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IMPROVED PROCESS FOR PRODUCING
FREE RADICAL POLYMERIZED COPOLYMERS

FIELD OF THE INVENTION

The present invention relates to processes for the copolymerization of
a diester and an unsaturated polycarboxylic acid ester in the presence of a-

- peroxide catalyst. In particular, the present invention relates to the

copolymerization of vinyl acetate and specific diesters, for example, dialkyl
fumarate-vinyl acetate copolymers (FVA copolymers). FVA copolymers are
particularly useful as lube oil flow improvers (LOFIs) or pour point
depressants in lubricating oils as well as wax crystal modifiers for fuels and:
middle distillates.

BACKGROUND OF THE INVENﬂON

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. "
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 -
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
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
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as wax crystal modifiers, such as cloud point depressants for diesel fuels, and
as flow improvers for middle distillates and heayy fuels.

Cashman et al, U.S. Pat. No. 2,825,717, |discloses that these additives
can be produced by the copolymerization of certain polycarboxylic acid
esters, and most particularly fumaric acid dies rs and maleic acid diesters,

‘with other polymerizable materials, such as vinyl compounds, and most

particularly vinyl acetate, in the presence of a pgroxide catalyst, in an alkaline
medium. The processes disclosed in Cashman et al include both bulk
polymerization and solution polymerization prodesses in which the reaction is
run at temperatures of up to 250° F., but preferably between about 100° and
200° F., and in the presence of an alkaline med um. An alkaline medium is
essential to the Cashman et al process apparently in order to neutralize the
residual acid in the first step of the Cashman et|al process in which the |
fumarate is prepared. Commercial processes for the production of these
additives are often conducted in the presence ot a solvent, such as heptane,

hexane or cyclohexane '

Tutwiler et'al, U.S. Pat. No. 2,93'6.,300, discloses processes for the
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 fun at temperatures of from
50° to 125° C. (122° to 257° F.). Also, Young et al, U.S. Pat. No. 3,507,908,
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
in order to terminate these free radical catalytic eactions 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.
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Other patents have discussed bulk polymerization processes of
various kinds. These include Voss et al, U.S. Pat. No. 2,200,437, in which
vinyl esters of organic acids, including vinyl acetate, are polymerized in the
presence of peroxides of the fatty acids containing at least 16 carbon atoms,
with the-patentee contending that they unexpectedly discovered that by using
such catalysts higher molecular weight polymerization products can be

‘produced, specifically compared to the use of catalysts such as dibenzoyl

peroxide and the like. in particular, in example 4 of this patent the vinyl
acetate is copolymerized with maleic acid dimethyl ester with oleic acid
peroxide at 80° C. (176° F.). This disclosure does not mention, however, the
fumarates as a candidate for any of the copolymerization reactions thereof.
The maleic acid esters of Voss et al are not, however, nearly as effective as
pour point depressants as are the fumarate copolymers of the present
invention. Trulacs et al, U.S. Pat. No. 4,220,744, discloses other bulk-
polymerization processes, in this case employing acrylic monomers and minor
quantities of alpha, beta-unsaturated monomers therewith.

U.S.-A-4,772,674 (C.K. Shih, et al.), the disclosure of which is
incorporated herein by reference, discloses a solventless process for
producing dialkyl fumarate-vinyl acetate copolymers using a peroxide -
catalyst; the copolymers are disclosed as being useful as lubricating oil and
fuel oil additives. '

In copending U.S. Serial No. 08/771791 (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
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
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improve low temperature properties of formula
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d oils comprising an

alkylene/alkylene viscosity index copolymer and to perform particularly well in

catalytic and isodewaxed basestocks at comp
expected to perform well in other lubricant and

titive treat rates and are
fuel applications, including

power transmission fluids, gear oils, tractor hydraulic fiuids (THF). However,

improvements obtained by employing, in partic
temperatures to increase the molecular weight

ular, iower reaction
of the copolymer tend to

increase the viscosity of the reaction mixture, making it more difficult to mix

and pump the copolymer. Furthermore use ofa lower reaction temperature

can also reduce the reactlon rate.

