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ABSTRACT: The rheological behavior and thermal prop-
erties of a poly(butyl acrylate-co-2-ethylhexyl acrylate)
[P(BA-EHA)]-grafted vinyl chloride (VC) composite resin
[P(BA-EHA)/poly(vinyl chloride) (PVC)] and its materials
were investigated. The rheological behavior, thermal stabil-
ity, and Vicat softening temperature (VST) of P(BA-EHA)/
PVC were measured with capillary rheometry, thermal anal-
ysis, and VST testing, respectively. The effects of the P(BA-
EHA) content and the polymerization temperature of
grafted VC on the rheological behavior of the composite
resin were examined. The weight loss of the composite resin
and its extracted remainder via heating were analyzed. The
influence of the content and crosslinking degree of P(BA-
EHA) and the polymerization temperature of the grafted VC
on VST of the materials was determined. The results indi-
cated the pseudoplastic-flow nature of the composite resin.
The flow property of the modified PVC resin was improved
because of the incorporation of the acrylate polymer. The
molecular weight of PVC greatly influenced the flow behav-

ior and VST of the composite resin and its materials. The
flowability of the composite resin markedly increased, and
the VST of its materials decreased as the polymerization
temperature of the grafted VC increased. The initial degra-
dation temperature of the composite resin increased as the
P(BA-EHA) content increased. The VST of the samples was
enhanced a little as the content of the crosslinking agent
increased in P(BA-EHA). As expected, the composite resin,
with good impact resistance, had better heating stability and
flowability than pure PVC, whereas the VST of the material
decreased little with increasing P(BA-EHA) content. There-
fore, P(BA-EHA)/PVC resins prepared by seeded emulsion
polymerization have excellent potential for widespread ap-
plications. © 2004 Wiley Periodicals, Inc. ] Appl Polym Sci 95:
419-426, 2005
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INTRODUCTION

Poly(vinyl chloride) (PVC) is a general resin with
many excellent properties and is widely applied in
cable and wire jacketing and in the automotive, build-
ing, construction, and packaging industries. However,
PVC has some deficiencies, such as a low notched-
impact strength, poor processability, and bad thermal
stability. Polymer blending is an important means of
improving the mechanical properties, heat resistance,’
and processability of the blended materials and low-
ering the cost of products. Therefore, a great number
of additives can be compounded with PVC to obtain
desired product properties. Sombatsompop and co-
workers™* investigated the processability, rheology,
and thermal, mechanical, and morphological proper-
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ties of postconsumer PVC bottles and cables® and
PVC/wood-sawdust composites.3’4

Shah and Shertukde” studied the effects of plasticiz-
ers on the mechanical, electrical, permanence, and
thermal properties of PVC. The incorporation of plas-
ticizers can improve the processability by lowering the
melting and softening points and viscosity of the
melts. Their high compatibility and solvency produce
the fastest fusion during processing. However, the use
of plasticizers beyond the threshold limit of a polymer
results in increased softness. Because this weakens the
bond holding the polymer molecules together, plasti-
cizers greatly reduce the modulus. A migration of the
plasticizers onto the surface is another undesirable
property of this kind of product. On the basis of the
aforementioned facts, adding a crosslinked rubbery
polymer to a PVC resin is a conventionally used
method for PVC modification.® The thermal properties
and rheological behavior of blends for hard PVC and
its modifiers, including impact-resistant and process-
ing aids, are studied currently in practice.*”™® A study
on the melt rheology of this class of toughened plastics
is evidently important to processors, who have to
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know how heterogeneous blends behave in the melt
state to obtain high impact levels in molded prod-
ucts.'” Hernandez et al."' analyzed PVC/copoly(ester
urethane) and PVC/ethylene vinyl acetate copolymer
blends from the point of view of the effect of miscibil-
ity on the mechanical and rheological properties of
PVC blends. Still, graft copolymerization is indispens-
able for the modification of polymers such as PVC.
Therefore, research on composite resins prepared by
graft copolymerization has the same importance. Very
few articles have been published on the effects of
rubbery polymers on the thermal properties and rheo-
logical behavior of elastomer-grafted vinyl chloride
(VC) composites,'? especially for composite emulsion
resins.

