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SYNOPSIS

Poly(vinyl chloride) with relatively low molecular weight (LMW-PVC) was prepared by
suspension polymerization in the presence of some chain-transfer agents, such as mercapto
compounds. It is elucidated by means of thermogravimetry, dehydrochlorination, color
difference, and discoloration that the resultant LMW-PVC has good thermal stability. The
degree of dehydrochlorination of the LMW-PVC obtained by using n-dodecylmercaptan
increases with increasing the content of component from the chain-transfer agent. It is
found that the LMW-PVC obtained by using mercapto compounds shows better thermal
stability (discoloration property) than does the one obtained without using these agents,
at the same weight-average polymerization degree. © 1994 John Wiley & Sons, Inc.

INTRODUCTION

Poly (vinyl chloride) (PVC) has some excellent
properties including mechanical strength and
chemical resistance but has some serious defects:
poor processability and inferior stability to heat and
light. Thermal decomposition of PVC is occurs
mainly due to dehydrochlorination during molding
and practical use.’

Generally, PVC with relatively low molecular
weight (LMW-PVC) with lower melt viscosity has
good miscibility for PVC with relatively higher mo-
lecular weight (HMW-PVC). It is well known that
LMW-PVC can be produced by polymerization at
relatively higher polymerization temperature? or in
the presence of chain-transfer agents.®® Moreover,
Zhan et al.’ studied the chain-transfer effect of dif-
ferent chain-transfer agents (mercaptoethanol, r -
dodecylmercaptan) during polymerization of vinyl
chloride (VC).

However, Abbas et al.” and other authors® showed
that the total labile chlorine atoms increases with
decreasing molecular weight of PVC. LMW-PVC
has poor thermal stability (dehydrochlorination re-
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action, discoloration time) compared with that of
HMW-PVC.%12

We investigated the preparation and thermal
stability of LMW-PVC obtained by suspension po-
lymerization in the presence of some chain-transfer
agents and found that some mercapto compounds
are effective chain-transfer agents that improve
thermal stability.

EXPERIMENTAL

Materials

Vinyl chloride (VC) and other chemicals were of
commercial grade. HMW-PVC was of commercial
grade prepared by suspension polymerization
(Grade: SUNAR 1000D, weight-average polymer-
ization degree [P, ] = 1020 (Sun Arrow Chemical

.Co., Japan).

Polymerization

LMW-PVC samples were prepared by suspension
polymerization as follows: A stainless-steel autoclave
(10 L) was charged with 5 kg of deionized water,
into which 6 g of partially saponified poly (vinyl al-
cohol) (PVA) (degree of saponification, 80%), 3 g
of methyl cellulose (MC), and definite amounts of
the chain-transfer agent and ¢-butylperpivalate were
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added. The autoclave was evacuated, and VC was
fed into it and polymerized at 60°C for 3-4 h with
stirring. The resultant PVC was washed with meth-
anol and then dried under reduced pressure at 40°C.

Characterization of LMW-PVC

The weight-average polymerization degree (P,) was
determined according to JIS K-6721. The molecular
weight distribution (M, /M, ) was measured at 23°C
in tetrahydrofuran solution using gel permiation
chromatography (Type-200 from Waters Co.).

Compounding

LMW-PVC (100 parts) were mixed with tribasic
lead sulfate (1 part) as a stabilizer and calcium stea-
rate (1 part) and stearic acid as a lubricant (0.2
parts) in a Henschel mixer. The resultant mixture
was milled at 170°C for 5 min using a mill with two
mixing rollers to produce sheets (1 mm thick) for
the discoloration test.

Thermal Stability Behavior

Thermogravimetric data were obtained in air using
15 mg of the sample using a thermogravimetric an-
alyzer, type PTC-10A from Rigaku Denki Co. The
heating rate was 10°C/min. Dehydrochlorination
reactions'*'® were carried out under a nitrogen
stream at 180°C using 100 mg of the LMW-PVC
samples.

Hydrogen chloride was collected in 50 mL of wa-
ter (25°C) and determined by electric conductom-
etry.!* The degree of dehydrochlorination (X mol/

Table I Synthesis of LMW-PVC

mol-VC) was determined as the molar ratio between
the mol of hydrogen chloride evolved and the mol
of VC in PVC used.

