaxdsystarmadifiersior fusisiand SEP
2003 WO 00/ 55222 PCT/ EPO0/ 01221 -2 as wax crystal nodifiers, such as cloud
poi nt depr emiddie slistdlptes.esel fuels, and as flow inprovers for niddle
distillates and heavy fuels.

15 BACKGROUND OF THE INVENTION

In the field of lubricating oil additives, it has been known for many
years that various polymers and copolymers can be used as additives for
improving a number of the desirable characteristics of these lubricating oils.

20  For instance, certain of these additives have been found to be useful for
improving the viscosity index or the rate of change of viscosity of various oil
compositions with changes in temperatures, and/or for improving the pour
point of lubricating oils, that is lowering the temperature at which they lose
their flow properties, as well as other such lubricating oil properties. In
25  particular, it has been known for many years that various polymers and
copolymers of acrylate esters, and polymers and copolymers of alpha-beta
unsaturated polycarboxylic acid esters have potential utility for such
purposes. These compounds, and particularly the copolymers of vinyl
acetate and dialkyl fumarates, have been found to be particularly useful for
30 such purposes. Thus, these fumarate vinyl acetate copolymers have been
used commercially as lubricating oil additives, primarily because of their ability

to act as lubricating oil flow improvers. These compounds can also be used



Cashman et al, U S. Pat. No. 2,825,717, discloses that these additives 5
can be produced by the copol ynerization of certain polycarboxyl i_ctgp'ﬂm
esters, and nost partieularly fumaric acid diesters and nal ei ¢ aci

di est ers, wda dorssedzher pol yneri zable materials, such as vi nylpcuegmomornis, and
nost particularly vinyl acetate, in the presence of a peroxide catalyst,
in an al kaline nedium The processes digclosed in Cashman et al include
bot h bul k 10. pol ynerization and sol ution polymnerization processes in which

the reaction is_ run af tenperatures of to 250 F., but preferably
bet ween abo@® \xe{schﬁa}r;mgl ETS, SiG asrﬁ@u%%smm@swmr irsel fuelsmearum
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al process in which the 15 fumarate is prepared. Commerci al processes for
t he production of these additives are often conducted in the presence of a

sol vent, such as Qaghrasn et ahdx&Pat.dNo.cY,8R6/TvadiscloediswhhEthele additivesS.
Pat. No._ 2,936,300, discloses processes for the 20 copolynerization of

vi nyl acet atanke Braguges iy iher copohamerizationnefotertdie polysertzonydicacid ni xed with
a solvent or_diluent such a ite oil in the presence of roxi de

catal ysts, §8§ sa@”%éﬂ?ﬂ)ﬂar@‘éﬁgw ﬁ.@ar\ﬁ ?ﬁ'déﬂ?ﬁtgf:ﬁga‘c‘g "%ﬁjgl‘}rﬁﬁgl‘i’éeﬁﬁﬁsat of
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di scl oses t particaaly oyl 2edtaty) ivthelp@skyite lof BBsErbRIdS ddlalysNih apSIRAe N the
presence of a trialkyl alum numcatalyst utilizing a solvent polynerization
reaction . MEWpaTéﬁmoQﬁS@esﬁﬁMEGdﬁ Casgdyvapedabibchxie hothhbwlk it has
been i eved that the presence of a solvent was essential . not only to
mai nt aib"ﬁ a pﬁg’rnll%ﬁ!ﬂaé'% §EQJ§?IP&}]9” l?l?[y”é‘?fé??t'ﬁ’ﬁr@%ﬁ% iRrvhighitbe geaction i§ chaj n
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so that its200aporarid imthevmresdne®dbambikdline medivm. OAntakKalIRIcainedismed t hese
exothermc.reactions. -1 S E P 2003 WO 00/55222 PCT/ EPO0/ 01221 -3 0 Q her
pat ent s hav@sefntialdedbe Grasknan §indlProessorPRATeOHY deerdsr to\ngutralize itheds .

These i ncl ugde.; : Pat.. 00,437, in_which. vinyl est
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additives are often conducted in the presence of a solvent, such as heptane, .

hexane, or cyclohexane.

Tutwiler et al, U.S. Pat. No. 2,936,300, discloses processes for the

20  copolymerization of vinyl acetate with a dialkyl fumarate in which the
reactants are mixed with a solvent or diluent such as white oil in the presence !
of peroxide catalysts, such as benzoyl! peroxide, with cooling to absorb the
heat of polymerization so that the reactions are run at temperatures of from
50° to 125° C. (122° to 257° F.). Also, Young et al, U.S. Pat. No. 3,507,908,

25 discloses the copolymerization of dialkyl fumarate with vinyl esters in the
presence of a trialkyl aluminum catalyst utilizing a solvent polymerization
reaction . These patents are typical of those processes in which it has been
believed that the presence of a solvent was essential . not only to maintain a
workable viscosity, but even more importantly to act as a chain transfer agent

30  in order to terminate these free radical catalytic reactions .It was also
believed that the presence of a solvent was required so that its evaporation

would moderate the reaction temperatures of these exothermic reactions.



with the patentee contending that they unexpectedly discovered that

using such catal ysts higher nol ecul ar wei ght polynerization prodl]'c“t gﬁ/f’c@m
be produced, specifically conpared to the use of catalysts such as
di benzoyl wopmrsexizde and the like. In particular, in exanpl @A/ER0OM2E

-patent the vinyl 10 acetate is copolynerized with maleic acid dinethyl

ester with oleic acid peroxide at 80 C3-(176 F.). This disclosure does not
nmention, however, the fumarates as a candidate for any of the

copol yneri zation reactions thereof. The nmaleic acid esters of Voss et al
are not, however, nearly as effective as pour point depressants as are the

@20 conol v Baud e B ustag e BblyiHeribibh3facetedd of U S, Pl
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enpl oyi ng g@FBus kindy1oTBESe ethde Vioss enalalt. Bt Pas. . 2D00a37bet whigksat ur at ed
mononmers therewith. U.S.-A-4,772,674 (C.K. Shih, et al.), the disclosure of
which is 2yl estarp@f arganin@cistisy inpjudieg aimal aeetate sateopaymerigete the ess
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wei ght (i.e., 50,000 to 350,000 Daltons VA copol yners can be nade by

changes i npcotiveed,ispesifically ceswaredbtadihe use of calalysds agch eadibemzoyl
tenperature, residence tinme, free radical 30, i gi tiator contgent.r tion,
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quantities of alpha, beta-unsaturated monomers therewith.

U.S.-A-4,772,674 (C.K. Shih, et al.), the disclosure of which is

20 incorporated herein by reference, discloses a solventless process for

. " producing dialky! fumérate—vinyl acetate copolymers using a peroxide

catalyst; the copolymers are disclosed as being useful as lubricating oil and

fuel oil additives.

25 In copending U.S. Serial No. 08/771781 (published as
WO/US97/18335), the disclosure of which is incorporated herein by
reference, it was found that higher molecular weight (i.e., 50,000 to 350,000
Daltons) FVA copolymers can be made by changes in conventional process
conditions, including reaction temperature, residence time, free radical
@ 30 initiator concentration, number of initiator additions during reaction and the
molar ratio of vinyl acetate to dialkyl fumarate (VA:DAF). Furthermore, such

higher molecular weight FVA copolymers were demonstrated to significantly



10. can also reduce the reaction rate. Qher patents disclose ‘
copol yneri zation of t class of copolyners of integmst in the pr
) P SEP 2003

i nvention, but each o hese is directed to the speci¥ic nature of
copol ymer WonsiIdht s or their precursors in order to achi ev®Ca/EP§0/01221
particul ar- i nprovenent in performance. Included in this group of

di sclosures is US-A-2618602 (Bartlett),4US- A-4088589 (Rossi et al.),
US- A- 3250715 (Wman), US-A-4713088 (Tack), US-A-4661121 (Lewtas) and
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has t her ef aratalytiotdritlisddbmaxedDasEsSITERE Bt COnPUTIRE Gt rites2ar@RicAD! e '
processes for copol ynerization of vinyl acetate and fumaric acid diesters

for the proeMpacte toperfosnaveilisl othadlubrisant andrfyelapplimations viesludirigch can

be conducted in either the_presence or absence of a_solvent nedium 30
SUMVARYD CF P RRERTISIPRIAS Gy Qlbimtracion iy drAuIic Bids,(TEIR)z Hawsvest - wo

00/ 55222 0 =5, - P ; I 2; : a t boxy ester
nonomner sel'e trggeﬁrggﬁ%g?%'%ﬁyE@égéﬁp@ué@?ép@efsog\?ﬁqerggﬁg&g ormulas (1) or
(1), said tepipersiidet a6 Weleass the RRISSIISF Weighiof de ebpalymEraahy et ed _
carboxylic acid or its corresponding anhydride with oné or nore nonohydric
al i phat i ¢ 9nefeaskedhe ssasity od thewveacipn mintbren makibgrit mbré difiedntoanput 6 to
24, said uns turat%d car oxg e'§te havi n%the formula: 0 Il H ~-COR R %
C (1) 10 HAN @mp the copolymer. Furthermore, Use of a lower reaction temperature

10 . can also reduce the reaction rate.

Other patents disclose copolymerization of the class of copolymers of
interest in the present invention, but each of these is directed to the specific
nature of the copolymer components or their precursors in order to achieve a

15  particular improvement in performaﬁce. Included in this group of disclosures
is US-A-2618602 (Bartlett), US-A-4088589 (Rossi et al.), US-A-3250715
(Wyman), US-A-4713088 (Tack), US-A-4661121 (Lewtas) and US-A-4661122
(Lewtas).

20 Copolymers of dialkyl fumarate-vinyl acetate in which a large
proportion of the alkyl groups are C,, to C,, alkyl groups are also known to /
function as dewaxing aids, see e.g., U.S. patents 4,670,130 and 4,956,492
(AR. Dekréker and D.J. Martella).