Other patents disclose copolymerization of the class of copolymers of

interest'i'n the present invention, but each of th

se is directed to the specific

nature of the copolymer components or their precursors in order to achieve:a

particular improVement in performance Included in this group of disclosures

is US-A-2618602 (Bartlett) US—A—4088589 (R
(Wyman), S-A-4713088 (Tack), S-A-466114
(Lewtas)

ssi et al.), US-A-3250716
4 (Lewtas) and US-A-4661122 -

Copolymers of dlalkyl fumarate-vmyl acetate in which a large

proportuon of the alkyl groups are C.‘,u to C.‘,4 alk
function as dewaxmg aids, see e. g U. S pater

yl groups are also known to
ts 4,670,130 and 4,956,492

.T'he search has therefore continued for rhprovements to commercially

acoeptable processes for copotymenzatnon of myl acetate and fumaric acid

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

be conducted in either the presence or absenc

SUMMARY OF THE INVENTION

of a solvent medium.

A process comprising the copolymerizatjon of: .
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(a) unsaturated carboxy ester monomer selected from at least one
compound represented by formulas (1) or (II), said compound formed
via the esterification of an unsaturated carboxylic acid or its
corresponding anhydride with one or more monchydric alipﬁatic
-alcohols having an average carbon number of between about 6 to 24,
said unsaturated carboxy ester having the formuia:

Il
2 /(ll—OR H_ R
C= . C=C

Rl/ Ru R'/ \C_.OR
o (i)

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
(b) a monomer selected from the group consisting of:
(i) a vinyl ester having the formula:
I‘{'
CH,=C_ ple
O—C—R; .
wherein R, comprisés an alkyl group containing from 1 to 18
* carbon atoms; and; ' '
- (i) an olefin having the formula
Nk
"Ry
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;
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in a reactor, comprising reacting said unsaturate_d carboxy ester with

said vinyl ester or olefin monomer in the .

presence of a peroxide

~ catalyst, and in the further presence of water.

can be practiced in solution, in bulk, and at low
introduction of a controlled concentration of wat

The process of_ the present invention is particularly versatile in that it .

br high temperatures. The
br into the reaction mass

results in increased molecular Weight of the cop!

lymer produced and permits

flexibility in the choice of reaction conditions, in¢luding, for example, the use

of increased temperatures to reduce the viscosily of the reaction mass and

improve mixing, reaction rate and conversion. Additionally, the advance

claimed herein permits the use of diluents such
previously been observed to have a depressing
the copolymer.

DETAILED DESCRIPTION

 The rhonomers which are to be copolym

as mineral oil, which have
affect on molecular weight of

rized in accordance with the

present invention have a general formulas as follows:

(a) at 'Ieast one unsaturated carboky ester monomer selected

from compounds represented by formulas (1) or(11), 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 -

carbon nhumber of between about 6 to 24, said

having the formula:
i
H\C_ ,—OR H |
R'/ \R” RI/

(1

nsaturated carboxy ester

R"

N

“c—OR

(I
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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 ' '
(b) a monomer selected from the group consisting.of
(i) a vinyl ester having the formula: -

H
]

CH;=C 0

\0— C— .Rl:
wherein R, comprises an alkyl group containing from 1 to 18 carbon atoms;
and '
(i) an olefin having the formula-
M
Ry

wherein R, and R, can independently be hydrogen, an alkyl having from 1 to
28 carbon a'toms,' or a substituted aryl group, provided both R, and R, are not
hydrogen | |

As noted, the diesters can be prepared by an esterification reaction
between unsaturated polycarboxylic acids or theif corresponding anhydrides
aé is well known in the art, and as for éxample is specifically d_isclo_sed
beginning at column 2, line 35 of Cashman et al, U.S. Pat. No. 2,825,717,

More specifically, primary alcohols used for esterification are preferred

over secondary and tertiary alcohols, although secondary alcohols are
sometimes suitable. The alcohols are préfe_rably saturated, although some
degree of unsafuration is perrhi_ssible when mixtures of alcohols are
empldyed. Stréight chain or lightly branched alcohols are preferred over
highly branched alcohols. Provided thét the average carbon number of the
alcohol meets the foliowing criteria, one or more aicohols. ie.,a mixture of
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ent hydrocarbon content to

insure solubility of the final copolymer products in the oil or-fuel products in
which the copolymer is used. In.the case of oils, the alcohol or mixture of

alcohols should have, on average, at least abaut 7.5 carbon atoms per
molecule; alternatively, at least about 6, preferably at least about 7, more
preferably at least about 7.5, most preferably dt least about 8 carbon atoms

per molecule. It is desirable to select the alcohol(s) in preparing the esters so

that the final copolymer product will perform optimally in the end-use

composition for which it is intended, e.g., a fuel or a lubricant. it will be

appreciated that differences in the selection ofjthe basestock can have a

significant affect on the choice of copolymer product, e.g., use ofa

- catalytically dewaxed basestock may require

re careful selection of the

copolymer characteristics in order to achieve acceptable performance.

