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Degradation of High Molecular Weight Polystyrene

Tohru TAKAMATSU
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Mitsutoshi FUKUDA
Akihiko SHIMIZU

The stability of high molecular weight polystyrene (HMST) to heat and shearing force has been studied.

HMST is stable below the glass transition temperature (Tg), but becomes unstable above Tg. Thermal

treatment of HMST results in the change of molecular weight distribution due to the random oxidative

chain scission. Addition of antioxidant is, therefore, effective for thermal degradation of HMST.

Molecular chain scission by shearing force is dependent on the shear rate, cleavage occurring pre-

dominantly at the central portion of the chain in dilute polymer solution. GPC spectra of super high

molecular weight polystyrene (SHMST) are quite similar to those of HMST degraded by shearing force,

suggesting the probable occurrence of the chain scission during GPC measurement.
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Fig. 1 Apparatus of capillary flow for scission

of polymer molecules in solution
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Fig. 2 Calibration curve for the present column set
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Fig. 3 Change in molecular weight of two poly-
styrene samples againt time of heat treatment

in air at various temperature
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“ﬂ ' (b) after 1 hours in vacuum at 180°C
(¢) after 1 hours in air at 180°C

Fig. 4 Change of molecular weight distribution by heat treatment
Sample: Pst §-12 (Mw=>5.2x 106)
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Sample: PSt S-12 Heat treatment: 150°C,
1 hour in air Sample: polystyrene S-12 Heat treatment:
(2) untreated (b) NS-6 2% (c) B-naphthylamine 2% 150°C, 1 hour in air antioxidant NS-6
(d) BHT 2% (e) phenochiadine 2% (f) 0 % (a) 0.05%5 (b) 0-2% (c) 0.5% () 2%
Fig. 5 Effect of various antioxidants on thermal Fig. 6 Concentration effect of antioxidant on
degradation of polystyrene thermal degradation
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Fig. 7 Change in molecular weight of two
polystyrene samples against time of
heat treatment in trans decalin at
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Sample: S-12 19 trans-decalin solution,
Heat treatment: 150°C 1 hour
(a) untreated (b) NS-6 1%
(¢) NS-6 0.1%  (4) NS-6 0%
Fig. 8 Effect of antioxidant on thermal degradation
of polystyrene in trans-decalin
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molecular weight v.s. relative change
in number average molecular weight
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Sample: TS-8-MEK Soln. Conc. 0.05%,
N, pressure: 18 kg/cm? Capillary pass
numbers (a) 0  (b) 5 (¢) 10
Fig. 10 Change of molecular weight distribution
by shearing force

(b)

(¢)

(a)

50
45
(b)
50
45
(c)
50
45
(d)
50

45
Sample: S-12-MEK Soln. Conc. 0.05%, N,
pressure: 18 kg/cm2 Capillary pass numbers
(@0, ()3, (¢)6, (4) 10
Fig.- 11 Change of molecular weight distribution
by shearing force
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Sample: S-12-MEK Soln. Conc. 0.05%,
Capillary pass numbers: 10,N, pressure
(a) untreated () 5kg/cm?
(e) 10kg/cm? (d) 18 kg/cm?
Fig. 12 Change of molecular weight distribution
by shearing force
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(a) Molecular weight distribution of original sample

(b), {¢) and (d) represent molecular distribution that occur by 20%, 30% and 50%

chain scission in original sample respectively

Fig. 13 Change of molecular weight distribution assuming that molecular chain
scission occur at center of molecular chain
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Fig- 14 Relative change in weight average molecular weight v.s. flow rate Q in capillary frow
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Conditions of GPC measurement; Solvent: MEK
Column: G6000H6 2ftx2 Flow Rate: 1 m#/min
Conc.: 0.05% Sample: (a) Pst, FF31 (Mw=7.6
x10) (b) Pst, FF36 (Mw=9.6x106) (c) Pst,
FF37 (Mw=1.34x107) (d) Pst, TS-33 (Mw=—
2.05% 107)

Fig. 15 GPC patterns of high molecular
weight polystyrenes
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Sample: Pst, FF36 (Mw=9.6x106)
Flow Rate: (a) 1.0 m¢/min, (b) 1.8 m4/min, (¢) 2.5 m4/min
Fig. 16 Change of GPC pattern of high molecular weight polystyrene by changing flow rate
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