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57 ABSTRACT 
Maleic anhydride and polymerizable liquid 1-olefins 
having from 4 to 14 carbon atoms are copolymerized 
employing a liquid-liquid dispersion as the reaction 
mixture by use of excess liquid 1-olefin as a diluent 
and a minor amount of a copolymer of maleic anhy 
dride with an aliphatic 1-olefin having from 14 to 18 
carbon atoms as a dispersing agent, Maleic anhydride 
and a polymerization initiator becomes dispersed in 
the mixture of olefin and dispersing agent and poly 
merization takes place when the temperature is raised 
to about 80 C. with agitation. 

6 Claims, No Drawings 



Re. 28,475 

PROCESS FOR COPOLYMERIZATION OF 
MALEC ANHYDRIDE WITH 1-OLEFNS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

DESCRIPTION OF THE INVENTION 

The preparation of copolymers of maleic anhydride 
with various unsaturated monomers, particularly ethyl 
ene and styrene is well known in the art. More recently, 
copolymers of maleic anhydride with various branched 
and linear aliphatic -olefins have been prepared, some 
of which are finding uses in industry. It has been found 
however, that in the preparation of a copolymer of ma 
leic anhydride and such 1-olefins that the recovery of 
the copolymers presents some fairly difficult problems. 
The use of an excess of olefin in solution polymeriza 
tion processes so as to obtain more complete reaction 
increases the difficulty of separating the product. 
A satisfactory practice which has been used as dis 

closed for example, in U.S. Pat. 3,461,08, is to employ 
certain efficient solvents for the polymerization step, 
keeping the monomers and in some instances the poly 
mers also in solution during the polymerization, and 
then adding to the resulting solution another liquid, 
which causes precipitation of the polymer products in 
finely divided filterable solid form. The selection of the 
combination of reaction solvent and precipitating sol 
vent is critical. A very limited choice of solvent combi 
nations exists, no completely satisfactory precipitating 
agent having been found for some copolymers. Fur 
thermore, the solvents are expensive and for this reason 
must be separated and recovered. The solvent separa 
tion, polymer filtration and washing steps require bulky 
equipment and are time consuming. 

It has been found in accordance with the present in 
vention that copolymers of maleic anhydride with a va 
riety of polymerizable E-olefins having from 4 to 14 
carbon atoms can be produced in the form of disper 
sions of solid particles in excess 1-olefin as a diluent, 
provided there is employed as dispersing agent an equi 
molecular copolymer of maleic anhydride with an ali 
phatic l-olefin having from 14 to 18 carbon atoms and 
the reaction mixture is heated to the vicinity of 80 C. 
with agitation to generate a liquid-liquid dispersion as 
a polymerization reaction mixture. 

Briefly, the present invention consists of a liquid dis 
persion process for manufacturing a copolymer of ma 
leic anhydride with an aliphatic 1-olefin comprising the 
steps: 
a forming a reaction mixture by mixing together at 

least one polymerizable liquid l-olefin having from 
4 to 14 carbon atoms, a minor amount of an equi 
molecular copolymer of maleic anhydride with an 
aliphatic 1-olefin having from 14 to 18 carbon 
atoms as a dispersing agent, a polymerization initia 
tor and a quantity of maleic anhydride which is less 
than a molar equivalent of the amount of 1-olefin 
present, 

b. agitating the reaction mixture of step (a) and heat 
ing to increase the temperature to the point at 
which the reaction mixture becomes a liquid-liquid 
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2 
dispersion and the polymerization reaction is initi 
ated, 

c. continuing agitation of the reaction mixture at a 
temperature near the decomposition temperature 
of the polymerization initiator until a dispersion of 
solid copolymer particles in liquid 1-olefin is ob 
tained as a polymerization product mixture, and 

d. recovering the solid particles of product from the 
polymerization product mixture by filtration or va 
porization of the liquid 1-olefin. 

The procedure outlined above eliminates the usual 
precipitation step in solution polymerization which re 
quires costly separation of solvent and precipitant 
when recycled, yields a liquid-liquid dispersion type of 
reaction mixture which has a low viscosity and is easily 
stirred, pumped and handled and permits operation at 
higher solids content in the product mixture. This re 
sults in greater throughput capacity and lower process 
costs for equipment of a size comparable to that em 
ployed in solution polymerization. The dispersion co 
polymerization process of this invention is character 
ized by a combination of features which include the use 
of a 1-olefin comonomer as the dispersing medium, a 
unique dispersing agent and a temperature program 
which allows the dispersion to develop. The process is 
discussed in greater detail below. 

