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Tab.1 Physical properties of BIIR vulcanizates before and
after steam sterilization

T H VKT IR G

BBIR ATURE R / B 51 53

100% & i1 5 11 /MPa 1.19 1.30
300% & fifi i /] /MPa 2.36 2.48
PR B/ MPa 7.03 5.73
PR/ % 704 648
PLBAK AAETE /% 16.2 19.8
W)/ (kN «m ") 19 20

®2 FERKHEBIEBIMSME LK AW IR 48
Tab.2 Physical properties of BIMSM vulcanizates before and
after steam sterilization

Tt H IR HKIRK G

AR ATURE 3/ )i 59 60

100% 5 i 5 71 /MPa 2.07 2.20
300%;E 13 71 /MPa 4.23 4.05
i fPER &/ MPa 4.63 4.55
LB 3/ % 365 366
WA AETE /% 9.0 10.9
W%/ (kKN «m ") 16 17

2.2 GEERRRE XL IR 4 AR O B2
AN ) 5 B 7] 4 IR K T BIIR FI BIM SM B Ak
JBE R B BEE BE 0 il DL 3 F4

®3 AEERBRFEERKEBIREA IR 4
Tab.3 Physical properties of BIIR vulcanizates by radiation
sterilization with different radiation doses

5 H IR/ kGy

0 20 30 40
HBIR ATRURE i / i 49 49 49 48
100% 7 fifi v /1 /MPa 0.99 1.11 1.09 1.06
300%;& fifi i, 77 /MPa 2.10 2.38 2.29 2.22
A5 B/ MPa 5.85 4.95 4.05 4.10
PR3/ % 701 632 565 592
Fr WK A 2T /% 19.9 20.9 19.6 22.2
WisR)E/ (kN «m ") 18 15 14 13

F4 ATEEBERFEHEBRIEBIMSMERLE M E %R
Tab.4 Physical properties of BIMSM vulcanizates by
radiation sterilization with different radiation doses

i H A IR i/ kGy

0 20 30 40
HB IR ATRURE i / i 59 57 56 56
100%7E fili i /1 /MPa 2.07 1.96 2.03 1.95
300%E )i 1 /MPa 4.23 4.19 4.15 4.04
Hi A5 B/ MPa 4.63 4.90 4.72 4.71
PLWHR R/ % 365 411 398 418
Fr WK AT /% 9.0 12.7 12.8 14.1
WisR)E/ (kN «m ") 16 17 16 15
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Tab.5 Physical and chemical properties of BIIR plungers by steam sterilization after storage for different time

AP ) /d

T H YBB 00082004—20154§ 5
0 90 180
15 JE 5 HEFF A9 TC A M HEFFORFAR A R 510 JE 45 84 e e TFE M
T FE N W 15 FE- RS 5, JC 98 SR A5 FFE R TR G HLE & e
e a BFEERE T 25 T 1R 2 Ml Ak TG T e e e
TG S Bk
i TR AE /N <10 3.7 3.5 2.5
FRE B RIE/N <5 4.4 3.1 2.3
HLS3R/ (S » cm ) <40.0 0.98 0.85 1.01
pHIE Ak <1.0 0.21 0.16 0.14
I /B, <28/ EN<YGS <0.5%/Jith <0.5%/Jith <0.5%/Jith
e O B <0.1 0.006 0.005 0.04
WA EX10° <1 <0.5 <0.5 <0.5
PEE T AR X 10 <0.000 3 <0.000 3 <0.000 3 <0.0003
B T X 10 <0.0002 <0.000 2 <0.000 2 <0.000 2
Gy EAC IR/ mL <3.0 0.14 0.06 0.02
PR NEGRALY) TR/ ng <50 <25 <25 <25
AR Y it /mg <4.0 0.2 0.1 0.5
ST LU H: BIIR TG ZE7E 25 73 K 1 )5 180
*6 AEERFZEBAEBIREZEMNIE/LIERE

d PN Y ) B R Ak 2= PR B 2% /2 YBB 00082004—
201519 B5R 5 Bl & 77 I 1] /9 4E K, BITR 1% 2E 13

Iy 7 Fe KAEFNFREE 7 B KAB W/, pHAE AZ A F S
AALY & RN, R RN R ) AR Ak
K

2.4 EBREBIREENIBL 6L

R T % B4R IR T X BIIR I ZE 19y B FIAL 2%
PEBE 1 52 Ml , K 1 D0 3% 2E 53 511 7E0,20, 30,40 kGy
i RG] T 48 RO, IR AE KT a2 I 20 0
BIIRE ZEMERALPERE , 25 R WER6 TR