In our previous work, composite emulsion resins
{poly(butyl acrylate-co-2-ethylhexyl acrylate) [P(BA-
EHA)]/PVC} were synthesized by the grafting of VC
onto crosslinked P(BA-EHA) latex, and the mechani-
cal properties and structure characterization of P(BA-
EHA)/PVC were reported in detail.'”> Here, P(BA-
EHA) was used as a rubber-toughened modifier. The
rheological behavior and thermal properties of the
P(BA-EHA)/PVC resin and its materials were inves-
tigated. The rheological behavior, thermal stability,
and Vicat softening temperature (VST) of P(BA-
EHA)/PVC and its materials were measured with
capillary rheometry, thermal analysis, and VST testing
to determine the effects of the main synthesis factors
on these properties. With this research, we sought to
confirm whether our synthesized P(BA-EHA)/PVC
resin with good impact resistance also had improved
thermal properties and rheological behavior in com-
parison with neat PVC compounds.

EXPERIMENTAL
Materials

The monomers n-butyl acrylate (BA), 2-ethylhexyl ac-
rylate (EHA), and 1,4-butylene glycol diacrylate
(BDA) were industrial products. All the monomers
were supplied by the Beijing Dong Fang Chemical
Plant (Beijing, China) and were freshly distilled in
vacuo and stored at —10°C before use. Sodium dodecyl
sulfate (SDS), chemically pure, was used as an emul-
sifier. Potassium persulfate (K,S,0g), chemically pure,
was recrystallized with distilled water at 35°C and
used as an initiator. Tetrahydrofuran, analytically
pure, was used as a solvent. VC, greater than 99.99 wt
% pure, was supplied by the Tianjin Chemical Plant
(Tianjin, China).

Synthesis of the P(BA-EHA)/PVC composite resin'?

Synthesis of the P(BA-EHA) latex

Distilled water (200 mL), 0.50 g of SDS, 12.9 g of BA,
5.6 g of EHA, 0.28 g of BDA, and 0.15 g of K,S,05 were
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charged into a 500-mL, four-necked glass flask. The
mixture was stirred and purged under nitrogen over
20 min. Then, 37 mL of an Na,B,O. solution (concen-
tration = 0.03 g/mL) was added to control the pH of
the reaction system between 8 and 9. Next, the reac-
tion vessel was heated to 80°C. The copolymerization
was carried over 1.5 h under an N, atmosphere and
was stirred thoroughly.

In the second stage, a monomer mixture of 51.6 g of
BA, 22.4 g of EHA, 1.11 g of BDA, and 0.30 g of K,S,04
dissolved in 20 mL of distilled water was added drop-
wise over 1.5 h. The reaction was then maintained at
80°C for an additional 2 h.

Preparation of the P(BA-EHA)/PVC emulsion resin

A mixture of 900 mL of deionized water, 2.20 g of SDS,
and 0.70 g of K,S,04 was charged into a 2-L, stainless
steel autoclave, and a certain amount of P(BA-EHA)
latex as the seed was added. A 5 wt % sodium hy-
droxide solution was used to adjust the pH of the
reactive mixture between 9.5 and 10.5. After the auto-
clave was closed and the air was removed, 400 g of the
VC monomer was gradually added to the reactor with
stirring. The polymerization was continued at 50
+ 0.3°C until the pressure dropped to 0.35 MPa, and
the seeded emulsion copolymerization was short-ter-
minated. After cooling, the unreacted monomer was
removed. The resin was isolated from the emulsion
via freezing at —20°C. The product was filtered, rinsed
with deionized water, and dried under reduced pres-
sure at 50°C.

