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Abstract

The special project involved the study of preparation of High Impact
Polystyrene by using Emulsion Polymerisation / Phase Transfer / Buik Polymerisation
process. Y - Radiation Vulcanization Natural Rubber Latex (RVNRL) having various
crosslinking density was employed to improve impact property of polystyrene.

The crosslinked rubber particles at pH 9 were transferred from
an agueous serum phase into a styrene monomer phase by titration with a cationic
surfactant (benzyldimethylhexadecylammonium chloride). At the end point , the
particles would be dispersed and swollen into styrene phase and HIPS was
subsequently obtained by using bulk polymerisation process. In order to obtain the
conditions for preparing HIPS , the effect of radiation dose rate and rubber content on
the kinetic of bulk polymerisation of rubber swollen styrene was investigated. The

impact property and morphology of HIPS prepared were also studied.
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ﬁqﬂ'\qﬁﬁm'\ﬁﬁlﬂi‘lﬂﬂm'\uﬁLﬂﬁLﬁuﬁqﬂqqﬁmmqﬁmﬁmLL@:JEJLﬁﬂQq
N1 szeeswnaniinues Saia TneasinsAnnaanifidesiuresienessmen
et W fudeyalunsAnnmsien s iustemuusnsznn HPS) Aalids
g nsAnE IR Binnueesdeiimmn (%7S0) . 1Bansiesaud (%DRO)

TUNBYMA UASAN Zeta Potential

411 Fanneaudieniavan (%TSC)

anmstihensssniriouenBuliage  dwnBanaaedndaionin

(%TSC) Telfuan1mnaaefuanalunis Wi 4.1

MINA 4.1 wanFNNBIINRIINA (%TSC) TadtnaNesTNTRTiinuen NTage

P | vmwhaunndrieuey Swinamndudcey Bunaeauioiomn
(N53) (NF) (%TSC)
1 1.07 0.66 61.68
2 1.22 0.75 61.48
3 1.13 0.69 61.06
9@ 61.41 T 0.37
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4.1.2 Baouilasnaus (%DRC)

X ¥ o -
HATRINIIMNBNILLAENUEY (%DRC) 1a9tNeN9assN T ATtinwan Tudls

o A
g9 uanaaalumsehn 4.2

1 27 ¥
AR 4.2 usdanBunouilesnauis (%DRC) raniensssuRttauen g

akeh | vwihanwndrieuey Sihaunndudeey uasudoiomn
(n3) n3) (%DRC)
1 5.04 3.07 60.91
2 5.06 3.08 60.99
3 5.04 3.09 61.31
1@ 61.07 X 0.21
4.1.3 AWNABYNIA

14 ]
aaTaINFInTLIAIATenie s Rrtauenudege TaeldiAres

FnaNARYNIA MastersizerX (MALVERN) Uanalumiswil 4.3

1 1 74 1
ANTeA 4.3 UWdAsTUNARYNATBNtaNEsINTRrTiawen IflageanaTaeinrunaeynia

Mastersizer-X (MALVERN)

nsel TWIABYNA
wlung
1 404.5 ;
2 408.1
3 414.3
oA 409.0 * 4.9
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4.1.4 Zeta Potential
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AT 4.4 udneFuNnuanudeiaung (%TSC) 184 RVNRL MEunisanuiEn

ANdnFdTu
AALTNE % TSC
(kGy)
10 52.44 1 0.03
12 53.17 + 0.36
14 61.62 * 0.79

X v
4.2.2 1FUIMUIUAHNNUIN (%DRC)

HATBINITULRNNUTRNUR (%DRC) 189 RYNARL iuanslilunsied

45 A3l

d‘ d" t 2 dl ' ar dd‘
AN 45 UAASLFNNRULLAENGLIA (% DRC) 189 RVNRL NHIUNSRNLISNEN

ANNITNTIAAY
ANMNITNTIE % DRC
{(kGy)
10 50.18 + 3.52
12 50.79 + 0.34
14 48.92 T 1.69
423 PNARUNIALAZA a Potential 9484 RV

o

o Cae o
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AT NN 4.6 LAMIDATINIILIINAD (Swelling Ratio) wpaLeiuanLATENAIN RVNRL