Color Difference

A roll-milled sheet was set in an air oven at 180°C
for 30 min and then the discoloration of the sheet
was measured with a color difference meter, type
DN-KS5 from Nippon Denshoku Kogyou Co. Thus,
the lightness index (L) and the chromaticness index
(a,b) were estimated. The color difference of the
sheet ( AE) was calculated by the Hunter color dif-
ference equation:

AE(NBS) = V(Lo — L)%+ (ap — a)? + (b, — b)?

Here, L, a, and b are the values of the MgO plate
as the standard: L = 90.8, a = 0.4, and b = 4.0.

Discoloration Time

Test pieces (3 X 5 X 0.1 cm) were set on aluminum
foil and aged in a circulating air-oven at 180°C. Dis-
coloration time was determined as the time elapsing
until the samples turned completely black.

RESULTS AND DISCUSSION

Table I shows the results of the preparation and
some characteristics of HMW-PVC and LMW-
PVC. HMW-PVC (No. 1) and LMW-PVC (Nos. 2

Sample Chain-transfer Agent Temperature Time Yields
No. (mol/mol-VC) X 10 (°C) (h) (%) P,
1 — 60 3.5 72.8 830
2 — 70 3.5 78.8 580
3 — 80 2.5 75.0 470
4 BMC 0.64 60 3.0 62.5 480
5 OMC 0.64 60 3.0 67.2 360
6 DMC 0.13 60 3.0 69.3 460
7 MCH 0.37 60 3.0 36.9 420
8 MET 0.13 60 3.0 61.9 469
9 MIZ 0.24 60 3.0 13.9 530
10 TGR 0.25 60 3.0 69.1 535
11 BTP 041 60 3.0 23.6 470

VC: 7.5 mol/L: H;0. Polymerization initiator: ¢-butylperpivalate, 0.04 mol/L-VC. BMC: n-butyl-
mercaptan; OMC: n-octylmercaptan; DMC: dodecylmercaptan; MCH: mercaptocyclohexan; MET: 2-
mercaptoethanol; MIZ: mercaptoimidazole; TGR: a-thioglicerol; BTP: ¢-butyl thiophenol.
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Figure 1 Relationship between discoloration time and
molar ratio of some chain-transfer agents.

and 3) were prepared without chain-transfer agents
(at different higher temperatures). LMW-PVC
(Nos. 4-11) were prepared in the presence of various
chain-transfer agents. The P, of LMW-PVC (Nos.
4-11) are approximately 350-540.

The color difference (AE) of LMW-PVC (No. 5)
is larger than that of the other LMW-PVC, and
LMW-PVC (No. 9) has the smallest AE of the
LMW-PVC samples.

Discoloration time of LMW-PVC (Nos. 1-3) de-
creases with increasing polymerization temperature.
On the other hand, the discoloration time of LMW -
PVC (Nos. 6, 8, and 10) is improved compared with
that of other LMW-PVC (Nos. 4, 5, 7,9, and 11).

Furthermore, LMW-PVC obtained using the
mercapto compound, except for LMW-PVC ob-
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tained using n-butyl mercaptan (BMC) and mer-
captocyclohexane (MCH ), increases in comparison
with LMW-PVC (No. 1). Hence, discoloration time
(Nos. 4-6) obtained using alkyl mercapto com-
pounds increases with increasing the carbon number
of the alkyl group (n-butyl, n-octyl, and dodecyl),
as shown in Table 1.

Figure 1 shows the relation of the discoloration
time to the molar ratio of the chain-transfer agents
to VC. The discoloration time of LMW-PVC (Nos.
4-11) obtained using different mercapto compounds
increases with decreasing molar ratio. The discol-
oration time of LMW-PVC obtained using n-do-
decylmercaptan (DMC) and 2-mercaptoethanol
{MET) shows better discoloration time than that
of LMW-PVC (Nos. 2 and 3). Table II shows the
result of LMW-PVC obtained using DMC and
MET, which give good discoloration time, as shown
in Table I, under various amounts of DMC and MET.

The LMW-PVC obtained using DMC had a P,
of 200-530 and an M,,/ M, of 2.6-3.3. The LMW-
PVC obtained using MET had a P, of 180-480 and
an M,/ M, of 2.2-6.9.

The P, of LMW-PVC decreases with increasing
molar ratio. The M,,/M, of LMW-PVC obtained
using DMC slightly changes with increasing molar
ratio. On the other hand, the M,/ M, of LMW-PVC
obtained using MET drastically increases with in-
creasing molar ratio.