25 The search has therefore continued for improvements to commercially
acceptable processes for copolymerization of vinyl acetate and fumaric acid

diesters for the production of these fuel and lubricating oil additives which can

be conducted in either the presence or absence of a solvent medium.
30 SUMMARY OF THE INVENTION »

A process comprising the copolymerization of:



R/ \GOR wherein R is selected fromthe group consisting of hydrogen and
COOR and wherein Ris C, to C24 al kyl group and wheg®in R' is b%ﬁ@%
or nethyl; and 15 (b) nononer selected fromthe gro consistin . @)
a vinyl esweroomsetng the formula: H | CH2= Q Il1k) O C Rl 02h R
-conprises an al kyl group containing from1l to 18 carbon atons; and; (ii)
an olefin having the forrmrula Rl \R2 whesein R, and R2 can independently
be hydrogen, an alkyl having from1l to 28 carbon atons, or a substituted

aryl group, provjded bhoth R r e WO

00] 55222 PCT/ EPOOY 1‘5§f?‘fr€t‘?‘?1°§rrbr%é‘§g‘?sg§’? m@ﬁﬁﬁ%%@%@%ﬁ'@h ?E’é?gf’ﬁ“e
unsaturated car boesdmgahﬁa rébidbentéd ﬁ\fe;wmae%gwr (R, sAEELMPBRAG TEimdd t he
presence of a peroxide <catalyst, and in the further presence of water. 5

- The process of thegapghesstérifioationtofam ussatardted casavdyylicerckhorite in that it
can be practiced in solution, in bulk, and at |ow or high tenperatures. The
i ntroduction of acewéspadied anbydede with @ne ef maiednonehydricaliphatiet i on mass

fTexibil Bty i ¢ neCCHBRE RS PoiTBue EaRAT nORE e EhBrbret Sbod Eakn o °
the use 10 of | nctaaplalGaRed BAIIGY defel RAUAG thé forhigosi Ly of the

reacti on mass and I nprove m xing, reaction rate and conversion.
Additionally, the advance clainmed herein permts the use of diluents such

as mneral oil, which have previously been observed to have a depressing
affect on nol ecul ar wei ght of tl@e copolyner. 15 DETAI LED DESCRI PTI ON
H C—OR H R"
“o=c” \C=C:
R “Re R I(};_OR
o)
) 0y
10

wherein R’ is selected from the group consisting of hydrogen and
COOR and wherein R is a C, to C,, alkyl group and wherein R” is
hydrogen or methyl; and

15 (b) a monomer selected from the group consisting of:

(i) a vinyl ester having the formula:

H
I

CH,=C /0

\
O—C—R;
wherein R, comprises an alkyl group containing from 1 to 18

carbon atoms; and;

20 (i) an olefin having the formula
N
“R
2
wherein R, and R, can independently be hydrogen, an alkyl
having from 1 to 28 carbon atoms, or a substituted aryl group,

provided both R, and R, are not hydrogen;



The nononers which are to be copolynerized in accordance with the 20
present invention haveaa general fornmulas as follows:g(a) at | east -Glr%P 03
unsat urated carboxy eW®er nononer selected fromco nds represente bz)g

fornul as W?oo@sziz' 1), said conpound formed via the esterifpepip@mish an

unsat urated carboxylic acid or its corresponding anhydride with one or
nor e nonohydric aliphatic al cohols havi Q%_ an average 25 carbon nunber of
bet ween about 6 to 24, said unsaturated Carboxy ester having the formula:
O Il M /JUUIKCCR/ R. HR® CCR/ ""CGCORIlI O(1) (1) O0a-1 SEP
2003 WO 00/ 5522 2nRCTea00 @mrising regedingi saidRunsatusated aiagbioxy esterwthgr oup
consi sting of hydr.ggen .an nd wherein Ris a C fo C24. al kyl group
and wherein R' i%a'ag’d?ﬂﬁ(ﬂe%@ﬁ%mqnon&?{dngh?We%ﬁm?frﬁpeé‘é*@%t ed from

t he group consi st f ' ' | the formula: H CH = C~
1/0 O CGRL \Ahe?%alhﬁgﬁ?’ ac%(?r{)r)rtrhgeﬂsahgﬁ} %ﬁ%‘%ﬁ&%:&zwgig%nt aining from1l to 18
carbon atons; and 10 (ii) an olefin having the formula /RL \R2 wherein

R, and R2 can independently be hydrogen, an alkyl having from1l to 28
car bon atons, orThe pubeess ofitbe presentgneentionps particudathy varsatilairdthaRitar e not

can be practiced in solution, in bulk, and at low or high temperatures. The
introduction of a controlled concentration of water into the reaction mass
results in increased molecular weight of the copolymer produced and permits
flexibility in the choice of reaction conditions, including, for example, the use

10 ofincreased temperatures to reduce the viscosity of the reaction mass and
improve mixing, reaction rate and conversion. Additionally, the advance
claimed herein permits the use of diluents such as mineral oil, which have
previously been observed to have a depressing affect on molecular weight of
the copolymer.

15

DETAILED DESCRIPTION

The monomers which are to be copolymerized in accordance with the
20 present invention have a general formulas as follows:

(a) at least one unsaturated carboxy ester monomer selected
from compounds represented by formulas (1) or (1), said compound formed
via the esterification of an unsaturated carboxylic acid or its corresponding
anhydride with one or more monohydric aliphatic alcohols having an average

25  carbon number of between about 6 to 24, said unsaturated carboxy ester

having the formula:



~hydrogen 15 As noted, the diesters can be prepared by an esterification
reaction between unsggurated pol ycarboxylic acids o heir corc sggnmmpg
anhydrides as is wel Mknown in the art, and as for anple is specifically
di scl osed whggjsgsang at colum 2, line 35 of Cashman et al ,PCI/BPOOFHE2Z]I No.
.2,825,717, 20 which disclosure is incorporated herein by reference thereto.
More specifically, primary al cohols usedzfor esterification are preferred
over secondary and tertiary al cohols, although secondary al cohols are
sonetimes suitable. The al cohols are preferably. saturated, although some 25
degree of unsaturation is perm ssible when m xtures of al cohols are

enpl oyed. Strai ghtochai I ; ver

i ghl - br andEret Ronaelcip Ibfihe'orale RSk iR MuTodifal COOReE T

al cohol mee gwm RG4 b@‘ét@%c%mgfghm antwheren’R’” islyainogen of methyla mi xture
of -1 SEP 2 WD 007 55222 PCT/ EPDO/ 01221 -8 al cohol's, can be used. There
shoul d be sahfli ci ent hydrocarbon content to insure solubility of the final
copol ymer products in the oil or fuyel pgroducts in which.the copolyner is.
" used. Ibthe case of dP)3dmenpmey %éjﬁ‘bt 83 3%@1’%”%9""3’%’?918& shoul d have,
on average, at |east about {.5.car | ecul e; alternatively,
at | east about 6, preferabl(é agf'ﬁﬂe%g%}rgéb\g@t%fo&ﬁ)}%@ preferably at |east
about 7.5, nost preferably at | east aqgut 8 carbon atons per nolecule. It
is desirable to select the alcohol(s) yn preparing the esters so that the
final copolynmer product will perfqp=optinallyp in the end-use conposition
for which it is intended, e.g., a fuel dp-ac gicant. It will be 10
appreciated that differences in the selection of the basestock can have a
significant affect_on the choi f - t .a

cat al yti cal WreigRaRefOBRISES 88%%?@9” q(cﬁ)‘#'érhgm r'r%é)zr%gﬁﬁéf) u1IEB (gaerPg(l':lﬁ? 8ﬁ1fsc’)f t he
‘copol yner cgﬂﬁacteristics in order to achieve acceptabl e perfornmance.
Sui t abl e al cohol s include a broad spectrum of al cohols such as nethyl,
ethyl, 4G propyl, butyl, pdilan olefiehavingpthgformuaoctyl, 2-ethyl hexyl ,
nonyl, 2,2,4,4- tetranethylanyl, decyl, dodgcyl, tetradecyl, hexadecyl,
octadecyl, cetyl, lauryl, and stearyl al e6hdls. M xtures of these can be
used so long as the conponents of the nlktgre are adjusted so that the
average nunber of carbon atons of the mxtUfe is between 6 and about 24;

pretferably ev%tevr\gi%nR?and R, can independently be hydrogen, an alkyl having from 1 to

28 carbon atoms, or a substituted aryl group, provided both R, and R, are not
hydrogen

15
As noted, the diesters can be prepared by an esterification reaction

between unsaturated polycarboxylic acids or their corresponding anhydrides
as is well known in the art, and as for example is specifically disclosed

beginning at column 2, line 35 of Cashman et al, U.S. Pat. No. 2,825,717,

20 which disclosure is incorporated herein by reference thereto.

More specifically, primary alcohols used for esterification are preferred
over secondary and tertiary alcohols, although secondary alcohols are
sometimes suitable. The alcohols are preferably saturated, although some

25  degree of unsaturation is permissible when mixtures of alcohols are
employed. Straight chain or lightly branched alcohols are preferred over
highly branched alcohols. Provided that the average carbon number of the

alcohol meets the following criteria, one or more alcohols, i.e., a mixture of



20 and 22; nost preferably between 8 and about 20; for exanple, between
about 10 and about 1 Al ternatively, useful productgcan be prepaxngpsz
utilizing single alc | s, for exanple, those havin or 22 carbon atons.