Remainder [P(BA-EHA)GPVC(] after
P(BA-EHA)/PVC extraction

The P(BA-EHA)-grafted VC composite resin was sub-
stantially a mixture composed of the homopolymer of
PVC, crosslinked P(BA-EHA), and the P(BA-EHA)
grafting of the VC copolymer. Thus, the P(BA-EHA)/
PVC resin was extracted with tetrahydrofuran to re-
move PVC not grafted onto P(BA-EHA), but the
crosslinked P(BA-EHA) and its grafting of the VC
copolymer were left. In the experiment, a weighed
amount of the sample was sealed in a special paper
bag, placed in a Soxhlet thimble, and extracted with
tetrahydrofuran for 24 h. The undissolved polymer
was dried, weighed, and again extracted with tetrahy-
drofuran for additional hours until no further weight
loss was observed. The final remainder [P(BA-EHA)G-
PV(C], in which the homopolymer of PVC was not
contained, was dried under reduced pressure to test
the heat-resistant stability. A solution of nongrafted
PVC dissolved in tetrahydrofuran was used for the
determination of the PVC molecular weight.
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Determination of the molecular weight of PVC

Here viscometry was used to determine the molecular
weight of PVC. The aforementioned tetrahydrofuran
solution (15 mL) of nongrafted PVC was added slowly
to a viscometer with a 0.49-mm capillary diameter,
which was placed in a water bath at a constant tem-
perature of 20 = 0.1°C. After 15 min, the time at which
the solution passed between the scales of the capillary
was determined twice. The average value of the time
was recorded twice, but the absolute error between
both had to be less than 0.2 s. The absolute viscosity
(m) of the PVC solution was calculated with the fol-
lowing equation:

n = Rdt

where R is the viscometer constant, d is the specific
gravity of the PVC solution, and ¢ is the time at which
the solution passes between the scales of the capillary.

The average degree of polymerization of nongrafted
PVC was determined according to GB5761-86.

Preparation of the composite samples

The P(BA-EHA)/PVC resin was mixed with a deter-
mined quantity of additives."® All the components
were first mixed in a high-speed mixer at room tem-
perature and were then milled on a laboratory two-
roll mill between 170 and 175°C for 7 min. Four-
millimeter-thick plates were pressed at 180-185°C.
The plates were cooled under a cooling press. All
samples for the determination of VST were cut from
the plates.

Rheological behavior of the composite resin

The rheological behavior of P(BA-EHA)/PVC was in-
vestigated with an XLY-II flow tester (capillary rheo-
meter) (Jinlin University Science and Educational In-
strument Plant, Changchun, China). The fixed-tem-
perature method was used. The nozzle diameter was 1
mm, and the nozzle length was 40 mm. The experi-
mental specimens were prepared as follows: 100 parts
of the P(BA-EHA)/PVC resin was mixed with 2.5
parts of organotin. The weight of the tested specimen
was 2.5 g. The operation temperature was fixed at
183°C, with experimental loads of 360, 400, 440, 480,
and 520 kg/cm?.

The apparent shear stress (7,,), apparent shear rate
(¥.), and apparent viscosity (m,) were calculated with
following equations:

Effective shear stress at wall of nozzle:

7, = APR/2L
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where AP is the applied pressure (kg/cm?), R is the
nozzle radius (cm), and L is the nozzle length (cm).
The efflux rate (Q) is given by

Q=S-h/t (cm?®/s)

where /1 is the downward displacement of the plunger
(cm), S is the area of the plunger cross section (cm?),
and t is the effluent time of the melt (s). For a New-
tonian liquid, ¥, at the wall of the nozzle can be
calculated as follows:

Yo = 4Q/7R? (s7)
7, is given by
Ne = Tw/ Vo = APTR*/8QL

For a non-Newtonian liquid, the corrected apparent
shear rate (¥,,) is given by

Yo = 31+ 1)/ 4n

where 7 is an index of a non-Newtonian liquid. Then,
the corrected apparent viscosity (n,.) is

nﬂE = TZU/’).,ZUE

Thermogravimetric analysis of the P(BA-EHA)/PVC
resin

The P(BA-EHA)/PVC resin was fully dried in vacuo.
The thermogravimetric analysis of the P(BA-EHA)/
PVC resin and its extracted remainder was performed
under a nitrogen atmosphere with a TA-2000 thermal
analyzer (DuPont Co., New Castle, DE) at a heating
rate of 20°C/min from room temperature to 600°C.

