
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Synthesis, Characterization and Application of Amphiphilic Copolymer
Poly(vinyl alcohol)-g-Poly(butyl acrylate)
Feng Gonga; Yanlan Hana; Peixin Hea

a Ministry-of-Education Key Laboratory for the Synthesis and Application of Organic Functional
Molecules, School of Chemistry and Chemical Engineering, Hubei University, Wuhan, People's
Republic of China

Online publication date: 12 February 2010

To cite this Article Gong, Feng , Han, Yanlan and He, Peixin(2010) 'Synthesis, Characterization and Application of
Amphiphilic Copolymer Poly(vinyl alcohol)-g-Poly(butyl acrylate)', Journal of Macromolecular Science, Part A, 47: 4,
318 — 323
To link to this Article: DOI: 10.1080/10601320903539215
URL: http://dx.doi.org/10.1080/10601320903539215

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/10601320903539215
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Journal of Macromolecular Science, Part A: Pure and Applied Chemistry (2010) 47, 318–323
Copyright C© Taylor & Francis Group, LLC
ISSN: 1060-1325 print / 1520-5738 online
DOI: 10.1080/10601320903539215

Synthesis, Characterization and Application of Amphiphilic
Copolymer Poly(vinyl alcohol)-g-Poly(butyl acrylate)

FENG GONG, YANLAN HAN and PEIXIN HE*

Ministry-of-Education Key Laboratory for the Synthesis and Application of Organic Functional Molecules, School of Chemistry and
Chemical Engineering, Hubei University, Wuhan 430062, People’s Republic of China

Received, Accepted September 2009

An amphiphilic graft copolymer poly(vinyl alcohol)-g-poly(butyl acrylate) (PVA-g-PBA) was synthesized by grafting butyl acrylate
(BA) onto poly(vinyl alcohol) (PVA) with potassium persulfate (KPS) as free radical initiator in N2 atmosphere and aqueous
medium. The formation of graft copolymer was confirmed by means of infrared spectroscopy (IR). The influences of initiator,
monomer concentration and reaction time on the percentage of monomer conversion(CM), graft degree(Gd) and graft efficiency(Ge)
have been discussed in detail. PVA-g-PBA was used as compatibilizer in blends of chlorinated polyethylene (CPE)/ poly(acrylic
acid-co-acrylamide)[P(AA-AM)], and the compatibility between CPE and P(AA-AM) was also investigated.
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1 Introduction

Amphiphilic copolymers have been used for versatile appli-
cations in recent decades, such as the delivery and release
of drugs, agrochemistry, personal care, and food products.
As a result, the design, synthesis, and characterization of
amphiphilic copolymers have become one of the most sig-
nificant research areas in the polymer sciences (1,2). Es-
pecially in the field of polymer alloys, amphiphilic graft
copolymers modify interfacial properties and dramatically
enhance compatibilities of immiscible polymers (3–7).

Poly(vinyl alcohol) (PVA) is a well-known biomedical
polymer and biocompatible. It is also a water-soluble and
good film-forming polymer, which contains plenty of hy-
droxyl groups. Grafting vinyl monomers onto poly(vinyl
alcohol) (PVA) can be traced back to the 1950’s (8), and
plenty of work has been done in this field. Chiang et al. (9–
15), did a series of studies about graft copolymers prepared
with PVA, such as grafting maleic anhydride, acryloni-
trile, methyl methacrylate-co-maleic anhydride and methyl
methacrylate-co-imide, etc. Several different methods were
adopted in these studies. The graft copolymerizations were
carried out in a dimethyl sulfoxide (DMSO) solution with
different initiation systems, for example, potassium persul-
fate (KPS), azodiisobutyronitrile (AIBN).
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It is a universally accepted opinion that Ce4+ is an ef-
fective initiator for graft copolymerization of polymer con-
taining hydroxyl group. R. Silberman et al. (16) synthesized
new graft copolymers by grafting benzyloxyethyl methacry-
late, the benzyl ether of HEMA, on high-molecular weight
PVA in DMSO solution with Ce4+ as initiator. S. Mishra
et al. (17) grafted methyl methacrylate and acrylic acid
monomers onto PVA using a Ce(IV)–glucose redox sys-
tem at different temperatures, and more than 80% grafting
could be achieved in the process. Ce4+ is used as high-grade
catalyst in similar polymerizations, but it is an expensive
reagent which would limit its applications in polymer syn-
thesis.

