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(57) ABSTRACT 

Disclosed are methods for advantageously producing male 
ated polypropylenes having a relatively high percentage of 
bound maleic anhydride, based on the total amount of maleic 
anhydride moieties present in the grafting reaction product, 
and the maleated polypropylenes produced therefrom. The 
methods produce maleated polypropylenes Wherein at least 
about 60% of the maleic anhydride moieties in the grafting 
reaction product are bound to the polypropylene. 
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MALEATED POLYPROPYLENES AND 
PROCESSES FOR THE PREPARATION THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of, and 
claims priority to, US. application Ser. No. 10/140,429, 
?led May 6, 2002, Which is currently pending and Which, in 
turn, is related to and claims the priority bene?t of US. 
Provisional Patent Application No. 60/289,269, ?led May 6, 
2001. Each of these applications is assigned to the assignee 
of the present invention and is incorporated herein by 
reference. 

FIELD OF INVENTION 

[0002] The present invention relates to functionaliZed 
polyole?n Wax, to maleated polypropylenes, and to methods 
for producing such Waxes and maleated polypropylenes. 
More speci?cally, the invention relates to methods for 
producing maleated polypropylenes having a relatively high 
percentage of bound maleic anhydride moieties, to the 
maleated polypropylenes obtained from such methods, and 
to emulsible polyole?n Wax from Which high clarity emul 
sions can be prepared. 

BACKGROUND 

[0003] Polyole?n Waxes, including maleated polyole?ns, 
and in particular maleated polypropylenes, are knoWn in the 
art and ?nd use in a Wide range of applications. For example, 
emulsible polyole?n Waxes are Well knoWn and are com 
monly used in glossy, protective substrates such as ?oor 
polish and the like. Maleated polypropylenes are useful for 
compatibiliZing polymers, particularly polyole?ns With vari 
ous polar substrates, including polar polymers, mineral 
?llers, and the like. Such copolymers are also knoWn for use 
in metal bonding adhesive compositions. 

[0004] Unfortunately, many products made With conven 
tional polyole?n Wax, including emulsions of conventional 
polyole?n Waxes, tend to be loW in clarity and high in color. 
This is due, in part, to the general lack of colorless polyole?n 
Wax. The problem is compounded by the process of func 
tionaliZing, such as the maleation of polypropylene, Which 
tends to color and reduce clarity of the polyole?n Wax. 

[0005] Many classes of techniques are knoWn for grafting 
maleic anhydride to a polymer backbone. For example, solid 
state maleation is carried out beloW the melting point of the 
polymer and the reaction takes place on the exposed surface 
of the polymer. In solvent based grafting, the substrate 
polymer is dissolved in an appropriate solvent and the 
grafting reaction takes place in solution. In melt grafting, 
maleic anhydride is grafted onto a polypropylene backbone 
by introducing maleic anhydride, or a precursor thereof, into 
a melt of polypropylene polymer, typically in the presence 
of a catalyst. 

[0006] Applicants have found that the conditions Which 
have heretofore typically been used for grafting maleic 
anhydride onto a polymer backbone, and particularly the 
conditions Which typically occur in melt grafting, tend to 
result in an undesirably small percentage of the maleic 
anhydride being bound to the polymer backbone. More 
particularly, applicants have discovered that prior art meth 
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ods, as disclosed for example in US. Pat. No. 3,642,722i 
Knowles et al and US. Pat. No. 4,506,0564Gaylord, each 
of Which is incorporated herein by reference, result in 
maleated polypropylene products Wherein less than about 
50% of the maleic anhydride in the product of the grafting 
reaction is bound to the polypropylene backbone. Applicants 
believe that the remainder of the maleic anhydride present in 
the prior art grafting reaction product is unreacted and/or 
oligomeric maleic anhydride, as indicated by the article/ 
Work of Scott M. Hacker, one of the co-inventors hereof, 
entitled “Not All Maleated Polyole?ns Are Created Equal” 
Which is attached as an addendum hereto. 

