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Chemical Modification of Polypropylene by Maleic
Anhydride: Melt Grafting, Characterization and
Mechanism

Oromiehie A., Ebadi-Dehaghani H., and Mirbagheri S.

Abstract—Polypropylene (PP) was functionalized with maleic
anhydride (MAH) in the presence of dicumyl peroxide (DCP)
via melt grafting in a batch mixer, where the maleic anhydride
and peroxide concentrations were varied. The effect of
concentration of monomer and initiator on the degree of
functionalization and properties of the products was
investigated by FT-IR spectroscopy, contact angle
measurement, thermal analysis and titration. It was found that
the degree of functionalization depends on the initial
concentration of monomer and initiator that used in reaction.
Finally a mechanism of melt grafting MAH onto PP proposed
on the basis of our experimental results and other experimental
finding published in the literature.

Index Terms—Characterization, modification, PP.

I. INTRODUCTION

Isotactic polypropylene (PP) is one of the most important
thermoplastics in the world today. PP has gained an
important position among other polymers due to its versatile
and broad range of applications [1]. It is extensively used in a
wide range of applications including carpet backing, face
yarn and construction fabrics, self-hinging packages,
appliance parts, medical equipment, automobile parts, films,
bottles, containers, and so forth. The functionalization
possibilities of PP by polar monomers as an effective way of
increase the polarity of polypropylene and so its affinity with
other polar materials is interesting. In fact, these kinds of
grafted polymers have been widely used to improve
interfacial adhesion between the components in polymer
blends [2]-[7]. Maleic anhydride has been used recently for
the functionalization of polyolefins due to the higher
reactivity of the anhydride group toward successive reactions
[8]-[10].

The succinic anhydride groups of malice anhydride graft
polymers are highly reactive and can form covalent bonds to
polar polymer backbones and end groups. Since chemical
reactions in polypropylene melts are attractive routes to new
polymers, reactive processing technology has been studied
extensively [11], [12].

Grafting reaction of maleic anhydride onto PP by reactive
processing involves reaction between the polymer melt with
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maleic anhydride, in the presence of organic peroxides. The
organic peroxides are thermally unstable and undergo
hemolytic scission at the oxygen-oxygen bonds to form
primary radicals at the processing conditions used. The
radicals with draw hydrogen atoms from the polypropylene
chains forming macro radicals on the polymer backbone can
initiate the grafting process. However, such reactions are
accompanied by chain scission, which alters the rheologic
characteristics of PP [13]. Finding the optimum conditions of
the grafting process is a very complicated investigation, in
virtue of the great number of variables involved, among
which are: type and concentration of peroxide, maleic
anhydride concentration, reaction time, reaction temperature,
rotor speed, addition sequence of the reagents, and presence
or not of stabilizers. In a number of studies a graft copolymer
is used as a compatibilizing agent, where the polymer
consists of a polyolefin backbone grafted with functional
groups such as butyl acrylate or maleic anhydride [14]-[16].

In our work, the functionalizing reactions were carried out
in an internal mixer, at optimum conditions. The amount of
reacted maleic anhydride and the extent of degradation in the
PP were determined by means of FT-IR, DSC and MFI
respectively. The current article will evaluate the effect of the
concentrations of maleic anhydride on the dependent
variables presented above.

Il. EXPERIMENTAL

A. Materials

Isotactic PP (commercial code V30S) with MFI=7.9 g/10
min (ASTM D1238) from Arak Petrochemical Co. Iran,
maleic anhydride (MA), DCP from Merck and Irganox B225
from Ciba Co. were used.

B. Processing

First Step: Grafted PP with overall contents of 0,1,2,3 and
4 phr of maleic anhydride and 0.1 phr of DCP and 0.01phr
Irganox B225 were performed by melt mixing in an optimum
condition for processing in Haake Rheometer 90 were
selected from published studies [7], [14] at 180<€, 60 rpm
and 10 min.

Second Step: In this process PP was grafted with constant
concentration 3 phr of maleic anhydride, but various portions
of DCP (0.1, 0.2, 0.4&0.6 phr of DCP) and 0.01 phr Irganox
B225 were performed as in the first step.