AR Swelling Ratio
(kGy) (%)
4 941
6 803
8 746
10 701
12 604
14 606

| o o X . ]
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=] 1 lﬂ' . N s d. -3 o Lt . .
a=fiAouMLLLaeIn1aT@anlee (Crosslink Density) 1o FaNaN N Swelling Ratio
; o o aycday o X , e 2 X _
fun  widlanauiduKARIERNIU Crosslink Density Naztnawias 7 uaz  Swelling
Ratio fiazAae 7 anadllfian  Aunseyd Crossiink Density Fuszasinaudu g wianu
12 kGy Tafluanuidnie@AaLlR Crosslink Density g4 7@l Swelling Ratio fgn

A N1 Swelling Ratio AzdiA1iLAsULL a9 WiaaaduFERuunTuhe 14 kGy

4.2.5 N13ANNANTANNNBNNIAY RYNRL

TunnsAneaniAineniamwaes RVNRL #1 asAnuninaldagnnsldne

. tﬂl ¢d‘ ) ] < . 6" & 8 A
Tensile INANALMIANAMNAUNTUABLIIAY Tensile Strength)  lafimusin1snstin as 920
(% Elongation at Break) Modulus 100 WAz 300 (WefasailayuniafiaiissiTanlaere
RVNRL UR=Anmaniimidainasae  RVNRL Tnsgunsonagevisineldissesdn Tensile

] o p A ) o A
Autograph 100 (SHIMADZU) TaAwanlaAsing <) Asuanslunisah 4.7

AT 4.7 LaneAnaNTR FanadeusueneiizeNa n RYNRL TannaatineldiATasin

Tensile Autograph s-100 (SHIMADZU)

AgHdNFE Modulus 100 Modulus 300 Tensile Strength | Elongation at Break
(kGy) (MPa) (MPa) (MPa) (%)
10 0.52 0.81 1.01 846
12 0.50 0.76 1.01 805
14 0.55 0.86 0.92 796

AR 4.7 EIatnAT Modulus 100 uay 300 till@eunswiuacudy

Fadling 7 azldnsmluanspaudiiuiiudspn 4.2
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naldasazansuuialniaandanadawen Nitauasa lsdnanadudu

0.013 M Whilnunsus

ANLEINSR Bunnuenelualasu A1 CTC AR
(KGy) ( NFUFBNARAT ) (x10)
10 0.01 5.99 F 0.31
0.02 6.34  0.42
0.03 6.22t 0.8
0.04 6.38 1 0.29 6.23 10.17
12 0.01 6.75 + 0.77
0.02 6.12 + 0.44
0.03 5.77 * 0.26
0.04 5.77 + 0.65 6.13 1033
14 0.01 6.90 1 0.71
| 0.02 6.33 * 0.30
0.03 5.98 +0.73
0.04 5.50 + 0.58 6.17 + 0.41
FRsninanimaany
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war | wwmrue | wuwmaue « | walilusef | wwnimue + | wuiwama¥ | % CONVERSION
(1.3) nF1) Tluwaf (n3) Wauef (N3
(n5a) (N5