[0007] Applicants have recogniZed not only the above 
noted draWbacks of the prior art, but that these draWbacks 
result in a product With poor performance properties in 
certain applications. More particularly, applicants have 
noted that one important use for maleated polypropylene is 
as a compatibiliZing agent, particularly for polar substrates, 
?bers and ?ller. Applicants appreciate that as the level of 
bound maleic anhydride increases, the compatibiliZing prop 
erties of the product increase. While bound maleic anhydride 
contributes to the desirable properties of maleated polypro 
pylenes, unreacted and oligomeric maleic anhydrides 
present in the product tend to inhibit such properties. In fact, 
unbound maleic anhydride compounds remaining in male 
ated polypropylene products tend to act as scavengers and 
inhibit the compatibiliZation properties of the maleated 
polypropylene. 

BRIEF DESCRIPTION OF DRAWINGS 

[0008] FIG. 1 shoWs a plot of clarity/Klett number of an 
emulsion made from the emulsible polyole?n of the present 
invention mixed With a non-emulsible polypropylene as a 
function of the polypropylene’s molecular Weight. 

[0009] FIG. 2 shoWs a plot of SAP versus bound maleic 
anhydride for high and loW molecular Weight polypropy 
lene. 

SUMMARY OF THE INVENTION 

[0010] The present invention is directed to methods for 
advantageously producing maleated polypropylenes having 
a relatively high percentage of bound maleic anhydride, 
based on the total amount of maleic anhydride moieties 
present in the grafting reaction product, and the maleated 
polypropylenes produced therefrom. The methods of the 
present invention overcome the disadvantages of the prior 
art by facilitating the production of maleated polypropylenes 
Wherein at least about 60%, and preferably at least about 
75% of the maleic anhydride moieties in the grafting reac 
tion product are bound to the polypropylene. Unless other 
Wise indicated herein, all percentages are intended to refer to 
Weight percent. 

[0011] The improved process is characteriZed judiciously 
selecting the type and nature of the reactants used and 
adding maleic anhydride to the selected polypropylene, and 
preferably polypropylene melt, under time, temperature and 
pressure conditions e?‘ective to graft at least about 55%, and 
even more preferably at least about 60%, of maleic anhy 
dride to the polymer backbone, said percentage being based 
on the total maleic anhydride moieties, including precursors 
thereto, present in the grafting reaction product. 
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[0012] As used herein, the term “grafting reaction prod 
uct” refers to maleated polypropylene, together With any 
unreacted components, by products and impurities, after the 
grafting reaction is deemed to be substantially completed, 
but before any subsequent puri?cation steps. As used herein, 
the term “polypropylene” refers to and includes homopoly 
mers of polypropylene and all forms of polypropylene 
copolymers, and in particular polypropylene-polyethylene 
copolymers, provided that at least about the majority of the 
polymer is formed of polypropylene moieties on a mole 
percent basis. As used herein, the term copolymer refers to 
and includes terpolymers and the like. Preferably, the poly 
ole?n reactant of the present invention is polypropylene 
homopolymer, or a copolymer of propylene and ethylene 
Wherein the concentration by Weight of ethylene is less than 
about 10%, and more preferably less than about 5%. As used 
herein, the term “maleated polypropylene” refers generally 
to the reaction product formed by grafting maleic anhydride, 
preferably by covalent bonding, to the polymer backbone of 
polypropylene. As is knoWn in the art, therefore, such 
grafting reaction products in commercial applications gen 
erally comprise not only maleated polypropylene but also as 
unbound maleic anhydride and oligomeric maleic anhy 
dride. The term “bound maleic anhydride” as used herein, 
refers generally to the moieties derived from maleic anhy 
dride Which are grafted to the polypropylene backbone 
according to the present invention. “Unbound maleic anhy 
dride” refers generally to unreacted maleic anhydride or 
oligomeric anhydride present in the grafting reaction prod 
uct. In embodiments in Which the reaction takes place in the 
melt, the grafting reaction product is generally the melt at 
the conclusion of the grafting reaction step. 

[0013] In certain preferred embodiments, the maleic anhy 
dride is introduced to the polypropylene, and preferably a 
polypropylene melt, at a rate that maintains the concentra 
tion of maleic anhydride in the reaction mixture (e. g., in the 
melt) at no greater than about 120%, and even more pref 
erably no greater than 100%, of the solubility limit of the 
maleic anhydride in the polypropylene at the reaction con 
ditions. 