Suitable alcohols include a broad spectrum of

Ilcohols such as methyl, ethyl,

propyl, butyl pentyl hexyl, octyl |sooctyl 2-ethylhexyl, nonyl, 2,2,4,4-
tetramethylamyl, decyl dodecyl, tetradecyl heb(adecyl octadecyl cetyl,

lauryl, and stearyl alcohols.  Mixtures of these

can be used so long as the

components of the mixture are edjusted so thIthe average number of

. carbon atoms of the mixture is between 6 and

and 22; most preferably between 8 and about
10 and about 18. Altematlvely, useful product

alcohols, for example, those having 8 or 22 ca

In the above formulas | and 11, when R”

bout 24;_ preferably between 7
20; for ex'am'ple, between about
can be prepared utilizing single

rbon atoms.

is selected from hydrogen or

methyl includes _methacryjate_ monomers; when the cis- form of the ester

monomer is employed, maleate monomers are included. Consequently,

useful monomers described above-include fu arates, acrylates,

methacrylates, maleates and msxtures thereof| Based on the nature of the

copolymer Whlch is desired as a commercially attraotlve product, at Ieast one

unsaturated carboxy ester monomer of type (

polymerization process.

) above will be used in the
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While various second monomers can be selected from the generic
formula represented as component (b)(i) or (b)(ii), above, the preferred
embodiment contemplates the use of vinyl compounds, particularly vinyt
esters and their substitution products. Vinyl fatty acid esters are particularly
useful, such as vinyl acetate, vinyl propionate, vinyl butyrate, vinyl laurate,
vinyl stearate and the like. Mixtures.of such vinyl esters méy be used in place
of relatively pure vinyl ester. Vinyl acetate is particularly preferred.

Water is preferably introduced so that the copolymerization occurs in.
the presence of water. Usefully, the amouht of water is from about 200 to
about 10,000 parts per million (ppm) by weight of the copolymerizing:
mon'omers and peroxide; broadiy, _fr_om about 500 to about 10,000 ppm;
preferably frorh about 500 to about 5,000 pprh; more'preferably from about
750 to abbut 4,000 ppm. In order td avoid corrosion problems in the system,
it is advantageous 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.

Various methods of introducing water into the process are
contemplated by the invention. For example, water can bé introduced by
means selected from the group consisting of a separate feedstream; or
included with one or more of: (a) the mbnomers to be copolymerized; (b) the
solvent, where a solvent is employed in the process; or (c) with the catalyst;
or combinations of such alternatives. |

- Wéter can also be present during the polymeriiation asa
conse_duence of its formation during an esterification reaction based on the
use of a partially esterified unsaturated carboxy ester monomer which
esterification is brought to further completion in the polymerization reactor,
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reaction illustrates such an

alternative process feature:
0 o]
g I
H —OH H = ,C—OR
/c= 4 + 2ROH —* ,C=C + 2H0
HO—EI: H Ro—ﬁ H :
o] o]

~ In view of the specific amount of water jer_\erated in such a reaction,

the oonoentration of water introduced into the
step can be readlly estabhshed and controlled

unsaturated carboxylic acid or its correspondrn

ubsequent oopolymerization
by the concentration of the

anhydride, or the partial ester

thereof and knowledge of the extent to which e reaction goes to oompletron

under the process conditions employed Addlt

mixture If such a process feature is used itis

onally water mtroduced in

_ 'such a manner would be ideally drstrlbuted |n the co_polymenzation reaction

preferred that the esterification

reaction be carried to substantial completron pnror to the mtroductlon of the

seoond monomer, e.g., vr_nyl acetate, in order
reactions or by-products. Simiiarly, it: is also pr
reaction be substantially completed before int
under temperature conditions best suited for it
convenience \nrill determine how one skilled in
copolymerrzatlon arts chooses to malntam ac
water in order to realize the process advantag

The copolymerization is carried out in th
catalyst. The peroxide catalysts which can be
invention must remain active for reasonable ti

D av0|d undeslrable srde

sferred that the esterrf catlon
duclng the free radical initiator
use. Issues of control and
e enginee.ring'and
ntrollable and useful level of
S descnbed herein.