Figure 2 shows thermogravimetric analysis curves
for LMW-PVC (No. 1) and LMW-PVC (Nos. 12—
14) obtained using DMC at the same polymerization
temperature.

The weight loss of LMW -PVC (No. 1) by thermal
decomposition gradually initiates from 230°C. The
curves of Nos. 12-14 show that the weight loss ini-
tiates at about 210°C. Moreover, the weight loss of
LMW-PVC increases with an increasing amount of
DMC. These curves indicate that total weight loss

Table II Synthesis of LMW-PVC by Suspension Polymerization

in the Presence of Mercapto Compounds

Sample Mercapto Compounds Time Yields
No. (mol/mol-VC) X 10? (h) (%) P, M, /M,
12 DMC 0.55 3.5 79.4 530 2.6
13 DMC 290 3.5 71.6 320 3.1
14 DMC 14.40 4.0 445 200 3.3
15 MET 0.27 3.5 81.5 480 2.2
16 MET 0.96 3.5 36.0 260 3.1
17 MET 9.60 3.5 219 180 6.9

VC: 7.5 mol/mol-H,0. Polymerization temperature: 60°C. Polymerization initiator: t-butylperpi-
valate, 0.04 mol/L-VC.
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Figure 2 Thermogravimetric analysis of PVC obtained
without chain-transfer agents and LMW-PVC obtained
using DMC: ( )No. 1; (-+=) No. 12; (++ -« } No.
13; (- - --) No. 14.

is about 60% by weight and this value is approxi-
mately correspondent to the content of HCl in PVC
(56.7%).

Figure 3 shows the time-dependency of the degree
of dehydrochlorination of Nos. 1, 12, and 13 at
180°C. Until 70 min, the degree of dehydrochlori-
nation increases with increasing P,,. Beyond 70 min,
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Figure 8 Thermal dehydrochlorination of PVC ob-
tained without chain-transfer agents and LMW-PVC ob-
tained using DMC: (A) No. 1; (O) No. 12; (@) No. 13.

the degree of dehydrochlorination of LMW-PVC
(No. 12) becomes slower than that of PVC (No. 1)
with higher P,. The dehydrochlorination reaction
of LMW-PVC (No. 13) occurs without an induction
period.

The thermal dehydrochlorination of PVC is re-
lated to the labile chlorine atoms. The total labile
chlorine atoms of PVC increases with decreasing
molecular weight.® It is found that LMW-PVC (No.
12) shows better dehydrochlorination than that of
No. 1 beyond about 75 min. Therefore, the dehy-
drochlorination reaction of LMW-PVC is affected
by the P, and molecular structure.

Figure 4 shows curves of discoloration time vs.
1/P, of LMW-PVC sheets molded at 190°C. The
discoloration time increases with increasing P, in
all cases.

It is well known that the thermal stability of PVC
generally increases with increasing P,,. It is reason-
able that the discoloration time of LMW-PVC ob-
tained using a chain-transfer agent increases with
increasing P,. Figure 5 shows the relation of the
discoloration time to the molar ratio of the chain-
transfer agents to VC. The discoloration time of
LMW-PVC obtained using different mercapto com-
pounds increases with decreasing molar ratio.

Furthermore, it is found that the discoloration
time of LMW-PVC obtained using DMC, MET, and
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Figure 4 Relationship between discoloration time and
1/P, of LMW-PVC obtained without chain-transfer
agents and LMW-PVC obtained using DMC and MET:
(O) DMC; (@) MET; (A) no chain-transfer agent; (A)
commercial PVC (P, = 1020).
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Figure 5 Relationship between discoloration time and
molar ratio of chain-transfer agents: (O) DMC; (@) MET.

a-thioglicerol are improved more than that of the
other mercapto compounds. The discoloration time
1s affected by the P, of LMW-PVC and the kind of

mercapto compounds. Therefore, it is concluded that

the discoloration time of LMW-PVC obtained using
mercapto compounds shows better discoloration
time than the one obtained without using these
agents (at higher polymerization temperature) at
the same P,,.

CONCLUSION

LMW-PVC was prepared by suspension polymer-
ization in the presence of some mercapto com-
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pounds. The thermal stability of LMW-PVC was
studied by estimating the thermal degradability,
color difference, and discoloration time. At the same
P,, LMW-PVC obtained using mercapto com-
pounds showed better thermal stability (discolor-
ation time) than the one obtained without using
these agents (at higher polymerization tempera-
ture).
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