In the ab%d({ogrsml as | and I'l, when R is selected from hy@agesoRizz 25
met hyl includes nethacryl ate nononmers; when the cis- formof the ester

nononmer i s enpl oyed, nal eate nononers ar;si ncl uded. Consequently, useful
nonomer s descri bed above include fumarat€s, acrylates, nethacryl ates,

mal eates and m xtures thereof. Based on the nature of the copolymer which
i s desired aalcohalsnoan beaised. atherasthiould be sdffcientdtydrecarhonneoriént to
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esters and their substitution products. Vinyl fatty acid esters are

par ti cul ar | ynéleosks; @lterraiivblya st \easy labact6 apreferabhy bt leaspaboat &, meray |
butyrate, vinyl laurate, vinyl stearate and the |ike. M xtures of such

|
vi nyl est er Preejably aldeastiabouit 4c mest preferablyaatjleast 2but ) cagnanegtomg ny|

The. copol y b oGl UL B E<itdeTd o ¥R, eCalRRBOEH R arep At e BRTS sho ™
amount of Wah&f thefirfdl @Bpakyaitr p%eeu&mm%rﬁpo&ﬂﬂawrﬁﬁ@@ﬁd-g’:sblion (ppm

by wei ght of the copolynerizing nononers and peroxide; broa , from about
500 t o aboutcobtpdxiiiomfonwhich dfisnrtbhdedy @am,abfusl ob@dubdcaitoult will GO0 ppm

nore preferably fro bout, 750 to about 4, 000 m In order to avoid
corrogiﬁél pﬁ?@l){%?@tqrgnﬁ@ﬁa' AU '”1‘%6i%eﬁ?‘g'omégfgm@bc%ﬁﬁvﬁ Re | evel

nelude | oo GHAGT RN oR I8 ehic o EBym el SRAUEE B 50wt 3. 000

ppm Si m | ardayalytidelycdewaxedobasestock aryoequiratmone cavefill dedctionndfahe
consi deration whether or not any of the reactants are sull)%;ct to being
negati vel y &Ppebyimeer ¢hiaragtegstics ieorder taarbigvefacgeptaile @ertormapchydr ol ysi s.

20 Yt ous SRS affon RERMS A Siecklh o BRARESS) B e AL 1 5°
from t hes gr @vepyA OBGtyE petlylOheRyISEE, dcbch R Eth@ERBkyIOhonyl, 2,2,4,4-
tetramethylamyl, decyl, dodecyl, tetradecyl, hexadecyl, octadecyl, cetyl,
lauryl, and stearyl alcohols. Mixtures of these can be used so long as the
components of the mixture are adjusted so that the average number of
carbon atoms of the mixture is between 6 and about 24; preferably between 7
20 and 22; most preferably between 8 and about 20; for example, between about
10 and about 18. Alternatively, useful product can be prepared utilizing single

alcohols, for example, those having 8 or 22 carbon atoms.

In the above formulas | and Il, when R” is selected from hydrogen or
25 methyl includes methacrylate monomers; when the cis- form of the ester
monomer is employed, maleate monomers are included. Consequently,
useful monomers described above include fumarates, acrylates,
methacrylates, maleates and mixtures thereof. Based on the nature of the
copolymer which is desired as a commercially attractive product, at least one
30 unsaturated carboxy ester monomer of type (a) above will be used in the @

polymerization process.



included with one or nore of: (a) the nononers to be copol ynerized; (b) the
25 sol vent, where a s%\éent is enployed in the procega or (c) w t=H $8P2003
catal yst; or conbina ns of such alternatives. Wat can al so be gresent
during thewpajoyeeni zati on as a consequence of its formati oRCHEFPWY2Hn
esterification reaction based on the ( 30 use of a partially esterified
unsat urat ed carboxy ester nononer which .gesterification is brought to
further conpletion in the polynerization reactor, -1 SEP 2003 0 a

Bl AR BRI BB o B 220
HOCH 50 fghﬁ'\ugﬂe%g%rﬁea R L hpbnentdbiRD orRE)(®, Abble, A prevéed of the

speci fic ano generated i n such a reaction, the concentration

.of water intgagduapRehtéchtémplaied sesjusavf vinybtompounds,i particslady viowh be
readily established and controlled by the concentration of the  unsaturated
car boxyl i ¢ aestdrsand tiseic substiplionipragusitmy Minvéiattyorcid iesterg are particianly 10

h f, d know ed f. th X Whi h ' .
“completi 6n waalal suR aprvieddeeEnarry bROC e, My R P e o,
| ntroduced i Ss‘{%%a??%@r}ﬁ%li}’(@wl\ﬁﬁxﬁﬁ?é BeaLEY viyP BSIRS nes) bé ukBE in place

copol yneri za‘f'mﬁln o] ure. It such a process feature is used, it

i s preferredyf fadtieepefdl einyIfdsted i Vimyl acstaté srpdrticalarly ipeeferredsubst ant i al
conpletion prior to tﬁe i ntroduction of the 15 second nononer, e.g., vinyl
acetate, in order to avoid undesirable side

Water is preferably introduced so that the copolymerization occurs in
10 the presence of water. Usefully, the amount of water is from about 200 to
| about 10,000 parts per million (ppm) by weight of the copolymerizing
monomers and peroxide; broadly, from about 500 to about 10,000 ppm;
preferably from about 500 to about 5,000 ppm; more preferably from about
750 to about 4,000 ppm. In order to avoid corrosion problems in the system,
15 itis advantégeous to keep the level of moisture to less than about 5,000 ppm;
other useful concentrations include less than about 3,000 ppm, e.g., from
about 500 to about 3,000 ppm. Similarly, the choice of water concentration
will take into consideration whether or not any of the reactants are subject to
being negatively affected by, e.g., the formation of a complex or by hydrolysis.
20
; Various methods of introducing water into the process are
contemplated by the invention. For example, water can be introduced by
means selected from the group consisting of a separate feedstream; or
included with one or more of: (a) the monomers to be copolymerized; (b) the
25  solvent, where a solvent is employed in the process; or (c) with the catalyst;

or combinations of such alternatives.

Water can also be present during the polymerization as a
consequence of its formation during an esterification reaction based cn the
/f - 30 use of a partially esterified unsaturated carboxy ester monomer which

esterification is brought to further completion in the polymerization reactor,



reactions or by-products. Simlarly, it is also preferred that the
esterification react:%] be substantially conpleted bgfore introducing SERQQ03

free radical initiato under tenperature conditions st suited for its
use. |ssuegoal/sspmntrol and convenience wll determ ne how @gg/EPsbhief 1 n
t he engi neering and 20 copol yneri zation arts chooses to naintain a
control | abl e and useful |evel of water isp order to realize the process
advant'ages descri bed herein. The copol ynmerization is carried out in the

presence of 6 er oxi de cat al ‘yst_. The_peroxi de catal ysts which can be
enpl oyed i n IPREED BRBSELIHO WAles insity.n] batfolnwingJeactiordilustaetessaichan

reasonabl e tdrl]t“é‘?an?&é g)gg?éssrgcfgr?ﬂ]ﬁr to be effective. This is particularly

true where the process & out at el evated tenperatures, e.g.,

above about 124 C (255 F.), and nmany of the peroxides wll not remain .
effective at such conditions. Mre specifically, a neasure of this quality
is the "half-life" of thqse peroxides, nanely the tinmegrequired at a 0 -1
SEP 2003 PCT/ EP0O0/ Q1221 -ii1 specified tenperature to efifect a | oss of
one-hal f of the perioxid 9Bt ve oxygen cgntentH.\ Si pEe%Fhe process of the
present invention ca bescarri ed %u(?wat Iowe;i{ as eIk as el dvattdP
tenperatures, a r varfiety of peroxide ca gl_)fﬁts ale suitable. At

hi gher tenperaturesOof copol ynerization, the 5 péroxide catalysts to be

used shagul d have a half-life of at |east about 5 mnutes at 100C (212 F.),
and preferably at |east about 10 m nutes at 100C (212 F.). Such peroxides

i nclude the di berlnoyéwpditbetispesificareoyrit aievaiei deneratedint scHy desgrIroxi de,
t-butyl perbenzoate, etc.; dibenzoyl peroxides is a preferred catalyst, and
t-butyl per 58 6apeeniation of water inyoguesad inte the pubsaauspt copolymesizationsol d

i all | - 40, . I hal f-1if f.. aboyt 20 l
comer o1 o 4R o B e S BX e coreR b i BaP Lol BP e 20, | @
the present unsangated EXIBRYRG abid s Edtrdspdindint ARy dRide, oRRRDpaARI Sste
di met hyl pentanenitrile), sold commercially as Vazo(r) 52; 2,2 -azobis(2-

net hyl pillopathaiesf.iand knewlesigeoafitbe sxientyto adish e réactidn goes t8,@mpletitn s ( 2
15 net hyl but njptrile sold.commercjal lLy as.Vazo(r) 67. Useful |
concentrat i Bﬁgsf)#he Pf%)eésﬁecrodlg'%‘so‘?mak)cy epniﬁqs%\tf%a?&r%’affét'@trﬂg‘ﬂﬁﬂ N n part,
by the ol esutida Mahgf woiid bQEIdéélRPJjigﬁ%hté@irpﬁleo:b@WQiza%%rr%%?ti@hgher
concentrations of initiator can drive conversion to  higher Tevels

(provi ded tmixturéeie Ifhsusch afprpoesafeatwretis ased| it isshreéated Hay the eeteifichtionr di

to control reactign tenperature), directionally, .
feaction e car leJ o subgtant?al completion p}/lor to the introduction of the

15 second monomer, e.g., vinyl acetate, in order to avoid undesirable side
reactions or by-products. Similarly, it is also preferred that the esterification
reaction be substantially completed before introducing the free radical initiator
under temperature conditions best suited for its use. Issues of control and i .
convenience will determine how one skilled in the engineering and
20  copolymerization arts chooses to maintain a controllable and useful level of

water in order to realize the process advantages described herein.