[0014] Applicants have unexpectedly and counter intu 
itively discovered that grafting maleic anhydride to polypro 
pylene in a reaction mixture Wherein the amount of unre 
acted maleic anhydride in the mixture is maintained at a 
relatively loW level is capable of producing a reaction 
product copolymer that either contains a very high level of 
bound maleic anhydride and/or contains a relatively loW 
level of oligomeric maleic anhydride. In certain preferred 
embodiments, the polyole?n Wax, for example maleated 
polypropylene of the present invention, has a Gardner color 
index of no greater than about 9, more preferably no greater 
than about 8, and even more preferably no greater than about 
7. 

[0015] For embodiments in Which the reactant comprises 
polypropylene-polyethylene copolymer, applicants have 
also unexpectedly discovered that the amount of maleic 
anhydride Which is bound in the grafting reaction is gener 
ally related to the amount of polyethylene in the copolymer. 
More particularly, it is generally preferred that the copoly 
mer comprise up to about 10 mole % polyethylene, more 
preferably up to about 5 mole % of polyethylene, and even 
more preferably from about 0.5 mole % to about 3 mole % 
polyethylene. Applicants have discovered that polyethylene 
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levels as described herein help to produce the claimed high 
levels of bound maleic anhydride Without negatively effect 
ing the compatibaliZation properties of the reaction product. 

[0016] The present invention, therefore, provides an 
improved graft maleic anhydride/polypropylene copolymer 
product comprising polypropylene backbone, bound maleic 
anhydride and from about 0% to about 40% of unbound 
maleic anhydride Wherein at least about 60 Wt % of said 
maleic anhydride moieties, more preferably at least about 65 
Wt % of said maleic anhydride moieties, and even more 
preferably at least about 70% of said moieties are bound 
maleic anhydride, based on the total maleic anhydride 
moieties in the reaction product. In especially preferred 
embodiments, at least about 75% of said moieties are bound 
maleic anhydride, based on the total maleic anhydride 
moieties in the reaction product. 

Description of Preferred Embodiments 

[0017] One aspect of the present invention is directed to 
methods for producing maleated polypropylenes comprising 
reacting maleic anhydride, or a precursor thereof, With 
polypropylene in a reaction mixture. It is contemplated that 
various particular process and unit parameters can be 
adapted for use With the present reaction step, and a Wide 
range of knoWn methods and steps for combining and 
reacting maleic anhydride and polypropylene in a reaction 
mixture can be used according to the present invention. For 
example, it is contemplated that processes of the present 
invention may comprise one or more of the classes of 
reaction procedures knoWn in the art, including: melt graft 
ing, solid state grafting, solution grafting, and the like. 
HoWever, the present invention is preferably conducted by 
melt grafting. 

[0018] The steps of the present invention may be con 
ducted on a continuous basis, on a batch basis, or on a 
combination of both. Those of skill in the art Will, in vieW 
of the teachings contained herein, be able to adopt the 
present invention to any of these modes of operation Without 
undue experimentation. 

[0019] The amount of maleic anhydride Which is bound in 
the reaction step of the present invention can be affected by 
numerous reaction parameters, including the nature of the 
polypropylene as described above. Applicants believe that it 
is highly advantageous to control one or more of the relevant 
parameters in accordance With teachings of the present 
invention in order to achieve a high level of bound maleic 
anhydride and/or loW levels of unreacted and oligomeric 
maleic anhydride. In general, the grafting reaction step of 
the present invention can be conducted under any combi 
nation of particular grafting reaction conditions, provided 
that the reaction of polypropylene With maleic anhydride is 
favored relative the reaction of maleic anhydride With itself 
or With other components in the reaction mixture, such as 
maleic anhydride oligomers. 