In recent years, some novel methods or catalysts were em-
ployed in PVA modifications. The graft reaction of succinic
anhydride onto poly(vinyl alcohol) (PVA) was catalyzed
by p-toluenesulfonic acid monohydrate in solid state, and
the solid-state graft reaction was carried out using a two
roll mills(18). N. Guerrouani et al. (19) investigated the
grafting of poly(ε-caprolactone) and poly(lactide) chains
onto PVA backbone using MgH2 environmental catalyst
and melt-grown ring-opening polymerization (ROP) of ε-
caprolactone and L-lactide, that avoiding undesirable toxic
catalyst and solvent. Another article (20) described a pro-
cess for esterifying PVA with L-lactide (LLA) and D,L-
lactic acid (LA), using ethyl acetate and N,N’-dimethyl for-
mamide at temperatures varying from 120 to 150◦C. There
are many novel aspects in these new reports, but some prob-
lems are also existent, such as complicated graft process,
lower graft level etc.
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Poly(butyl acrylate) (PBA) could form long pliable side
chains, which could improve the elasticity of copolymers.
Grafting BA onto PVA can modify properties of PVA, and
the graft copolymer PVA-g-PBA is an amphiphilic copoly-
mer containing hydrophilic backbone and hydrophobic
branched chains. In this research, BA grafting onto PVA
was performed with potassium persulfate (KPS) as free
radical initiator under N2 atmosphere in aqueous medium,
in which a familiar and cheap initiator was used com-
pared with a redox initiator (21). Besides, the preparation
adopted a facile and typical polymerization method. The
influences of reaction factors, such as initiator concentra-
tion, monomer concentration and reaction time on graft-
ing were discussed in detail. Blending type water-swellable
rubber(WSR) is a sort of elastic caulking material involv-
ing rubber matrix, super-absorbent resin(SAR) and cer-
tain additives(such as compatibilizers, reinforcing agent,
vulcanizator and so on), which is prepared by mechanical
blending. PVA-g-PBA was used as compatilizer in blends
of chlorinated polyethylene (CPE)/poly(acrylic acid-co-
acrylamide)[P(AA-AM), a sort of SAR] for preparing
WSR, and the compatibility between hydrophilic P(AA-
AM) and hydrophobic CPE was also investigated.

2 Experimental

2.1 Materials

PVA (analytical reagent) with an average degree of poly-
merization 1750 ± 50 and molecular weight 8 × 104 was
purchased from Bodi Chemical Co. Ltd., Tianjin, China.
BA was distilled under reduced pressure to remove the in-
hibitor and KPS was recrystallized from methanol before
use(analytical reagent, Sinopharm Chemical Reagent Co.,
Ltd). CPE (135A, Cl–35%) powder used in this work was
obtained from Weifang Yaxing Chemical Co. Ltd. (Shan-
dong, China), dried in oven at 50◦C before use. SAR,
P(AA–AM) was synthesized in our laboratory in advance
according to previous publications (22, 23), and all the
reagents were used as received (chemical purity and special
grade for analysis).

2.2 Synthesis of PVA-g-PBA

2.2.1. Synthesis procedure
The graft reactions were carried out in a four-necked,
round-bottom flask of 250 mL capacity, fitted with a me-
chanical stirrer, a N2 gas inlet, thermometer and a reflux
condenser. The reaction temperature was controlled by a
constant-temperature water bath. A known amount of PVA
was dissolved in 80 ml distilled water in the flask. Before a
required amount of KPS solution in 10 ml H2O was added
into the flask, the solution was stirred, flushed slowly with
N2 for 30 min and adjusted to reaction temperature under
N2; BA was then added slowly by a drop funnel. The re-

action temperature was raised and kept at 70◦C for several
hours to the end in N2 atmosphere. Acetone was added in
excess to precipitate the polymer. The crude products were
filtered and dried under vacuum. The dried products were
extracted with acetone by means of a Soxhlet extractor for
48 h to remove the homopolymer of BA and then the re-
maining products, pure graft copolymers, were dried under
vacuum and recorded weights.

2.2.2. CM, Gd and Ge
Percentage of monomer conversion (CM), graft degree (Gd)
and graft efficiency (Ge) were calculated by the following
equations:

CM = (W3 − W1)/W2 × 100%
Gd = (W4 − W1)/W1 × 100%
Ge = (W4 − W1)/(W3 − W1) × 100%

W1, W2, W3 and W4 are the weight of used PVA, weight
of used BA, dry weight of crude products and dry weight
of pure grafted products, respectively.

2.3 Blending

CPE, P(AA-AM), and the compatibilizer, PVA-g-PBA,
were fed to an open mill (�160 mm, linear rate of front
roll 10.97 m/min, linear rate ratio of front roll to rear roll
1/1.35) in a lump and masticated at 140◦C for 15 min. The
compound was put in an 150 mm × 150 mm × 1 mm mold,
preheated for 5 min, and cured for 30 min at 150◦C in a
15 MPa press vulcanizer. After that, the mold was taken
out and cooled to room temperature. Thus, the sheets of
water-swellable rubber were obtained.