The copolymerization is carried out in the presence of a peroxide
catalyst. The peroxide catalysts which can be employed in the process of this -
25  invention must remain active for reasonable time periods in order to be
effective. This is particularly true where the process is carried out at elevated
temperatures, e.g., above about 124 °C (255° F.), and many of the peroxides
will not remain effective at such conditions. More specifically, a measure of @

this quality is the "half-life" of these peroxides, namely the time required at a



.20 the higher the concentration of the initiator, the |ower the nolecular
wei ght of the copol yprr. However, one of the advant gles of the pr¢gERt2003
% N .

process is the achie t of higher levels of nole ar wei ght thereby
allowing f ?% of an increased range of initiator c®tI&RPAIZ2bN.
»Consequent e initiator is wusefully enployed at an overall
concentratlon of from about 0.01 to abouj4 2.0; 25 preferably from about
0.04 to about 1.0; nore preferably from about 0.06 to about 0.50; npst

preferably from about 0.08 to about 0.30; for rom out 0.10 to
about 0. 20 weg:ﬁtemmmfahbaé@@ﬁ@ﬁt@iﬁst@t%le @faﬂ@e&ew@%&?ﬁ'&!ﬁers added

t h t f th ;
ent | nvanbiosi Gontenbaupentae hrocall FRERRsEI AFERORTER e ckOe,

it is neant ¢t cA0FL4C bagidien vahetyefiperexide eact ant s
and the nono ?atst I%\Qgr ag?“%?%%géﬂegqe /e55222 PCT|/ EPO0O/ 01221 -12 as the

refiCt i on medizigefs ardl suiRible. thnghbetempmatwas of copolymegization rih& Zol ut i 33 .
pol ymeri zation process, a separate, essenti al tive idis adde
"to serve apdrbrideicatalystsio b,faklﬁ@@ﬁ PWd hawe M&ﬂ% feéﬁﬁ §toelibo[urt| resul ting
copol ymer. The bul k o) d I O ng 5
carrl ed out mw%%%ﬁ@&éﬁ% ';“i'b%ré(ﬂegef%%%gﬁ ven &# ¢d§§€39$0@@

‘substanti ag?,] 1c8,,8h pd pEr c{i}é’ udbsthﬁ%ﬁnzb‘yl PeroxiuRsy, falce'g'll bygroxidd, tast ed
to commer ci yceSses oy sol vent Systens such as cycl ohexane,

general Iy Irbu@nwmbpeedxmamutgmrbénzmevﬁpg@ubmmw REIONIdESfid at e used
therein. As described in Cashman her

1-
sol vent's carprEiBl‘r&fd: catalysts @'ﬁd é’)@&%P@rocﬁ%ﬁ‘}ﬁgﬂBaHm’@r,ycpoﬁe?%rée% ?q@rn’zo | ons,
b Lo olbs. Bengenc sol OIEBEia AL POBIBOL. Y, H6F eREpR, Haddmalt-ArRAsONS

|cha«9|ri7t’;§fJ condi ti'ons of he process,. as well as

esters, ethefsoth ﬁhﬁ@@g%@ﬁ%%%gﬂﬁﬁbs A&odl'eeasammlonmfatm&araalsl@on
tetrachl or i e, etc. Cenerally, when_solution pol %merl zat i (a*l g)s§g t he
nmononer conam&fubmltba prasemiep@pﬁﬁf’enﬁxa’l@'ersaﬁf@@é’ IPREOTSAIBZ 3 (P4 stit 99%

by wei ght, based, on the wei.ght of, t 5 e rization
i s conduct eddMethyeep m&‘%ﬁ ?81 Cé’gﬁ?e}"%'@' é%?::?%h%\gagémg??fe sol vent s
are typicall rﬁm 1Y Sssid icbhfrhéndially ais Vém?sm |anq)2J2t -azolis@rapor at e
during the r'éawgrr?% ﬁuz effgct a cooy ich S | enen fted

by ot henseanethylbutanenitais. said comsaeroiaiy e 23P fr MR G GATFRUERITRY ¢ o
Qe of sonempxiden srrviar SeooEThibeB, iRty e R eRe Tor
catal ysts- ar g &Pl QyfifmePtd BE produted. Whrsdthighercancentrations of initiator
can drive conversion to higher levels (provided that the heat of polymerization
is effectively removed in order to control reaction temperature), directionally,
20 the higher the concentration of the initiator, the lower the molecular weight of
‘ | the copolymer. HoweQer, one of the advantages of the present process is the
achievement of higher levels of molecular weight thereby allowing for the use
of an increased range of initiator concentration. Consequently, the initiator is
usefully employed at an overall concentration of from about 0.01 to about 2.0;
25  preferably from about 0.04 to about 1.0; more preferably from about 0.06 to
about 0.50; most preferably from about 0.08 to about 0.30; for example, from

about 0.10 to about 0.20 weight percent based on the total weight of the

monomers added to the reactor.

30 One variant of the process in accordance with the present invention is

described as a bulk copolymerization process. By this it is meant that the

polymerization is conducted in the monomer reactants and the monomers act



as LUCI DOL-70 di benzoyl, a small catal yst-fluidizing amount, generally
about 25 1 to 2% by wejght, based on the weight of diglkyl fumarate, of a
hydrocarbon oil -base arrier can be adm xed with t powder ed cat aI‘ykSEFéZﬂ[]}
as to aid, delivery of the catalyst into the reactor. n
when pol yrr"gpiog{as |g)n Is carried out in the substantial abseﬁgmngﬁﬁ
solvent, it is not neant to exclude the presence of such minor anounts of a
hydr ocarbon oil. The snmall 30 anount of'“@ydrocar bon oil which is primarily
acting as a carrier for the powdered peroxide catalyst is selected to be
non- vol ati | easitigereactiaotmediunc ontikientisfor #vedréatmional lh ohea.t, ne adsspkdrsed in
the final copolynmer product. 0 0 -1 SEP 1003 WO 00/ 55222 PCT/ EP00/ 01221
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formul ati ons can be 5 enpl oyed as a peroxide carrier. &R per oxi de

catal yst§ i redriigdiclit ot ssbethntisisabisemcplofees6108nt. - T phradey @ubetdrtial it i s
not necessary to conbine the catalyst wth any hydrocarbon or the like in
order to rerRR§ence efasolyeqtlis naadiiite bespegifically sontrastedutot dammereial it i s
possi bl e, but sonewhat.nore difficult o deliver th eroxide catalyst in
Phe form of HIoBSoeRT WP HEPlYAN G aetit Seb Exerelandian®. sgneraly i
non-vol ati | lo, i [ | | S rried
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such oils tyEscabey ih@ashnhen etalr @olann 9{ lines BAt@t), ather@oivihts leaaf er abl y,
oi | of %he t. ge to_be used as the 15 basestock in which the copolyner is
i ncl udedVas BCluggpiaien@mnle. rarhtpr; brigating od feantiess s white eilai gnzéne, @
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presence of urrlegnheiconditibhatof ¢ne bfodtaahs vadlyasbhrat, dthers 2R8 YRRSringtdd on,

such as by causing a reduction in the nmolecul ar weight of the 20 resulting
copol yner. S@irerissecbasahdoiofeindarhon tetsrehlodsggetn, Gendrally antien

conbi nat | onSso‘iu %rne%lym'é'?i%’%i’igﬁ is Bgecii,r!t%%rrﬁglrlgrtnierr]%o%ér?trratllonn {nht%epéipu%%?s as
15  ranges from about 30 to about 99% by weight, based on the weight of the
total mixture. When polymerization is conducted in the presence of a solvent '
such cyclohexane, these solvents are typically used in amounts sufficient, at
least in part, to evaporate during the reaction and thus effect a cooling, which
can be supplemented by other means, of the reaction mass. Suitable
20 provision needs also to be made for solvent recycle during as part of a

j
solution process and for removal of solvent from the final copolymer product. O

When peroxide catalysts are employed in the form of a powder, such
as LUCIDOL-70 dibenzoyl, a small catalyst-fluidizing amount, generally about
25 110 2% by weight, based on the weight of dialkyl fumarate, of a hydrocarbon
oil-based carrier can be admixed with the powdered catalyst so as to aid in
the delivery of the catalyst into the reactor. Thus, even when polymerization
is carried out in the substantial absence of a solvent, it is not meant to
exclude the presence of such minor amounts of a hydrocarbon oil. The small
30 amount of hydrocarbon oil which is primarily acting as a carrier for the @
powdered peroxide catalyst is selected to be non-volatile under reaction

conditions, and typically remains dispersed in the final copolymer product.



disclosed herein, it is possible to use ol eagi nous diluents and gain the
benefits, econom c ang ot herw se, of their use. For e purposes of W
present invention, ol'@hgi nous diluents include both neral and sy'ﬁt1 im}

oils, 25 &,qu}sggzer i ncludi ng for exanpl e, polyal phaol ef i npcTastopatAS,

etc., and mxtures of mneral and synthetics, as they are commonly used in
the lubricating arts. Simlarly, if t_h]?_sol vent or diluent contains
aromatic or alkyl aromatic conpounds, such conpounds woul d have the
tendency to depress the nolecular weight of the copolynmer if carried out

usi ng pri oMaretspecifinady cthese hysieterbons wilkivreferagly bawwadwilingpeivbi ded or
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met hyl naphBalemeondily éisloyes @dud base ol iroRbrieatiag i forpurtiens can be
di phenyl net hane, 1, 2-di phenyl ethane, etc. Wthout w shing to be bound by
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(which nma e’ appropriate in the sol vate protess) or added in
several di psa@be Rdaheimoe, (tnapbisibleabluy somewWreatwbie difficultntmdelates the
process). Discrete additions of a portion of the overall anount of
initiator perededatalystdn thetprar ef appposr to heiapaten Wibovhibeaasifan6hs

generated in the a ce pf solvent. For exanple, in a batch process the
{ gﬁ rl?é"&‘g%ﬁ@ 'i’WO'PS\%'%?Pa‘HLs to control the exothermresulting from

itia
éﬂe 15 peroxide addition and, furthernore, in order to adjust for the
presence of a dimnishing amount of nononmer in such a batch reaction, the
second addi ti onlf the copolyméerzation pracess s earried\ouw dialiardjlused er §pivest @nons,

