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ABSTRACT: Maleic anhydride (MAH) was grafted onto polypropylene (PP) film efficiently by means of introducing
the electron donor monomer n-butyl vinyl ether (n-BVE), under UV irradiation. The principal factors affecting surface
photografting polymerization such as irradiation time, molar ratio of MAH to BVE, monomer concentration, photoini-
tiators, UV and solvents, were investigated systematically. The results show that the photografting of MAH/BVE is
an effective approach to modify the surface property of the polymeric materials, and the photografting process is very
efficient. The contact angle of the grafted surface against water could decrease from 87 ◦ to less than 20 ◦ within 40 s
of the irradiation time. The grafting efficiency would reach the highest when the molar ratio of MAH to BVE was 1:1,
which indicated that the formation of charge transfer complex (CTC) between the binary monomers was favorable to the
photografting polymerization. Among the photoinitiators benzildimethylketal (BDK), benzophenone (BP) and isopropy-
lthioxanthone (ITX), the sequence of grafting efficiency was BP>ITX>BDK. Far UV (200–300 nm) radiation played a
decisive role in the photografting polymerization and high UV intensity could accelerate this process. The solvent with
good affinity towards the substrates was favorable to increase the grafting efficiency, because the diffusion of monomer
and photoinitiator to the liquid-solid interface could be swimmingly. FT-IR spectra confirmed that both MAH and BVE
had been successfully grafted onto PP film.

KEY WORDS Surface Modification / Photografting Polymerization / Maleic Anhydride / n-Butyl
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Up to now, grafting copolymerization has been a
common method to modify and improve the proper-
ties of the polymeric materials. There are many ap-
proaches to initiate the grafting copolymerization, in-
cluding electronic beam,1 γ-ray, plasma,2 UV, shear
force,3 etc. Among those, grafting copolymerization
initiated by UV has remarkable advantages in surface
modification of polymeric materials, especially poly-
olefin, because the photografting polymerization takes
place mainly on the surface or subsurface, without dam-
aging the bulk property.

In the past few decades, many researchers have done
much in the photografting polymerization field from
various aspects. With regard to the operation method,
there have been vapor phase system,4, 5 liquid phase
system6 and continuous operation system7 in the previ-
ous reports. As to the factors affecting the photograft-
ing polymerization, the effects of UV,8 photoinitiators,9

solvents,10 etc., have been reported in detail. In addi-
tion, some reports involved the structure and morphol-
ogy of the surface of the grafted materials.11–13

Concerning the monomers for photografting, the
vinyl monomers14–16 are popularly used, such as
acrylic acid (AA), methacrylic acid (MAA), methyl

methacrylate (MMA), styrene (St), acrylamide (AM),
acrylonitrile (AN), vinyl acetate (VAc), etc. In or-
der to make the materials possess special properties,
some monomers with functional groups were intro-
duced,17, 18 such as glycidyl acrylate (GA), glycidyl
methacrylate (GMA), N-vinyl pyrrolidone (NVP), etc.
Maleic anhydride (MAH), however, was seldom used
in photografting,19 although it is widely used in the so-
lution grafting and melting grafting. In fact, MAH used
as a monomer for photografting has much advantages:
1) The anhydride group in MAH molecule has com-
paratively strong polarity and it can be hydrolyzed into
two carboxyl groups, which will increase the density of
polar groups on the surface of the grafted polymer, and
therefore the surface hydrophilicity can be improved ef-
fectively. 2) The anhydride group can undergo a num-
ber of reactions with other functional groups due to its
high activity, which will make the grafted polymer a
potential functional material.