[0020] One preferred mechanism for obtaining a reaction 
mixture in Which the polypropylene/maleic anhydride graft 
ing reaction is highly favored is to maintain the concentra 
tion of unreacted maleic anhydride in the reaction mixture at 
relatively loW levels compared to those levels used in prior 
art processes. Although applicants do not Wish to be bound 
by or to any theory of operation, it is believed that the 
unexpectedly higher percentages of bound maleic anhydride 
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and/or the loW levels of oligomeric maleic anhydride found 
in the preferred products of the present method are achieved, 
at least in part, because maleic anhydride has a limited 
solubility in polypropylene, an in particular in a polypropy 
lene polymer melt. Thus, use of a low concentration of 
maleic anhydride results in less phase separation in the 
reaction mixture betWeen the maleic anhydride, or the 
precursors thereof, and polypropylene. Thus, the use of 
maleic anhydride concentrations that are not substantially 
greater than the solubility limit of the polymer has tWo 
distinct bene?cial results. First, it results in a very high 
percentage of the maleic anhydride being in the same phase 
as and in intimate contact With the polymer molecules, 
Which is favorable for the anhydride/polymer reaction. Sec 
ond, the present invention minimiZes the amount of unre 
acted maleic anhydride exposed to conditions Which favor 
anhydride/anhydride reaction, as Would occur With the 
maleic anhydride that exists in a phase separate from the 
polymer phase. LoWer phase separation, therefore, alloWs 
for binding of a higher percentage of the maleic anhydride 
introduced to the polymer melt. Furthermore, the initially 
formed, lightly maleated product is believed to help solu 
biliZe any additional maleic anhydride reactant that is sub 
sequently introduced to the polymer melt in preferred 
embodiments of the present invention. 

[0021] According to certain preferred embodiments, espe 
cially those Which involve the production of graft polypro 
pylene copolymers having viscosity of from about 200 cps 
at 190° C. to about 2000 cps at 190° C., the methods of the 
present invention comprise reacting maleic anhydride With 
polypropylene under conditions effective to maintain the 
concentration of unreacted maleic anhydride in the reaction 
mixture at less than about 2.5%, more preferably less than 
about 2%, and even more preferably less than about 1%, 
during a substantial portion, and preferably during at least 
about 75%, of the grafting step. In ceratin embodiments, this 
grafting reaction step comprises adding maleic anhydride to 
a reaction mixture comprising polypropylene, and prefer 
ably a polypropylene melt, under conditions effective to 
maintain the concentration of maleic anhydride in the reac 
tion mixture at less than about 2.5%, more preferably less 
than about 2%, and even more preferably less than about 1% 
Weight percent during a substantial portion, and preferably 
during at least about 75% of the adding step. 

[0022] As used herein, the term “substantial portion” With 
respect to the reaction step and adding step refers to any 
portion or portions of the grafting reaction in Which, in the 
aggregate, at least 50% of the maleic anhydride-polypropy 
lene bonds are formed. 

[0023] For particular embodiments in Which the reaction is 
batch reaction, it is preferred that the maleic anhydride is 
added to the reaction mixture at rate of less than about 0.045 
pounds of maleic anhydride or precursor thereof (“MA”) per 
pound of polypropylene (“PP”) per hour of grafting reaction 
conditions (MA/PP/hr), and even more preferably less than 
about 0.040 MA/PP/hr. 

[0024] In addition, applicants have discovered that the 
molecular Weight of the polypropylene used in the maleation 
process, as Well as the maleic anhydride content of the 
maleated polypropylene, Which is typically characteriZed by 
the saponi?cation number of the ?nal product, affects the 
percent of bound maleic anhydride found in the ?nal prod 
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uct. As used herein, the term saponi?cation number (“SAP”) 
refers to the measure of the amount of saponi?able matter 
present, including bound single unit maleic anhydride, 
bound oligomeric maleic anhydride, unreacted maleic anhy 
dride, unbound oligomeric maleic anhydride, and other 
hydrolyZable moieties, in the maleated polypropylene. The 
SAP is generally calculated as the number of milligrams of 
potassium hydroxide required to hydrolyZe one gram of 
sample (mg KOH/g). FIG. 1 is a graphic depiction of the 
percent bound maleic anhydride plotted against the SAP of 
a low molecular Weight polypropylene and a high molecular 
Weight polypropylene. As illustrated in FIG. 1, the percent 
bound maleic anhydride generally decreases as the SAP 
increases. In addition, as the molecular Weight of the 
polypropylene increases, the percent bound decreases. It is 
believed such variables are controlled in accordance With the 
present invention to produce useful maleated polypropy 
lenes having a high percent of bound maleic anhydride. 
More particularly, it is preferred to select the molecular 
Weight of the polypropylene reactant and the SAP of the 
reactant to achieve bound maleic anhydride in accordance 
With the present invention. For embodiments Which utiliZe 
high molecular Weight polypropylene, as that term is knoWn 
and used by those skilled in the art, it is preferred that the 
high molecular Weight polypropylene has a SAP of no 
greater than about 70, more preferably no greater than about 
75 and even more preferably no greater than 80. For 
embodiments Which utiliZe loW molecular Weight polypro 
pylene, as that term is knoWn and used by those skilled in the 
art, it is preferred that the polypropylene has a SAP of no 
greater than about 100, more preferably no greater than 
about 120, and even more preferably no greater than 150. 