C e Bl e e S TR b R bR M 200 E1
(ki ' SonsEiag ke i Rty 20 frasalyglof deuiget e aicsboii 0%
i n t hetHr ebaséstprkiesdich thedespolymedis iheluded ssoa eonpranandadn thenpodr arhe
p&sent ! m;/)(ragéeisggsifgr ?o?rrnrh%ge e°8ct>p<§1¥m2“}sx£#‘ t?met;pr%sent invention, such oils were
to be avoided as diluents or solvents for a solution process because of the
potential presence of heteroatoms that could negatively affect the
polymerization, such as by causing a reduction in the molecular weighi of the
20 resulting copolymer. Such heteroatoms include nitrogen, oxygen, sulfur and
‘ | combinations thereof. However, by incorporating water in the process as
disclosed herein, it is possible to use oleaginous diluents and gain the
benefits, economic and otherwise, of their use. For the purposes of the
present invention, oleaginous diluents inciude both mineral and synthetic oils,
25 the latter including for example, polyalphaolefins, adipates, etc., and mixtures
of mineral and synthetics, as they are commonly used in the lubricating arts.
Similarly, if the solvent or diluent contains aromatic or alkyl aromatic
compounds, such compounds would have the tendency to depress the
molecular weight of the copolymer if carried out using prior art processes.
@ 30 Such a disadvantage also can be avoided or reduced if the process of the
present invention is employed. Aromatic compounds include, for example,

benzene, biphenyl, naphthalene, etc. Alkyl aromatics include compounds



25 nononers, for exanple, vinyl acetate with fumaric acid diester in the
presence of at |east portion of the peroxide catalyst in a reacLi‘PgP 2003
vessel. Process tenp%atures in the reactor of from\gout 5 to 180 C
e.g., 15-%p8gofs22al ternatively, from about 50-180 C can be q@igpiedizzi
Generally, the reactionis initially heated to initiate the reaction,
generally to a tenperature of 30 bet vveen_‘§48_ and 115 C (190 and 240 F.),
nost preferably to a tenperature of between about 93 and 99 C (200 and 210
F.), at which point the reaction is initiated and the exotherm c nature of
the reacti orffus@etolupRe, ethiwbergens? 2ylengs, mesitdepnepodmereTieal0/ 01221

reaction tenperature to, incrgase. .In,accordance with the present inventi

t he reactio%?%?%@%‘?@rﬁes ehg+ IPRdUIEDS; RE‘?%@%%M%’%CV@W@F ature of ab‘
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conduct ed atthebmy dt iethdlievedrthatimdledular weight eshastiontdroupd 8@l N the reaction
vessel under pressure, primarily to prevent the |loss of vinyl acetate

therefrom conseasengemf ebain tansferisevaedbydbepresdce of ksterdatamsparaf er abl y -
184 and 274 kPa sfabout 12 agd .ZSC%siPiB)' 37293' nost preferably about 219 and
247 kPa (afBAMAF CQIPOYNTS AHing COROBIMSILAoNy t h or without reflux. 10

The nolar ratio of the conononers, e.g., vinyl acetate to fumaric acid

di ester (dialkyl fumarate) should be controlled to achieve the desired

mol ecul ar wei ght Tie deeabgica ikitidton) €.9.,dheszdes peronketdighp®ind) @ant e

copol ynerization is carried out in the presence or absence of a diluent and

15 t he pol ymsideggither eantineomsiy evhish geahe ngrerprrepsatelinghe shiyatedcess i s

capabl e, of | v nge. of  conon r. ncentration
r aP\ges X he%?ggg%sejo? ; %%‘ﬁe% g‘%\be)a},apé @gge‘éggﬁ-ﬁl"g‘,s @Pﬁ%”?%@e'f‘gﬁgﬁum 8" monomer
(a), (for exmaBlvatedprobssy)UrDicertis AdamionsasitLpotivhibrase Svatdiyamburpsat €)
can range between about 0.5:1 to about 5.0:1; for exanple about 0.70:1 t
10: 1; 20 pr étitatsliptersieddorbeibsed ave $eipfutio modertingfthe feapthermspl e, bul k
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preferred,;
15
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peroxide addition and, furthermore, in order to adjust for the presence of a
diminishing amount of monomer in such a batch reaction, the second addition .
is conveniently carried out by adding several portions, each representing a

fraction of the amount intended to be added in the second step. For example,

six steps can conveniently be used, each of the first four adding about 5-15%

20 and each of the final two at about.30%. Useful concentrations of the free

radical initiator which can be employed in the present process are described ! .

hereinabove.

The reaction of the present invention is carried out by mixing the
25 monomers, for example, vinyl acetate with fumaric acid diester in the
presence of at least a portion of the peroxide catalyst in a reaction vessel.
Process temperatures in the reactor of from about 5 to 180 °C, e.g., 15-150
°C, alternatively, from about 50-180 °C can be employed. Generally, the
reaction is initially heated to initiate the reaction, generally to a temperature of
30 between 88° and 115 °C (190° and 240° F.), most preferably to a temperature
of between about 93° and 99 °C (200° and 210° F.), at which point the

reaction is initiated and the exothermic nature of the reaction causes the



nost preferably between about 0.75 and 0.85. It is reported that under bulk

25 copol yneri zation cghditions and at nolar ratios o@vi nyl acetate %@"OZ
di al kyl fumarate of @eater than about 1.1 the react®r may be su [lp%
becom ng gghbes2s a consequence of the production of hi gwm@@/gmr

-wei ght copolyner. Al'so to be considered is that even if the reactor does
not gel, at the higher ratios, demulsihykity of the final product may not
be as requi red. 30 That is, t he pol yrer m)l ecul ar structure of the product
will be such that it will forma |ong-I|asti enul.sion in oil or. .fuel in
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" hours; proef ecomdyctedaledsyvates "%ﬁﬁ‘@e@t@rﬁb 'tH%U?E SS%é‘P "ﬁﬁ{eé'? Pheen
three and seven hours reacti I I h the
eg Joger 8&?1%5#";5% 9rtn]ngﬁly plre@eqﬂ%é‘ 1095 of"\ﬂﬁ%l édé‘t’@t%stﬁéﬁéﬂ’@rﬁ

t enper at ure APV i'S "not necessar quench the

eact1on |t Seldherfi3/ ;Sﬂegeb?éé ¥ M@%eh%ownobymozma qnefesabwrr:amamﬂ at
el evat ed tenperatu since the free radical initiator azo or

peroxi de cat aVy&Pad(@tmmpdﬁeand 2h psigheand:most prefemttlxeahpnh%& anAﬁRyW kPa

unreacted vinyl acetate can be re ved fromthe,r r and recycled and

resi dual vi n{Bbaitdi’aard gi 8@k CPRA tltg] 'b'?%@ ﬁ Wean be stripped 15

therefrgmin a conventional nmanner and t he copol yner product recovered. - The

iocess the present invention is capable of producing copolyners, e.g.,
u

marate vinyl acetpd m&QP@tWthe@oﬁTormnmrdeerga,ngaylcﬂcetmltedurrarlC\ﬁ@ICght S.
In particular, |ower nolecular weight copolynmers can be 2068@0%ced havi ng

nunber aver agieste ( doajk)drfumfgiﬁ):b?h()%’)b%?o’ﬂié‘?'lﬁ@eﬁ? ahtigiye the d 50, 000.

Al ternativel th s .can [ wei ght
copol yners, %3?' @ﬁﬁ Pég I?J&@pﬁg{??%saerﬂju%rlggggg\g/}g%gmg \Hﬁetpg]gh QP %l ghts of
bet ween about,3GiRKi-a068N 19 RaRikY ousafmé pﬁémlcyérm’rabsdm‘%lﬂ“fgi diuent abdt ween
about 5, 000 and ¥5 000; including copolyners haV| 25 NMh bhetween 5, 000 and

25, 000; Hnd dtq:pblynmrlzamamltﬁmmaww emplyed. an%@"wo e BPCeSR [Sper
ae age ol ecapglble of bgelng e'rr?plg?gcri] tovéru S Bré@d Fa%tdea('if comonomer concentration

ranges. The ratio of monomer (b), (for example, vinyl acetate), to monomer
(a), (for example, an unsaturated carboxy ester such as dialkyl fumarate), can
range between about 0.5:1 to about 5.0:1; for example about 0.70:1 to 10:1;
20 preferably between about 0.80:1 to 2.5:1. If, for example, bulk
. | copolymerization is used, the molar ratio of vinyl acetate to fumaric acid
diester can be from about 0.75 to about 1.5; preferably less than about 1.0;
more preferably, molar ratios of between about 0.70 and 0.90 are preferred;
most preferably between about 0.75 and 0.85. ltis reported that under bulk
25  copolymerization conditions and at molar ratios of vinyl acetate to dialkyl
fumarate of greater than about 1.1 the reactor may be subject to becoming
gelled as a consequence of the production of high molecular weight
copolymer. Also to be considered is that even if the reactor does not gel, at
the higher ratios, demulsibility of the final product may not be as required.
@ 30 Thatis, the polymer molecular structure of the product will be such that it will
form a long-lasting emuision in oil or fuel in the presence of water, a result

which is highly undesirable in connection with the use of these products. The



wei ght as determ ned by Gel Perneation Chromatography, calibrated with a

pol ystyrene standard. &0 The copol yners of the preseg%i nvention carr b8EP 2003
characteri zed by thei /¥ specific viscosity, defined ow. Usef ul

copol yrmer svay ey/ppezduced having specific viscosities in the pengeo®éiz:

bet ween about 0.15 to 3.5; additionally, -1 SEP 2003 WO 00/ 55222

PCT/ EPOO/ 01221 -17 copol ymers having visogsities of fromabout 0.2' to 1.0;
al so copolynmers d having viscosities of fromabout 0.25 to 0.70. As

reported herein pecific, viscosity of . the copolyner is determned in
accor dance MWL@QW%G&M@CW@%&% ‘HH%‘ t%e@r%rf’é%i"ﬂ%‘t\%”s@@wq\&ﬁfﬂﬂkavi s of
Sol uti on/ K- v{ ; redkoanher eh 0, Ks Wi 0 ion'..s the_kinem

vi scosity at biﬁlgﬁg&?%émﬁgibs'Wb%ﬁdrjrg"lpljg}d(:eeﬁte g{sm%u{’%‘h‘?%?"'t%%%ﬁw
(active ingraetsting @ASTM D fi.s) 10 in commercially available toluene as
t he sol vent, using Ubbel ohde-type visconeters with a visconeter constant

of about 0.004 cSt/second; "K-vis of Solvent"” is the correspondi ng
Ki nemati ¢ vi scosi t alone at the same tenperature. All

of the solye ten .
speci fi ¢®vi scosi tf%@CQ%Bﬁ??%W'%éBEimeﬁ‘?’ét RIecesHihr Eeasfiontis dnaintrisedwmt hod.
15 | ncor por ag ' hi ' I S i O the
pr esent anzttrf]’!te ?%ﬁgfrgggéﬁp gkés}gb%%aq%o‘g%\l%@%ﬁgﬁ{ngg 26§ﬁ2§| g g%'% ntlot prior
art: (1) | npyriorizeseridt bhénd eLEMPOGREE pfefdfiblP batlesRhR6 ia@ioﬁefgﬁ%‘ﬁop@-t he
copol yneri zation, e.g., solvent or diluent, if used, can have e efféct of

20 depr essi ngoshpreferablubeiwesri tinee ahdtsayendpmlrg mreactidinmeswiliodenvaratty

| eads to higher .nol ecul a I ght which can reduce or elimnate the need and
expense of %ﬁﬂ{}ﬂrﬁ’é‘f‘?rsg&"{’/’&h{#% B?raafrﬁlféﬁploﬁﬁgi feengralin; it jpnotriecessanyf

15T IO B FRFRRITETLASHISEE HERISIR i opd BBREaf TR 10
advant ages wtinductexhabelevatld eesheratiresdsinco ohy ek radidap thightd] @laerthe
temperatur esazroegru;l)érlpr;%el Qatgﬁgg gggomposes, and the reaction is terminated. Any
unreacted vinyl acetate can be removed from the reactor and recycled and
residual vinyl acetate present in the reaction product can be stripped
15 therefrom in a conventional manner and the copolymer product recovered.

