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Abstract This paper presented many improvements of poly-
propylene (PP) grafted maleic anhydride (MAH), including
how to increase graft degree (G) and graft efficiency (GE) of
MAH onto PP and how to reduce side reactions during
grafting. Three grafting methods ultrasonication, pre-
irradiation and co-irradiation were employed, and a lot of
additives were adopted in our research, such as styrene (St),
ethyl benzoate, dibutyl phthalate (DBP), 2,2′-bipyridine,
divinylbenzene (DVB), benzoyl peroxide (BPO) and p-
hydroquinone. The effects of the different grafting methods
and additives were determined by G and GE values, viscosity,
FTIR and DSC. Experimental results showed that the highest
G value was obtained in co-irradiation method in the presence
of St, and side reactions could be also reduced. The best reflux
time for G value measuring, the storage time on G and batch
feeding times of MAH on G in pre-irradiation method, and the
mechanism of PP grafted MAH were all studied.
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Introduction

Polypropylene (PP) grafted maleic anhydride (MAH) has
been widely studied over the past several decades

because of the product PP-g-MAH, which can be used
as a compatilizer in polymer blends, as an adhesion
promoter with glass or carbon fiber, and even as a
processing aid for recycling of plastics waste [1]. The
grafting reaction is generally performed chemically [2],
photochemically [3] or by melt reactive extrusion [4] in
solution [5], melt [6], or solid [7] state in the presence of
an initiator. In recent decades, ultrasound [8] and irradi-
ation [9] technologies have been also successfully
employed to achieve the grafting reaction with or without
an initiator.

In our previous researches, PP-g-MAH was prepared
with ultrasonication [10], pre-irradiation [11] and co-
irradiation [12] methods respectively. In ultrasonication,
the grafting reaction was initiated by ultrasound at an
ambient temperature and a pressure in the absence of an
initiator, but the G obtained was not high. In pre-
irradiation, PP was first irradiated by gamma Co60 in
solid state, and then the grafting reaction was performed in
solution state without an initiator. The homopolymeriza-
tion of MAH was largely avoided, but the radicals
generated by irradiation had a very short storage time. In
co-irradiation, PP and MAH were mixed to form a micro-
suspension first, and then irradiated together. The G
obtained was high, but there were also some side reactions
during grafting.

In order to reduce the chain degradation/cross-linking of
PP and achieve higher G values at the same time, effective
improvements have been carried out in this paper. The
employed methods ultrasonication, pre-irradiation and co-
irradiation were compared with each other, and the effects
of different additives were studied by characterizations of G
and GE values, viscosity, FTIR and DSC. Besides, the
effects of reflux time for G value measuring, the storage
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time on G and batch feeding times of MAH on G in pre-
irradiation method, and the mechanism of PP grafted MAH
were all discussed.

Experimental

Materials

Isotactic PP with a number-average molecular weight (Mn)
of 10,000 and a density of 0.89 g/cm3 was supplied by
Qingdao Sinoplase I & Co., Ltd, China. MAH obtained
from Tianjin Guangfu Ltd., China was used without further
treatment. Styrene (St), ethyl benzoate, dibutyl phthalate
(DBP), 2,2′-bipyridine, divinylbenzene (DVB), benzoyl
peroxide (BPO) and p-hydroquinone were also supplied
by Tianjin Guangfu Ltd., China and used as received.

Grafting methods

Pre-irradiation grafting: PP was first irradiated in solid state
by gamma Co60 supplied by Tianjin Institute of Techno-
logical Physics, China, with a total dose of 14.4 kGy under
air/nitrogen circumstance at room temperature. Then the
grafting was performed in a solution of xylene with a MAH
concentration of 20 w.t.%, a reaction time of 3 h and a
temperature of 90 °C. Details were in literature [11].

Ultrasonication grafting: MAH and PP were heated to
dissolve in xylene at 130 °C, and then cooled to room
temperature to form a micro-suspension. Ultrasonication
grafting was carried out by using an ultrasonic generator
(model JY92-II) supplied by Ningbo Scientz Biotechnology
Co., Seisakusho Ltd., China, with an ultrasonic time of
2.5 h, an ultrasonic intensity of 300 W and a MAH
concentration of 20 w.t.%. Details were in literature [10].

