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Determination of Copolymerization Ratio of High Impact Polystyrene (HIPS).

Yoshitsugu MATSUMOTO* and Fumio NAKAMURA*
*Central Customs Laboratory, Ministry of Finance
6-3-5,Kashiwanoha,Kashiwa,Chiba 277-0882 Japan

High impact polystyrene (HIPS) is a graft copolymer and so its copolymerization ratio cannot easily be determined by IR

or 'H-NMR. We measured the ratio of butadiene unit content by the Wijs method, which is an iodine measuring method,

and showed that the method can determine the copolymerization radio easily with reasonable precision. A comparison of

measurements by the Wijs method and 'H-NMR of samples actually requested to be analyzed showed that the latter tended

to give lower values than the former.

1. f

il

MHEEEPEAR Y 2AF L2 (HIPS) X, AU RF L (PS) DS
FURT D0, RYT7HPxr (PBD) HDHWIFAF L —
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13, 5.0~5.6ppm [FHEDT LG T a b HROD Y T F ARESME
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Schemel  Graft polymerization reaction of HIPS
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2.1, 1 #H#

PS OIEAES, & LT average Mw~280,000 by GPC (Aldrich #1:44)

%, PBD OfE#E & LT

(DPolybutadiene (80% cis- and trans-1,4; 20% vinyl, ¥4y 15
~5,000, LA PBD—A) (Aldrich #-4)

@Polybutadiene, cis (98% cis-1,4. Approximate M.W. 200,000, LA
F PBD—¢)

(®Polybutadiene, cis and trans (55% trans -1,4; 36% cis-1,4; 9% vinyl,

Approximate M.W. 200,000, LAF PBD—t) (LA E Scientific
Polymer Products f1-4)

D =FESEH%A . HIPS OREAER & LT Poly (styrene-co-butadiene),
styrene 96wt.% (Aldrich f18¥) % X HIZHHTHKIE S 4172 HIPS 6
BiE (BIEA~F, BIEDIII—R T T v 7 0.69%EH. ik
E I% HIPS 85.5%., JK43 0.6%. 1—R> 7T v 27 04%K OREFEL
TR VRIRSE (13.5%) S&A. MIF 1L HIPS 74.3%., K53 2.1%
FORFTRF UHIES (23.6%) &F) MW,
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H 5L OIS ETV DK 70ml IZHEE LN HEE Ad,
S BB/ D ETMALItemEI L, ik N Y 7 A s5g
M2 THRIFT 5.
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L7 afEER YT T 7 MO AT X DB O
A ZIEICBWT, TE VDI 7 akEERe, 757 MED
IR DMER-RADEELWHRT DD, VA3 AT T
(>98%). FT LU AR3-F T (598%), 3-AFN-1-~FRU
(>99%) . 5-AFIN3-~TFF L (398%) KIR33-U A F/L-1-~F
£ (>98%) IZDWT LU FOERIZE 0 &5 FHOREZIT,
ZORERNO AT T VEEEIE 3-A F-1-~FEATHONTT
AT T UCEEEE) 2RO, FHERE0.10~0.12g 2. H BT
W7 aA~FH L 10ml 2 AN 300ml f2 =M 7 T A TR
L. A AR 25ml 2N A THIGATIC 1 ERKRES 5, 0,
10% & 2164 U 7 A 20ml B UK 100ml 2002 T B < R 0 IR,
NTRT 4y I AS =T —THELENBD 0N FAREET
U LVEIR CIHET 5o TIROMEER I e o T2 IRE, 1% TAS AR
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ATERL, TD25ml & 200ml =/ 7 7 A2ZB L, 1%L 91k
YT AEK 60ml ZNZ, T RT 4 v I AZ—F—THEL
72735 0.025N FAGEET b U O AR CTRET D, IR
272272, 1 % CASALERE 10 HREEMZ, TARAIZLD
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HEYE HIPS M OBEIA~F oW T, (DDIN53241—1, QHIPS
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723 'HANMR IZ2W T, HE% HIPS B L OREIA~F @ 2%
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3. 1 A RE (1) : BERIEAHEAERE 3.3.3-1996 =¥
FM (VA A=V T a~FH A8 IZLDHPBD DI/ 1
RN T 7 FHDRERIT & B EBOHGR