[0025] Sapano?cation number is also a measure of a 
compound’s ability to be emulsi?ed. In general, the higher 
the number, the more readily the compound is emulsi?ed. In 
a preferred embodiment, the emulsible polyole?n Wax has a 
saponi?cation number from about 1 to about 500 mg KOH/ 
g, more preferably, from about 20 to about 150 KOH/g, and 
even more preferably from about 40 to about 85 KOH/ g. 

[0026] The emulsible polyole?n Wax of the present inven 
tion should have a melt point/peak (Tm) such that it is a solid 
at room temperature but melts at a temperature Which is 
convenient for processing. In a preferred embodiment, the 
Wax has a Tm of about 50 to about 2000 C., more preferably, 
from about 100 to about 1500 C., and even more preferably 
from about 130 to about 1450 C. 

[0027] The viscosity and MW of the present invention can 
vary depending upon the desired properties as required by 
the application. As used herein, MW is based on gel perme 
ation chromatography (GPC) unless otherWise indicated. It 
has been found that satisfactory results have been obtained 
in a variety of applications using an emulsible polyole?n 
Wax having a MW of no greater than about 50,000 and a 
viscosity of no greater than about 2,500 cps at 1900 C. 
Preferably, the Wax has a MW of no greater than about 
25,000 and a viscosity of no greater than about 1,000 cps at 
190° C. More preferably, the Wax has a MW of about 10,000 
to about 20,000 and a viscosity of about 200 to about 800 cps 
at 1900 C. 

[0028] A highly preferred embodiment of the emulsible 
polyole?n Wax has the folloWing physical properties: MW 
about 14,000, MZ about 36,000, Mn about 3,100, saponi? 
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cation number about 75 to about 85 KOH/ g, Gardner color 
of below 7 to about 8, viscosity about 300 to about 800 cps 
at 190° C., drop point about 142-148° C., melt point about 
133 Tm DSC ° C., and hardness about 0.1 to about 0.3 
DMM. 

[0029] Suitable polyole?n Wax starting materials include, 
for example: thermally degraded homopolymers and 
copolymers of ethylene, propylene, 1-butene, 4-methyl-1 
pentene, 3-methyl-1-butene, 4,4-dimethyl-1-pentene, 3-me 
thyl- 1 -pentene, 4-methyl-1 -hexene, 5 -ethyl- 1 -hexene, 
6-methyl-1-heptene, 1-hexene, 1-heptene, 1-octene, 1-non 
ene, 1-decene, and the like. These homopolymeric or 
copolymeric crystalliZable poly-alpha-ole?ns are prepared 
by conventional polymeriZation processes for preparing 
polymeric materials. Preferably, the polyole?n starting 
material is a polypropylene or a copolymer of propylene and 
ethylene Wherein the concentration by Weight of ethylene is 
less than about 10%, and more preferably less than about 
2%. The starting material of the present invention is com 
mercially available, for example, through AlliedSignal 
(MOITISIOWII, NJ.) under the name ACX1089. 

[0030] A highly preferred starting material has the folloW 
ing physical properties: MW about 7,500, MZ about 11,200, 
Mn about 3,000, and Gardner color of beloW 1. 

[0031] Any commercial grade of maleic anhydride, or a 
precursor thereof such as maleic acid (Which is converted to 
maleic anhydride under many commonly used grafting 
reaction conditions) is suitable for use in the present inven 
tion. Examples of suitable maleic anhydrides include those 
that are commercially available, for example, though Mon 
santo Company (St. Louis, Mo.) as Maleic Anhydride, and 
Huntsman Petrochemical Corporation (Chester?eld, Mo.) as 
Manbri Maleic Anhydride. 