Determination of the VST

All the samples were 12 X 13 X 4 mm?®. The determi-
nation of VST was performed with an XWB-300F
tester (Hebei Chengde Testing Machine Co. Ltd.,
Chengde, China) of the heat distortion and Vicat soft-
ening point. According to GB1633-79, VST of the sam-
ples, into which a needle-press head with a section
area of 1 mm?” was pressed to a depth of 1 mm, was
measured at a fixed heating rate of 50°C/h and with a
experimental load of 9.81N. The VST value of each
sample was the average value of two parallel samples.

RESULTS AND DISCUSSION
Rheological behavior of the composite resin

The melt-flow behavior of a multiphase polymeric
system is controlled mainly by the structure and par-
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Figure 1 Rheological behavior of composite resins with
different P(BA-EHA) concentrations: (A) 4.2, (B) 6.3, (C) 8.5,
and (D) 13.8%.

ticularly by the size and shape of the dispersed phase
domains and the interfacial tension between the
phases.'® Logarithms of 7, plotted as a function of
logarithms of 4, are given in Figures 1 and 2. The
P(BA-EHA) concentrations (wt %) of the samples in
Figure 1 were 4.2, 6.3, 8.5, and 13.8%, and the experi-
ments were labeled A-D. m,. decreased with an in-
creasing shear rate in all cases. The values of the flow
behavior index (1) were less than one. The flow be-
havior of this melt mixture was pseudoplastic. As
explained earlier, the applied force disturbed the long-
chain polymer from its equilibrium position, and the
macromolecules became disentangled in the direction
of the force; this caused a reduction in the viscosity.'*

Figure 1 shows that the flowability of the composite
resin gradually increased with increasing P(BA-EHA)
content. The flowability of pure PVC was the worst,
and the flowability of the composite resin with 8.5%
P(BA-EHA) was the best. This may have occurred
because the formation of the grafting copolymer be-
tween PVC and P(BA-EHA) weakened the strong in-
teraction between the neat PVC macromolecules when
there was less P(BA-EHA). Therefore, the flow prop-
erty of the modified PVC resin was improved by the
addition of polyacrylate (ACR). Furthermore, when
the P(BA-EHA) content in the composite resin was
increased continually or too much, the flowability of
the composite resin began to decrease, as shown in
Figure 1(D). This was due to very interactive forces
between PVC and P(BA-EHA) and the difficult melt-
ing of the crosslinked P(BA-EHA) itself and its graft-
ing copolymer. Because the crosslinked particles were
difficult to melt and less deformable in the melt mix-
ture, the strong interaction and high entanglement
between the crosslinked P(BA-EHA) and PVC macro-
molecules increased with increasing P(BA-EHA) con-
tent. Meanwhile, the interfacial compatibility between
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them was increased. Therefore, the morphology was
highly stable, and the direction of the polymer chains
was not easy. The melt system showed a higher vis-
cosity.

As shown in Figure 2, the flowability of pure PVC
was very bad. The flowability of the synthesized pure
PVC under a polymerization temperature of 50°C was
much worse than that of the composite resin with a 6.3
wt % P(BA-EHA) synthesized under 47°C. It is not
difficult to understand that the flowability of pure
PVC prepared under 47°C was worse than that of pure
PVC synthesized under 50°C. The reason is given
later.