' pre_sence of a peroxide
mployed in the process of this
e 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°
will not rernain effective at such conditions. Mg
this quality is the "half-life" of these peroxides,

F.),_ and many of the peroxides

yre specifically, a measure of

namely the time required at a
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-specified temperature to effect a loss of one-half of the peroxide's active

oxygen content. Since the process of the present invention can be carried
out at lower as well as elevated temperatures, a wider variety of peroxide
catalysts are suitable. At higher temperatures of copolymerization, the
peroxide catalysts to be used should have a haif-life of at ieast about 5
minutes at 100°C (212° F.), and preferably at least about 10 minutes at 100°C
(212° F.). Such peroxides include the dibenzoyl peroxides, acety! peroxide, {-
butyl hydroperoxide, t-butyl perbenzoate, etc.; dibenzoyl peroxidés- is a

preferred catalyst, and t-butyl peroctoate is particularly preferred. Dibenzoyl
‘peroxide sold commercially as LUCIDOL-70; for example, has a half-life of
‘about 20 minutes at 100°C (212° F.). Azo free radical initiators are also

useful in the present process. Examples of azo initiators are 2,2"-azobis(2,4-
dimethyipentanenitrile), sold commercially as Vazo® 52; 2,2-azobis(2-

‘methylpropanenitrile), sold commercially as Vazo® 64; and 2,2’-azobis(2-
'methylbutanenitrile), sold commercially as Vazo® 67. Useful concentrations: of
the peroxide or azo initiator are determined, in part, by the molecular weight

~ of the copolymer to be produced. Whereas higher concentrations of initiator

can drive conversion to higher levels (provided that the heat of polymerization
is effectively removed in order to control reaction temperature), direCﬁonaIIy, .
the higher the concentration of the initiator, the lower the molecular weight of
the copolymer. However, 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;
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.

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
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ion.. In.contrast, in a solution
nonreactive, fluid is added to

serve as the diluent or carrier for the monomers and for the resulting

polymerization process, a separate, essential

copolymer. The bulk copolymerization processes are thus defined as being
carried out in the substantial absence of a solvent. The phrase “substantial
absence of a solvent” is meant to be specifically contrasted to commercial

processes which employ. solvent systems such as cyclohexane, generally in
amounts of about 27% of the weight of dialkyl
described in Cashman et al., (column 4, lines $1-61), other solvents can

marate used therein. As

include, for example, naphtha, lubricating oil f ctions, white oils, benzene,
toluene, heptane and other petroleum hydrocarbons which are inert and liquid
under the conditions of the process, as well as esters, ethers and chlorinated
solvents such as chloroform, carbon tetrachlorjde, etc. Generally, when
solution polymerization is used, 'the monomer concentration in the diluent
ranges from about- 30 to about 99% by we:ght based on the weight of the

total mixture. When polymenzatlon is conductpd in the presence of a solvent

'such cyclohexane these solvents are typically| used in amounts suffi cnent 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
provision needs also to be made for solvent recycle during as part of a
solution process and for removal of solvent from the final copolymer product.

When peroxnde catalysts are employed in the form of a powder, such
as LUCIDOL-70 dibenzoyl, a small catalyst-flu d|zmg amount, generally about
1 to 2% by weight, based on the weight of dialky! 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 ¢f a hydrocarbon oil. The small
amount of hydrocarbon oil which is primarily agting as a carrier for the
on-volatile under reaction
conditions, and typically remains dispersed in the final copolymer product.
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More specifically, these hydrocarbons will preferably have a boiling point
which is at least 20° C above the maximum reaction temperature encountered
during the copolymerization process of this invention. Hydrocarbon oil
conventionally employed as a base oil in lubricating oil formulations can be
employed as a peroxide carrier. With peroxide catalysts in liquid form, such.
as the preferred t-butyl peroctoate, it is not necessary to combine the catalyst
with any hydrocarbon or the like in order to render it easily deliverable to the
reactor. Furthermore, it is possible, but somewhat more difficult, to deliver the

- peroxide catalyst in the form of a powder to the reactor without the assistance

of a non-volatile hydrocarbon oil.