0 0 (o} 0 0 0 0
0.5 8.996 10.416 1.419 9.316 0.319 22.48
1 8.947 10.947 2.000 9.764 0.807 40.35
1.6 9.001 10.718 1717 10179 1178 6361
2 9.006 10.847 1.841 10.373 1.367 74.26
2.5 9.037 10.878 1.841 10,691 1.664 89.84
3 9.006 10.823 1.818 10.718 1.713 94.22
3.6 9.029 11.019 1.990 10.912 1.883 94.62
4 9.163 11.081 1918 10.981 1.818 94.79
4.5 9.097 11.287 2.190 11.220 2123 96.94
5 8.908 10.944 2.036 10,946 2.037 100.06
6.5 9.035 10.965 1.930 10966 1.931 100.06
6 9.094 10.848 1.764 10.842 1.748 99.66
7 8.090 9.816 1.726 9.785 1.696 98.26
8 8.106 9.700 1.696 9,689 1.584 99.31
9 8.213 9.966 1.753 9.974 1.761 100.46
10 8.200 10.300 2.100 10.233 2.033 96.81
11 8.261 11.216 2.964 11.164 2903 97.94
12 8.136 10.864 2.728 10818 2682 98.31
13 8113 10.374 2.261 10.307 2.194 97.04
14 8.17 9.699 1.629 9.699 1.629 100.00
16 2189 10.241 2.062 10.269 2.070 100.88
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man | wwmne | wumaue + | wulilusef | wuntus + | uuivdwa? | % CONVERSION
(1.4) (nF) Whiwef ") Wawef ")
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0 0 0 0 0 0 0
0.5 8.922 10279 1.357 9.216 0.293 21.59
1 9.160 10.692 1.442 9.719 0.669 39.46
1.5 9.068 10674 1616 9.987 0929 57.49
2 9.047 10.631 1.484 10.131 1.084 73.06
2.6 8.990 10.443 1.453 10.239 1.249 85.96
3 9.027 11.318 2.291 11.167 2.140 93.41
3.6 8971 9.987 1.016 9.97%6 1.006 98.92
4 8982 10.113 1.131 10.112 1.130 99.91
4.5 9.074 9.569 0.496 9.547 0.473 96.66
5 8910 9.825 0916 9.796 0.886 96.83
6.5 8953 10.102 1.149 10,086 1.113 96.87
6 9.012 9.952 0.940 9.939 0927 98,62
7 8.070 9.817 1.747 9.804 1.734 99.26
8 8.262 10,304 2.042 10.290 2.028 99.31
9 8.164 10641 2.477 10626 2.462 99.39
10 8.908 11.194 2.286 11.130 2222 97.20
11 8.160 11.141 2.981 11.138 2978 99.90
12 8.189 10.746 2.657 10.748 2.669 100.08
13 8.288 11.709 3421 11.708 3.420 99.97
14 8.165 10.325 2.169 10.314 2.148 99.49
15 8.225 10,608 2.383 10.682 2.367 9891
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na | wwmmue | wwmrue + | wulluwef | wamtue + | wuiwdame$ | % CONVERSION
(1.30) (n5) Wluwa¥ (n3) Wawes (%)
(n¥2) M3

0 0 0 0 0 0 0
0.5 8987 10.681 1,694 9.301 0314 19.70
1 9.188 10.606 1.418 9612 0.424 29.92
1.6 2968 10.467 1.499 9.633 0.565 37.69
2 9.017 10.824 1.807 10.162 1.146 63.36
2.6 9.075 11.061 1976 10.839 1.764 89.27
3 8984 10578 1.694 10.530 1.646 96.99
3.5 9.079 10925 1.846 10.898 1.819 98.54
4 9.114 11.007 1.893 10.982 1.868 98.68
45 9.075 10.687 1.612 10.692 1.617 100.33
6 9.013 11.018 2.006 10.998 1.985 99.00
6.5 8.891 11.019 2128 10997 2.106 9897
6 9.043 10.836 1.793 10.816 1.772 98.83
7 8.086 10377 2.291 10.357 2.27 99.13
8 8.321 10696 2374 10641 2.320 97.73
9 8.853 9.312 0.459 9.304 0.451 98.26
10 8.244 10669 2.416 10639 2.395 99.17
11 8108 9.845 1.737 9.835 1.727 99.42
12 8.234 9.893 1,669 9.884 1.660 99.46
13 8.164 9,669 1.495 9.649 1.486 99.33
14 8180 9.716 1.536 9.702 1.622 99.09
16 8.130 10028 1.898 10.022 1.892 99.68
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nan | numme | wunaue + | walilueef | wumeue + | wuiwdses | % CONVERSION
(1.3 (52 Tiluwas e wawa¥ (n¥y
(n¥2) n)

0 0 0 0 0 0 0
0.6 9.041 10.684 1.643 9.981 0.940 §7.21
1 9.007 11.344 2.337 10.497 1.490 63.76
15 9.033 11.219 2186 11.038 2.005 91.72
2 8.904 11.343 2.439 11.246 2341 96.98
2.5 8.956 11.378 2.423 11.337 2.381 98.27
3 9.094 11.340 2.246 11.291 2.197 97.82
35 8949 11.366 2.416 11.344 2.395 99.13
4 9.209 11.626 2.417 11.602 2.393 99.01
4.5 9.029 11.508 2479 11.492 2.463 99.36
5 8.981 11.063 2.082 11.038 2.067 98.80
6.6 8.960 11.080 2.100 11.020 2.060 98.10
6 9.133 10997 1.864 10.944 1.81 97.16
7 8310 10.334 2.024 10.267 1.967 96.69
8 8211 10.216 2.006 10.197 1.986 99.06

