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W OE UTHEAKFBRASIEA CRARIE PTERRMPEIERL A2k RANRS, BL
YERRSBEORFENERPRE-XZAXBOMOBE FHEAE T REFZRA BRI MS WM T
BEEAGATE, FAR T RS QAN AR B RANFER SREN EAERE MSH i
RE—HEAERY AHRERCEEE REFNTIHEMNARE.

XA KR, FPEWRERWE, LR, B9, fidh, BHIEERS

BEZB(PS)H THRESE . MAEE R
N H S A BIRRE . B B, AT
FHABRSKEBEEFEFAT —RIIBRELBER
HHERIE Y MK LB EREATEERES
HETHEhRELH(HPS) BR, AR IIAR
BEEBTREXEZEMIEMIh ErERE, BAE
L THEEN EETTEA —E bR EME
FeH T HE AR M B R Z B A5 (THIPS) Y . H
BILTHIPS & T ETEE 3 M, —ERAR
BIHEBRESMEL RHFEERE RAEFEHGHT
HAT, W EME RERTIZEWERER . A
MR A T REREYHELIRE, AR e T LR
HEAREZAWIE RN R FETZEA,
WAL RE, (B TR AWRKKR, FHFEE
e, &8N BH PR ZARN,; =
EPRXAEHERSE BT B . FLEHARLZ
W KZ BB RPERAERZE T HETHA
HEAEE THIPS, HiE TRANER M B AR
R, A B E M, AEHA S PS T e
FER A W@ AE PS B HERME FBA
K ORSH A, BASBE THIPS HELER
=

MS i 2 THIPS MR Z —, & ¥ 70 wt%
M Z 4 (St) 5 30 wi% B 2L (5 45 B8R TR M5 (MMA)
HITAHELESAE MS ®I5(EEHBFF NAS
WRS) MSHAA PSWRE & T, KRR
tEF0 PMMA HIT R4E R RAF e F1FtE . HEG 6
¥ 8E/ T PS F1 PMMA Y8 K2 ja] , & #E . MS M il
BEHEAEAKE BFEMILEE, FIEAEREX.

TZHEE BAE, A TEA AR FHh.

AIERMLZEE BER. DNFR FR
SRS RN AE P MMA A St iR
LESEMAERBRBPOKIIRTHE . REXR
ACom y BREAR, BT TESAEN
THIPS.

1 LS

1.1 %A

St,lt EiL XM AR =&, A, H 5%
NaOH K BB REREEZXC BHEEZHE F K%
EhH, LKA TRG, #ITHERE, W
£ 44 ~ 457C/2.66 kPa f84r . MMA, Jb I 2% FI ¥ 40

S ERAT &, 984, B 5% NaOH /K

BREERBZELE BHZEFKRERE, UL
KR T RIS, AT 0 B, W4 46C/13.3
kPa {84} . BPO, Jb 5t & WALl A PR 2 6l ™ &,
2ol AN AEN, PEETRAHITES R
Kl &4 K R e Al P kg R
¥k A, T B
1.2 HEF®

HUHR TR O RBERD HRE LA
70% St.30% MMA 1 — & B # BPO 5| & |, @R
BEFE 10 min S5 EE N, 1HIR 80 ~ 85°C, B —
ENEE,BRG RY ER, ZEl| FAYC | (4L
MRFAFEGENAEFR)y HERHATREE
HEAFRMFNERNEFTF).
1.3 FHadaidinkiRaE

RR—EREG, B RNIREY.RE, M
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ARGER  RARREMA KT RILE, LD E
W, W T, RN AR LIRER, KT
AREREY. BEYLME, KT . 25 TR
(AEASOC)EEE M- YRAKERLIT
B E®.

1.4 MEBERTE

1.4.1 FHEKEL]ME FE(30.0£0.05)C
T RS RAEE TN E RS YELET FBERP
RIAHXIREBE 5, AR R 5, RS RS EEL )
WESETEAR.

[7]= v2(q., -Inp)/c (1)
MESHEERS, TRIEESESS FREBEXR
Alpl=kM, FEXRWHTHG TR ZAR
FH K=8.32x107,a=0.75" BWEE c =
0.01 g/mL.