If the copolymerization-process is carried out in a diluent or solvent, an
oil can also be used for this purpose; such oils typically have the
characteristics noted above and, preferably, oil of the type to be used as the
basestock in which the copolymer is included as a component. In the prior art

- processes for forming the copolymers of the present 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

poiymerization, such as by causing a reduction in the molecular weighf of the

- 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 include both mineral and synthetic oils,
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 arf processes.
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
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lene, cumene, tetralin,

methylnaphthalene, durene, isodurene, propylbenzene, cymene,
diphenylmethane, 1,2-diphenylethane, etc. Without wishing to be bound by
theory, it is believed that molecular weight reduction occurs as a
consequence of chain transfer caused by the presence of heteroatoms and

aromatic compounds during copolymerization

The free radical initiator, e.g., the azo or peroxide compound, can be
added either continuously (which may be more appropriate in the solvated
process) or added in several discrete additions (particularly in the bulk or -
unsolvated process). Discrete additions of a portion of the overall amount of

_ initiator intended to be used are helpful in mogderating the exotherms

generated in the absence of solvent. For example, in a batch process the
initiator can.be added in two stages to control the exotherm resulting from the
peroxide addition and, furthermore, in order tg 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, eéch representing a
fraction of the amount intended to be-added in the second step. For example,
e first four adding about 5-15%
and each of the final two at about 30%.. Usefyl 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
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 apout 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
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
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reaction temperature to increase. In accordance with the present invention,
the reaction temperature is permitted to increase to a temperature of above
about 124 °C (255° F.) and below about 160°C (320° F.), most preferably
between about 135 ° to 146 °C (about 275° to 295° F). Since the reaction is
conducted at elevated temperature; it is necessary to maintain the reaction
vessel under pressure, primarily to prevent the loss of vinyl acetate therefrom.
Generally pressures of between about 100 to 400 kPa; preferably 184 and:

274 kPa (about 12 and 25 psig); and most preferably about 219 and 247 kPa

(about 17 and 21 psig), can be used, with or without reflux.

The molar ratio of the comonomers, e.g., vinyl acetate to fumaric acid
diester (dialkyl fumarate) should be controlled to achieve the desired
molecular weight of copolymer and also considering whether or not the
copolymerization is carried out in the presence or absence of a diluent and
the polymerization temperature range employed. Generally, the process is
capable of being employed over a broad range of 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;

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. It is reported that under bulk
copolymerization conditions and at molar ratios of viny! acetate to dialky!
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.
That is, the polymer molecular structure of the product will be such that it will
form a long-lasting emulsion in oil or fuel in the presence of water, a resuit
which is highly undesirable in connection with the use of these products. The
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. product produced in accordance with the pres
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ent invention, however, has a

very significant demulsibility, and will thus meet the demulsibility specification

according to ASTM D-1401. .

In accordance with the present process; the reaction is maintained at

the required temperature, and pfeferably from

135 ° to 146 °C (275° to 295°

F.), for a period of one to ten hours; preferablyl:etween two and eight hours;

most preferably between three and seven hou
vary inversely with the temperature employed.
to quench the reaction itself, particuiarly when
conducted at elevated temperatures, since the

reaction time will generally
Generally, it is not necessary
the copolymerization is
free radical initiator, e.g., the

azo or peroxide catalyst decomposes, and the reaction is terminated. Any

unreacted vinyl acetate can be removed from |

. therefrom in a conventional manner and the

The process of the present invention is

copolymers, e.g., fumarate vinyl acetate copol

the reactor and recycled and

... residual vinyl acetate present in the reaction :([oduc,t can be stripped
- 156

polymer product recovered. -

capable of producing -
ymer, over a wide range of

'molecular weights. In particular, lower molecul

produced having number average -molecular
5,000 and 50,000. Alternatively, the process

molecular weight copolymers, for example tho

molecular weights of between about 50,000 ar

Mn between 5,000 and 25,000; and copolyme

- and 60,000. By "number average molecular

weight as determined by Gel Permeation Chr

polystyrene standard.