Figure 2 shows that the flowability of the composite
resin markedly increased as the grafting polymeriza-
tion temperature of VC increased. This result showed
that the flowability of the composite resin was greatly
influenced by the polymerization temperature of VC.
This reason was that the molecular weight of the PVC
matrix was greatly affected by the polymerization
temperature. Therefore, it influenced the rheological
behavior of the composite resin. Especially for the VC
monomer, the chain-transfer constant was greater
than that of other common monomers and greatly
increased with the polymerization temperature. When
the polymerization temperature was increased, the
molecular weight of PVC decreased, as shown later in
Figure 9. Then, the flowability of the modified PVC
was enhanced. This high molecular weight accounted
for the high viscosity of the melt sample. Hence, it was
possible that the degree of polymerization of PVC and
the flowability of the composite resin were regulated
through the polymerization temperature under the
condition that the demand for the mechanical strength
of the materials was ensured.
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Figure 2 Influence of the polymerization temperature on
the rheological behavior of the P(BA-EHA) composite resin
(concentration = 6.3 wt %).
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Figure 3 Weight-loss curves of composite resins with dif-
ferent P(BA-EHA) concentrations: (A) 4.2, (B) 6.3, and (C)
10.8%.

Thermogravimetric analysis

Thermogravimetry is an important means of evaluat-
ing the thermal stability of resins or plastics. The deg-
radation of PVC usually proceeds in a two-stage pro-
cess. The first stage corresponds to the step-by step
elimination of HCl with some benzene traces. The
second stage corresponds to the formation of conju-
gated unsaturation that results from the elimination of
HCI from adjacent carbon atoms; this resembles a
polyacetylene structure, which gradually reticulates
and becomes more stable than that of PVC.”

As shown in Figure 3, all the composite resins un-
derwent a two-stage degradation process like PVC.
The curves for PVC and sample A have very similar
shapes. The result is reasonable because a small
amount of the P(BA-EHA) copolymer would not affect
the degradation behavior of PVC much. However, the
degradation profile of the composite resin during the
second stage was distinctly different from that of PVC
with an increase in the P(BA-EHA) content. As shown
in Table I, the degradation temperature during the
second stage, during which the weight loss acceler-
ated sharply, gradually decreased with increasing
P(BA-EHA) content because the degradation mecha-
nism of P(BA-EHA) differed from that of PVC. From
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about 400°C, a weight loss was observed that was
attributed to polyacetylene cracking.

In comparison with the PVC resin, weight-loss
curves of the P(BA-EHA)/PVC resin gradually shifted
to a higher temperature with increasing P(BA-EHA)
content. The initial degradation temperature of the
composite resin began to increase, as shown in Table I.
Moreover, Table I shows the degradation tempera-
tures at 10 and 50% weight losses for the composite
resin and PVC. The same effect was observed. Fur-
thermore, we processed differential analyses for all the
curves in Figure 3 to obtain the maximum degradation
temperature, which is listed in Table I. From the data,
we can see that the maximum degradation tempera-
ture increased with increasing P(BA-EHA) content. In
other words, the heating stability of the composite
resin became better with the incorporation of P(BA-
EHA). This was due to the fact that ACR has excellent
heating stability and weather resistance. This is just
the reason that ACR is very welcome. As an impact-
resistant modifier for thermoplastic polymers such as
PVC and polystyrene, ACR is superior to chlorinated
polyethylene (CPE) and methyl methacrylate-buta-
diene-styrene copolymers (MBS).

The interaction mechanism that led to improved
thermal stability for the composite resin may have
been the formation of hydrogen bonds between car-
boxylic ester groups of the ACR chains and hydrogen
chloride. The hydrogen chloride was produced
through the structural deficiency (e.g., tertiary carbon
structure) of PVC chains, which were formed in the
synthesized PVC as a head-head combination of
chain structural units, and through degradation or
elimination during the processing and use. We spec-
ulate that a six-membered ring or an octatomic cyclic
structure may have been formed among the a-hydro-
gen atoms, carbonyl groups in the ACR, and active
chloride and hydrogen atoms in PVC. The heating
decomposition action of PVC may have been sup-
pressed by the stable structure, and this led to an
interruption of the so-called unzipping and self-cata-
lytic process involved in HCI elimination.'® The prob-
able interaction mechanism is schematically shown in
Figure 4.