C. Characterization
All crude graft PP samples were dissolved in xylene in
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order to remove the non- reacted monomers and oligomers if ~ Finally, they were dried in a vacuum oven at 105 <€ for 3
formed during process (reaction 8 in the Fig. 1) and initiator  hours to constant weights.
by refluxing in xylene for 4 hours and precipitated in acetone.

Decomposition of the initiator
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Termination by Disproportioning
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Fig. 1. Proposed Mechanism using our experiments and literature review.

D. Titration of Anhydride Content

The anhydride concentrations of all samples were
determined by titration of 0.5 gram of PP-g-MA in 50
milliliters xylene at boiling temperature that repeated 3 times
for each sample. Some drop of distilled water was added in
order to hydrolysis anhydride into carboxylic acid. The
carboxylic acid concentration was determined directly by
alcoholic potassium hydroxide 0.1N. The indicator used was
bromo thymol blue 1% in DMF solvent. The PP-g-MA was
completely soluble at the boiling temperature and did not
precipitate during titration. The grafting percent (G) was
determined by using the following relation:

A.N=(mIKOH %N x56.1)/gr polymer 1)

G= (AN>M,,)/ (2x561) )

where

A.N= Acid Number

M= Molecular weight of grafted monomer

FT.IR Spectroscopy

The evidence of functionalizing as well as its extent was
determined by FT.IR spectroscopy. Thin films of PP and
functionalized PP were obtained by compression molding
between steel plates covered with thin aluminum sheets at
180 °C . IR spectra were recorded on a Bruker FT.IR
spectrophotometer model Exonix 55 from 500cm™ to
4000cm™

E. Contact Angle Measurement

The contact angles of distilled water on the thin films of PP
and functionalize PP were measured by the sessile drop
method that were performed at the room temperature using
KRUSS G2/G40 contact angle measuring system equipped
with software for drop-shape analysis. The grafted PP
samples were placed on the sample holder and distilled water
(0.05 ml) was then placed on the specimen using a
microsyringe. The angle between the baseline of the drop and
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the tangent at the drop boundary was measured, using a direct
reading goniometry telescope, with a magnified image of the
droplet displayed on a screen. The measurement was
completed after about 60s. In order to prevent test liquid
evaporation, measurements were performed under closed
chamber. The drop shape was solved numerically and fitted
by means of mathematical functions. Each contact angle is
the average of value of 6 measurements. The contact angle
was obtained according to the following equation [10]:

0 =2 tan * (2h/w) (3)

where, @ is the contact angle, h is height and w is the wide of
the droplet that were measured from the photograph and from
the geometric considerations.

F. Thermal Analysis (DSC)

Thermal properties melting temperature (T,) and
crystallization temperature (T.) of PP and functionalized PP
were recorded in a Perkin-Elmer model Pyrisl, differential
scanning calorimeter (DSC) by heating ~5mg of samples at
10°c/min under nitrogen atmosphere from ambient to 200°C.
The sample was kept at 200°C for 5min and then cooled to
room temperature at rate of 10°C/min.

The values obtained for heat of fusion, from DSC
measurement, for PP and functionalized PP samples were
used to estimate the percentage of crystallinity (%x). This
was done by using the value for enthalpy of fusion AH¢ * of
100% crystalline PP as 198J/g. The crystallinity of various
samples was obtained according to the following equation
[17]:

%Crystallinity (X;) = (AH¢/ AH¢*) <100 @)

Where AHs is the heat of fusion of functionalized PP and AH¢*
is heat of fusion of 100% crystalline PP.
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I1l. RESULTS AND DISCUSSION

A. Titration Results of Purified Grafted Pp (PP-g-MA)
with Various Content of Monomer

Titrations were preformed onto washed and dried
PP-g-MA to determine the amount of grafted anhydride.
Results are summarized in Table | which shows that an
increase in the monomer content from 1 to 3 phr lead to
increase in graft percentage but it decreased by more adding
of MA (>3phr). This is due to the MA homopolymerization.