r weight copolymers can be

eights (Mn) of between about

an be used to produce high

e having humber average .

d 100,000. Useful copolymers

; including copolymers having
having Mn between 35,000

eight” is meant such molecular

matography, calibrated with a

The copolymers of the present invention[, can be characterized by their
!

specific viscosity, defined below. Useful copo

specific viscosities in the range of between ab;

mers are produced having
but 0.15 to 3.5; additionally,
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copolymers having viscosities of from about 0.2 to 1.0; also copolymers:
having viscosities of from about 0.25.to 0.70. As reported herein, specific
viscosity of the copolymer is determined in accordance with the following

-equation:

Specific Viscosity = (K-vis of Solution/K-vis of Solvent) - 1

wherein “K-vis of Solution” is the kinematic viscosity at 40°C of a 2.0
mass/volume percent solution of the polymer (active ingredient, or a.i., basis)
in commercially available toluene as the solvent, using Ubbelohde-type
viscometers with a viscometer constant of about 0.004 cSt/second; “K-vis of
Solvent” is the corresponding kinematic viscosity of the solvent alone at the -

- same temperature. All specific viscosities reported herein are determined by

the above method.

- 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
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
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
brocess- equipment, e.g., reduced pump-out viscosity. .

(3)  Copolymerization can be conducted directly in a mineral or
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
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- hydrogen and/or heteroatoms. - Avoida

.diluent or solvent for the polymerization
process component as well as the nee
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ce of a purified solvent as the
eliminates the need for such a
to strip and purify the solvent

for recycling. In addition, it is not necessary to carry out the additional

process step of dissolving the resulting
.sale or use; ' '
(4) The use of water permits the us

monomers in the polymerization reactor.

polymer molecular weight is directly pro
concentration. Use of an-excess of at |

the present process, e.g., fumarate-viny

polymer in a basestock for

of lower concentrations of
In free radical polymerization,
ortional to monomer
ast one of the monomers in -
| acetate copolymerization, can

increase the copolymer molecular weiglEt. However, the excess

" monomer(s) not incorporated in the cop

lymer must be stripped,

purified and recovered or recycled which incurs additional expense.

Use of water, with its resulting effect of |

ncreasing copolymer molecular

weight permits lower monomer concentrations to be used to achieve

the target molecular weight; and

monomers can potentially be used, with

(5) Higher concentration of the free radical initiator relative to the

resulting benefits in pfocess

efficiency, while still achieving the desired level of copolymer molecuiar

weight.

Examples

In the examples which follow, copolyme

ization reactions were carried

out in 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
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 a

d 0.26 g (0.0012 moie) 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 156 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 rubbér 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 monorher
from the copolymer.




Tabl_e_ 1

' Specific viscosity in toluene at 2%

2 Measured using gel'permeation chromatography (GPC) .
* Contains 15 wt.% diluent oil | |

** Corrected for diluent oil

Reaction | VAIDAF | Active | Kinematic _ . _ g
Water | Temp. (mole | Ingredient | Viscosity ~ | Specific ~ Molecular Weight - b
Example | (ppm) | (°C) “ratio) (wt. %) | 100C° (cSt) | Viscosity! | - Mn Mw  MwMn Comments 8
1 0 100 1.0 96.8 1,740 044 | 26,700 | 76,400 2.9 =
2 5,000 | . 100 1.0. 96.0 " 5,760; 6,170 | 0.81;0.82.| 46,600 | 194,500 41
3 0 100 1.0 96.0. | - 0.53 .| 33,000 |- 95,400 2.9
4 5,000 100 1.0 96.5 . 5,920 0.79 | 48,300 |.170,600 35 :
5 - 100 - 97.4. © 2,921 -0.52 33,600 | 97,100 29 Post polymerization
' ' - ' . water treatment
N S (5,000 ppm)
- 6 0 100 1.0 90.2 1,610; 1650 - - | 26,000 | 79,400 31
7 5,000 100 0.8 94.2 2,710 . 0.54 30,700 | 94,700 | 3.1
8 0 100 1.0 89.0 1,389 0.36 22,300 | 52,400 24 15% CeHy,
9 5,000 100 1.0 96.7 2,400 053 | 28,500 | 77,800 2.7 _15% CgH,, »
10 0 90 1.0 80.3 530" 037 | 25,500 | 60,400 24 15% Blandol 85
(94.5)** N '
11 5,000 100 1.0 82.7 2,015* 0.52 31,700 | 91,200 29 15% Blandol 85
(97.3)* : . -
12 0 90 1.0 56.2 1407 037 _| 16,500 | 40,900 | 2.5 | 15% Solvent Neutral
(66.1)** 1 | 150 .
13 5,000 | 100 1.0 744 558" 037 | 22600 | 51,200 | 2.3 | 15% Solvent Neutral
(87.5)™ - . 150
14 0 105 0.825 84.8 570 - 16,700 | 40,300 2.4
15 2,500 105 0.825 82.5 . 830 - 21,000 | 58,600 2.8