In carrying out the process there are some critical 
features which must be taken into account. One of the 
most critical features is selection of the polymeric dis 
persing agent. Only the copolymers of the maleic anhy 
dride with the higher 1-olefin appear to have good dis 
persion efficiency. Equimolecular copolymers of ma 
leic anhydride with 14 to 18 carbon 1-olefins may be 
used for the purpose, preferably at a concentration of 
to 2 weight percent. The copolymers, which may be 

made by published methods, for example the method 
of U.S. Pat. 3,560,456, are characterized in the follow 
ing discussion. 
The dispersing agents employed in the method of this 

invention are linear, low molecular weight copolymers 
of straight chain l-olefins and maleic anhydride. The 
olefin and maleic anhydride are present in a 1:1 molar 
ratio, as shown in the following structural formula. R 
represents a linear alkyl substituent, the length of 
which is determined by the choice of the olefin como 
nomer. In the tetradecene copolymer, for example, the 
R substituent is dodecyl. 

(H-CH-sh-h - 

R ot 

The copolymer dispersing agents are white solids 
with melting ranges which center from about 117 C. 
(1-octadecene copolymer) to about 129 C. ( 1. 
tetradecene copolymer). Typical physical properties 
are summarized below: 

l-tetra- 1-octa 
decene decene 

Property copolymer copolymer 

Melting range, C 124-133 115-19 
Equivalent acid value 382 32 
Specific gravity 1.036 0.973 
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-Continued 
l-tetra- l-octa 
decene decenc 

Property copolymer copolymer 

inherent viscosity (). 147 O.) 44 

* The retical values, ignoring end group effect 
True density 
"5 gfdl in methyl isobutyl ketone at 77 F 

The copolymer dispersing agents are soluble in a 
wide variety of organic solvents, as shown below. The 
solubility of these copolymers in hydrocarbon solvents 
is a unique characteristic, not shared by copolymers of 
maleic anhydride with lower 1-olefins. 

SOLUBILITY OF COPOLYMER DISPERSING 
AGENTS 

l-Octa 
decene 
copolymer 

l-tetra 
decene 
copolymer 

Chlorinated solvents: 
Carbon tetrachloride 
2-dichloroethane 

Esters: Ethylacetate 
Hydrocarbons. 

Benzene 
Ligroin 
Decalin 

Ketones: 
Acetonic 
Mcthyl isobutyl ketone 

Ethers: Bis(2-methoxyethyl)ether 

s 

Note. -S-soluhle. Y5 gf (() ml. SiS=slighly soluble: 1-5 gf (t ) ml 

In carrying on the heating program it is desirable to 
have the solid maleic anhydride entirely mixed with liq 
uid prior to raising the temperature to the melting point 
of the maleic anhydride. The temperature should be in 
creased slowly enough so that the mixing or stirring de 
vice employed in the reactor is able to maintain a con 
dition of efficient mixing during the rise in tempera 
ture. If raising the temperature to the decomposition 
temperature of the initiator is carried out too quickly, 
without efficient stirring, polymer may adhere to the 
walls of the reactor. Although the process will operate 
and a polymer dispersion does form, the solid coating 
of polymer on the wall of the reactor will necessitate a 
cleaning operation. The speed with which the tempera 
ture can be raised to the decomposition temperature of 
the initiator depends to a great extent upon the effi 
ciency of the mixing apparatus in the reactor. This is 
largely a matter of choice from among the many types 
of mixing devices which are now available. A compro 
mise will have to be reached between mixing speed, 
power consumption, residence time in the reactor and 
various cost factors. 
Selection of the polymerization initiator is made 

mainly on the basis of the decomposition temperature 
at which the compound produces free radicals. This 
temperature should be above the melting point of ma 
leic anhydride but below the softening temperature of 
the copolymer product. Peroxide initiators such as di 
tert, butyl peroxide and benzoyl peroxide and azobisi so 
butyronitrile are among those initiators which are avaii 
able commercially. 
Unlike the dispersing agents, the choice of polymer 

izable 1-olefin is not critical. Pure compounds or mix 
tures may be used in which there is a polymerizable 
vinyl group. The balance of the molecule may be 
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4 
straight chain, branched or cyclic in structure, includ 
ing vinyl aromatic monomers such as styrene. 
The polymer products obtained by the present pro 

cess may be used for all the purposes to which corre 
sponding products have been used in the past and have 
no observable deficiencies in chemical or physical 
properties. The solid particles of polymer obtained by 
this technique appear to have a very desirable physical 
structure, which render them easily handled in conven 
tional processing equipment. The operation of the pro 
cess is illustrated by the following specific examples. 