Figure 5 presents a plot of the weight losses of pure
PVC, the remainder [P(BA-EHA)GPVC] of the com-

TABLE I
Progressive Degradation Temperatures (DTs) of Composite Resins with Different P(BA-EHA) Contents

Initial DT 10% weight-loss DT 50% weight-loss DT DT at the second stage Maximum DT
Sample (O O () (°CO) ()
pvC 278.7 285.0 313.4 439.8 292.4
A 282.0 287.8 324.4 434.1 297.9
B 284.2 291.4 333.5 389.3 303.4
C 286.0 292.3 334.0 373.9 309.0
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Figure 4 Speculative mechanism of the interaction between the P(BA-EHA) and PVC macromolecules.

posite resin extracted with tetrahydrofuran, and pure
P(BA-EHA) with increasing temperature. Their ther-
mal stability studies were performed on the basis of
thermogravimetric measurements. The degradation
curves of these samples are generally of a similar
two-step type, as shown in Figure 3. However, the
degradation of the remainder during the second step
accelerated sharply with increasing P(BA-EHA) con-
tent until the degradation profile of pure P(BA-EHA)
almost presented a one-stage process.

In comparison with pure PVC, P(BA-EHA)GPVC
(i.e., the remainder) had a higher initial degradation
temperature or better heat stability. However, its ini-
tial degradation temperature was lower than that of
pure P(BA-EHA). When the weight losses of the sam-
ples reached 20% of the total weight, the initial deg-
radation temperatures of pure PVC, P(BA-EHA)GPVC
1 and 2, and pure P(BA-EHA) were 294, 318, 328.5,
and 363.5°C, respectively. This showed that the heat
stability of the samples was enhanced with increasing
P(BA-EHA) content. As expected, the observed results
were similar to those shown in Figure 3. The effect was
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Figure 5 Thermogravimetric analysis of (1) PVC, (2) P(BA-
EHA)GPVC with 53.4% (P(BA-EHA), (3) P(BA-EHA)GPVC
with 59.8% (P(BA-EHA), and (4) P(BA-EHA).

attributed to the incorporation of the acrylic polymer
into PVC. After the weight losses of the samples
reached 70% of the total weight, the decomposition of
PVC slowed, the degradation speed of pure P(BA-
EHA) increased, and the degradation speed of P(BA-
EHA)GPVC was between them. The residual weights
of the samples decreased with increasing P(BA-EHA)
content at about 450°C. This result was associated
with the different decomposition mechanisms of PVC
and P(BA-EHA) because the degradation of PVC usu-
ally proceeded by a dehydrochlorination process,
which resulted in the formation of long conjugated
double bonds or polyene sequences, causing a color
change.’ Then, the remains may have been long car-
bon-carbon chains. When the temperature was en-
hanced continually, the weight loss of the remains
became more difficult. After heating over 500°C, the
remaining residue stayed more or less stable. For a
char-forming polymer, the formed char in the case of
PVC serves as a much more effective insulator.'®
However, the degradation mechanism for P(BA-EHA)
was chiefly a scission degradation of the P(BA-EHA)
macromolecules at a higher temperature. Degradation
by scission process led to the formation of either only
monomer or a mixture of monomer and oligomers.
Finally, the residual weight of P(BA-EHA) was almost
zero over 500°C, as curve 4 in Figure 5 shows.

VST of the P(BA-EHA)/PVC composite samples

Influence of the P(BA-EHA) content on VST of the
samples

Figure 6 shows the relationship between the P(BA-
EHA) content and VST of the samples. VST of the
composite samples decreased slightly with increasing
P(BA-EHA) content. The reason was that the dis-
persed phase of P(BA-EHA)-grafted VC materials was
an elastomer with a low modulus. Then, the matrices
of the materials gradually led to a brittle-ductile tran-
sition with an increase in the P(BA-EHA) content. The
rigidity and hardness of the materials decreased with
it. Therefore, VST of the composite samples decreased
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Figure 6 Influence of the P(BA-EHA) concentration on
VST.

with increasing P(BA-EHA) content. Because the
P(BA-EHA) content in the samples was less within the
range of the added amount of P(BA-EHA) covered in
these experiments, the rubbery polymer was a sepa-
rating phase, and intensive interaction could occur
between PVC chains and P(BA-EHA) chains, espe-
cially for the sample with 2.5% P(BA-EHA). Therefore,
it could not cause an obvious reduction of VST of the
matrix PVC.