Recently, we have reported in one of our previous pa-
pers that MAH itself could perform photografting poly-
merization, but the efficiency was low.19 The results
showed that only when the irradiation time was pro-
longed to 3 min did the grafting efficiency reach 60%.
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This is because MAH is difficult to homopolymerize
under usual conditions due to the great steric hindrance,
as commonly considered, which leads to the difficulty
of the grafting chain propagation. Fortunately, H.
Kubota and Y. Ogiwara et al.20, 21 have pointed out that
the monomers difficult to/cannot be grafted will un-
dergo photografting smoothly by means of introduc-
ing the suitable comonomer. Given that the electron
donor monomer n-butyl vinyl ether (n-BVE) can form
charge transfer complex (CTC)22 with MAH and con-
sequently they tend to undergo alternating copolymer-
ization, which was expected to bring favorable effect
on photografting polymerization, we designed the pho-
tografting polymerization system of binary monomers
MAH/BVE and carried out the study systematically.

Experimental

Materials
Commercial casting polypropylene (CPP) film,

30 µm thick, with transmittance close to 100% for
UV radiation (200–400 nm), was used as the substrate,
which was first cut into circular shape of about 50 mm
in diameter and then subjected to Soxhlet extraction
with acetone for 24 h to remove the additives and im-
purities.

Maleic anhydride (MAH) was purified by distillation
before use, and n-butyl vinyl ether (n-BVE) was an-
alytical grade, used without further purification. The
photoinitiators benzildimethylketal (BDK), benzophe-
none (BP) and isopropylthioxanthone (ITX), were an-
alytical grade, used without further purification. The
solvent acetone (AC), ethyl acetate (EA), tetrahydrofu-
ran (THF), dimethylformamide (DMF), were analytical
grade, used without further purification.

Photografting Polymerization Procedure
The photografting polymerization was carried out

in the apparatus the same as that in the previous pa-

Figure 1. Profile of the assembly for photografting polymer-
ization.

pers,19, 23 which was built in our laboratory. The assem-
bly for photografting polymerization is shown schemat-
ically in Figure 1, which is named “Film Interface Pho-
topolymerization (FIP)” technique9 used in our pho-
tografting operation.

A certain amount of solution (about 5 µL) contain-
ing monomer and photoinitiator was deposited between
two overlapping films with a microsyringe and spread
into an even and thin liquid layer (about 3µm thick)
with proper pressure. Then the assembly was laid on
a plate and covered with a piece of quartz glass. The
assembled unit was irradiated by UV radiation (high-
pressure mercury lamp, 1 kW, the distance from the
lamp to the sample could be varied) from the top side.
The temperature was controlled by a thermocouple and
the extent of photografting polymerization was con-
trolled by varying the irradiation time. After irradia-
tion, the top and bottom films were separated and put
into the vacuum oven to vaporize the residual monomer
and solvent, then Soxhlet-extracted with acetone for
8 h to remove the homopolymer (in fact, the ungrafted
polymer in this system is copolymer, but we still call it
homopolymer by convention, et seq.).

The photografting polymerization parameters, graft-
ing yield (Yg), percent conversion of monomer to the
overall plolymerization (Cp), percent conversion of
monomer to the grafting plolymerization (Cg), graft-
ing efficiency (Eg), were obtained by the gravimetric
method according to the following definitions:

Yg = (Wg/Wf ) × 100% (1)

Cp = (Wp/Wm) × 100% (2)

Cg = (Wg/Wm) × 100% (3)

Eg = (Wg/Wp) × 100% (4)

where Wf is the weight of the two blank films; Wm is
the weight of the monomer between the two films; Wp

is the weight of the polymer produced, including ho-
mopolymer and grafted polymer, which was obtained
by weighing the films after vaporizing the residual
monomer and solvent; Wg is the weight of the grafted
polymer, which was obtained by weighing the films af-
ter extracting the homopolymer.