BERE A Tablel IR F, WD 100%A1IEOEEZRTZ &

25, PBD O 7 g/ 7 7 MEOK A X 2 0 R~D

HETIFL AL ENLDEEZLND,

Table 1 Octene wt.% and heptene wt.% of standard reagents

Sample cis-3- trans-3-  3-Methyl-  5-Methyl-  3,3-Dimethyl
Octene  Octene  1-hexene  3-heptene  -1-hexene

1 100.10 100.63 107.98 93.15 111.28

2 100.45 100.05 103.72 93.73 103.15

3 101.78  99.83 103.18 95.59 101.07

4 102.04 98.86 103.61 97.09 102.00

5 101.55 99.30 102.17 96.34 100.94

Average 101.18  99.73 104.13 95.18 103.69

Standard 077 061 2.00 1.51 3.88

deviation

Coeflicent of 1 61 1.92 1.59 3.74

variation (%)

3. 2 AR (O):DIN53241—1 RV
3. 3 YARZE () : HIPSHhOITLEEEEX

THEMGG % Table2 |Z/R7, PS O X 5 HFfiidAREr Lirn~
XLIAN, WThOFEICE > THENELZR L, 77, 3.1
OFER L [FBE, PBD O X 7 affill L AWMEMEOZTIFEAL
Wnot=, T LT, ZOmMEE 955 DEISGTRALEZLDIZON
T WTNOFEIZ L > THERDIRAH L IZITFED 5320
TEMEDMG DAV,

PBD &N PS & PBD DRAGMHITONTO, HIPS 1> I AEH
ERER ORI 7 a~FP o - Bilig (4 0 1) BAWIREE
A L72 DIN53241—1 {2 X ZHEEIE, WTih ERORRES D
WHRE & VIRWEZ R L, %I TCE A48 H L 72 DIN53241
—1 12 L DPEMITEERED N E < FIEHE S EEORA I
W, TEALIR B OGA T EICEBRED/ NS b 08, JlE
EIEFER LY H00m< D,

PEXY, v AR E Y B0 7 2 o o ek R R s
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Table 2 Butadiene wt.% of standard polymer

Method and DIN53241-1 Rubber content assay in HIPS
Solvent Cyclohexane + Acetic Acid 1,1,2,2-Tetrachloroethane Carbon Tetrachloride y
PS+ PS+ PS+ PS+PBD-A
Sample PS PBD-A PBD-A " PS PBD-A PBD-c PBD-t PBD-A " PS PBD-A PBD-c PBD-t PBD-A " PS PBD-A PBD-c PBD-t (Botaiens 457
1 0.21 92.11 -0.25 0.19 9592 101.22 88.24 0.06 0.51 96.65 101.35 101.05 0.25 1.39 90.13  91.07 91.06 4.75
2 0.19 94.01 -0.17 0.21 96.18 101.65 97.50 0.12 0.53 97.73  103.95 98.90 0.48 1.50 90.27 91.21 91.59 4.81
3 0.28 9322  -0.07 0.23 97.75 101.56 97.46 0.10 0.53 98.03 100.56 97.26 0.58 1.55 91.52 9094 9146 4.82
4 0.15 92.73 -0.26 0.21 99.86 100.99 97.77 0.09 0.53 9841 101.88 100.01 046
5 0.17 9343  -0.26 0.23 98.07 101.03 99.93 0.06 0.51 98.75 100.50 97.54 0.64
Average 0.20 93.10 -0.20 0.21 97.56 101.29 96.18 0.08 0.52 9791 101.65 98.95 0.48 1.48 90.64 91.07 91.37 4.79
Standard deviation | 0.04 0.64 0.01 143 0.27 4.07 0.01 0.72 1.26 1.44 0.06 0.63 0.11 0.23 0.03
Coefficent of | ) 36 .60 699 146 027 424 188 074 124 146 429 069 012 025  0.58
variation (%)
*) The value is subtracted mixture ratio from actual value
Table 3 Butadiene wt.% of samples
3. 4 ZBEHPSRUSRHA~FDOYA REE HNMRIZE S DIN53241-1 Rubber content | |
" Method |Cyclohexane Carbon ; H-NMR
HEA s v HIPS
HESLOLE AccticAcid  CFtetrachloride| Y ™
TERE R % Table3 IR Y, A REE 'HNMR IZL D74 V= HIPS 6.98 733 7.50 7.83 3.86
NP =y . - Sl - Sample A 7.08 7.62 7.80 6.85 3.60
VHBREREIG 2 LT 5 & HNMR (X DRI IS
o o " ' Sample B | 6.86 7.42 751 6.80 3.72
U\'fﬁ& ole, ZHUL, AF Ly TRV OR)~v—T L Sample C 8.57 928 930 8.45 123
R, 924 MERAKEOT 1y 7 REAELIZRRY, /57 SampleD | 631 650 663 51| 26l
. N Sample E 8.16 9.31 8.98 8.35 4.48
By SN st L v 'H- Tk B EELSLLOREITAR
NEEA A OMEIC &L 0 THNMRIZ X 2 IEA LOREIT A Sample F | 8.62 0.49 9.16 8.46 381
FHECTHDHZ L BRI LTV D,
7 A AEFRLEORECIE, RILV BRIy 7 a~F o - FEE 4. m .
. I