Influence of the content of the crosslinking agent in
P(BA-EHA)

When the content of the crosslinking agent in the
P(BA-EHA) was increased, the degree of crosslinking
in P(BA-EHA) increased. The interactions between the
rubbery polymer molecules and PVC macromolecules
were enhanced. The elastic modulus of the rubbery
polymer increased. When the degree of crosslinking in
P(BA-EHA) was increased to a great extent, the rub-
bery polymer transformed into a nonelastomer or
rigid particles. Then, the P(BA-EHA) particles could
not easily initiate the formation of crazing and shear
bands.'” The toughening effect of the P(BA-EHA) pat-
ticles decreased, and the impact properties of the sam-
ples began to decrease obviously. However, the mod-
ulus of the P(BA-EHA) dispersed phase increased
with an increasing amount of the crosslinking agent.
The rigidity and modulus of the P(BA-EHA)/PVC
material increased, and its toughness decreased.
Therefore, VST of the samples was enhanced a little
with an increasing content of the crosslinking agent, as
shown in Figure 7. According to the aforementioned
results, selecting an appropriate degree of crosslinking
was necessary for a modified impact-resistant resin.
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Figure 7 Influence of the crosslinking agent concentration
in P(BA-EHA) on VST [P(BA-EHA) concentration = 6.3 wt
%].

Influence of the graft copolymerization temperature
of PVC

As shown in Figure 8, VST of the samples was evi-
dently influenced by the polymerization temperature
of grafting VC. The VST values of the samples grad-
ually decreased with an increasing grafting polymer-
ization temperature. As mentioned previously, the
molecular weight of the PVC resin intensively de-
pended on the polymerization temperature. When the
polymerization temperature was enhanced, the chain-
transfer constant of VC, which was usually greater
than that of other common monomers, greatly in-
creased with it. Then, the molecular weight of the
synthesized PVC decreased, as Figure 9 shows. The
hardness and modulus of the composite resin materi-
als decreased, and its toughness increased because of
the reduction of the molecular weight of the PVC
matrix. Hence, VST of the composite sample gradually
decreased with it.
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Figure 8 Influence of the polymerization temperature on
VST [P(BA-EHA) concentration = 6.3 wt %].
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Figure 9 Influence of the polymerization temperature on
the average degree of polymerization [P(BA-EHA) concen-
tration = 6.3 wt %].

CONCLUSIONS

The rheological behavior of the composite resin
showed a pseudoplastic flow nature. Its rheological
behavior was obviously affected by both the P(BA-
EHA) content and the grafting polymerization tem-
perature of VC. The influence of the latter was greater
than that of the former. The flow property of the
modified PVC resin was improved by the incorpora-
tion of the ACR polymer and was optimum with the
proper P(BA-EHA) content. The flowability of the
composite resin markedly increased with an increas-
ing polymerization temperature of the grafted VC as
the polymerization temperature was increased, and
the average molecular weight of the PVC matrix de-
creased. The initial degradation temperature of the
composite resin increased with increasing P(BA-EHA)
content. VST of the samples was enhanced a little with

PAN ET AL.

an increasing content of the crosslinking agent in
P(BA-EHA).

As expected, the composite resin had better thermal
stability and flowability than pure PVC. The notched
impact strength of the composite sample was greatly
enhanced, as reported in a previous article,'> whereas
its VST decreased little. In a word, P(BA-EHA)-grafted
VC resin prepared by seeded emulsion polymeriza-
tion has excellent prospects for wide application in the
near future.
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