Rheology Modification of PVC Plastisols with Poly (butylene
terephthalate)-b-Poly (tetramethylene glycol)
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ABSTRACT: A few percent of poly(butylene)-b-poly (tetramethylene glycol) was able to
turn a liquid plasticizer into a gel, and thus imparted yield stresses to the fluid. When
the plasticizer contained as little as 2.5 wt % of the block copolymer, sag free plastisols
were obtained. A reduction in tensile strength was found for the modified plastisols,
while the elongation was not affected. © 1997 John Wiley & Sons, Inc. J Appl Polym Sci 66:

749-753, 1997
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INTRODUCTION

Poly(vinyl chloride) (PVC) plastisols are exten-
sively used as sealant in automobile assembly.
They should be formulated to be easily pumpable
while nonsagging during curing. Fillers such as
calcium carbonate are frequently included in the
formulation to reduce cost and to impart yield
stresses and thixotropy. However, they tend to
negatively affect such properties as tensile
strength, elongation, and tear resistance.

Fumed silica is a typical thixotropic modifier
for PVC plastisols. It provides yield stresses and
thixotropy at low concentrations through particle
aggregation. However, the transient network
based on hydrogen bonding between hydroxyl
groups on the surface silicon atoms of silica parti-
cles can be resolved through wetting by liquid
components in the composition. Consequently, the
sag resistance loses gradually on storage, and
rheological properties change irreversibly by the
action of shearing.

Correspondence to: Yunzhao Yu.

* PCLCC is the Polymer Chemistry Laboratory, Chinese
Academy of Sciences and China Petro-Chemical Corporation.
Journal of Applied Polymer Science, Vol. 66, 749—-753 (1997)
© 1997 John Wiley & Sons, Inc. CCC 0021-8995/97/040749-05

This research project is to explore an alterna-
tive approach of rheology modification of plasti-
sols, i.e., to use polymer as a rheology modifier.
Polymers influence fluid rheology powerfully by
virtue of their great hydrodynamic volume, which
is determined by polymer structure parameters
and polymer—solvent interactions, as well as poly-
mer associations and repulsion.’

It is known that, in many cases, semicrystalline
polymers form physical networks in solution and
thus turn a liquid into a gel.>” In our previous
articles,®? reversible gels of poly (butylene tereph-
thalate) (PBT) and poly(butylene terephthal-
ate)-b-poly(tetramethylene glycol) (PBT-6-PTMG)
in epoxy resins were studied with respect to rheo-
logical and mechanical properties. Yield stresses
were imparted to the resin by incorporation of a
few percent of modifier to prevent sag during cur-
ing. The same strategy was applied to the rheol-
ogy modification of PVC plastisols. PBT-56-PTMG,
which has been used for making polymer alloys
with PVC,'° was studied for rheology modification
in this article.

EXPERIMENTAL

Materials
PVC powder of Type III was produced by Gehua
Industry Group Company, Wuhan, China. Dibu-
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Table I The Copolymer PBT-b-PTMG

PBT : PTMG weight ratio 40 : 60
M, of PTMG segment 1000
[n] (dL g)* 1.2
Tensile strength (MPa) 21
Ultimate elongation (%) 500
mp (°C) 178

2 In m-cresol; 30°C.

tyl phthalate (DBP) and dioctyl phthalate (DOP)
were chemical reagents from Beijing Chemicals
Factory. Dibutyltin dilaurate was a chemical re-
agent from Beijing Elf Atochem Polystab Co.

PBT-6-PTMG was prepared by melting poly-
condensation, starting with dimethyl tereph-
thate, butylene glycol, and poly(tetramethylene
glycol) of a molecular weight of 1000. The copoly-
mer with a PBT : PTMG weight ratio of 40 : 60,
given in Table I, is a good thermoplastic elasto-
mer. The structural parameter and properties of
this copolymer are given in Table 1.

Preparation

PBT-6-PTMG was dissolved in DOP by heating at
165°C with stirring, and the solution was cooled
to the room temperature to get a gel. For the prep-
aration of the model plastisol, 100 g PVC powder
was mixed with 80 g DOP. For the preparation of
modified plastisols, the gel of PBT-6-PTMG in
DOP was mixed with PVC powder. For the prepa-
ration of cured material, the plastisol was deaer-
ated in vacua, compress molded, and cured at
150°C for 30 min.

Measurement

A Bohlin rheometer, CS-50, was used for steady
and dynamic rheological measurements, using a
parallel plate geometry with a radius of 25 mm
and a gap at 1 mm. Rheometric mechanical spec-
tra was studied using a rheometric mechanical
spectrometer, RMS 650. Mechanical properties of
cured plastisols were determined according to
ASTM D412, using compact dumbbell specimens
of 10 mm gauge length and 2 mm thickness.

RESULTS AND DISCUSSION

Gel Formation in Plasticizers

PVC plastisols are stable dispersion of fine PVC
particles in the plasticizer, which makes the com-

position fluid. On heating, the plasticizer is ab-
sorbed into the particles, and the material is
cured.

Dioctyl phthalate (DOP) and dibutyl phthalate
(DBP) are the primary plasticizers for plastisol
formulation. In order to prevent sag of plastisols,
readily available polymers were screened for gel
formation in these plasticizers. It was found that
PBT can dissolve in DBP by heating at a tempera-
ture near the melting point of the polymer, and
the solution gelled on cooling. However, PBT did
not form stable gel in DOP because the solubility
parameters are too far away from each other.