1.4.2 HRHBEHSTENESEEM, M./
MOWE PYOREBSTRMTERSNE
8E Bruker vE) B ECEN LR E, LIWE
Tk MR P 9 R 9, 3 M 1.0 mL/min, 22438 PS 8
BRIESTHERE

1.4.3 £ 406 &L i 2 E Nicolet 2 7]
Magna-TR 750 B F - £1 71 6 35 A L SR 68 f5 7=
YIH) BRI AR B E N 4em™ KB £
Fr#l#E

1.4.4 B3 iw et Fi & - BRUKER (#i &
FL)/ A ARX200 BY 4B 5 % B L br B X U 2 1R
fij5 P24 K H-NMR 3% . 2L CDCL, R #, TMS 25
PR , 13K 50 3 & 200 MHz.

1.4.5 #AH YR DSCIEEAEE TA
Z2F) DSC-2010 R EH AR A/ E, N,
SE,FBREEHN 10 Kimin, BETEE X 40 ~
130C .

1.4.6 HiTHWE PG EE 1 mm, &
F H 7= HITACHI 4 &) U-3010 % #h- 7] 2 56 O% B
T RE .

1.4.7 L REWIE BE SRR RS O 48 RLAE
% g B b B K R B CB/T 1040-
1992 R, BB R B0 o R B R A GB/T 1843-
1980 tRHEMH E .

2 #Rfitie

2.1 RKEFARESTROXFE
HTHEERUA RN MRENES TRNOK

WL ER RS S FRM) AR
HeMESY. RMUuEHLE 1.E 1 26 FHEE
RS TFRESBEABZEMNEERE HE 1
DAE KR B R, AR ~ S FRmE
WESE, AMENE, S FROMMELETE,
b R RO N, 4 FROR RS L 2 S T
BHEAMERSR, KA BRI RAEETER
RaYth MEWHRENE—ERER, ST/
BRBAE, BASH AR, T REHEE.
IRPE AT RS, M TS B RSB
R RT MATREMGH , BHRAER
RESER, S FREM EEN TEHM, BH
B L E SR I L TE 5 T ROAR T O, 45 5 R AR A A
TEHEAEE .S TFREN N, H LB X
SFR GUARNARELERT, EAERNE
R 4> 0 6 4R 5 7 R, 50 08 % ) B S 4 Y
4 RSN A48 . B A R I, TR A
mARRE MRS TR, B4, B EE
WRTAHTRRERSFEE MR R, H it
134 1 70 2 SR 4 IR P S 040 T IR AL 3 3 AT A B
FRESHF.

Table 1 Reaction condition of different samples "

Conversion rate of

Sample Dose rate {Gy/min)
prepolymerization (%)
A 20 20
B 8.8 20
C 3.9 20
D 20 140
E 8.8 140
F 3.9 140

* Monomer: St, MMA; Reaction conditions: 80 ~ 85°C, under N,

atmosphere; at room temperature, with different dose rates

2.2 SIENRENBENS TFTREASHHE
1)

EMERHILER 20 BB HEEND 20
Cy/minf & T, £ AAEEN T TFREHR
WM ERE . E2 EREENRS TRAOLR. O
2A[LIES K AFKEN RS TERNE
EAE A AREINER SRR EONE . E 3
ERIEEARR I ARNEET & GPC MK 4T
Hoaofmhek B3 T, BRI ARNKET . A
HMTHENSFEES A3 FESHEEER
2 HNBEATIH S FRERERESMATLIA
Sl AR .
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Fig. 3 GPC curves of SYMMA copolymer
a){BPO] = 0.5% :b)[BPO] = 0.2%
Table 2 GPC analysis results of copolymers
Initiator content — —
Sample M, M, Polydispersity
{%)
1 0.5 52400 125000 2.38
2 0.2 88100 166600 1.89

2.3 BHIERYLT S i F0' H-NMR FIE
aifb S R A e N 4 B, KR S

&L BWE 1602cm ' 758 cm ' 699 cm™ "4,
MMA BIBEEE I BLFE 1731 em "&b IR PP
BFEE PS A1 PMMA B, 2 St AT MMA F3t R
B . SCER P SYMMA B YIR P& 8 A H-
NMR S5 H B S, AT R T ik =9H
'"H-NMR %, R SR 4L /5 7= ¥ 1 'H-NMR % =, L
FABE6.4~7.4 AHIWER B REF S
JRF.1.4~2.1 ReiyEXT R R St b B B A
THEEEFHERT, 0.8 ~ 1.2 4F M0 X 5 &
MMA FRHZE EREIR T, 2.6 ~ 3.4 &L RYIERS
NWEIE MMA FEEFMEE T, K 2.66.2.85,
3.1 3.25 b RB =Y RELHEAFERER
BEMEREATHRILEEY™  Hast P 699
em™ #1731 em™ ALK R EE MY HLAEDY AT B Y
FSHNERETERNTT%.
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Fig. 4 FTIR spectrum of St/MMA copolymer
[BPO] = 0.2% :Dose = 100 kGy; Dose rate = 20 Gy/min