EXAMPLE 1 

To 2.5 moles of 1-hexene there is added 1.8 g. of tert 
..butyl peroctoate as a polymerization initiator and 2.8 
g. of an 1-octadecene-maleic anhydride copolymer as 
a dispersing agent and l mole of solid maleic anhy 
dride. The mixture is then heated with stirring. As the 
temperature rises above the melting point of the maleic 
anhydride (53 C.) the anhydride forms a second liquid 
phase underneath the liquid hexane. There is little ten 
dency of the two liquid phases to intermix, even with 
vigorous agitation, until the temperature reaches the 
vicinity of 80 C. and then only when the unique dis 
persing agent is present in the mixture. When the two 
liquid phases begin to intermix and form a liquid-liquid 
dispersion there is evidence that the copolymerization 
reaction has begun. With continued stirring for a suffi 
cient time period at a temperature of about 80° C. the 
polymerization procedure yields a dispersion of solid 
copolymer particles in the excess liquid 1-hexene em 
ployed as a diluent. When the polymerization reaction 
is judged to be complete, the excess olefinemployed as 
a liquid reaction diluent is separated from the polymer 
by evaporation or filtration, yielding finely divided non 
tacky, solid copolymer. 

EXAMPLE 2 

The procedure employed in this specific example is 
essentially the same as described in Example 1. The re 
action vessel is charged with 29.4 g (0.3 mole) of ma 
leic anhydride, 250 ml of 1-hexene, 2.0 g of benzoyl 
peroxide, and 2 g. of maleic anhydride-1-octadecene 
copolymer. The temperature profile from 60° C. to 90° 
C. requires one hour. The dispersion develops normally 
and the reaction is allowed to proceed at 90° C. for an 
additional 5 hours. A powdery white solid, M.P. 
l36-40°C. is isolated in 96% yield after filtration and 
drying. The copolymer has a solution viscosity of 0.10 
di.f.g. 

EXAMPLE 3 

The procedure and apparatus employed in this exam 
ple was the same as described in Example 1. The reac 
tion vessel was charged with 29.4 g (0.3 mole) of ma 
leic anhydride, 250 ml. of 1-hexene, 2.0 ml. of tert, bu 
ty peroctoate, and 2 g of maleic anhydride-1- 
tetradecene copolymer. The temperature profile from 
60-80 C. required one hour and the reaction was al 
lowed to proceed for 2 hours at 86° C. Filtration and 
drying as before gave a white solid, M.P. 42-160° C., 
in 85% yield. The copolymer had a solution viscosity of 
(). 13 d.f.g. 

EXAMPLE 4 

The procedure and apparatus employed in this exam 
ple were the same as described in Example 1. The reac 
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tion vessel was charged with 29.4 g (0.3 mole) of ma 
leic anhydride, 250 ml. of 1-decene, 2.0 ml, of tert.bu 
tyl peroctoate, and 2 g of maleic anhydride-1- 
octadecene copolymer. The temperature profile from 
60-90° C. was slower as the dispersion developed 
slowly. The resultant dispersion after filtration gave a 
white granular solid, M.P. 105-113 C. 

EXAMPLES 5 and 6 

Two batches of polymer were manufactured in a 50 
gallon pilot plant reactor using the dispersion copoly 
merization procedure. The reaction charge for the two 
batches was: 

l-hexene lbs 93 
Maleic anhydride bs 67 
Tert.butyl peroctoate CC 520 
Maleic anhydride - 1 - octadecene copolymer 
dispersant lbs 2.3 

Each batch was heated to 194 F. (90° C.), held two 
hours and cooled. The excess hexene was evaporated 
from the product using a Patterson-Kelly rotary vac 
uum dryer. Dried product was passed through a 4 inch 
screen. The quantities of products of two batches and 
their properties are tabulated below. 

PILOT PLANT SYNTHESIS OF 1 -HEXENE 
COPOLYMER 

Example 5 6 

Crude product, lbs 123 23 
Reaction yield, percent 97.0 97.O 
Dried product, lbs. 4 13 
Overall yield, percent 89.9 89.1 
Inherent viscosity, d. 1g O. 0.69 
Wolatiles, percent O.6 0.6 

We claim: 
1. A dispersion process for manufacturing a copoly 

mer of maleic anhydride with an aliphatic 1-olefin com 
prising the steps: 

a. forming a reaction mixture by mixing together at 
least one polymerizable liquid 1-olefin having from 
4 to 4 carbon atoms, a minor amount of an equi 
molecular copolymer of maleic anhydride with a 
linear aliphatic l-olefin having from 14 to 18 car 
bon atoms as a dispersing agent, a polymerization 
initiator and a quantity of maleic anhydride which 
is less than a molar equivalent of the amount of 1 
olefin present, 

b. agitating the reaction mixture of step (a) and heat 
ing to increase the temperature to the point at 
which the polymerization reaction is initiated, 

c. continuing agitation of the reaction mixture at a 
temperature near the decomposition temperature 
of the polymerization initiator until a dispersion of 
solid copolymer particles in liquid l-olefin is ob 
tained as a polymerization product mixture, and 

d. recovering the solid particles of product from the 
polymerization product mixture by filtration or 
evaporation of the liquid 1-olefin. 