Co-irradiation grafting: the above ultrasonicated micro-
suspension was further irradiated directly by gamma Co60

with a total dose of 14.4 kGy under air circumstance at
room temperature. Details were in literature [12].

Definition of grafting parameters

The graft degree (G) of MAH onto PP was determined by
chemical titration [10–12]. Then the graft efficiency (GE) of
MAH could be calculated by equation (1):

GE ¼ WgMAH

WMAH
¼ WPP � G

WMAH
� 100% ð1Þ

where WgMAH, WMAH and WPP were the weights of MAH
grafted (g), MAH added in reactants (g) and PP added (g),
respectively.

Characterizations

FTIR

Fourier-transform infrared spectroscopy (FTIR; Nicolet,
FTS3000) of PP and grafted products were used to get
some qualitative information about the functional groups.
FTIR spectra were obtained from kBr pellets at room
temperature under the same test conditions.

DSC

A Perkin-Elmer differential scanning calorimeter (DSC)
was used for the thermal analysis. Thermal history of the
products was removed by scanning to 200 °C with a
heating rate of 10 °C/min under nitrogen circumstance.
After cooling down it was reheated from room temperature
to 200 °C, and then cooled to room temperature again to
obtain the melting peaks and crystallization peaks. The
heating/cooling rate was always 10 °C/min.

Viscosity measurements

Apparent viscosity: NDJ-79 rotary viscosimeter was used to
perform the apparent viscosity measurements of dilute
solutions of PP-xylene mixture. They were carried out at
the same shearing rate (640 rpm) at room temperature. The
results were used for qualitative analysis.

Intrinsic viscosity: Calibrated Ubbelohde viscometer was
used to perform the intrinsic viscosity ([η]) measurements
of dilute solutions of PP-xylene mixture. They were carried
out in a constant-temperature bath at 80 °C, and the
temperature of the bath was controlled by a thermostat
with 0.1 °C precision. The [η] of each sample could be
calculated by measuring the flow time of a solution with a
definite concentration.

Results and discussion

Improvement in G determination

It’s always the most important and difficult point to
determine the G value of the product because of the very
small amount of MAH grafted onto PP. Many quantitative
approaches have been employed, such as chemical titration
[13], viscosimetric titration [14], potentiometric and con-
ductimetric titration [15], and FTIR spectroscopy [14].
Gaylord et al. [16, 17] have carried out systematic research
on chemical acid–base titration, but many negative factors
were occurred during titration, such as precipitation,
suspended solids, low repeatability, uncertainties of the
titration stoichiometric ratio and so on. In order to
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overcome those problems, one way is to use an organic
alkali tetrabutyl ammonium hydroxide titration [14]; anoth-
er way is to improve the conditions of titration. The reflux
time should be long; the titration should be carried out
quickly and at a high temperature.

Figure 1 showed the effects of reflux time on G value
measuring of grafted samples. G values first increased fast
and then went stable with the increase of reflux time in all
three grafting methods pre-irradiation, ultrasonication and
co-irradiation. This was because in chemical acid–base
titration, it took several hours for inorganic base to react
with MAH groups grafted on organic PP chain. High
accuracy and repeatability could be obtained by this
improvement. So the reflux time in our experiments was
6 h.

Storage time in pre-irradiation

While solid PP is pre-irradiated under N2 circumstance,
only trapped radicals with high chemical reactivity and low
chemical stability are generated. But under air circum-
stance, peroxide (hydrogen peroxide) are also obtained,
which are relatively stable and can be decomposed to form
peroxy radicals at a high temperature. The MAH grafting
reaction can be induced by both of the above radicals, but
mainly by trapped radicals at room temperature.

Figure 2 showed the effects of storage time on G in pre-
irradiation method. Four statements could be obtained.
First, G values gradually decreased for all of the four curves
with the increase of storage time, which indicated that the
trapped radicals were unstable and slowly inactivated.
Second, the G obtained under air circumstance was higher
than that under N2 circumstance (Fig. 2a versus b, c versus
d). This was due to the peroxide (hydrogen peroxide) under

air circumstance. Third, the G obtained from a high
temperature was higher than that of a low temperature
(Fig. 2a versus c, b versus d). This was because trapped
radicals and peroxide (hydrogen peroxide) had higher
chemical reactivity at a high temperature. At a low
temperature peroxide (hydrogen peroxide) could hardly
decompose, and the grafting reaction solution was a non-
homogeneous system. Fourth, when the storage time was
more than 170 h, the G values became zero at a low
temperature (Fig. 2c and d); but it still had certain G values
at a high temperature (Fig. 2a and b). This result proved
that the peroxide (hydrogen peroxide) was more stable than
trapped radicals, although there might be a possibility of
MAH grafting by thermal initiation.