The process of the present invention is capable of producing .
copolymers, e.g., fumarate vinyl acetate copolymer, over a wide range of
molecular weights. In particular, lower molecular weight copolymers can be

20  produced having number average molecular weights (Mn) of between about
5,000 and 50,000. Alternatively, the process can be used to produce high | .
molecular weight copolymers, for example those having number average
molecular weights of between about 50,000 and 100,000. Useful copolymers
having Mn of between about 5,000 and 75,000; including copolymers having
25  Mn between 5,000 and 25,000; and copolymers having Mn between 35,000
and 60,000. By "number average molecular weight" is meant such molecular

weight as determined by Gel Permeation Chromatography, calibrated with a

polystyrene standard.

30 The copolymers of the present invention can be characterized by their @
specific viscosity, defined below. Useful copolymers are produced having

specific viscosities in the range of between about 0.15 to 3.5; additionally,



.polymeri zation time and reduced viscosity of the copolymer in the process
equi prent, e.g., reduged punp-out viscosity. (3) Copghynerization can_l;reSEP 2003
conducted directly in m neral or 30 synthetic |ubM®cant basestock.
M ner al oi‘lvaoio)gsﬁgrticul ar contain conponents which can carGEERNMEZAIease
‘in the nolecular weight of the copolyner, e.g., chain transfer agents such
as allylic and benzylic -1 SEP 2003 WD 00455222 PCT/ EPOO/ 01221 -18 hydrogen
and/ or heteroatons. Avoi dance of a purified solvent as the diluent or
solvent for the polynerization elimnates the need for such rocess
conponent ascopolymess hiavingedscasiies: ¢fifipras@opliPi4 tp 1-Realsg) ymelsy
r cling. Ip addition,. it is not n r o] t iklLonal 5
Fﬂess stepR%Y'”Hi‘Q%Qﬂﬁ}ti‘%oéfﬁ%“@g’gﬁfﬁ?%;%cdogg ﬁgﬂ;e'bll{)rr]tgg %éégbsg ggt’ﬁ or sale
, or use; (4) giggo!;'@f}of’{he"‘@éfdlyrﬂéf @ detelnfiBed 7§ abéorldanee vampefollélingns of
nmononers in € polynerizdtion reactor. In free radical polynerization,
pol ynmer nol egqbgﬁomei ght is directly proportional to nononer 10

concentration. Use of an excess of at | east one of the nmononers in the
" present @rocess, e.g., fumarate-vinyl acetate copolynerization, can

I ncrease the copol yngr mal ecul ar, wei ght . Vel k _yononer (s)
not i ncor por at ed ianSH@g'gBSéﬁﬂ'?gY "n(:J'gY'g@élég)\t‘@fog‘éréﬁ},'g]gfpgﬁsﬁ??‘@d gﬁd recover ed
or recycl ed which incurs additional expense. 15 Use of water, with its
resulting effect of increasing copolyner nolecular weight permts |ower
nononer Cconcgferéin ‘eagistad Suutisdds the kindimetie viscosity at 46tC wbieez 01 ar wei ght ;
and (5) Hi gher concentration of the free radical initiator relative to the

monomer s cannmmEsséralunie gersenisaldtionet therRalYINer (RFINEARGTedENtH0nR beBASIS) 20

efficiency, while still achievi Lr vel: T nol ecul ar
@ ot Hanf cartmierciply LR RIPLERE At dRe B g Y o oe
eactions we{gpa{dtbRIwitR 4 visdbrietBrEONEBANGE alBélit (2084 $C¥sBtend; "K-aelof

reactor. Reagents 1ncluded dialkyl fumarate (DAF) and vinyl acetate (VA

nmononer s, anSoharit? isuthel copraspondingdingrmapyispesibk Piibecsalgilongat theto
Lg ?Iné ﬁ?? " O\é\gtﬁ%rq/%ggggrig? | t }ﬁF%p%q%gm\ﬁ%gosglt?esdr%%%%r}?etrgﬂw e SHRHANedPLFSSUr €
the above method.
15
. Incorporation of water in the copolymerization process according to the
present invention leads to several advantages not appreciated in the prior art:
(1) Impurities in the feed monomers and other materials used in the
copolymerization, e.g., solvent or diluent, if used, can have the effect of
20 depressing the molecular weight of the copolymer. The use of water
. | leads to higher molecular weight which can reduce or eliminate the
need and expense of monomer, solvent and/or diluent purification;
(2)  The use of water permits copolymerization to be conducted at a
higher temperature (which would ordinarily reduce copolymer
25 ‘ molecular weight). Process advantages which can be realized, include
polymerization at higher temperatures resulting in reduced
polymerization time and reduced viscosity of the copolymer in the
process equipment, e.g., reduced pump-out viscosity.
(3)  Copolymerization can be conducted directly in a mineral or
@ 30 synthetic lubricant basestock. Mineral oils in particular contain
components which can cause a decrease in the molecular weight of

the copolymer, e.g., chain transfer agents such as allylic and benzylic



DAFNA is 1/1 was used, a typical reactor charge included 150.0 g (0.31

nol e) DAF;. 26.5 g (O. nol e) vinyl acetate and O. 26\&(0. 0012 nol & {1 $BPAUN
0 WD 00/55222 -19 PC™EPO0O/ 01221 Initially the DAF added to the

react or hexDa#d/5522250 C. The reactor was seal ed and then evaaERd/Hznd
flushed with nitrogen for 10 m nutes. Wen water was used, it was injected
into the reactor prior to the addition aofgvinyl acetate. The vinyl acetate
was then injected and the nononmer mxture stirred 5 for 15 m nutes before

heat i toth ' t t .. _The TBP t hen. ] nj ted (i [ |
or il Ui ple. port i dyoB8n PR Bl aRE AP eR Pha A TERLPYRR A of ed
at the reaction t@efaf %ﬁ/ef'lpforﬁhé%to%rﬁ@fﬁ i&rPefﬁﬂm:gt%é the Bpgg for such a .

copol yneri zation reaction. Experinme conditions and resu

sunmari zed i n Tabprecéss tomponpat nmelmmeemd?wdtrf%h@wuﬂi%ﬂ%solvent

pol ynmeri zation by dialyzing to separate unreacted nononer. This was
acconpl i shed wi t HORremyclipal In aggiionnitibpaheetessangtx kbely amittthecdditionasi ng
hept ane and di al yzi ng fO{ 9 ursl at éoomt? erature, followed by steam
stri ppi ng t he polRTREFST BGPHFESPIMEIHRE I ERUING I COPPHAPEL® arbargstaskifolk nown
in the art can a's’%@eB?ugéEd to extract or separate the unreacted nononer
15 fromthe copol yner. -1 SEP 2003 0 01. WD 00/55222 20 C(o .-'cc)00

N E ENN - CL"0 L44p) dTHe psé of water permits the use of lower concentrations of
monomers in the polymerization reactor. In free radical polymerization,
polymer molecular weight is directly proportional to monomer

10 concentration. Use of an excess of at least oné of the monomers in a
the present process, e.g., fumarate-vinyl acetate copolymerization, can |
increase the copolymer molecular weight. However, the excess
monomer(s) not incorporated in the copolymer must be stripped,
purified and recovered or recycled which incurs additional expense.

15 Use of water, with its resulting effect of increasing copolymer molecular
weight permits lower monomer concentrations to be used to achieve .
the target molecular weight; and
(5) Higher concentration of the free radical initiator relative to the
monomers can potentially be used, with resulting benefits in prbcess

20 efficiency, while still achieving the desired level of copolymer molecular

weight. | .

Examples
25

In the examples which follow, copolymerization reactions were carried
outin a Parr brand, 300 cm® stainless steel reactor. Reagents included dialkyl
fumarate (DAF) and vinyl acetate (VA) monomers, and tert-butyl peroctoate
(TBPO) peroxide catalyst. Prior to their use, water and vinyl acetate were

30 deoxygenated at ambient pressure using nitrogen. Where a molar ratio of

DAF/VA is 1/1 was used, a typical reactor charge included 150.0 g (0.31
mole) DAF; 26.5 g (0.31 mole) vinyl acetate and 0.26 g (0.0012 mole) TBPO.
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Initially the DAF was added to the reactor heated at 50 °C. The reactor was
sealed and then evacuated and flushed with nitrogen for 10 minutes. When
water was used, it was injected into the reactor prior to the addition of vinyl
acetate. The vinyl acetate was then injected and the monomer mixture stirred
for 15 minutes before heating to the reaction temperature. The TBPO was
then injected (in single or multiple portions, as indicated) and the mixture
stirred and controlled at the reaction temperature for 5 to 8 hours to complete
the copolymerization reaction. Experimental conditions and results are
summarized in Table 1. The copolymer was recovered following
polymerization by dialyzing to separate unreacted monomer. This was
accomplished with a natural rubber membrane in a Soxhlet extractor, using

heptane and dialyzing for 9 hours at room temperature, followed by steam

" stripping the polymer to remove the heptane. Alternative means well known

in the art can also be used to extract or separate the unreacted monomer

from the copolymer.