2.4 Characterization

2.4.1. Amphiphilicity
The hydrophilicity and hydrophobicity of PVA-g-PBA were
investigated by being immersed in distilled water and
toluene, respectively. The samples of different Gd, about
0.5 g wt, were soaked in liquid for several hours. After
reaching the equilibrium state, they were removed, and
weighed after gently absorbing the excess liquid on the sur-
face with tissue paper. The weight of samples in equilibrium
state were recorded. The amphiphilicity was described by
Qe in different liquid as the following equation:

Qe(g/g) = (Me − M0)/M0

Me and M0 are mass of reaching equilibrium state and
before soaking liquids of samples, respectively.

2.4.2. IR spectra
IR spectra of the pure PVA and the graft copolymer in KBr
pellet specimen were recorded on a Perkin–Elmer Spectrum
One spectrometer.
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2.4.3. Mechanical properties tests
The sheets of WSR were cut into standard specimens using
dumbbell die cut. Following the Chinese standard GB/T
1040-92, tensile testing of dumbbell shaped specimens was
performed by using an AG-10KNA electronic universal
tester (Shimadzu Corporation, Japan) at a tensile rate of
20 mm/min before water swelling and after water swelling
for 12 h.The reported results of tensile strength (σ , MPa)
and breaking elongation rate (ε, %) are the average of 10
tests.

2.4.4. Atomic force microscope measurement
The surfaces of the WSR samples were observed by atomic
force microscopy (AFM) in the tapping mode (NanoScope
IIIa, Digital Instruments Inc.).

3 Results and Discussion

3.1 Reaction Mechanism

The graft copolymerization of BA onto PVA with potas-
sium persulfate as an initiator is proposed to occur accord-
ing to following mechanism:

1. Initiation
O O O‖ ‖ ‖

KO–S–O–O–S– KO−→2KO–S–O· (SO·
4)‖ ‖ ‖

O O O

PVA + SO·
4 −→ PVA·

PVA· + M −→ PVA − M·

2. Propagation

PVA − M· + M −→ PVA − M2·
...

PVA − Mn· + M −→ PVA − Mn+1·
Mm· + M → Mm+1·

3. Termination

PVA−Mn·+ PVA−Mn· combination→
termination

Crosslink Copolymer

PVA−Mn·+ PVA−Mn· disproportionation→
termination

Graft Copolymer

PVA − Mn· + Mm· −→ Graft Copolymer

Mm· + Mm· −→ Homopolymer

PVA − Mn· + SO4· −→ PVA − Mn

Mm· + SO4· −→ Mm

Fig. 1. Effect of [KPS] on CM, Gd and Ge; [PVA] = 2.5 ×
10−4mol/L, [BA] = 0.35 mol/L, 70◦C, 4 h.

3.2 Influences of Reaction Factors

3.2.1. Effect of initiator concentration
The influence of KPS concentration ([KPS]) on grafting is
shown in Figure 1. CM, Gd and Ge increase initially and
then decrease with a further increase in initiator concentra-
tion. This is a typical behavior shown by a grafting reaction
occurring via chain transfer. The initial increase is due to an
increase in the concentration of radicals formed through the
decomposition of KPS. Thus, the higher [KPS], the higher
the chain transfer to the polymer, and the higher CM, Gd
and Ge will be. However, with a further increase in [KPS],
the decrease of CM, Gd and Ge may be determined by the
increased mutual termination reactions. These two oppo-
site tendencies result in the appearance of the maximum.

3.2.2. Effect of monomer concentration
Figure 2 shows the effect of BA concentration ([BA]) on
grafting. CM, Gd and Ge all increase initially and then de-
crease. This is a possibility because, when [BA] is at a lower
level, the polymerizing probability of each radical site on
PVA promotes with increasing [BA]. On the other hand,
with a further increasing of [BA], the viscosity of the so-
lution increases, decreasing the diffusion rate of radicals
attacking the PVA backbone, resulting in more homopoly-
merization and termination reactions.

Fig. 2. Effect of [BA] on CM, Gd and Ge. [PVA] = 2.5 ×
10−4mol/L, [KPS] = 5.55 × 10−4 mol/L, 70◦C, 4 h.
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Fig. 3. Effect of reaction time on CM, Gd and Ge. [PVA]
= 2.5 × 10−4mol/L, [BA] = 0.63 mol/L, [KPS] = 5.55 ×
10−4 mol/L, 70◦C.