MAH concentration in pre-irradiation

In our previous research, there existed an optimal G value
under different MAH concentrations, which was explained
by the homopolymerization of MAH at a high concentra-
tion. In pre-irradiation method, the amount of trapped
radicals and peroxide (hydrogen peroxide) was fixed under
a certain irradiation dose. In order to achieve the highest G
value, the concentration of MAH must be consistent with
the concentration of the active grafting point. One
suggested way is to add MAH batch by batch with the
same total weight. Figure 3 showed the effects of batch
feeding times of MAH on G and GE in pre-irradiation. Not
as expected, G and GE values decreased with the increase
of batch feeding times. This implied that the grafting
reaction took place at the very beginning because of the
high chemical activity of the trapped radicals and peroxide
(hydrogen peroxide) at a high temperature. Although
homopolymerization of MAH was weakened by this way,
some other side reactions would occur besides MAH

Fig. 1 Effects of reflux time on G value measuring of grafted samples
in: a co-irradiation; b pre-irradiation and c ultrasonication methods

Fig. 2 Effects of storage time on G value measuring in pre-irradiation
method
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grafting. One batch feeding time was relatively better in our
experiments.

Effects of St as a co-monomer

G and GE

In order to increase the G of the grafted product, St was
adopted as a co-monomer in MAH grafting reaction. Figure 4
showed the effects of molar ratio of St to MAH on G (Fig. 4
left) and GE (Fig. 4 right) in ultrasonication, pre-irradiation
and co-irradiation methods. The G and GE of MAH in the
presence of St were always higher than that in the absence of
St (St: MAH=0.0, molar ratio). The maximum G and GE of
MAH were obtained when the molar ratio of St to MAH was
approximately 1:1 in all experimental conditions. This
implied that the interaction of MAH and St played an
important role in the grafting reaction. St improved the
grafting reactivity of MAH [18], and it was also reacted with

MAH to form a St-MAH copolymer (SMA), which
might react with PP macroradicals to generate grafted
products with long branches [19]. Therefore, the G of
MAH could be significantly increased in the presence of
St. When the molar ratio of St to MAH was 1:1, the main
grafting reaction in the system was the grafting of SMA to
PP, yielding relatively long branch. Then the G and GE of
MAH were the highest. When the mole of St was lower
than that of MAH, the amount of the resulting SMA was
less than that in St: MAH=1:1 system. So the G of MAH
decreased, although the left MAH could directly graft
onto PP macroradicals. When the mole of St was higher
than that of MAH, some St reacted with MAH to form the
SMA, and the left might preferentially react with PP
macroradicals to form more stable styryl macroradicals.
As a result, the G of MAH was also lower than that in St:
MAH=1:1 system.

Figure 5 showed the comparisons of maximum G and
GE of MAH for PP-g-MAH and PP-g-(MAH+St) in
different conditions. It clearly revealed that maximum G
and GE of MAH could be achieved in co-irradiation method
in the presence of St (Fig. 5f). Higher G and GE were
obtained in co-irradiation (Fig. 5e and f) than that in pre-
irradiation (Fig. 5c and d) and ultrasonication (Fig. 5a and
b) methods. Higher G and GE were also obtained in the
presence of St (Fig. 5b, d and f) than that in the absence of
St (Fig. 5a, c and e). The reasons were discussed above.

FTIR

Figure 6 showed the FTIR spectra of pure PP (Fig. 6e), PP-
g-(MAH+St) (Fig. 6a) and PP-g-MAH (Fig. 6b–d) in
different methods. The absorption at 2,839 cm−1 was the
characteristic peak of -CH3 for PP (Fig. 6e) [20], the
absorption at 1,720 cm−1 corresponding to the C=O
stretching of anhydride groups was the most characteristic

Fig. 3 Effects of batch feeding times of MAH on G and GE in pre-
irradiation method