0,
=1 SEP 2003
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Examples 1, 3, 6, 8, 10, 12, and 14 were conducted in the absence of added
water and are comparative examples. Examples 1 and 2 demonstrate the effect of
including water during the polymerization on the molecular weight of the fumarate-
vinyl acetate copolymer. The addition of 5,000 ppm of water to the monomers in the
reactor increases the number-average molecular weight of the copolymer from

26,700 to 46,600 and the weight-average molecular weight from 76,400 to 194,500.

Examples 3 and 4 also demonstrate the effect of water of the molecular
weight of the fumarate-vinyl acetate copolymer. The addition of 5,000 ppm of water
to the monomers in the reactor increases the number-average molecular weight of
the copolymer from 33,000 to 48,300 and the weight-average molecular weight from

95,400 to 170,600.

Example 5 demonstrates the necessity of having water present during the
polymerization process. In Example 5 the copolymer of Example 3 was charged to
the reactor and 5,000 ppm of water was added. The reactor was heated at the
normal polymerization temperature (i.e., 100 °C) for 5.5 hours. The number-average

molecular weight and the weight-average molecular weight of the copolymer did not

: increase, demonstrating that the addition of water modifies the polymerization of the

monomers, not the pre-formed copolymer.

Examples 6 and 7 demonstrate that water can be used as a process control
means to offset the effect of decreased vinyl acetate-fumarate ratio on molecular
weight. Example 6 was performed at a vinyl acetate-fumarate ratio of 1.0. Example
7 was performed at a vinyl acetate-fumarate ratio of 0.8. With other variables held
constant, decreasing the ratio of vinyl acetate to fumarate decreases the molecular
weight of the copolymer. However, in Example 7, the addition of 5,000 ppm of water
overcomes the effect of a decreased vinyl acetate-fumarate ratio. The number-

average and weight-average molecular weights of the copolymer polymerized in the
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3, 6, 8, 10, 12, and were conducted in the absenc f added water“an

are corrpar@,UO\égsgﬁarrpl es. Exanples 1 and 2 denonstrate the Eﬁéﬁ%ﬂ‘oo%?zz]
i ncl udi ng water during the polynerization on the nol ecul ar wel

fumarate 5 vinyl acetate copolymer. 5 addition of 5,000 ppm of water to
the nononers in the reactor increases tzhe nunber - average nol ecul ar wei ght
of t he copol yner from 26,7.00 to 46, 600 and t he wei ght-average nol ecul ar
wei ght from 76, 400 to 194, 500. Exan})w? and 4 al so denpnstrate the ef f ect
of wat PESENERET MEE AU At BTCAUCEAYIN acRiate-inmarteralingle.aExample 7) ®

¢ hot oroopre SREEE A o Rior KRR RonHfiRes hdnbaBeBRea ot i mer

from 33 PAAPIO6HS, 300 and the wei ght average nol ecul ar wei ght from 95,400
to. 170, 600. 15 anpl e 5 denpnstrates the necessity of having water present
during the polynerization process. In Exanpl e 5 the copol yner of Exanple 3
was _charged to the react or and 5, 000 ppm of water was added. The reactor

was°heat ed aEXgmwles8ang 9 ESF%F’?E%EW%N"Q@%@'F &euised ?s @ progess cpntrel 5.5
hour s ht - av
hou . RSB YERTEST R ARy AR s bR SRR« v
the addijfiiep. TontRicBhg 'mé' 'pbly?ﬁer‘iibﬁhoh%)/tﬁ@rp'ré@éh@of% diliént AEEIREBES th&Ot t he
pre-fornmed copol yner. anpl’'es 6 and 7 denonstrate that water can be used
as a prrookessilaromeigblt of the resultmg copolymer. This is demonstrated by comparing the
molecular weight of the copolymer from Example 8 (M, = 22,300, M,, = 52,400),
10  which was carried out in 15% cyclohexane, with Examples 1, 3, and 6 (M, = 26,000~ : é
33,000, M, =76, 400 95,400), which were polymerized in the substantlal absence of
a diluent. Example 9 utilized both 15% cyclohexane and the addmon of 5,000 ppm
water with a resulting increase in number-average molecular weight to 28,500 and
weight-average molecular weight to 77,800; levels similar to those obtained in the

15 absence of a diluent (Examples 1, 3 and 6).

Examples 10 and 11 demonstrate that water can also be used to offset the
effect of a higher polymerization temperature, even when the polymerization is
conducted in a diluent such as a refined mineral oil (i.e., Blandol® 85).

20 Polymerization at an elevated temperature tends to decrease the molecular weight } .
of the resulting copolymer. The copolymer of Example 10 was prepared at 90 °C in
15% Blandol® 85. The number-average molecular weight of the copolymer was
25,500 and its weight-average molecular weight was 60,400. The copolymerization
of Example 11 was conducted at 100 °C. Even though the copolymer of Example 11
25 was prepared at an elevated temperature, the addition of 5,000 ppm of water
increased its number-average molecular weight to 31,700 and its weight-average
molecular weight to 91,200, both of which are higher than those obtained at the

lower temperature (i.e., Example 10).



. This is denonstra

means to offset the effect of decreased vinyl acetate-fumarate ratio on
nol ecul ar 25 weight. Exanple 6 was perforned at a vi@l acet at e- fun‘fiaﬁt@wf

ratio of 1.0 Exanpl%? was perfornmed at a vinyl acate-funmarate”
0.8. Wth other 7vari abl es held constant, decreasing the rapépepdoorray!
acetate tovVPOkardte decreases the nol ecul ar  wei ght of the copol yner.
However, in Exanple 7, the addition of_5,000 ppm of water overcones the
effect of a decreased vinyl acetat e-ftAdrate ratio. The number - aver age and
wei ght - aver age nol ecul ar wei ghts of the copol yner polynerized in the 1 SEP
2003 WD 00/55222 PCT/ EPOQ 01221 -22 presence of water, but at a reduced
gyl acet atExzﬁmmﬁsa'i%andt1|30d¢m085trai§><fﬁﬁbw&te{7)camb¢é'sgfi@ét%P’Q%ﬁﬁ t hose of
a

e oEoARarebleritse A eTieat SLANEHeE R At empe AR B . o
' neans tﬁggﬂ@ﬁbé&%ﬂgcﬁ%f‘&@ g@ r@éérﬁfétopé dﬁ@éﬂ\%dh“@s ft¥Seral oil. As

pol ymer In a uen tlng the polynerization in the presence

of a dijseRtediRer ?@gﬁeﬁﬁﬁnonmla?rﬁale&éte&aleg’ﬁnerafurehendemjdecmgsedpml yITer .
aring the nolecular weight of the copolymer

f r o Exaoteonls wghtofzmeammolmxat The potymerizatig @frﬁmplﬁa?w@a out in 15%

76 400w chartemPRend of SRSE Pl p Paver it it e elives o
di | uent%\;&é\,ﬁgﬁn@eguf% \A{éliﬁdofqmer}eéél%@(:%hg@ﬁ%@%a@ﬁé g0teardlsls Weightof 5, 000

ppm wat resul I ncrease | er-average nol ecul ar wei ght to

28, 500 @staguehdietuRy ea%mwata@@@o ngpolyme?bfmmmem waspmpaa[edto
t hose obt ai ned in the absence of a dil uent X les 1, 3 and 6)
Exanpl dg amvanUNmtrabmmta&t@ Imgaer {eRerabiyg, 4 QoCb@ndéeah% BeSENSEOft he

O LB AR R o i
85). R%evrﬁﬁf]rb%ha Alsin e @e@éa&@@f tr@watmmnt)emamndauf 8000 t he

nol ecul ar of the resulting copolyner. The copol yner of Exanple 10
was premmamrwmte%e@ned in E5eBblyresIWith) aB Ricraaseth DHIRbEr AYEFRGRMAINCAAT ar
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Even th wyﬁ‘ggo(fg%ghw%r 20f Exanple 11 25 was prepared at an el evat ed

terrpera n of 5,000 ppmof water increased its '
nurgiger - aver age nol ecul ar weight to 31,700 and its wei ght-average nvol ecul ar
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under conditions of both an elevated temperature and a reduced vinyl
acetate:fumarate ratio. Example 14 was prepared at 105 °C and a vinyl
acetate:fumarate ratio of 0.825. The resulting copolymer had a number-average

20 ,molecular weight of 16,700 and weight-average molecular weight of 40,300. In

’ Example 15, the addition of 2,500 ppm water increased the number-average

molecular weight of the copolymer to 21,000 and its weight-average molecular

weight to 58,600.

25 The data clearly demonstrate the advantage of including water at controlled

levels during the copolymerization.

Although the invention herein has been described with reference to particular
embodiments, it is to be understood that these embodiments are merely illustrative

@J of the principles and apgplications of the present invention. It is therefore to be



-1 SEP 2003 WO 00/ 55222 PCT/ EP00/ 01221 -23 Exanples 12 and 13 denonstrate
that water can be useégas a process control variableg o offset the effect

of a higher polyneriz&®i on tenperature even when théﬁbrocess i s carrli &P 2003
out in thgoyorseace of a diluent such as mneral oil. As ”%@ﬁn?@%‘ﬁﬁr’

pol ymeri zation at an elevated tenperature tends to decrease the g

nol ecul ar wei ght of the copolyner. Th ol ynerization of Exanple 12 was
conducted at a tenperature of 90 C in“15% Sol vent Neutral 150. The nunber -
average nol ecul ar wei ght of the resulting copolyner was 16,500 and its

wei ght - avera | ecul ar wei ght s 40, 900. The copol ymer of Exanple 13
was pr%‘?@@%ﬁ%&%’éﬂp“ﬁéﬂ?a&m%@? MRy bamadeto e llustmdiMeat ure, 100 C
and i . r,of Exanple 13
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sane dheuspiti) and Beopd &f the préderft iNdshtidPa abfined By th@%gbﬁaea r(‘:cljélm%?’pm ymer
with an increased nunber-average nol ecular weight, 22,000, an

wei ght - aver age nol ecul ar wei ght, 51,200, conpared to the copolynmer of
Exanple 12. 15 (r) Exanples 14 and 15 denonstrate that the effect of water
is still operative under conditions of both an el evated tenperature and a
reduced vinyl acetate:fumarate ratio. Exanple 14 was prepared at 105 C and
a vinyl acetate:fumarate ratio of 0.825. The resulting copolynmer had a
nunber - average (r) 20 nol ecul ar weight of 16,700 and wei ght - aver age

nol ecul ar wei ght of 40,300. In Exanple 15, the addition of 2,500 ppm wat er
i ncreased the nunber-average nolecular weight of the copolyner to 21, 000
and its wei ght-average nol ecular weight to 58,600. 25 The data clearly
denonstrate the advantage of including water at controlled |I|evels during

t he copol yneri zation. Although the invention herein has been descri bed mﬁt‘i’
reference to particular enbodinents, it is to be understood that these
enbodi ments are nerely illustrative of the principles and applications of
the present invention. It is therefore to be -1 SEP 1003 WD 00/ 55222

PCT/ EPOO/ 01221 -24 understood that numerous nodifications my be nmade to
the illustrative enbodinents and that other arrangenents nmay be devi sed

wi t hout departing from the spirit and scope of the present invention as
defined by the appended cl ai ns.