TABLE I: TITRATION RESULTS OF PP-G-MA SAMPLES WITH 1, 2, 3 AND 4
PHR OF MALEIC ANHYDRIDE AND 0.1 PHR oF DCP

MA Conc. (PHR) | Mean Value V(ml) |Acidic Number | % Grafting
1 0.34 3.03 0.27
2 0.42 3.75 0.33
3 0.49 4.37 0.38
4 0.44 3.93 0.34

B. Titration Results of Purified Pp-G-Ma with Various
Content of DCP

The peroxide concentration is the independent variable
that has the greatest effect on amount of grafted maleic
anhydride. This effect is shown in Table Il where the
peroxide concentrations are varied.

TABLE II: TITRATION RESULTS OF PP-G-MA SAMPLES WITH CONSTANT
CONCENTRATION 3 PHR OF MALEIC ANHYDRIDE, BUT VARIOUS PORTIONS
OF DCP (0.1, 0.2, 0.4, 0.6 AND 0.8 PHR oF DCP)

DCP Content (PHR) | Mean value V(ml) | Acidic Number | % Grafting
0.1 0.34 3.03 0.27
0.2 0.42 3.75 0.33
0.4 0.49 4.37 0.38
0.6 0.44 3.93 0.34
0.8 0.44 3.93 0.34

This Table shows that the grafting percentage increased
with peroxide concentration and increase in the percent
grafting is caused by an increase in concentration of radicals
formed through the decomposition of initiator. Thus the
higher the concentration of radicals, the higher the chain
transfers to polymer backbone and the higher the grafting
percentage [7].

C. FT-IR Spectroscopy

The FT-IR results of purified PP-g-MA shown in Fig. 1. In
the IR spectra of PP-g-MA absorption peak at (1680cm™) is
due to the anhydride groups. It can be seen that the intensity
of peaks increased by increasing the MA monomer content
from 1 to 3 phr that lead to increase the graft percentage, but
it decreased by more adding of MA (>3phr). It seems that is
due to the MA homopolymerization.

Fig. 2 shows the FT-IR spectra of grafted PP with 3 phr of
maleic anhydride and 0.1, 0.2, 0.4, 0.6 and 0.8 phr DCP. As
seen in this figure the FT-IR spectrum of PP-g-MA shows the
absorption band at (1700-1740cm™) that is due to the
presence of DCP and absorption bands at (1760-1800cm™)
and around 1850cm™ can be assigned to grafted anhydride
because an intense absorption band near 1785cm™ and a
weak absorption band near 1850cm™ is due to symmetric and
asymmetric C=0 stretching respectively.[8], [14], [15]. It has
been shown that the intensity of peaks increased by
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increasing the DCP content from 1 to 4 phr that lead to
increase the graft percentage but it decreased by more adding
of DCP (6phr) that may be due to decomposition effect of
initiator.
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Fig. 1. IR spectra of PP-g-MA samples with 0,1,2,3 and 4 phr of maleic
anhydride and 0.1 phr of DCP.
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Fig. 2. Magnified part of spectra of samples with constant concentration 3
phr of maleic anhydride, but various contents of DCP (0.1, 0.2, 0.4 and 0.6
phr) from 1900 to 1650 cm-1.

100

mpp
PP-g-MA

Contact Angle (°)

2

3

PhrofMA

Fig. 3. Contact angle results of PP-g-MA samples with 0,1,2,3 and 4 phr of
maleic anhydride and 0.1 phr of DCP comparing of origin PP.

D. Contact Angle Measurement

The polarity of the functionalized PP was measured by
contact angle of distilled water on the sample films.

The angle for a pure PP film without any functionalized
monomer was measured and it was 97 ‘The contact angle of
the purified PP-g-MA with various content of monomr and
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PP with 3phr MA and various content of DCP were shown in
Fig. 3 and Fig. 4 respectively.