M6l LA H: BIIRTH 28 76 A [6) 48 1A 57 1
8 TR i 2 A 2 A B RNAL 24 P RE 249 ) YBB
00082004—2015%2LK ; Fifi 5 4 FEFA 5 A 34 K, i 1R
T KRB RS iR B 5% pHIE AR L ) R
A & B A RE YA 84k B FEFR FRVE N
ANFER ) i A

Tab. 6 Physical and chemical properties of BIIR plungers by
radiation sterilization with different radiation doses

FR IR /K Gy

i H

0 20 30 40
WESGEAMIAGY:  AE0E FEHE Fele e
TG FE T TFEME fFEME MFEME fFa0E
B E A TFEME FEWE AT e
5 E N Bk
Ja i R /N 2.2 2.0 2.0 2.9
R S R RAE/N 2.0 1.9 1.9 2.5
SR/ (uS + em™) 1.47 1.20 1.19 1.41
pHIE A {L 0.10 0.06 0.05 0.09
I/ B <0.5%%/ <0.5%%/ <0.5%9%/ <0.5%/
Jofh Joth b Jofh
2 5t B 0.010 0.016 0.013 0.016
EERGEX10 <0.5 <0.5 <0.5 <0.5

<<0.000 3 <0.000 3 <0.000 3 <0.000 3
<<0.000 2 <0.000 2 <0.000 2 <0.000 2

FEE T A X 10
B X 10

AL IR/ mL 0.09 0.04 0. 04 0.10
VAL T/ ng <25 <25 <25 <25
AN W) i/ mg 0.5 0.2 0.2 0.1

TE AR bR RS
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(3) TE 28 VR AN 4R BE ) Fh 7 XK 7 5, BUR AN
BIMSMI AL AR HAT R AF A3t fg , BIMSM ft.
G PR 2 e 228 VRIS  HE Pk RE A T BIIRARALIG
(4) BURFIBIMSMIi ZEFEZE VA K A J5 180 N
K AEA0 kGy i B8 59 1t 4 BE K 5 20 20 (4 BRAE 7k
AEXA /L YBB 00082004—2015 13K .
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Effect of Different Sterilization Methods on Properties of
Rubber Plungers for Prefilled Syringe

. 1,2 1,2 1,2
LIU Haihong *~,CUI Zhe **,FU Peng
(1. Zhengzhou University, Zhengzhou 450001, China; 2. Henan Key Laboratory of Advanced Nylon Materials and Applications,

Zhengzhou 450001, China)

Abstract: Using brominated butyl rubber (BIIR) and brominated poly (isobutylene-co—p-methylstyrene)
(BIMSM) as the main materials, two kinds of vulcanizates and rubber plungers for prefilled syringe were
prepared according to appropriate formulas. The Effects of high—pressure steam sterilization and y ray
radiation sterilization on the properties of BIIR and BIMSM vulcanizates and plungers were studied. The
results showed that, BIIR and BIMSM vulcanizates both had good physical properties after sterilization by the
two methods,and the high—pressure steam resistance and the radiation resistance of the BIMSM vulcanizate
were better than those of the BIIR vulcanizate. Within 180 days after high—pressure steam sterilization, the
physical and chemical properties of BIIR plungers met the requirements of YBB 00082004—2015. It was
found that right after the 40 kGy dose y ray radiation sterilization,the properties of BIIR plungers also met
the requirements of YBB 00082004—2015. BIMSM was a better main material for making rubber plungers
for prefilled syringe.
Key words: BIIR; BIMSM; rubber plunger; prefilled syringe; high—pressure steam sterilization; y ray
radiation sterilization