3.2.3. Effect of reaction time
CM, Gd and Ge increase with reaction time as shown in
Figure 3. As reaction time was prolonged, more monomers
could graft onto PVA backbone, and 4–5 h is long enough
for this polymerization.

3.3 Characterization

3.3.1. Amphiphilicity
Figure 4 exhibits the influence of Gd on Qe in distilled water
and toluene. The higher Gd of PVA-g-PBA, the lower Qe in
water, and the higher Qe in toluene. It is obviously caused
by the fact that PBA is a hydrophobic segment, and the
absorbing ability in toluene increases with increasing BA
mass fraction.

3.3.2. IR spectra
IR spectra of (a) pure PVA and (b) PVA-g-PBA(extracted
with acetone) are shown in Figure 5. The IR spectrum of
PVA shows absorption bands at 3000–3600 cm−1 (strong,
very broad, OH stretching ), caused by intermolecular
hydrogen bonds among the hydroxyl groups. The curve of
PVA-g-PBA reveals a weakened and narrowed absorption
band at 3350 cm−1 (attributed by -OH of PVA), and a strong
absorbency at 1733 cm−1 which is characteristic of C O

Fig. 4. Influence of Gd on Qe in distilled water and toluene.

Fig. 5. IR spectra of pure PVA (a) and PVA-g-PBA (b).

stretching in BA. The formation of PVA-g-PBA copolymer
could be confirmed.

3.4 Compatibilized Action of PVA-g-PBA on
CPE/P(AA-AM) Blend

3.4.1. Mechanical properties tests
Table 1 shows the mechanical properties of WSR with dif-
ferent compatibilizers and in a different hydrous state. The
tensile strength of WSR was increased after adding the
compatibilizer. For example, with adding 6 phr PVA-g-
PBA, tensile strength of WSR1 in dry state was increased
to 6.2 MPa compared to 3.2 MPa (without compatibilizer).
This is obviously because the graft copolymer increased
the cohesive force between CPE and P(AA–AM). PVA-g-
PBA could improve the morphological structure and form
an interaction between CPE and P(AA–AM). But when
it was excessive, the mechanical properties decreased with

Table 1. Influence of compatilizer on mechanical properties of
WSR after swelling

PVA-g-PBA/phr

0 3 6 9 12

*WSR1
σ (dry)/MPa 3.2 6.0 6.2 5.5 5.5
ε(dry)/% 341 815 832 754 676

WSR2
σ (dry)/MPa 3.2 5.0 5.6 6.1 5.1
ε(wet)/% 341 751 831 856 748

*WSR1 and WSR2 are compatibilized with PVA-g-PBA of 78% Gd and
270% Gd, respectively. CPE:100 phr, P(AA-AM):40 phr.
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Fig. 6. AFM micrographs of WSR: (a) CPE, 100 phr; P(AA-AM), 40 phr; (b) CPE, 100 phr; P(AA-AM), 40 phr; PVA-g-PBA (78%
Gd), 6phr; (1) height images; (2) phase images. Scanning scale is 5 µm.

increasing the amount of compatibilizer. This is because
adding excessive PVA-g-PBA caused the interface layer to
become thicker and its constitution to change. The interac-
tion becomes lax and the delivery stress weakens, therefore,
the tensile strength decreases.

PVA-g-PBA of 78% Gd performed better than that of
270% Gd in compatibilizing. It is obvious that higher Gd
means a higher mass fraction of hydrophobic segments.
PVA-g-PBA of 270% Gd of the same weight contained less
hydrophilic PVA and –OH, which could build less interac-
tion between the two phases, therefore, WSR2had poorer
mechanical properties.

3.4.2. AFM
From the micrographs of AFM in Figure 6, it is obvious
that there is a great difference between the morphologies
of the sample with PVA-g-PBA and without PVA-g-PBA.
The presence of compatibilizers improved the uniformity of

dispersed phase, P(AA-AM), and the phase size decreased
dramatically.

4 Conclusions

Butyl acrylate can be easily grafted onto poly(vinyl alcohol)
backbone with potassium persulfate as initiator in an aque-
ous medium. Weight gains and IR confirmed the formation
of graft copolymer. The highest graft degree of the copoly-
mer could reach 275% at a optimum condition, which is as
follows: [PVA] = 2.5 × 10−4 mol/L, [BA] = 0.63 mol/L,
[KPS] = 5.55 × 10−4 mol/L, 70◦C, 5 h. Moreover, the
percentage of monomer conversion and graft efficiency are
also considerable, which could provide practical value in the
polymer industry. PVA-g-PBA could bring significant ame-
lioration in compatibility of a blending type WSR, which
could also improve its mechanical properties.
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