FT-IR Spectra
The IR spectrum of the grafted film PP-g-

MAH/BVE, which had been Soxhlet-extracted with
acetone for 8 h to remove the homopolymer, was
measured by Fourier transform infrared spectrometer
(Nicolet-60 SXB, Northvale, NJ). Moreover, the FT-IR
spectrum of the blank film was also measured as refer-
ence under the same conditions.
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Table I. Performance of the photografting polymerization of
MAH/BVE on PP∗

[M]/[B]a t (sec)b Yg(%) θ(◦)c Cp(%) Cg(%) Eg(%)
0/4d 60 0 87 0 0 0
1/4 60 0.17 72 33.8 8.7 25.7
2/3 60 0.51 49 68.5 25.7 37.5
1/1 60 1.35 15 86.9 68.2 78.5
3/2 60 1.13 16 83.6 56.9 68.1
4/1 60 0.42 45 52.4 21.3 40.6
4/0e 60 0.19 68 27.9 9.7 34.8

1/1 5 0.36 63 28.3 18.2 64.3
1/1 10 0.59 44 40.6 28.3 69.7
1/1 15 0.72 30 51.0 36.4 71.4
1/1 20 0.87 24 59.4 43.9 73.9
1/1 40 1.16 17 78.3 58.6 74.8
1/1 60 1.35 15 86.9 68.2 78.5

∗Photoinitiator, BP, 0.05 mol L−1; solvent, acetone; volume of reaction
solution, 5 µL; reaction temperature, 60 ◦; UV intensity, 7600 µW cm−2.

aMolar ratio of MAH to BVE, the total concentration is 4 mol L−1.
bIrradiation time. cContact angle against water, anhydride groups had
been hydrolyzed. dContent of MAH is 0. eContent of BVE is 0.

Contact Angle Against Water
The grafted films were immersed in the sodium hy-

droxide solution (5 wt%) for about 10 min at 25 ◦C,
so as to hydrolyze the anhydride groups into carboxyl
groups. Then the contact angle of the grafted surface
against water was measured on a JJ-I contact angle
measuring instrument (Changchun Optical Instrument
Plant, China). To each sample with various grafting
yields, the measurements were carried out repeatedly
at various spots and afterwards the average was calcu-
lated. In addition, the contact angles of the grafted films
without being hydrolyzed were also measured as refer-
ence under the same conditions.

RESULTS AND DISCUSSION

Performance of the Photografting Polymerization of
MAH/BVE

In the first stage of this study, a series of experiments
were carried out by varying the molar ratio of MAH
to BVE while keeping the irradiation time 60 s, then
the evolution of the photografting polymerization was
investigated under the condition that the ratio of MAH
to BVE was kept 1:1. The experimental results were
summarized in Table I.

It can be obviously seen from Table I that the graft-
ing efficiency reached the highest and the modification
effectivity was the best when the monomer feed ratio of
MAH to BVE was 1:1, which indicated that the above
assumption was reasonable. That is, since MAH and
BVE can form charge transfer complex (CTC)22, they
are prone to undergo alternating copolymerization, thus
resulting in the smooth grafting chain propagation. To
speak in detail, the grafting yield (Yg) reached 1.35%
and the grafting efficiency (Eg) was nearly 80%, more-

over, the contact angle against water decreased to less
than 20 ◦. The detailed mechanism of CTC will be
presented in the latter article. In addition, it is also
found from Table I that BVE itself could not undergo
polymerization because BVE is a typical monomer for
cationic polymerization, while MAH itself could un-
dergo polymerization to some degree, which was con-
sistent with our previous result.19

With regard to the photografting evolution, the reac-
tion rate is very high. Also from Table I, Yg, Cp, and
Cg all increased smoothly and rapidly along with the ir-
radiation time. For example, the grafting yield reached
more than 1% and nearly 80% of the monomer had per-
formed plolymerization in the preceding 40 s. Later, the
reaction rate slowed down and the photografting poly-
merization was nearly over within 60 s.

From the results demonstrated above, it can be con-
cluded that the photografting of MAH/BVE is a novel
rapid effective approach to modify the surface property,
which may be applicable to the industrial field in the
surface modification of the commercial polymeric ma-
terials.