9 8.221 9.409 1.188 9.398 1177 99.07
10 8.329 10.125 1.796 10.112 1.783 99.28
11 8319 10.322 2.003 10.306 1.986 99.16
12 8.378 10.746 2.367 10.717 2.339 98.82
13 8.458 11.252 2.794 11.202 2.744 98.21
14 8.465 11.003 2,648 10.992 2.637 99.67
16 8.479 11.161 2,682 11.167 2678 99.85
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0 0 0 0 0 0 0
0.5 9.146 10.897 1.761 9.816 0.669 38.21
1 9.034 10.838 1.804 10.344 1.310 7262
1.5 9.008 10.999 1.991 10642 1634 82.07
2 9.206 11.120 1914 10.870 1664 86.94
2.6 9.160 11.113 1.953 10.854 1.694 86.74
3 9.137 10.112 0975 10.029 0.892 91.49
3.6 9.147 10.412 1.266 10.385 1.238 97.87
4 9.163 10687 1.524 10667 1.604 98.69
4.5 9.118 11.269 2.161 11.246 2.128 9893
6 9.083 11.136 2.063 11.006 2.013 98.05
6.5 9.166 11.369 2.194 11.316 2.161 98.04
6 9.201 10971 1.770 10.950 1.749 9881
7 8.342 10.341 1.999 10.316 1973 98.70
8 8.303 10.226 1923 10.213 1910 99.32
9 8397 10.280 1.883 10.260 1.863 98.94
10 8121 10.493 2372 10.482 2.361 99.54
11 8.304 10.148 1.844 10.119 1.816 98.43
12 8.295 10.335 2.040 10.326 2.081 99.56
13 8.336 10.609 2273 10.671 2.235 98.33
14 8.406 10.392 1.986 10.378 1972 99.30
16 8303 10575 2272 10.562 2.269 99.43
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0 0 0 0 0 0 0
0.5 9.104 10.371 1.267 9.316 0.212 16.73
16 9.295 11.162 1.867 10.623 1.228 66.77

2 9.163 11.040 1.887 10.778 1625 86.12
2.6 8988 10.906 1917 10.747 1.769 91.76

3 9.147 11.033 1.886 10.899 1.762 92.90
356 9.168 11.084 1916 11.033 1.866 97.34

4 9.166 11.044 1.878 11.002 1.836 97.76
4.5 9.026 10.868 1.842 10.820 1.794 97.39

6 9.139 10.986 1.847 10943 1.804 97.67
6.6 9.065 11.030 1.976 10,966 191 96.76

6 9.225 11.109 1.884 11.067 1.842 97.77

7 8913 10927 2.014 10.874 1.961 97.37

8 9.016 11.067 2.061 11.021 2.006 97.76

9 9.089 11.277 2.188 11.216 2.126 97.17
10 9.076 11.030 1.954 10.964 1.888 96.62
1 9.090 10.996 1.906 10,959 1.869 98.06
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0 0 0 0 0 0 0
0.5 9,180 10931 1.761 9.396 0.216 12.34
1 9,001 10.806 1.804 9.722 0.721 39.97
1.6 9.056 10679 1.623 9.954 0.898 55.33
2 9.200 10.588 1.388 10.196 0.996 .7
26 9.316 10.808 1.492 10.590 1.274 86.39
3 9.136 10.437 1.301 10.282 1.146 88.09
3.6 9.226 10.669 1.343 10.441 1.216 90.47
4 9.251 10.724 1.473 10,652 1.401 96.11
4.5 9.121 10.716 1.696 10,666 1.545 96.87
6 9.124 10.760 1626 10.714 1.690 97.79
5.5 9.108 10652 1.444 10.493 1.386 95.91
6 9.248 10.756 1.508 10.696 1.448 96.02
7 8.368 9.811 1.443 9.788 1.420 98.41

8 8312 9.941 1629 9.923 1611 98.90
9 8.267 9.607 1.35 9.577 1.320 97.78
10 8.204 10.082 1.878 10.085 1.861 99.09
1 8.304 10.148 1.844 10.095 1.791 97.13
12 8.296 10.335 2.04 10304 2.009 98.48
13 8.431 9672 1.241 9.649 1.218 98.15
14 8403 9.969 1.666 9.943 1.540 98.34
16 8.336 9.612 1277 9.569 1200 | 96.63
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