(4:1) IRAWH & = DIN53241 —1 12 L B EAMEL . £/ R
FLoRF R E EH T DB E KO F st Lic< <. flE
EDIELSE LMD TIEITHNTRE o7, TLAEGRERED
EE A EPMLDOFELVIRNEE o7,

A AL, =R T T v 7RI E SR OWT
AALERZ: LI 5 2 LA HBR DA, RIE(b= R RIS
HEFERITE 2 DB OWTIIRER TH H, £z, 3. 21T
ORIV =—T L FIZOWTURIZIFEEMREN SN Z L&
MR LA, 79 7 PHBEHIRICOW TIIEMER LB A AL
DB (FEYE HIPS |25V Tid 'H-NMR 12 L D58 T
DL E AT —ITRERER) T ORERERI ERETH 206

HIPS OILEAHOBIEIL, 'H-NMR TIERAETH Y, 71 X
% (DIN53241—1 (A : 1,122-7 hI7unxx ) 2k Yl
I, B U S ROMENEOIL, I &6 280BHC
DT G BTLFRLE < @45 Z L A3k S, LL, PBD O
FEAICAF LU NStz HIPS ICH LTI A AEEZHAWD
T EMRHRIR, £, 7T T FEEAERICOWTIEMARIEE
DELNDPENIHEETE TE ST, T X 2 EH~D
HELHERTE TR,

L7=M- T, A% Py-GC/MS SCHENEHEME 2 Hm LT PC-
NMR %, oS8 HIEIC L2 HEEHORIE b G LA hud

INIFER T E TRl
ASYA AN
X [
1) ZHARBS . “TITAF I HEEREQ AT e—#HE, P20 (1970), (B FIT3EHRHT)
2) =PBUR ;- “KEEEEARBIE DL B, PS50 (1975), (B HihR)
3) WlEFEEZ - BB TR, 32, 87 (1993)
4) WSS - BB RS HTETER, 10, 113 (1970)

5)
6)
7)
8)

FEAEE— : BRI b T, 15, 57 (1975)
ROEf - BARLR AT, 24, 23 (1983)

9) HARDHHMLZES. @O TNk amm « SHThi
10) BAM LSS - MR oTRBRIE (1) 1996 A7, P.3.3.3-1996 (1996),

T. S. Radhakrishnan, M. Rama Rao : JOURNAL OF POLYMER SCIENCE, Polym. Chem. Ed., 19, 3197 (1981)
DIN53241-1, Determination of iodine value by methods using Wijs solution (1981)
FR TN AN BT 77, P639 (1995),
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