Principal Factors Affecting the Photografting Polymer-
ization

Photoinitiators. To the surface photografting poly-
merization, the primary requirement is to generate the
surface free radicals on the substrate, so it is essen-
tial to investigate the effects of photoinitiators. In
this study, three photoinitiators of different types, ben-
zildimethylketal (BDK), benzophenone (BP) and iso-
propylthioxanthone (ITX) were examined and the re-
sults are shown in Figure 2.

As to Cp, it can be found from Figure 2 that
the sequence of these three photoinitiators was
BDK>ITX>BP, and as to Yg, the sequence was
BP>ITX>BDK. This means that BDK has the highest
polymerization ability while the lowest grafting ability;
on the contrary, BP has a little lower polymerization
ability while the highest grafting ability; and ITX is be-
tween them. Obviously, BP is the most efficient pho-
toinitiator for the photografting polymerization. The
initiation mechanisms of these three photoinitiators are
presented as follows.

As to BDK, it is a typical Norrish I type photoini-
tiator (α-cleavage)24 widely used in the photocuring in-
dustry. Under UV irradiation, BDK undergoes the re-
action expressed in the following equation:

(1)

Because the free radicals (A) were so active that most
of the monomer around them performed homopolymer-
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Figure 2. Effects of various photoinitiators on overall polymer-
ization (A) and graft polymerization (B) of MAH/BVE. Molar ra-
tio of MAH to BVE, 1 : 1; total monomer concentration, 4 mol L−1;
concentration of photoinitiator, 0.05 mol L−1; solvent, acetone; vol-
ume of reaction solution, 5 µL; reaction temperature, 60 ◦C; UV
intensity, 8000 µW cm−2.

ization, the grafting polymerization was severely inhib-
ited, resulting in the lowest grafting yield.

With respect to BP, it is a typical hydrogen ab-
stractable photoinitiator popularly used in the pho-
tografting and photocross-linking processes. When ir-
radiated by UV, BP was excited to the single state (BPS)
and immediately relaxed to the stable triplet state (BPT)
through intersystem crossing (ISC), then BPTabstracted
hydrogen from the surface of the polymeric substrate -
the hydrogen donor. Thus the surface free radicals and
semibenzopinacol free radicals were generated.

(2)

Due to large bulk and π-conjugate effect, the
semibenzopinacol free radicals were not active. How-
ever, the surface free radicals were more active by far,
so that the photografting polymerization carried out
smoothly, resulting in the highest grafting efficiency.

Y
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％
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Figure 3. Effect of UV intensity on the grafting yield of the
photografting of MAH/BVE. UV intensity was altered by varying
the distance from the lamp to the sample. Molar ratio of MAH
to BVE, 1:1; total monomer concentration, 4 mol L−1; photoinitia-
tor, BP, 0.05 mol L−1; solvent, acetone; volume of reaction solution,
5 µL; reaction temperature, 50 ◦C.

As for ITX, it can also undergo the hydrogen abstrac-
tion reaction, but the intermolecular rearrangement oc-
curs at the same time.25

(3)

(4)

The free radicals (I) are not active while the free rad-
icals (II) are a little more active, so the homopolymer-
ization arose to some extent in this system. Thus the
photografting ability of ITX is less than BP in some
sort.

In addition, it should be pointed out that the
monomer MAH could also act as a photoinitiator and
participated in the initiation process, the mechanism of
which will be discussed in detail in the latter article.

UV Intensity and Its Wavelength. The effect of UV
lies in two aspects involving the intensity and the wave-
length. According to the general principles of the pho-
topolymerization,26 the rate of initiation reaction is pro-
portional to UV intensity and the rate of polymerization
is proportional to the square root of UV intensity. So
the high UV intensity was expected to be favorable to
the photografting polymerization, and the experimen-
tal results have confirmed the assumption, as shown in
Figure 3.
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Table II. Photografting performance of MAH/BVE with and without far UV∗