In the case of first and second process, as the monomer
content increase to 3 phr, contact angle decrease, but it
increased by more content of monomer. It seems that it is due
to the MA homopolymerization. As seen in the case of
PP-g-MA with various content of DCP, an increase in
monomer content lead to decrease in the contact angle to 4phr
DCP but it increased with 6phr (DCP), that it may due to
decomposition effect of initiator.

27 1= 0.1 phr DCP
2= 0.2 phr DCP
3=0.4 phr DCP
4= 0.6 phr DCP
5= 0.8 phr DCP

1 2 3

Fig. 4. Contact angle results of PP-g-MA samples with constant
concentration 3 phr of maleic anhydride, but various contents of DCP (0.1,
0.2, 0.4, 0.6 and 0.8 phr).
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E. Thermal Analysis (DSC)

The DSC results of samples and the change of crystalline
temperature of copolymer are given in Table Ill and Table
(AVA

The values obtained for heat of fusion from DSC
measurement, for PP and functionalized PP samples were
used to estimate the percentage of crystallinity. It was
observed a higher crystalline temperature for PP-g-MA than
that for PP. The increasing in crystalline temperature could
be attributed to MA acting as nucleating in PP and also
because of the connection of the carbonyl group to PP.

The crystalline percent of PP-g-MA copolymers were
shown that increasing the percent of monomer to 3phr as well
decreased the crystalline percentage but it slightly increased
by more addition, that it may due to MA homopolymerization
(reaction 8 in the mechanism).

TABLE Ill: THERMAL PROPERTIES OF SAMPLESWITH O, 1, 2, 3 AND 4 PHR
OF MALEIC ANHYDRIDE AND 0.1 PHR oF DCP.

MA Conc.(phr) | Tn (T) | AH¢ (Cal/g) | % Crystallinity
0 168 23 46.00
1 169.34 | 22.8 45.60
2 171.47 | 22.57 45.14
3 169.6 21.69 43.38
4 169.7 22.61 45.22

TABLE IV: THERMAL PROPERTIES OF SAMPLES WITH CONSTANT
CONCENTRATION 3 PHR OF MALEIC ANHYDRIDE, BUT VARIOUS CONTENTS

OF DCP.
DCP Content (phr) | T () | AH; (Cal/g) | % Crystallinity
0 168 22.8 45.6
0.1 169.0 225 451
0.2 171.2 21.7 43.4
0.4 171.8 213 43.0
0.6 170 22.6 452
0.8 170.5 23 46.0
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IV. CONCLUSION

Polypropylene was functionalized with different ratios of
MA and DCP in optimum processing conditions by melt
mixing. The properties of functionalized PP were
characterized by titration, FT-IR spectroscopy, Contact angle
measurement and thermal analysis. It was concluded that the
degree of functionalized PP depends on the concentration of
both monomer and initiator. It was found that the increase in
peroxide concentration to 4phr resulted in the elevation in the
percent reacted MA, and the elevation in the initial maleic
anhydride concentration in the reaction mixture led to an
increase in percent MA, passing through a maximum value,
with posterior decline, The initial increase in the percent
grafting is caused by an increase in concentration of radicals
formed through the decomposition of initiator, and also it was
found that the monomer content from 1 to 3 phr of monomer
has satisfied results, but in higher amount of monomer the
functionality was decreased, this due to homopolymerization
of monomer during processing.

According to our findings and review of other
experimental findings our proposed mechanism is as in the
Fig. 1. MA monomer (reaction 2 and 3). One of the possible
reactions for polypropylene radicals is chain scission
(reaction 4) [9] .

The mechanism includes three stages; Initiation, Grafting
and termination. As seen in the proposed mechanism radical
formation could carry out both in polypropylene chain and
Gel formation was observed in purification of samples that a
yellow bulk gel wasn’t dissolved in xylene. Grafting of
maleic anhydride onto PP was shown in 6 and 7 reactions. As
seen in titration and IR results homopolymerization of maleic
anhydride (reaction 8) happened at high content of MA.
Chain transfer reaction was shown in reaction 9 and different
kind of termination reactions included combinations and
disproportions were shown in 10 to 21 reactions.
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