Fig. 4 Effects of molar ratio of St to MAH on G (left) and GE (right) in: a co-irradiation; b pre-irradiation and c ultrasonication methods
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peak of MAH grafted PP (Fig. 6a–d) [14], and the
absorption at 704 cm−1 could be assigned to the character-
istic peak of the grafted St (Fig. 6a) [19]. From the
intensities of the carbonyl absorption peaks at 1,720 cm−1,
it obviously showed that the grafting reactions occurred and
the intensities became more and more stronger from
method ultrasonication (Fig. 6d), pre-irradiation (Fig. 6c)
to co-irradiation (Fig. 6b), and achieved its strongest
intensity in co-irradiation method in the presence of St
(Fig. 6a). It meant that the addition of St could significantly
increase the G of MAH. The FTIR results were consistent
with the results in Fig. 5: a higher G value corresponded to
a stronger intensity.

DSC

Figure 7 showed the DSC curves of melting peaks (Fig. 7
left) and crystallization peaks (Fig. 7 right) of pure PP, PP-
g-MAH and PP-g-(MAH+St) in pre-irradiation method
respectively. Pre-irradiation grafting products were chosen
here, and the conclusions were the same as that in other two
methods.

Melting process is endothermic with a negative heat
flow, and crystallization process is exothermic with a
positive heat flow. For melting process in Fig. 7 (left),
the melting point of PP-g-MAH (141.15 °C) was lower
than that of pure PP (143.93 °C), but the melting heat
(61.68 J/g) was higher with a wider melting peak. This
was because the grafted MAH on the PP chain increased
the intermolecular distance and the entropy, reducing the
intermolecular forces, leading to the decreasing of melting
point and a broader melting peak. Because of the higher G
of MAH in the presence of St, the melting point of PP-g-
(MAH+St) (140.91 °C) was even lower than that of PP-g-
MAH.

For crystallization process in Fig. 7 (right), the crystal-
lization temperature (105.07 °C) of PP-g-MAH was lower
than that of pure PP (105.95 °C), and the crystallization
heat (69.22 J/g) was lower too. The depression of
crystallization temperature was due to the side grafted
MAH groups on the PP chain, which led to a reduction in
the amount of perfect crystals, and retarded the crystalliza-
tion of the PP molecules. The addition of St could also
minimize the crystal capability of PP [21]. So the
crystallization temperature of PP-g-(MAH+St) (102.12 °C)
was even lower than that of PP-g-MAH. These results were
consistent with what Baotong Huang [22] proposed. He
found that the melting point and crystallization temperature
of grafted products were both a little lower than that of pure
materials.

In order to estimate the influences of St on thermal
performance of the products PP-g-(MAH+St) in detail,
Fig. 8 showed the effects of molar ratio of St to MAH on
DSC curves of melting peaks (Fig. 8 left) and crystalliza-
tion peaks (Fig. 8 right). The melting point and crystalli-
zation temperature of grafted products with St were all a
little lower than that of grafted products without St (molar
ratio, St: MAH=0.0). It was also proved that the changes of
the melting point and crystallization temperature were
corresponded to the trends of G in Fig. 4. The melting
point and crystallization temperature of grafted products
decreased with the increase of G values, and obtained the
minimums in St: MAH=1:1 system. There was a very small
endothermic peak appeared at about 130 °C around the
melting peak in some curves (Fig. 8 left). This was due to
the evaporations of small amount of bound water/crystal
water in some grafted products.

Fig. 6 FTIR spectra of: a PP-g-(MAH+St) in co-irradiation; b PP-g-
MAH in co-irradiation; c PP-g-MAH in pre-irradiation; d PP-g-MAH
in ultrasonication and e, pure PP

Fig. 5 Comparisons of maximum G and GE of MAH for PP-g-MAH
in: a ultrasonication; c pre-irradiation; e co-irradiation, and PP-g-
(MAH+St) in: b ultrasonication; d pre-irradiation; f co-irradiation
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Apparent viscosity

Effects of irradiation dose on apparent viscosity of PP

It is reported [23] that there is a certain degree of cross-
linking/degradation for polyolefin under irradiation condi-
tions. Polypropylene tends to degrade and polyethylene
tends to cross-link. Figure 9 illustrated the effects of total
irradiation dose on apparent viscosity of PP irradiated in
solid state. The apparent viscosity of the PP-xylene solutions
first decreased and then increased with the increase of total
dose, indicating that the molecular weight of PP first
decreased and then increased. It meant that in our experi-
ments (total dose was 14.4 kGy), the chain degradation of
PP occurred, and it caused the decrease of viscosity. When
the total dose went above a certain value, PP exhibited cross-
linking. However, the irradiated PP could be absolutely
dissolved in hot xylene, the cross-linking of PP was not
serious. It was also showed that the atmosphere was an
important factor during irradiation. PP went cross-linking
more favorable in air than in N2. This was due to the

peroxide (hydrogen peroxide) generated under O2 circum-
stance, which could induce the cross-linking of PP macro-
molecules.