Cp(%) Yg(%)

t (sec)
BP

+a −b

ITX
+ −

BDK
+ −

BP
+ −

ITX
+ −

BDK
+ −

10 33.8 1.0 54.5 49.0 60.0 13.1 0.39 0 0.31 0 0.20 0
20 59.6 2.5 70.4 65.2 80.2 15.2 0.62 0 0.47 0 0.30 0
30 70.0 3.0 75.3 68.7 87.2 20.7 0.75 0 0.52 0.01 0.37 0
40 76.1 3.5 83.6 70.4 89.4 22.2 0.83 0 0.57 0.02 0.43 0
50 81.8 4.5 85.6 72.2 94.0 24.8 0.89 0 0.65 0.03 0.53 0
60 83.2 5.6 88.0 75.3 94.9 27.2 1.01 0 0.71 0.05 0.56 0
90 90.3 6.1 93.2 79.6 97.8 29.7 1.15 0 0.79 0.06 0.68 0
∗Molar ratio of MAH to BVE, 1:1; total concentration, 4 mol L−1; concentration of photoinitiator,

0.05 mol L−1; solvent, acetone; volume of reaction solution, 5 µL; reaction temperature, 60 ◦C; UV
intensity, 8600 µW cm−2.

aWith far UV. bWithout far UV.

As to the UV wavelength, it determines the energy of
the photon according to the formula E = hν. Since var-
ious photoinitiators have different specific absorption
band, it is very important to choose the appropriate UV
wavelength for the photografting polymerization. Here
a piece of PET film, which is known to cut off almost
all the far UV irradiation (200–300 nm)8, was used as
a filter. The photografting performance of MAH/BVE
with and without far UV is presented in Table II.

As shown in Table II, the values of Cp and Yg of all
these three photoinitiators were decreased remarkably
when the far UV radiation was eliminated. As to Cp,
the extents of the decline were different among the var-
ious photoinitiators. To speak in detail, Cp of BP de-
creased the most, because its major absorption band
was 254 nm; Cp of BDK decreased a little less, be-
cause it has some sort of absorption at 340 nm besides
the major absorption band 246 nm; while Cp of ITX
decreased the least in that it has not only major absorp-
tion at 260 nm but also some absorption at 385 nm.27

As to Yg, it can be surprisingly seen that the values of
Yg all decreased close to 0 (no grafted polymer could
be detected by gravimetric method) in the absence of
far UV radiation, except that ITX had a little grafting
yield after 30 s of the irradiation time. This significant
result indicates that far UV radiation is favorable to this
photografting system, which is consistent with our pre-
vious results.8

It should be pointed out that the effective UV wave-
length on the hydrogen abstraction reaction of BP was
different from the common concept. In the most stud-
ies,4–7 the UV wavelength range used for the pho-
tografting was longer than 300 nm (usually 366 nm),
which corresponds to n-π* transition. Moreover, the
traditional photografting was conducted with the vapor
phase method and liquid phase method, and the irradia-
tion time was usually as long as 60 min, even 90 min
sometimes, resulting in very high grafting yield. In

the “FIP” operation, however, the fixed amount of re-
action solution was deposited between two overlapping
films, therefore the grafting reaction can be confined
merely on the surface of the substrate, which facili-
tates to realize the rapid effective surface modification
of the polymer substrates. Although the (n, π∗) state
of BP excited by near UV has higher oxidation abil-
ity, its extinction coefficient is much less (e.g., ε366 nm =
70 L mol−1 cm−1) than that at the (π, π∗) state (ε254 nm =
1.7 ×104 L mol−1 cm−1). So the photoreduction rate of
BP at the (n, π∗) state is much slower than that at the
(π, π∗) state, accordingly resulting in the different pho-
tografting rates. In addition, we have found out that
if near UV was used and the irradiation time was pro-
longed meanwhile, most monomer would perform ho-
mopolymerization rather than graft polymerization. In
conclusion, we consider that far UV is favorable to this
photografting system conducted with “FIP” method.

Total Monomer Concentration. The effects of the
total concentration of the binary monomers MAH/BVE
are illustrated in Figure 4.

