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Abstract. Following results were obtained for the mechanical degradation of polystyrene (for
polystyrene itself and when blended with rubber) by roll mastication,
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1) The rate of mechanical degradation for polystyrene itself can be represented by the second-
order rate equation proposed by Goto.
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Where P, is the degree of polymerization of the degraded polymer at £ minutes and P is the final
degree of polymerization.
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2) The mechanical degradation of polystyrene component in the polystyrene-rubber (SBR, BR)
blend system occurred similarly as that of polystyrene itself.

3) Under the experimental conditions the mechanical degradation rate of the polystyrene compo-
nent of the polystyrene-rubber, (SBR, BR) blend system followed approximately the same second-
order equation as that for polystyrene itself,
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Table 1. Polystyrene

Degree of

Trade name ¢ ol
polymerization

Producer

ALulstrex Monsanto Co. 2413
of AR 150g.02 Huch ol Aels) £ A Hiflowar -
— Miwon Co. - 1863
7+ ¢k 5¥0lr}t, Blend time 2 PSFAF A _
Table 2. Rubber
| i
Trade name i Mooney viscosityi ¢is content(9%) ‘ Stab. }Bound styrene(%) bonl:{&r:go?;;‘tem
SBR(GG 1502) 52 12 .- ‘ 23.5 Random
BR(Diene 35 NFA) | 35 36 y  NST - -
SBR(Tufdene 2000R): 45 36 1 - 25 | Random
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Table 3. Degree of polymerization of polystyrens (P=2413) before and after degradation in mastication.

Degree of polymerization
Time (min.) Extra polation method (A) Two parameter fitting method (B)
’ Experimental -

values Cal. values by Cal. values by Cal. values by | Cal. values by

expression (2) expression (4) expression (5) . expression (6)

£=4.04X10"? &,=6. 43 X10°° Rr=8.57X107* | ki=>5.134107%
0 2413 2413 2413 2413 2413
10 1781 1910 1681 1989 1723
20 1379 1574 1418 1692 1460
30 1315 1350 1288 1484 1318
40 1250 1201 1210 1339 1231
50 1207 1101 1158 1237 1173
60 1118 1034 1121 1170 1126
80 1068 960 1072 1081 1072
© 900 900 1000 851
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Fig. 1. Comparison of the experimental data with the
calculated value: Mechanical degradation of
polystyrene (P=2413) by mastication at
150°C. (Extra polation method)

(): experimental points, —: expression (4),
s expression (2),

0 20 4G 50 80

Time{miny

Fig. 2. Comparison of the experimental data with
the calculated value: Mechanical degradation
of polystyrene (P=2413) by mastication at
150°C. (Two parameter fitting method)

(C: experimental peints, —: expression (6),

.-+ expression (5).
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Fig. 3. Relationship of 1/(P,—P.)or In(F,—P.)vs.
mastication time. (P=2413 polystyrene)
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Fig. 4. Comparison of the experimental data with
the calenlated value: Mechanical degradation
of polystyrene (P=1863) by mastication at
150°C. (Extra polation method)

O: experimental points, —: expression{(4),
«s: expression (2)
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Table 4 Dégree of polymerization of polystyrene (P=1863) before and after degradation in mastication.

Degree of polymerization
Time (min.) ) Extra polation method (4) I Two parameter fitting method (B)
Experimental t

values Cal. values by Cal. values by Cal. values by | Cal. values by

expression (2) expression (4) ‘ expression (5) expression (6)

k=1.43x10"* A=1.75X10"° | 4=232%10" | ky=2.59%10°
0 1863 1863 1863 ‘ 1863 1863
10 1647 1741 1737 1736 i 1724
20 1591 1636 1641 \ 1635 I 1625
39 1553 1545 1566 | 1556 1552
40 1483 1465 1506 ; 1492 1496
50 1474 1397 1457 '; 1442 1451
60 1450 1337 1415 1402 1414
80 1417 1241 1350 1346 1358
100 1282 1169 1301 1310 1317
o 950 950 1250 1057

P x 03

Time (min)

Fig. 5. Comparison of the experimental datz with
the calculated value: Mechanical degradation
of polystyrene (P=1563) by mastication at
150°C. (Two parameter fitting method)

(C: experimerta! points, —: expression(6),
e+ expression (5)
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Fig. 6. Relationship of 1/(P,—P.) or In(P,~P.)
s, mastication time., (P=1863 polystyrene)

Q: 1/(P,—P.) vs. t, ®: (P, —P,) vs, ¢
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Fig. 7. Mechanical degradation of polystyrene com-
ponent in PS-rubber blend system.

O: PS(P=1863) itself, @: PS component in
PS-SBR(GG 1502) blend system, A: PS co-
mponent in PS-SBR (Tufdene 2000R) blend
system, /.: PS component in PS-BR(Asad-
ene 35 NFA) blend system.

3.3. Polystyrene-Rubber ZROIA2] Poly-
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Table 5. Degree of polymerization of polystyrene component before and after degradation in mastication.

(PS-SBR biend system)

Degree of polymerization

Time (min. ) !. Experimental J Extra polation method (A) Two parameter fitting method {B)
| F"?alues Cal. values by Cal. values by Cal. values by | Cal. values by
: expression {2) expression (4) expression (5) expression (6)
| k=1.23%x10°? k=1.60x10° Ar=1.06%10"2 | ky=L.36 X107
Q i 1863 1863 1863 1863 1863
10 5 1720 ; 1752 1738 1766 1740
20 i 1667 1653 1638 1679 1643
30 i 1539 1566 1559 1600 1566
40 . 1519 1489 1497 1529 1502
50 | 1487 1421 1443 1466 1449
60 1379 1361 1400 1409 1403
o | 900 900 895 850
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Table 6. Degree of polymerization of polystyrene component before and after degradation in mastication.

(PS-BR blend system)

Degree of polymerization
Time (min. ) Experimental Extra polation method (A4) Two parameter fitting method (B)
values Cal. values by Cal. values by | Cal, values by ! Cal. vaiues by
expression (2) expression (4) expression (5) | expression (6)
k=1.34%X10°* £,=1,79x10"* k1=1. 36 X102 kn=0.95%10"*
0 1863 1863 1863 1863 1863
10 1684 1740 1720 1751 1737
20 1630 1634 1614 1653 1635
30 1607 1540 1533 1567 1550
40 1503 1459 1468 1493 1479
50 1423 1388 1416 1427 1418
60 1341 1322 1373 1370 1365
o 900 900 980 650
/‘1
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Fig. 8 Comparison of the experimental data with
the calculated value: Mechanical degradation
of polystyrene component by mastication at

150°C. (PS-GG1502 SBR blend system,

extra polation method)

O: experimental points, —: expression(4),
+: expression(2)
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Fig. 9. Comparison of the experimental data with
the calculated value: Mechanicat degradation
of polystyrene component by mastication at
150 °C. (PS-GG 1502 SBR blend system, two
parameter fitting method)

O: experimental points, —: expression (6},
: expression (5)
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Fiz. 10. Comparison of the experimental data with
the caleulzted value: Mechanical degradation
of polystyrene component by mastication at

150°C. (PS-Asadene 35 NFA BR blend system,

extra polatien method)
Q: experimental points, —: expression (4),
el expression (2)

PX107¢

Time (min)

Fig. 11. Comparison of the experimental data with
the calculated value: Mechanical degradation
of polystyrene component by mastication at
150°C. (PS-Asadene 35 NFA BR blend
system, two parameter fitting method)

QO: experimental point, —: expression (6),
+ expression (5)
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