[0032] Any suitable amounts of maleic anhydride and 
polypropylene can be used in the method of the present 
invention. In certain preferred embodiments, the Weight 
ratio of polypropylene to maleic anhydride used in the 
present method is from about 5:1 to about 40:1. More 
preferably the Weight ratio is from about 5:1 to about 25:1, 
and even more preferably is from about 10:1 to about 20:1. 

[0033] In certain preferred embodiments of the present 
invention, the reacting step further comprises reacting the 
maleic anhydride With the polypropylene in the presence of 
a catalyst. Any of a Wide range of catalysts can be used in 
the present invention. Suitable catalysts include, for 
example, free radical forming agents knoWn in the art and 
include, for example, dialkyl peroxides, tertiary butyl hydro 
peroxide, cumene hydroperoxide, p-menthane peroxide, 
p-menthane hydroperoxide or axo compounds, such as am 
bis(isobutyronitrile), or irradiation sources. The preferred 
free radical sources are the peroxides With the butyl perox 
ides being more preferred. The most preferred peroxide, due 
to availability and suitable good results obtained thereby, is 
ditertiary butyl peroxide (di-t-butyl peroxide). These com 
pounds are commercially available through, for example, Elf 
Atochem as Lupersol 101 or Di-t-Butyl Peroxide, and AkZo 
Nobel Chemicals Inc. as Trigonox B. 

[0034] The amount of peroxide or a free radical agent used 
is generally quite loW, being of the order of about 0.01 to 
about 5 Wt % based on the starting material, preferably about 
0.1 to about 3 Wt % With about 0.75 to about 1.25 Wt % being 
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most preferred. Amounts much above 5 Wt % are not needed 
for good properties Whereas amounts beloW about 0.01 Wt % 
provide reactions that are too sloW and incomplete. 

[0035] Like the polycarboxylic compound feed, it is 
highly preferable that the free radical initiator be added to 
the reaction mass sloWly. The free radical initiator is added 
to the reaction at a rate of preferably about 0.01 to about 3 
Wt % of the starting material per hour, more preferably about 
0.1 to about 1 Wt % of the starting material per hour, and 
even more preferably about 0.3 Wt % of the starting material 
per hour. 

[0036] According to certain embodiments, the catalysts 
are added to the reaction mixture of the present invention. 
The catalyst can be added simultaneously and/or separately 
in relation to the maleic anhydride. In preferred embodi 
ments, the maleic anhydride and catalyst are added to the 
reaction mixture substantially simultaneously in a temporal 
sense but separately in the sense location at Which they are 
added to the reaction mixture. In other Words, it is preferred 
that maleic anhydride and catalyst are added to the reaction 
mixture in overlapping time periods but through different 
noZZles or inlet ports Which introduce the catalysts at a place 
that is displaced from the location of the maleic anhydride 
introduction. 

[0037] The process of the present invention may further 
comprise the use of other additives in the reaction mixture 
and/or in the ?nal product. In general, any additive Which 
does not substantially hinder the formation of a product of 
the present invention may be used in suitable amounts. 
Examples of suitable additives include: comonomers (such 
as styrene), chain transfer agents, stabiliZers, and the like. 

[0038] The reaction of the present invention may be 
carried out under any suitable reaction conditions. In gen 
eral, it is preferred that the polypropylene comprise a 
polypropylene melt. Accordingly, it is generally preferred 
that the temperature of reaction be above the melt tempera 
ture of the polypropylene, but preferably no greater than 
about 200° C. The temperature is dependent upon the 
particular polypropylene, free radical initiators/catalyst and 
other parameters that impact the grafting reaction rate. At 
temperatures much beloW about 150° C., many of the 
preferred starting materials Will not be in the molten form 
and therefore Will not adequately react With the maleic 
anhydride. HoWever, at temperatures above about 200° C., 
the ease of emulsi?cation and melt viscosity of the resulting 
emulsible polyole?n Wax is not as high as preferred. There 
fore, reaction temperature is generally preferably betWeen 
about 150 and about 200° C., and preferably betWeen about 
180 and about 190° C. 