Figure 4 shows that the grafting yield increased
smoothly while the grafting efficiency decreased un-
expectedly along with the increase of the monomer
concentration. This phenomenon can be attributed
to the fact that the photografting system is heteroge-
neous. That is, the photografting polymerization oc-
curs merely at the liquid-solid interface between the liq-
uid phase and the substrate, and the homopolymeriza-
tion occurs in the liquid phase meanwhile. When the
monomer concentration increased, the photografting
polymerization and homopolymerization both speeded
up though, the latter would increase more remarkably
in that the amount of monomer and photoinitiator near
the interface changed little while those in the liquid
phase changed much. Consequently, the grafting ef-
ficiency (which was defined as Wg/Wp) declined in-
evitably. Nevertheless, in order to obtain high grafting
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Table III. Effects of various solvents on the photografting of MAH/BVE∗

t (sec)
Cp(%)

AC EA THF DMF
Yg(%)

AC EA THF DMF
Eg(%)

AC EA THF DMF
10 33.8 30.3 62.6 23.2 0.39 0.26 0.22 0.01 58.3 43.2 17.7 1.3
20 59.6 57.7 75.3 34.8 0.62 0.38 0.32 0.02 52.5 33.3 21.5 2.3
30 66.2 68.7 77.8 37.4 0.75 0.55 0.38 0.04 57.3 40.5 24.7 5.3
40 79.3 78.4 81.8 42.4 0.87 0.62 0.40 0.05 55.5 39.9 24.4 5.9
50 81.8 82.3 86.9 52.5 0.89 0.64 0.43 0.07 54.9 39.2 25.0 6.7
60 89.3 91.9 93.9 59.6 1.01 0.71 0.54 0.08 56.4 39.1 29.1 14.2
∗Molar ratio of MAH to BVE, 1:1; total concentration, 4 mol L−1; photoinitiator, BP, 0.05 mol L−1; volume

of reaction solution, 5µL; reaction temperature, 60 ◦C; UV intensity, 8600 µW cm−2.

Y g（
％
） 

60 s

90 s

（mol L－1）

(A)

E
g（
％
） 

60 s

90 s

（mol L－1）
(B)

Figure 4. Effect of the total concentration of MAH/BVE on the
grafting yield (A) and grafting efficiency (B). Molar ratio of MAH
to BVE,1:1; photoinitiator, BP, 0.05 mol L−1 ; solvent, acetone; vol-
ume of reaction solution, 5 µL; reaction temperature, 60 ◦C; UV in-
tensity, 6900 µW cm−2.

yield within short irradiation time, it is necessary to in-
crease the monomer concentration to some extent.

Solvents. The solvent in the heterogeneous pho-
tografting system not only dissolves the monomer and
photoinitiator, but also carries them to the liquid–solid
interface, so the affinity between the solvent and the

substrate was supposed to be a crucial factor affect-
ing the photografting. Moreover, some certain sol-
vents used in the photografting system may act on the
monomer or the UV radiation. In this study, some com-
mon solvents such as AC, EA, THF, DMF, were inves-
tigated and the results are summarized in Table III.

As observed in Table III, the effects of the various
solvents on the photografting of MAH/BVE were dif-
ferent. 1) AC and EA had the similar positive ef-
fect on the photografting, because they are both affini-
tive towards the substrate–the solubility parameter (δ)
of PP, AC, EA are 16.6 (J m−3)1/2, 20.09 (J m−3)1/2,
18.7 (J m−3)1/2 respectively.28 When the reaction sys-
tem was soaked in the fine solvent, the monomer and
photoinitiator could migrate to the substrate smoothly,
moreover, the mobility of the surface free radicals and
grafting chain free radicals increased meanwhile. As a
result, the photografting polymerization performed ef-
ficiently. In addition, it can be also found that the Yg

of AC was higher than that of EA, which accordingly
resulted in the higher Eg value. The reason may lie in
the fact that AC can act as photoinitiator as well un-
der UV irradiation and therefore can initiate the grat-
ing polymerization.5 2) THF (δ=18.9 (J m−3)1/2 is also
affinitive towards the substrate, but the Cp was notice-
ably high while Yg and Eg were low. This is because
THF can form CTC with MAH as well as BVE does,
which subsequently initiated the homopolymerization
in the liquid phase.29 As a result, the grating polymer-
ization was severely inhibited. 3) As for DMF (δ =