2. A dispersion process for manufacturing a copoly 
mer of maleic anhydride with 1-hexene consisting es 
sentially of the steps: 
a forming a reaction mixture by mixing together - 
hexene, a minor amount, between 1 and 2 weight 
percent concentration, of an equimolar copolymer 
of maleic anhydride with a linear aliphatic -olefin 

6 
having from 14 to l8 carbon atoms as a dispersing 
agent, a polymerization initiator and a quantity of 
maleic anhydride which is less than a molar equiva 
lent of the amount of 1-hexene present, 

5 b, agitating the reaction mixture of step (a) and heat 
ing to increase the temperature to the point at 
which the polymerization reaction is initiated, 

c. continuing agitation of the reaction mixture at a 
temperature near the decomposition temperature 

1O of the polymerization initiator until a dispersion of 
solid copolymer particles in liquid 1-hexene is ob 
tained as a polymerization product mixture, and 

d. recovering the solid particles of product from the 
5 polymerization product mixture by filtration or va 

porization of the liquid 1-hexene. 
3. A dispersion process for manufacturing a copoly 

mer of maleic anhydride with 1-decene consisting es 
sentially of the steps: 

a. forming a reaction mixture by mixing together l 
decene, a minor amount, between 1 and 2 weight 
percent concentration, of an equimolecular co 
polymer of maleic anhydride with a linear aliphatic 
1-olefin having from 14 to l8 carbon atoms as a 
dispersing agent, a polymerization initiator and a 
quantity of maleic anhydride which is less than a 
molar equivalent of the amount of 1-decene pres 
ent, 

b. agitating the reaction mixture of step (a) and heat 
ing to increase the temperature to the point at 
which the polymerization reaction is initiated, 

c. continuing agitation of the reaction mixture at a 
temperature near the decomposition temperature 
of the polymerization initiator until a dispersion of 
solid copolymer particles in liquid 1-decene is ob 
tained as a polymerization product mixture, and 

d. recovering the solid particles of product from the 
polymerization product mixture by filtration or va 
porization of the liquid 1-decene. 

4. A dispersion process for manufacturing a copolymer 
of maleic anhydride with 1-hexene consisting essen 
tially of the steps: 

a. forming a reaction mixture by mining together at 
least one polymerizable liquid l-olefin having from 
4 to 14 carbon atons, a minor amount of an equino 
lecular copolymer of maleic anhydride with a linear 
aliphatic 1 -olefin having from 14 to 18 carbon atoms 
as a dispersing agent, a polymerization initiator and 
a quantity of maleic anhydride which is less than a 
molar equivalent of the announs of -olefin present, 

b. agitating the reaction mixture of step (a) and heating 
to increase the temperature to the point at which the 
polymerization reaction is initiated, and 

c. Continuing agitation of the reaction mixture at a 
temperature near the decomposition terriperature of 
the polymerization initiator until a dispersion of solid 
copolymer particles in liquid 1-olefin is obtained as 
a polynerization product mixture. 

5. A dispersion process for manufacturing a copolymer 
of maleic anhydride with 1-hexene consisting essen 
tially of the steps. 

a. forning a reaction mixture by rairing together 1 
hexene, a minor a mount, between 1 and 2 height 
percent Concentration, of a equinolecular copoly 
ner of maleic anhydride with a linear aliphatic l 
Olefin having from 4 to 8 carbon atoms as a dis 
persing agent, a polynierization initiator and a quan 
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tity of maleic anhydride which is less than a molar 
equivalent of the amount of 1-hexene present, 

b. agitating the reaction mixture of step (a) and heating 
to increase the temperature to the point at which the 
polymerization reaction is initiated, and 5 

c. continuing agitation of the reaction mixture at a 
temperature near the decomposition temperature of 
the polymerization initiator until a dispersion of solid 
copolymer particles in liquid 1-hexene is obtained 
as a polymerization product mixture. O 

6. A dispersion process for manufacturing a copolymer 
of maleic anhydride with 1-decene consisting essen 
tially of the steps: 

a. forming a reaction mixture by mixing together - 
decene, a minor amount, between 1 and 2 weight 15 
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8 
percent concentration, of an equimolecular copoly 
mer of maleic anhydride with a linear aliphatic - 
olefin having from 14 to 18 carbon atoms as a dis 
persing agent, a polymerization initiator and a quan 
tity of maleic anhydride which is less than a molar 
equivalent of the amount of 1-decene present, 

b. agitating the reaction mixture of step (a) and heating 
to increase the temperature to the point at which the 
polymerization reaction is initiated, and 

C. continuing agitation of the reaction mixture at a 
temperature near the decomposition temperature of 
the polymerization initiator until a dispersion of solid 
copolymer particles in liquid 1-decene is obtained as 
a polymerization product mixture. 

ck k x: k ck 
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