In order to improve the compatibility, PTMG
segments were introduced to the polymer mole-
cules. The block copolymer PBT-6-PTMG can form
stable gels both in DBP and in DOP. It was there-
fore used in the following studies.

Flow Behavior of DOP Modified with PBT-b-PTMG

Flow behavior of the plasticizer changed dramati-
cally by incorporation of PBT-6-PTMG. A few per-
cent of the block copolymer was enough to turn
the liquid into a gel.

Dynamic mechanical measurement in the lin-
ear viscoelastic regime was carried out because
the dynamic modulus is sensitive to structure. Gel
is characterized by an elastic modulus at zero fre-
quency. Figure 1 shows the frequency dependence
of the storage modulus G’ and the loss modulus
G" for a DOP gel containing 5 wt % of PBT-b-
PTMG. It is seen that G’ was one order of magni-
tude higher than G” in the whole range of fre-
quency.
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Figurel G’ (X)andG"(O)versus frequency at 25°C
for the DOP gel containing 5% PBT-b-PTMG.
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Figure 2 Determination of yield stress for the DOP

gel containing 5% PBT-b6-PTMG.

The elasticity at zero frequency is closely re-
lated to the yield stress. Figure 2 shows a diagram
for yield stress determination using a controlled
stress rheometer, in which shear stress was in-
creased from 0 to 1000 Pa in 100 s in 100 steps, the
strain was measured, and the apparent viscosity
calculated by the computer. The stress, under
which the viscosity began to fall off, was taken as
the yield stress.

The yield stress of DOP gels increased rapidly
with the content of the block copolymer, as shown
in Figure 3. Therefore, it is convenient to control
the level of yield stress of plastisols by regulating
the concentration of the modifier.

The gels of PBT-6-PTMG in DOP were thermo-
reversible. The change of G’ and G” with tempera-
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Figure 3 Yield stress of DOP gels vs. PBT-6-PTMG
concentration at 25°C.
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Figure4 G’(x)and G"(O)at 0.1 Hz versus temper-
ature for the DOP gel containing 5% PBT-6-PTMG.

ture is shown in Figure 4. The steep change of
properties around 90°C was attributed to the dis-
solution of PBT-6-PTMG spherulites, which
formed a network in the plasticizer on cooling.

Rheological Behavior of Modified Plastisols

A model plastisol was made up of 100 parts (wt)
of PVC powder and 80 parts of DOP. At this con-
centration, the dispersion was easily flowable. In
the dynamic mechanical measurement, elastic
stresses in-phase with the strain relaxed, and out-
of-phase stresses dominated. Therefore, G” was
higher than G’ (Fig. 5).
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Figure5 G’ (Xx)andG"(O)versus frequency at 25°C
for the model plastisol (1) and the modified plastisol
(2).
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Figure 6 Viscosity at 25°C versus shear rate for the
model plastisol (O) and the modified plastisol (X).

When the plasticizer containing 2.5 wt % of
PBT-6-PTMG was used for the preparation, the
modified plastisol showed rheological behavior of
a gel, i.e., elastic stresses dominated in the dy-
namic mechanical measurement, and G’ was
higher than G".

In steady shear measurement, the model plas-
tisol showed slight shear thinning, Figure 6. In
comparison, the viscosity of the modified plastisol
decreased much more rapidly at higher shear
rates. At the low shear rate end, the viscosity was
enhanced for three orders of magnitude in the
presence of the modifier.

It has been found that 2.5 wt % of the block
copolymer in the plasticizer was able to prevent
sag during the curing. In the test, a steel plate
with a bead of 1 X 10 X 100 mm of the plastisol
was placed vertically in an oven and was heated
at 150°C for 30 min to effect the cure. In this way,
a sag of 28 mm was found for the model plastisol,
while the plastisol with 2.5 wt % of PBT-6-PTMG
was sag free.
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Figure 7 G’ at 0.1 Hz vs. temperature for the model
plastisol (O) and the modified plastisol (X).

The sag resistance of the modified plastisol was
expected upon studying the temperature depen-
dence of the storage modulus. A plot of G’ versus
temperature is given in Figure 7. It is seen that
for the modified plastisol G’ did not fall off in the
range of 30—70°C. As the temperature increased
further, fusion of the PVC particles became evi-
dent. As a result, G’ was enhanced with the tem-
perature.

Mechanical Properties of PVC Plastisols
Modified with PBT-b-PTMG

It is important to know the influence of the rheol-
ogy modifier on mechanical properties of the plas-
tisol. In Table II, a set of experiment results is
given. It is seen that the plastisol became softer,
and a remarkable reduction in tensile strength
was caused by replacing a part of PVC with PBT-
b-PTMG while the break elongation was not af-
fected. Therefore, the use of the rheology modifier
should be restricted at low concentrations.

Table II Mechanical Properties of PVC Plastisols Modified with PBT-b-PTMG

Composition (by wt)

Elongation
PVC Dibutyltin Tensile Strength at Break
Powder DOP PBT-6-PTMG Dilaurate (MPa) (%)
100 80 0 2 7.8 351
95.8 80 4.2 2 6.9 358
93.5 80 6.5 2 6.5 344
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