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A New Evaluation Method for the Thermal Degradation
of Poly (Vinyl Chloride)

Nobuyuki KAGAWA
Masatoshi NAGATA

A new evaluation method for the thermal degradation of poly (vinyl chloride) (PVC) has been

developed. PVC is degraded in a hot solvent to form the polyene structure in polymer chains under the

liberation of hydrogen chloride. The degrees of polyene structure formation and dehydrochlorination

can be evaluated continuously and in parallel. The former was determined by measuring the amount of

liberated hydrogen chloride by an electric conductivity detector and the latter by measuring the

absorbance of PVC in solution by multi wavelength detector. Dehydrochlorination was not detected in

the degradation of PVC containing a heat stabilizer, since hydrogen chloride is trapped by the

stabilizer.
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Fig. 1 Relationship between polyene length

and absorbed wave length.
M :byref.7), @:byref.8), A :byref.9), @ : byref.10)
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Fig. 2 Schematic model of the apparatus.

a‘reactor, b:heater, c:magnetic stirrer, d:reflux condenser,
eoven, ficarrier gas, g:beaker, h:electric conductance detector,
i‘pump, jimulti wave length detector, k:thermocouple,
1:electrode, m:computer
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Table 1 Measurement conditions.

Temperature 170C

Solvent 1-chloronaphtalene 40ml

Sample weight 200mg

Carrier gas N2, air, or O; flow rate=100ml/min

Solution flow rate 1ml/min

Measured wave length 350-650nm

Table 2 Results of solvent selectivity.

bp solubility of PVC absorbed wave length heat stability* the other factor judgement

(C) (nm)
1,2,4-trichlorobenzene 213 soluble 200-320 unstable X
nitrobenzene 210 soluble —** —k* yellow itself X
dodecane 213 insoluble —x* —kx X
decahydronaphtalene 187 —k* —k* —** X
p—dinitrobenzene 299 —** —** —k* solid state at room temp. X
dibutylphtalate 340 soluble 200-310 unstable too higher viscosity X
1-chloronaphtalene 259 soluble 200-350 stable A
o—dichlorobenzene 181 —kE —x* —** X
cycrohexanon 156 —k* —k* —kk X

* 1 UV was measured after heating two hours at 180°C while bubbling air.

** : did not be measured
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Fig. 3 The dehydrochlorination curve of PVC
in l-chloronaphtalene with bubbling
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Fig. 4 UV-visible spectrum of degraded PVC
in 1-chloronaphtalene with bubbling
N, at 170°C. The #n values in figure are
chain numbers of polyene.

(a)30min., (b)60min., (¢)90min. , (d)120min.
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Fig. 5 Relationship between UV-visible
absorbance of degraded PVC in
1-chloronaphtalene with bubbling N,
at 170°C and time.

(a)360nm, (b)380nm, (c)400nm, (d)440nm,
(e)480nm, (f)520nm, (g)560nm, (h)590nm
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Fig. 6 The dehydrochlorination curves of PVC
in I-chloronaphtalene at 170°C..

(a) bubbling N, (b) bubbling air, (c) bubbling O,
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Fig. 7 Relationship between UV-visible
absorbance of degraded PVC in
1-chloronaphtalene with bubbling air
at 170°C and time.

(a)360nm, (b)38nm, (c)400nm, (d)440nm,
(e)480nm, (f)520nm, (g)560nm, (h)590nm

o

=

o
—

Absorbance
e
o
w

0 50 100
Time [min.]

Fig. 8 Relationship between UV-visible
absorbance of degraded PVC in
1-chloronaphtalene with bubbling O,
at 170C and time.

(a)360nm, (b)380nm, (c)400nm, (d)440nm,
(e)480nm, (£)520nm, (g)560nm, (h)590nm
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Fig. 9 The dehydrochlorination curves of
PVC with  dibutyltinmaleate in
1-chloronaphtalene with bubbling
N, at 170C.

(a)dibutyltinmaleate 0 wt%, (b)0.05wt%,
(c)0.1wt2%, (d)0.15wt%
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Fig.10 Relationship between  UV-visible
absorbance of degraded PVC with
dibutyltinmaleate 0.15wt% in
1-chloronaphtalene with bubbling
N at 170°C and time.

(a)360nm, (b)380nm, (c)400nm, (d)440nm,
(e)480nm, (£)520nm, (g)560nm, (h)590nm
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Fig.11 Schematic model of degraded PVC with dibutyltinmaleate 0.15% .

(a)dehydrochlorination curve, (b)UV-visible absorbance curve
(1) : start of heating, (2) : mediate time, (3) : latter time

Sh, BEBE LTREEINS (Fig.113), ft-T
COIRRETIE, RN Ui ER O Ik B E
Brbrinnld, HERMEOEENELL LS &
Zibhb,

%

4. F & D

RIEE BEFRRRIE & B4 « FTRBIBLEIE % [RIRE A
DHEBIWAT S T LR TE, PVCOERL L% FHifi 3
LT, BEAERA G2 B ENTRETH L, B
HOPVCOBLILTIE, HEBRETF vV Y —H R
HOBRREECEEIRL VA, )Y REDT 5
CEDBHLMNE ST, Ty BERFARICE LT
i P8k X5 ABEMAEL TR LM TR
WARY T VAR, BWERICISL T v THREETE,
AETEFCHYDEFRTHAEE2 B,

5. BEXR

1) A.A.Yassin, M.W.Sabaa, J.Macromol.Sci.C,
30 (3 & 4), 491-558 (1990)

2) IRLFEREE = VSR, Rk =r—
TORBELIGH", BRI TEHMEL, 260-325
(1988)

3) ARLFTER Y = AEaFE, “RVEke=
oL T, MAENE, 94-111 (1966)

( 58)

4) W. C. Geddes,
177-216 (1967)
LI &%, BB, v Ly <—, 20, (12),
10-20 (1980)

Rubber Chem. Technol., 40,

5)

6) lhin&sk, *5AF v s %, 37, (5), 106-112
(1986)

7) W. C. Geddes, Fur. Polym. J., 3, 747-765
(1967)

8) G.Parma, /. Appl. Polym.Sci., 16, 2485-2501

(1972)
9) K.Mitani, T.Ogata, J. Appl. Polym.Sci., 18,
3205-3217 (1974)
V.D.Braun, M. Thallmaier, Macromol.Chem .,
99, 59-75 (1966)
K.B.Abbas, E.M.Sorvik, [/.Appl.Polym.Sci .,
17, 3567-3576 (1973)

10)

11)

12) XHBEAE, BTHEAERE, Shrby:, 4, (1), 79-82
(1995)
13) Z. He, X. Hu, G. Sun, Polym. Degradation

Stab., 24, (2), 127-135 (1989)

W. I. Bengouth, H. M. Sharpe,

Chem., 66, 31-44 (1963)

15) T. van Hong, M. Bert,
Stab., 16, 35-45 (1986)

14) Macromol .

Polym. Degradation




Wy -y 542% (1998)

ol 5|

% ¢

& * - &
% & N 2 B4 Kk B A #
Nobuyuki KAGAWA Masatoshi NAGATA
AL mF62%4 7 1A Ak HFI6LFELL] 1A
FilE P4 A TR pikg 7B mErERT
WU TTEE AR
EFPIEA EAEFER

(59)

59