24.6 (J m−3)1/2, it has very bad affinity towards the sub-
strate, so it was very difficult for the monomer and pho-
toinitiator to migrate to the substrate, leading to the low
grafting efficiency.

FT-IR Spectra
The FT-IR spectra in Figure 5 show that some spe-

cific vibration absorption appeared in the grafted PP
film compared with that of the blank PP film. The
absorption at 1785 cm−1 and 1860 cm−1 indicated the
existence of the anhydride group, and the absorption
at 1102 cm−1indicated the existence of the ether bond
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Figure 5. FT-IR Spectra of the blank PP film and grafted PP
film. The grafting yield of the grafted film was 1.35%, which
was prepared under such conditions: molar ratio of MAH to
BVE,1:1; total monomer concentration, 4 mol L−1; photoinitiator,
BP, 0.05 mol L−1; solvent, acetone; volume of reaction solution,
5 µL; reaction temperature, 60 ◦C; UV intensity, 7600 µW cm−2; ir-
radiation time, 60 s.

(–CO–), which confirmed that the binary monomers
MAH/BVE had been successfully grafted onto the PP
film.

Contact Angle against Water
The main purpose of the photografting polymeriza-

tion is to modify the surface property of the polymeric
materials, especially to increase the surface polarity and
therefore improve the hydrophilicity. In this study, the
surface contact angles of the modified surface with var-
ious grafting yields were measured. The results are
shown in Figure 6.

It can be obviously seen from Figure 6 that the con-
tact angle decreased along with the increase of the
grafting yield, which indicated that the photografting of
MAH/BVE is an effective and efficient method to im-
prove the surface hydrophilicity of the polymeric ma-
terials. Furthermore, it can be found out that the con-
tact angle of the grafted films with hydrolysis decreased
more remarkably than that of the grafted films with-
out hydrolysis. This is because each anhydride group
in MAH can be hydrolyzed into two carboxyl groups,
which increased the density of the polar groups on the
surface of the grafted polymer. The reaction is schemat-
ically expressed as follows.

(5)

When the grafting yield exceeded 0.90%, the de-
crease of the contact angle slowed down, because the

Yg（％） 

hydrolyzed

unhydrolyzed

（
o ）
 

Figure 6. Effect of the grafting yield on the contact angle
against water. The grafted films were prepared under such condi-
tions: molar ratio of MAH to BVE,1:1; total monomer concentra-
tion, 4 mol L−1; photoinitiator, BP, 0.05 mol L−1; solvent, acetone;
volume of reaction solution, 5 µL; reaction temperature, 60 ◦C; UV
intensity, 7600 µW cm−2; the irradiation time was various.

film surface had been entirely covered with a layer of
the grafted chains.

CONCLUSIONS

(1) The surface photografting polymerization of
MAH/BVE is a rapid effective approach to modify the
surface property of the polymeric materials; the con-
tact angle of the modified surface decreases remarkably
within short irradiation time.
(2) By means of introducing the electron donor
monomer n-BVE, the graft polymerization of MAH can
be largely promoted; the grafting efficiency reaches the
maximum when the molar ratio of MAH to BVE is 1:1.
(3) The hydrogen abstractable photoinitiator BP has the
highest grafting efficiency; far UV (200–300 nm) radi-
ation is favorable to the photografting polymerization
and high UV intensity can accelerate this process; in
addition, the solvents with good affinity towards the
substrate are favorable to increase the grafting effi-
ciency.
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