12210/0033/1.2d
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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
85,400 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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presence of water, but at a reduced vinyl aoetate—furTarate ratio (i.e., Example 7)

were greater than those of a copolymer polymerized
Example 6). :

Examples 8 and 9 demonstrate that water can
means to offset the molecular weight effect of condu
diluent. Conducting the polymerization in the presen,

in the absence of water (i.e.,

be used as a process control

ing the polymerization in a
of a diluent decreases the

molecular weight of the resulting copolymer. This is demonstrated by comparing the

molecular weight of the copolymer from Example 8 (M, = 22,300, M,, = 52,400),
which was carried out in 16% cyclohexane, with Examples 1, 3, and 6 (M, = 26,000

33,000, M,, = 76,400-95,400), which were polymeriz

in the substantial absence of -

adiluent. Example 9 utilized both 15% cyclohexane jand the addition of 5,000 ppm

water with a resulting increase in number-average molecular weight to 28,500 and

weight-average moleculaf weight to 77,800; levels si
absence of a diluent (Examples 1, 3 and 6).

Examples 10 and 11 demonstrate that water g

itar to those obtained in the -

an also be used to offset the -

effect of a higher polymerization temperature, even

hen the polymerization is

conducted in a diluent such as a refined mineral oil (i.e., Blandol® 85).

Polymerization at an elevated temperature tends to decrease the molecular weight

of the resulting copolymer. The copolymer of Example 10 was prepared at 90 °Cin

15% Blandol® 85. The number-average molecular wi

25,'500 and its weight-average molecular weight was

ight of the copolymer was
60,400. The copolymerization

of Example 11 was conducted at 100 °C. Even thoutfh the copolymer of Example 11

was prepared at an elevated temperature, the additi
increased its number-average molecular weight to 31
molecular weight to 91,200, both of which are higher
lower temperature (i.e., Example 10).

n of 5,000 ppm of water
,700 and its weight-average
than those obtained at the
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Examples 12 and 13 demonstrate that water can be used as a process
control variable to offset the effect of a higher polymerization temperature even
when the process is carried out in the presence of a diluent such as mineral oil. As
noted earlier, polymerization at an elevated temperature tends to decrease the
molecular weight of the copolymer. The polymerizafion of Example 12 was
conducted at a temperature of 90 °C in 15% Solvent Neutral 150. The number-
average molecular weight of the resulting copolymer was 16,500 and its weight- -
average molecular weight was 40,900. The copolymer of Example 13 was prepared
in Solvent Neutral 150, but at a higher temperature, 100 °C, and in the presence of
water. Even though the copolymer 'of Example 13 was prepared at an elevated -
temperature (and also in the presence of the same diluent), the addition of 5,000
ppm of water resulted in a copo'!ymer with an increased number-average molecular
weight, 22,600, and weight-average molecular weight, 51,200, compared to the
copolymer of Example 12.

Examples 14 and 15 demonstrate that the effect of water is still operative
under conditions of both an elevated temperature and a reduced vinyl
acetate:fumarate ratic. Example 14 was prepared at 105 °C and a vinyl
acetate:fumarate ratio of 0.825. The resulting copolymer had a number-average:
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.

The data clearly demonstrate the advantage of including water at controlied -
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
of the principles and applications of the present invention. It is therefore to be
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understood that numerous modifications may be made to the illustrative .
embodiments and that other arrangements may be dIvised without departing from

the spirit and scope of the présent invention as defined by the appended claims.
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What is claimed is: o /[*II/I!////IL// II!// /lll/I // /I’/ .