2.4 DSC 4

ERMAEYHEBALTRE(T)RAT
FR A RA S RERYIN T, Z M BEEILER
WA R, T, EEFYRY T, ML
B IELEM TR =P8 DSC ik A s
Fim . A BWA T, A 91C 4T PMMA 9 T,
(93°C)FI PS #y T,(82°C) Z A, 45 & 41 5 FI B
IR R EHEY LM RY A T, KT o0
B FEIYE S FRER DS T REHNES
BE"™ i T MS #A5R St M MMA B LR Y,
MMA b A 73 ) £ B i 3288 £ AT LA BE S 1Y
B B A R D A B RO R E R 3, o T
R, 4 THBERE, A i EBEEX 8B
LS5 PSHEE. RN T, ERT .
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Fig. 5 DSC curves of St/MMA copolymer (a), PS (b)and PMMA (c)
[BPO] =0.2% ; Dose = 100 kGy; Dose rate = 20 Gy/min

2.5 PIERIENXM

YR ETENE e iR AT X FERR
400 ~ 900 nm /9 7] I Y6 FI5E 41 5h 3%, MS B BB B9 &
RAE 80% ~89% , AHERE, MBE A EFREK
FAW P MBI EE 74% ~ 87% X THE R
400 nm KA T B 408, —H B E TR,
2.6 WIEMINEHERE

MS BB A HILR A 9% K5 AR ELR
ERESHA PS M ¥ ERELRIINERI IR . HR3
AER, 5 Ps ML W IRH &I E 15 SRR {F B
B RN, B TR B PR R K
T305%, B8RRI MEBRERKT 43%. 3L

Wavelength {(nm)

Fig. 6 UV-Vis spectra of S/MMA copolymer (a) and PS (b)

Table 3 Comparison of mechanical properties between PS and MS resin

Tensile strength Elongation at Notched izod impact
Sample {MPa) break ( % ) strength (J/m)
PS 10.1 2 20.0
MS resin 40.9 2 28.5

RIBPHERRERB A TR ANES.

AAEmERMRS Yy BERGHE SN
R ERTAFROGEAENEEN MSWIE; 7™
YIRS BB DSC 5 AR 8 T AL R4
RN AEREWE LR ITE SN MS #
AR tbak pS FERIHERIGR R EHAR AN RS, Fi
EVELAFTRE, H & ER R PS Y
T—FE R .
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PREPARATION AND CHARACTERIZATION OF TRANSPARENT HIPS THROUGH
GAMMA RADIATION POLYMERIZATION

DAI Xinhe', PENG ling', ZHAI Maolin', QIAO Jinliang’ , WEI Genshuan'
(" Institute of Applied Chemistry , College of Chemistry , Peking University , Beijing 100871)
(* SINOPEC Research Institute of Chemical Industry, Beifing 100013)

Abstract In order to produce transparent HIPS,the methyl methacrylate (MMA) was used to copolymerize with
styrene (5t) by using chemically initiated prepolymerization followed by radiation-induced polymerization at room
temperature . The influence of the absorbed dose and dose rate on the molecular weight of P{St-co-MMA) copolymers
was investigated . The chemical structure of resulting P(St-co-MMA) copolymers was confirmed by using FTIR,
"H-NMR and DSC.In addition, the transparency of copolymers was measured by means of a UV-Vis spectrometer,
and their mechanical strength was compared with that of the pure PS. Experimental results show that it is helpful to
obtain the high molecular weight copolymers by increasing the conversion of prepolymerization and decreasing the
dose rate. With increasing the absorbed dose, the accelerated polymerization occurred, and molecular weight of
copolymers reached a maximum, then decreased slightly with the dose. The synthesized P(St-co-MMA)} copolymers
were identified to be atactic polymers and they have narrow polydispersity of molecular weight . Comparing with pure
PS, the copolymer has higher mechanical strength and better transparency, particularly the toughness was improved
significantly . Therefore , transparent P{ St-co-MMA )} copolymers with high mechanical performance could be produced
by combining chemical initiation polymerization and radiation-induced polymerization.The process is easy to control
and will be expected to be used for preparing transparent HIPS.

Key words Radiation-induced polymerization, Prepolymerization, P(St-co-MMA) copolymers, Mechanical

strength, Transparency, Chemical structure