[0039] The reaction pressure depends, among other things, 
upon the reaction temperature and desired rate of reaction. 
Generally, the reaction is conducted under a pressures pref 
erably from about 0 to about 50 psig, more preferably from 
about 5 to about 30 psig, and even more preferably from 
about 10 to about 20 psig. Reactions conducted at or around 
atmospheric pressure avoid expensive high pressure equip 
ment. 

[0040] Generally, the grafting reaction of the present 
invention is conducted such that at least about 60 Wt % of 
maleic anhydride, based on total Weight of maleic anhydride 
in the grafting reaction product, is bound to the polymer 
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backbone. Preferably, the reaction is conducted such that at 
least 70 Wt % maleic anhydride is bound, and even more 
preferably at least 80 Wt % is bound. 

EXAMPLES 

Comparative Example 
[0041] This example illustrates the production of a male 
ated propylene in accordance With the prior art as repre 
sented by U.S. Pat. No. 3,642,722. 

[0042] High molecular Weight polypropylene having an 
inherent viscosity of 1.5 is fed to a thermal degradation unit 
for an average contact time of 30 minutes. The thermal 
degrader is operated at a temperature of 370° C. With the 
agitator operated at a speed of such that all of the thermal 
energy for degradation is supplied by the friction of mixing. 
The degraded polypropylene Wax has a melt viscosity of 
about 800 centipoise measured at 190° C. This material is 
passed along With 5 percent by Weight of maleic anhydride 
and 0.25 percent by Weight of ditertiary butyl peroxide to a 
thermal agitated reactor maintained at about 200° C. to 
produce a reaction product mixture, and even after standard 
techniques for separating unreacted maleic hydride from the 
reaction mixture, had a concentration of bound maleic 
anhydride of less than about 50%. 

Example 1 

[0043] A clean, dry reactor, purged With nitrogen, is 
charged 89 parts by Weight (pbW) of polypropylene (HiWax 
NP055). The polypropylene is heated to melt, agitation of 
the polypropylene is started, and the temperature is then 
adjusted to 185-187° C. The nitrogen is stopped and the 
reactor is charged With 9 pbW of maleic anhydride at a rate 
of 0.034 lbs maleic anhydride/lbs polypropylene/hr and 2 
pbW of a peroxide mixture comprising 1 pbW Lupersol and 
1 pbW Parol 100 at a rate of 0.008 lbs/lbs polypropylene/hr. 
Introduction of the maleic anhydride and the catalyst begin 
substantially simultaneously but using displaced reactor 
inlet noZZles. 

[0044] After the peroxide mixture is completely added 
(Which occurs 15 minutes after the maleic anhydride addi 
tion is completed) the reaction mixture is stirred for an 
additional 10 minutes. Standard techniques are used in an 
effort to remove unreacted maleic anhydride. More particu 
larly, a vacuum of 25" Hg is applied to the grafting reaction 
product and periodic samples are removed and tested for 
unreacted maleic anhydride. The vacuum is removed and the 
reaction mixture is cooled to 170° C., and the grafting 
reaction product mixture after the standard vacuum puri? 
cation comprises greater than 70%, and more preferably 
greater than about 80%, and even more preferably greater 
than 85% bound maleic anhydride. 

What is claimed is: 
1. A maleic anhydride grafting process comprising: 

providing a molten polyole?n Wax having a backbone of 
polypropylene or derived from polypropylene, Wherein 
said polyole?n Wax has an average molecular Weight 
(MW) of no greater than about 50,000; 

adding maleic anhydride to said molten polyole?n Wax to 
form a melt reaction mixture; and 
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maintaining said reaction mixture at a temperature greater 
than the peak melt point of the polyole?n Wax and less 
than about 200° C. until at least about 60% of said 
maleic anhydride, based upon the total amount of 
maleic anhydride in the grafting reaction product, is 
bound to the polymer backbone. 

2. The maleic anhydride grafting process according to 
claim 1 Wherein said polyole?n Wax has a molecular Weight 
(MW) of no greater than about 25,000. 

3. The maleic anhydride grafting process according to 
claim 1 Wherein said polyole?n Wax has a molecular Weight 
(MW) of about 10,000 to about 20,000. 

4. The maleic anhydride grafting process according to 
claim 1 further comprising adding a catalyst to said molten 
polyole?n Wax. 