1. A process comprising the copolymerization of:
(a) urisaturated carboxy: ester monomer selected from at least one
compound represented by formulas (l) or (1l), 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 carbon number of between about 6 to 24

. said unsaturated carboxy ester having the formula:

N\

c=c{ C=

R R R’ “c—OR

6

1
HC-or H R

0 | an

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 methyt; and |

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

(i) a vinyl ester having the formula:

H
i

CH,=C e
N0—C=R,

“wherein R, comprises an alkyi group containing from 1 to 18
carbon atoms; and;
(ii) an olefin having the formula

___k
'Ry

- This Sheet Has Been Replaced
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wherein R1 and R2 can mdepen
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'ntly be hydrogen, an alkyl

havmg from 1 to 28 carbon atoms, or a substituted aryl group,

provrded both R1 and R2 are not ydrogen
in a reactor, comprrsrng reac'ang said u saturated carboxy ester with

said vinyl ester or olefin monomer in th presence of a free radical

initiator, and in the further presence of ater.

The process of claim 1 wherein said w: ter is present at the start of

said copolymenzatron reaction in ana ount of from about 200 to

about 10,000 parts per million _by weig

monomers and peroxide.

selected from the group consrstrng of;
inclusion wrth one or more of said mong
employed in said prooess with said sol
initiator; or generated in srtu

of the copolymerrzung

. The proces_s of claim 2 wherein said'.wT:e_r is present in an amount of
from about 500 to about 5,000 parts per |

million.

_The process of clalm 3 wherern sald water is present at less than about

| The process of claim 1 w'herein said wlte_r is introduced by means

sepa_rate' feedstream;
mers; where a solvent is
vent; with said free radical

The process of claim 1 wherern the molar ratio of monomer (b) to

monomer (a) is from about 0 5 to about

The process of claim 6 wherein said mq
about 1.5.

50

blar ratio is from about 0.75 to

. This §

I
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The processof claim 1 carried out in the substantial absence of a

'solvent or diluent.

The process of claim 1 carried out in solution or wherein said
monomers are suspended or partially dissolved in a diluent.

The process of claim 1 wherein at least a portion of said water is
added as an independent feedstream.

The process of claim 1 wherein said water is added by means of a
solvent or diluent including a predetermined level of water.

The process of claim 10 wherein said water is added at a

‘predetermined rate during the course of said copolymerization

‘reaction.

The process of claim 1 wherein said copolymer has a specific viscosity
of from about 0.15 to about 3.5 as measured in toluene.

The process of claim 1 wherein the temperature during

copolymerizaton is from about 5 to about 180 °C.

The process of claim 14 wherein said temperature is from about 124
°C to about 160 °C.

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 about 0.01 to about 2.0 weight percent.
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The process of claim 16 in which said ¢
radical initiator is added to said reactor,

portion.

The process of daim 17 wherein said fi

said reactor in fewer than eight portions.

said reactor in a _substéritially i:o_ntinuoi

rate.

PCT/EP00/01221

sverall amount. of said free

in more than one fractional

ree radical initiator is added to

The process of claim 1 wherein said frée radical initiator is added to

Us manner ata predetefmined

The prooess of clalm 1 wherem said f
from the group con3|st|ng of tert-buty

and azo |mt|ators

ge radical initiatof is selected
erootoate, dibenzoy! peroxide

The process of dalm 1 whereln said reactlon is carried out at elevated

_ pressure

The process of clalm 21 whereln sald p
about 400 kPa.

The process _6f claim 22 wherein said :
274kPa.

The process of claim 20 wherein said ¢

ressdre is frdm about 100 to
'ressure is_ from about 184 to

atalyst comprises t-butyl

perbcioate. and wherein said copolymerization is conducted in the

absence of a solvent.

The process of claim 24 wherein the timperature during
copolymerization is from about 15 to about 180 °C, and about 2,500

parts per million of water are added as

a separate feedstream to said
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reactor prior to the start of said copolymerization of dialkyl fumarate
and vinyl acetate.

The process of claim 9 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.

The process of claim 1 or claim 9 wherein said copolymerization is
conducted in the presence of at least one chain transfer agent.

The process of claim 5 wherein said water is generated in situ from the
substantially complete esterification of an unsaturated carboxylic acid
or anhydride or partial ester thereof.
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