Influences of additives on apparent viscosity of PP

In order to reduce the chain degradation of PP in our
experiments and achieve high G at the same time, a lot of
additives were used. Figure 10 showed the effects of
different treatments on apparent viscosity of PP. Sample
Fig. 10a was pure PP with the highest apparent viscosity.
Samples Fig. 10c–g were co-irradiated in 10 w.t.% PP-
xylene solutions, and the additives added were all 2 w.t.% in
PP: blank (Fig. 10c), St (Fig. 10d), MAH (Fig. 10e), ethyl
benzoate (Fig. 10f) and DBP (Fig. 10g) respectively. The
apparent viscosity of sample Fig. 10c without any additives
decreased a lot than that of sample Fig. 10a, but that of
sample Fig. 10g only decreased a little. The additives St and
MAH played a role as electron accepters and grafting
monomers; the additives ethyl benzoate and DBP played a
role as electron donors. They could all reduce the chain

Fig. 8 Effects of molar ratio of St to MAH on DSC curves of melting peaks (left) and crystallization peaks (right)

Fig. 7 DSC curves of melting peaks (left) and crystallization peaks (right) of: a pure PP; b PP-g-MAH and c PP-g-(MAH+St) in pre-irradiation
method
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degradation of PP to some extent. Besides, the chain
degradation of PP irradiated in solid state (Fig. 10b) was
better than that in solution state (Fig. 10c–g).

Influences of additives on G and GE

Firstly, the effects of amount of additives on G and GE of
MAH in co-irradiation method were studied. DBP was
chosen as an example in Fig. 11. The G and GE of MAH
first increased and then decreased with the increase of
amount of DBP in PP. The optimum values were obtained
at a DBP concentration of 2.0 w.t.%. It was conceivable
that the additive (electron donor) could activate MAH by
rendering its structure unsymmetrical and its π bond of

radical-anion character [19]. With the aid of DBP, the chain
degradation of PP decreased and the MAH activity was
improved, so G and GE increased. But, if DBP was added
too much, it would also induce the homopolymerization of
MAH, leading to a slight decrease of G and GE.

Secondly, different additives at the same 2.0 w.t.% (in
PP) level were studied. Figure 12 showed the effects of
different additives on G and GE of MAH in co-irradiation
method. Sample Fig. 12a was PP-g-MAH without any
additives, other samples were PP-g-MAH (+DVB)
(Fig. 12b), PP-g-MAH (+DBP) (Fig. 12c), PP-g-MAH
(+2,2′-bipyridine) (Fig. 12d) and PP-g-MAH (+ethyl
benzoate) (Fig. 12e) respectively. It showed that samples
Fig. 12b–e with additives had higher G and GE values than
that of sample Fig. 12a, and PP-g-MAH (+ethyl benzoate)

Fig. 11 Effects of amount of DBP in PP on G and GE in co-
irradiation method

Fig. 10 Effects of different treatments on apparent viscosity of PP: a
pure PP; b PP irradiated in solid state; c-g 10 w.t.% PP-xylene
solutions irradiated with 2 w.t.% additives in PP: c blank; d St; e
MAH; f ethyl benzoate and g, DBP

Fig. 9 Effects of total irradiation dose on apparent viscosity of PP
irradiated in solid state

Fig. 12 Effects of different additives on G and GE in co-irradiation
method with an amount of 2 w.t.% in PP: a PP-g-MAH; b PP-g-MAH
(+DVB); c PP-g-MAH (+DBP); d PP-g-MAH (+2,2′-Bipyridine) and
e PP-g-MAH (+ethyl benzoate)
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had higher G and GE values than PP-g-MAH (+2,2′-
bipyridine), PP-g-MAH (+DBP) and PP-g-MAH (+DVB).
These additives were all effective to increase the G and GE

of MAH in our experimental conditions.