0O -1 SEP 2003 -25 What is clainmed: A process conprising the

copol yneri zation of: (a) unsaturated carboxy ester nononer selected from at
| east one conpound represented by formulas (1) or (I1), said conposndEP 2003
formed via the esterification of an unsaturated carboxylic acid or its
correspondi ng anhydride with one or nokpg nmonohydric aliphatic al cohols
havi ng an average carbon nunber, of betmeen about 6 to 24, said

unsat ur at ed car boxy ester having the formula: 0 11 H /GCORH C=CR C=C
\ /\' R Roal O wherein R is selected fromthe group consisting of
hydr ogen aﬁﬁﬁi@m&é_mg ein Ris a C, to C24 alkyl group and wherein R
is hydrogen or nethyl; and (b) a m)norrer sel ected fromthe group consisting
of: (i) a vinyl g i H Q i~-0 CHR= 0 C Rl wherein
R, conprises an Qiéﬁ%&gc%%lﬁﬂgeh%{agﬁomié 0?181;“ 1 to 18 carbon atomns; and;

(ii) an ol efi n havé#)ngsawrated cabary eger FRIoMEY RiRcted fraay atjepst Rie comppuRTeRsspted by

I ndependent |y be hydtQ0@/ b a@nsaralcmmuh@f\ﬂnngwarhggaéﬁzaqo@a%a{;a{smne&tamss@m or
substituted aryl group, provid R, and R2 are not rogen; i'n a
reactor, conprisi Agd P@t&ét’ffeﬁ@?"é'a% ﬂ’hlﬂi%w‘r% %’d“%‘di“%wf“‘e!:!lpé"c grobels hexingiany i ny |
ester or olefin HENQERLbANMUMBE ofeBserbeu Bto 2, shit @saluAll 6@box} et hathPhe and
in the further presence of 200 to 10,000 parts per mllion by weight of

t he copol yneri zi né°’ﬁ’ﬂﬁomers and peroxide of water. 2. The process of claim
| wherein said water is present in an anount of from 500 to 5,000 parts

per mllion. -1 SEP 2003 :
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wherein R’ is selected from the group consisting of hydrogen and COOR and whereinR is a
C, to Cy, alkyl group and wherein R is hydrogen or methy}; and
(b) 2 monomer selected from the group consisting of:

(i) a vinyl ester having the formula:

H
I

CH2— C\ //)
O—C—R,
whcrem R, comprises an alkyl group containing from 1 to 18 carbon atoms; and;
(3i) an olefin having the formula
2
Ry
wherein R, and R, can independently be hydrogen, an alkyl having from 1 t0 28
carbon atoms, or a substituted aryl group, provided both R, and R, are not hydrogen;
in a reactor, comprising reacting said unsaturated carboxy ester with said vinyl ester or olefin
monomer in the presence of a free radical initiator, and in the further presence of 200 to

10,000 parts per million by weight of the copolymerizing monomers and peroxide of water.

2. The process of claim 1 wherein said water is present in an amount of from 500 to 5,000 paris

per million.



-26 The process of claim2 wherein said water- is present at |ess than
3,000 parts per mllion. 4. The process of claim1l wherein said wate tPS

i ntroduced by neans selected fromthe group consisting of: a separ‘a{g 2003
feedstream inclusion with one or nore of said nonomers; where a solvent is
enpl oyed in said process, with said s2fi-vent; with said free radical
initiator; or generated in situ. 5. The process of claiml1l wherein the
nolar ratio of nonomer (b) to nmononer (a) is from0.5to 5.0. 6. The -
process of claim5 wherein said nolar ratiois fromO0.75 to 1.5. 7. The
process of claiml| carried out in the substantial absence of a solvent or
di l uent. 8.3.The pmep@&ss dbtlaid Awiereln Lampieeisl prewtt ai lasssioh 8.000mrorer mhigmei n sai d
nmononers are suspended or partially dissolved in a diluent. 9. The process
of claiml|l wherein at |least a portion of said water is added as an

i ndependent 4. f eed®dt peay of tBim Miyeerqir Bideaisr ipfnvedveddipy heqrs extesied fremitd ewap er i s
added by means. Of;,a; 50 fCiepfiic HrdHERL ind ASIUAK BEE or BoRIPURIRNGROCA pLEYC! Of
water. 11. The process’ of cPal m 9 "wherein said water is added at a

predet er mi ned r atselveluisiemgjoet i seié proeses, witt said solven Wb e ARl IR @act i on.

12. The process Cﬁfene% i;Miyd Wherein the tenperature during copol ynerizaton
is fromabout 5 t'0 about ]80C. 13. The process of claim 12 wherein said
tenperature is from124 Cto 160 C. 14. The process of claim| where said
free radicak, i ni thapEesd & cleil \agRh (Rl mokdn ra0y ematinbme @) cemonoaitri (O1is frdoe&e@ on
the total weight of said nononmers added to the reactor of from0.01 to 2.0
wei ght percent. 5. The process of claim14 in which said overall anopunt
of said free radical initiator is added to said reactor in nore than one
fractional gortiog, el S Bin?9Rreirddid hler T6s RERO8S® 161 €l ai m 15 wher ei n
said free radical thitrator 1s added to said reactor in fewer than eight
portions. 17. The process of claim1 wherein said free radical initiator is
added to said reaﬁre(afocésfbf@aiﬁﬂ@ﬁfedi&hinaﬂlrlsybs(mlmibmme&lﬂammeq?dmnla

predeterm ned rate. 18. The process of claim1l wherein said free radi cal
initiator is selected fromthe group consisting of tert-butyl peroctoate,
di benzoyl pék oxi denegrdesagf@laimn] ¢aiTigg OF & SOIFHRD %beé’é%%"ddW"&’P%{f‘iﬁeflsf\X)?Fé? 8in said
reaction is carrigdi.filis@ledis £8fmeHe of from 100 to 400 kPa. 20. The process
of claim 19 wherein said pressure is fromabout 184 to 274 kPa.

"‘ 9. The process of claim 1 wherein at least a portion of said water is added as an independent
feedstream.
10. 'i'hc process of claim 1 wherein said water is added by means of a solvent or diluent including

a predetermined level of water.

11. The process of claim 9 wherein said water is added at a predetermined rate during the course

of said copolymerization reaction.

12. The process of claim 1 wherein the temperature during copolymerizaton is from about 5 to

about 180 °C.

13. The process of claim 12 wherein said temperature is from 124 °C 10 160 °C.

14. The process of claim 1 where said free radical initiator is employed at an overall concentration

based on the total weight of said monomers added to the reactor of from 0.01 to 2.0 weight

percent.

15 The process of claim 14 in which said overall amount of said free radical initiator is added 10

said reactor in more than one fractional portion.



21. The process of claim 18 wherein said catal yst conprises t-butyl
peroctoate, and wherein said copolynerization is conducted in the absence
of a solvent. 22. The process of claim 21 wherein the tenperature dwggé@
copol ynerization is from1l5 to 180 C, and 2,500 parts per mllion of @r
are added as a separate feedstreamto2&aid reactor prior to the start of
sai d copol yneri zati on and wherein nononer (a) is dialkyl fumarate and
nmononer (b) is vinyl acetate. 23. The process of clain8 mherein said
solvent or diluent is selected fromthe group consistin drocarbon
li quids and bf-eagilhomiecets@beipimadvhgein faisi ftrs raing! Epriasr & dded °éél§i“ LIPS |y
liquid -at the tepReEgkyYs8ssand pressures at which said copol ynerization
process is conducted. 24. The process of claim1, or clain& wherein said
copol ynmeri zation is conducted in the presence of at |east one chain
transfer aggnt. 25heJ&Qs&ﬁaﬁeSBMﬁthﬁaﬁaﬂmmmEmémaﬁsahdhmawewﬂm§“generated

in situ fromthe s bsta tial t qsten;flcatlon of an unsaturat ed
car boxylic acid of”éﬁﬂ?g¥?ﬁam%?"mng¥q PredST oY RS

es er eof .
18 The process of claim | wherein said free radical initiator is selected from the group consisting

of tert-butyl peroctoate, dibenzoyl peroxide and azo initiators.

19 The process of claim 1 wherein said reaction is carried out at pressure of from 100 t0 400 !Q’a.
20. The process of claim 19 wherein said pressure is from about 184 to 274 kPa.
21. The process of claim 18 wherein said catalyst comprises t-butyl peroctoate, and wherein said

copolymerization is conducted in the absence of a solvent.

22. The process of claim il wherein the temperature during copolymerization is from 15 to 180
°C, and 2,500 parts per million of water are added as a separate feedstream to said reactor
prior to the start of said copolymerization and wherein monomer (a) is dialkyl fumarate and

monomer (b) is vinyl acetate.

23 The process of claim8 "wherein said solvent or diluent is selected from the group consisting of
hydrocarbon liquids and oleaginous lubricating fluids which are at least partially liquid at the

temperatures and pressures at which said copolymerization process is conducted.

24 The process of claim } or claim8 wherein said copolymerization is conducted in the presence

of at least one chain transfer agent.

25. The process of claim4 wherein said water is generated in situ from the substzntially complete

esterification of an unsaturated carboxylic acid or anhydride or partial ester thereof.