5. The maleic anhydride grafting process according to 
claim 4 Wherein said catalyst is selected from the group 
consisting of dialkyl peroxides, butyl peroxides, tertiary 
butyl hydroperoxide, cumene hydroperoxide, p-menthane 
peroxide, and p-menthane hydroperoxide. 

6. The maleic anhydride grafting process according to 
claim 5 Wherein said catalyst is added to said Wax concur 
rently With said addition of said maleic anhydride. 

7. The maleic anhydride grafting process according to 
claim 6 Wherein said catalyst is added at a rate of about 0.01 
to about 3 Weight percent per hour based upon the Weight of 
the melt reaction mixture. 

8. The maleic anhydride grafting process according to 
claim 1 Wherein said polyole?n Wax is a crystalliZable 
poly-alpha-ole?n. 

9. The maleic anhydride grafting process according to 
claim 8 Wherein said crystalliZable poly-alpha-ole?n is 
selected from homopolymers and copolymers of ethylene, 
propylene, 1-butene, 4-methyl-1-pentene, 3-methyl-1 
butene, 4,4-dimethyl-1-pentene, 3-methyl-1-pentene, 4-me 
thyl- 1 -hexene, 5 -ethyl-1 -hexene, 6-methyl-1 -heptene, 
1-hexene, 1-heptene, 1-octene, 1-nonene, and 1-decene. 

10. The maleic anhydride grafting process according to 
claim 1 Wherein said polyole?n Wax is selected from 
polypropylene and copolymers of propylene and ethylene 
Wherein said ethylene has a concentration by Weight of less 
than about 10%. 

11. The maleic anhydride grafting process according to 
claim 1 Wherein said polyole?n Wax has a peak melt point 
of about 100° C. to about 150° C. 

12. The maleic anhydride grafting process according to 
claim 1 Wherein said polyole?n Wax has a viscosity of no 
greater than about 2,500 cps at 190° C. 

13. The maleic anhydride grafting process according to 
claim 1 Wherein said reaction mixture is maintained at a 
temperature of about 180° C. to about 190° C. until at least 
about 60% of said maleic anhydride, based upon the total 
amount of maleic anhydride in the grafting reaction product, 
is bound to the polymer backbone. 

14. The maleic anhydride grafting process according to 
claim 1 Wherein said maleic anhydride is added to said 
molten polyole?n Wax at a rate suf?cient to maintain the 
concentration of unreacted maleic anhydride in the melt 
reaction mixture less than about 2.5 Weight percent based 
upon the Weight of the reaction mixture during at least 50% 
of the grafting process 
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15. The maleic anhydride grafting process according to 
claim 1 wherein said polyole?n Wax and said maleic anhy 
dride are combined in a Weight ratio of from about 5:1 to 
about 40: 1, respectively. 

16. The maleic anhydride grafting process according to 
claim 1 Wherein said process is a batch process and said 
maleic anhydride is added at a rate of less than 0.045 pounds 
per pound of polyole?n Wax per hour. 

17. A maleated polypropylene reaction product prepared 
by: 

providing a molten polyole?n Wax having a backbone of 
polypropylene or derived from polypropylene, Wherein 
said polyole?n Wax has an average molecular Weight 
(MW) of no greater than about 50,000; 

adding maleic anhydride to said molten polyole?n Wax to 
form a melt reaction mixture; and 

maintaining said reaction mixture at a temperature greater 
than the peak melt point of the polyole?n Wax and less 
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than about 2000 C. until at least about 60% of said 
maleic anhydride, based upon the total amount of 
maleic anhydride in the grafting reaction product, is 
bound to the polymer backbone. 

18. The maleated polypropylene reaction product of claim 
17 Wherein said polyole?n Wax has a molecular Weight 
(MW) of no greater than about 25,000. 

19. The maleated polypropylene reaction product of claim 
18 Wherein said polyole?n Wax has a molecular Weight 
(MW) of about 10,000 to about 20,000. 

20. The maleated polypropylene reaction product of claim 
17 Wherein said reaction mixture is maintained at a tem 
perature of about 1800 C. to about 1900 C. until at least about 
60% of said maleic anhydride, based upon the total amount 
of maleic anhydride in the grafting reaction product, is 
bound to the polymer backbone. 