Influences of additives on intrinsic viscosity of grafted
products

The best additive is the one that not only increases the G of
MAH, but also reduces the chain degradation of PP and
other side reactions. So the intrinsic viscosity of the grafted
products was measured to see the molecular weight
changes. Figure 13 showed the effects of different additives
on intrinsic viscosity of grafted products in co-irradiation
method, and the additives added were 2 w.t.% in PP (except
Fig. 13f). Sample Fig. 13a was PP-g-MAH without any
additives, samples Fig. 13b–e were PP-g-MAH (+DVB)
(Fig. 13b), PP-g-MAH (+2,2′-Bipyridine) (Fig. 13c), PP-g-
MAH (+ethyl benzoate) (Fig. 13d) and PP-g-MAH (+DBP)
(Fig. 13e) respectively, sample Fig. 13f was PP-g-
(MAH+St) in St: MAH=1:1 system. It could be seen from
the figure that the intrinsic viscosities of PP-g-MAH
(+DVB), PP-g-MAH (+2,2′-Bipyridine) and PP-g-MAH
(+ethyl benzoate) were a litter lower than that of PP-g-
MAH, which meant that these three additives could not
reduce the chain degradation of PP. The intrinsic viscosity
of PP-g-MAH (+DBP) was a litter higher than that of
PP-g-MAH. So DBP was effective to reduce the chain
degradation of PP. All of the above additives with
electron-donating groups were considered to reduce the
free radical transfer reactions inner and inter the PP

molecules. They worked as the negative catalysts, reducing
the side reactions of PP during MAH grafting. St played a
role as a co-monomer. The intrinsic viscosity of PP-g-
(MAH+St) was much higher than that of PP-g-MAH. So
the addition of St could not only greatly improve the G
value of MAH, but also effectively reduce chain degrada-
tion of PP [19].

Mechanism of PP grafted MAH

The mechanism of PP grafted MAH is normally considered
as a free-radical grafting reaction [24–26]. In order to check
or prove this mechanism, a free-radical initiator and a free-
radical inhibitor were separately added as additives, and the
amount each was still 2 w.t.% in PP. Figure 14 showed the
effects of initiator BPO and inhibitor p-hydroquinone on G
and GE of MAH in co-irradiation method. The middle one
(Fig. 14b) was PP-g-MAH, the left one (Fig. 14a) with
BPO had significantly higher G and GE than that of PP-g-
MAH, and the right one (Fig. 14c) with p-hydroquinone
had nearly zero G and GE values. The free-radical grafting
mechanism of PP grafted MAH was strongly supported by
our experiments. When a free-radical initiator was added, G
and GE improved, enhancing the grafting reaction; when a
free-radical inhibitor was added, G and GE decreased to
zero, preventing the grafting reaction.

Conclusions

Many improvements of PP grafted MAH with ultrasonica-
tion, pre-irradiation and co-irradiation methods have been
successfully carried out in our experiments. The best reflux

Fig. 14 Effects of initiator BPO and inhibitor p-hydroquinone on G
and GE in co-irradiation method

Fig. 13 Effects of different additives on intrinsic viscosity in co-
irradiation method with an amount of 2 w.t.% (except f) in PP: a PP-g-
MAH; b PP-g-MAH (+DVB); c PP-g-MAH (+2,2′-Bipyridine); d PP-g-
MAH (+ethyl benzoate); e PP-g-MAH (+DBP) and f PP-g-(MAH+St)
in St: MAH=1:1 system (molar ratio)
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time on G values measuring was 6 h. In pre-irradiation,
storage time was important to G values, but batch feeding
times of MAH was not important. In co-irradiation, the
additives ethyl benzoate, DBP, 2,2′-bipyridine and DVB all
could increase the G values to some extent, but only DBP
could slightly reduce the PP degradation reaction. However,
St could not only greatly improve the G of MAH, but also
effectively reduce PP degradation in all three methods. The
higher the G values, the stronger the characteristic peak
absorption intensity in FTIR spectra, and the lower the
melting point and crystallization temperature in DSC
curves. Although the free-radical grafting mechanism has
been proved by adding additives BPO and p-hydroquinone,
there are still many works to do. For example, the detailed
mechanisms of different grafting methods employed and
different additives adopted, the exactly structures and the
stabilities of the grafted products.
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