23 1 Vol.23, No.1
2005 2 J. Radiat. Res. Radiat. Process. February 2005
621900
Polyfunctional monomer, PFM PFM
PFM
q D Co
- EPR -1 4- IR CR -
SBR ¢ D q G R ¢ UNI
0631.34, 0644.29, TQ333
Monofunctional monomer, MFM
2 C=C
2
PFM
C=C PFM
C:C 13 ”
Polyfunctional monomer, PFM
[1]
1
2
PFM -
EPR P - SBR P! M
1 4 R CIR
CR 1 12
PFM 6l 1
2
PFM PFM
[2]—[7] (8] 3
4
1 PFM
11 1.2.1
1 10 w%
(2004Z0502)
1964 10 1998
2004-04-30 2004-08-23



30 23
3 w%—5 w% ;
« N, = jk,[R']2
" PFM
P Ri I
irradiation Ri = koX@X[ = k,' x] 8
P —ww—. Pe
ki 1
D ki:kox¢
1.2.2
Trapped
radicals PFM
PFM M .
kxI=k x[R ] 9
kp1 )
P + M —> p™m* 2 [R]
Kp2 o fkxl [k, 10
PM* + M —> PMM* 3 [R']= P ;x\ﬁ
....... Kp3, Kpd , kon =k, 2
d[MY/dt = k, [R][M] =
k.
123 (/kt)kp[M]‘/z 11
K'tr1
PMy + P —> PMyH + P° 4
k't (I
PMy + M_12> PMpH + M°® 5 [M] — [Mo]e (kl /kt)kaXtX\/Y 12
[Mo] [(M]
PFM (kilkok, =k AM
AM =[M]-[M]o
PFM PFM :[M]O(l_e—kxtxﬁ)
PFM
13
—kxD
—[M]o[l—e /ﬁJ
1.2.4 D t
. kt1 D=1t
prr Pe——rp—p 6 kx17 0.01 ) 13
N
. ki
PMn + PMm. e P—MmMn—P 7 k
kﬂ:ktz: ...... _kt AM =WMOD 14




31
AlM] [2.8]
k'k FlOI’y ]
Nng'AM:—MOD 15 M. 1/ M. 1
ﬁ EPR / TMPTMA
k’ [2]
1/M_.vs D
a+fC
t t )
. 1/2 1 EPR/TMPTMA
Nt:jkt[R ]2=j|:kt(ki/kt) \/7:| 16 20
0 0
=kkIt=kkD 200 CR/4AG
(6]
N
‘ T 1% |
N, ..
N, N.=N,+N, .
15 16 I

k'k
N.=N,+N_ =kik;D+—[My1D
c t g "t \/7 O
Kk 17
q
PFM
_Ne [, k'k D
‘]—7—(kzkt+f[MO]j%/ 18
ki) V=a,kk/V=>b [My]/V=C,
PFM PFM
18
q—(a+iC JD
\/7 0 19
19
PFM
2
2.1
19 bINT
bINI=f 19

q=(a+ fCy)D 20

&5 107k

Shope ol ¢ v dise

" PR
1] 2 BT g [T} 15

Iioap by THFTRA conient | @

Fig.l  Effect of dose and TMPTMA content on
crosslinking density of EPR
o EPR, 1.0w%, A2.0w%, 3.0w%, ¥5.0w%,
0 9.4w%, m 14w%

PFM
[8]
c.l/em’
20
2
2G SBR
20 2G 2G
17w% 2
19 20
PFM PFM
PFM
SBR Cc=C
2G
PFM 2G
20
PFM



23

32
12 107 T . T T —T—T— B I
e 1] -
. —-
|
e m H24= 107"
= &N L™ = ]
E =
= - .
- - 1= 100 B
< E _ 23w S
= 43 W - o Lr =
= ®= o
s A L L ! =
4 ! . i
I 20 1"._”., 3
e
o L i 1 1LE= I
: 50 Mk DA '\'Il 'q-|| b0 03 Op af 12

([T o] 1] 1] r{1}
PR TS e w

Fig.2 Effect of dose and 2G content on crosslinking density

of SBR
o EPR, 2.0w%, AS57w%, O9.1w%, m 13w%,
Y 17w%
2.2
v PE
gel% [10]
EB PE
[11] “Co EB
0.1—3000kGy/min
PFM
PFM
1
/PFM
PFM bCy=g,
19
g
g=|a+-==|D 21
( Vi )
[12] TMPTMA
A-TMMT IR
Flory" [11]
21 3
4 TMPTMA  A-TMPT IR

Do ¢ kil { =18 gy~

Fig.3 Crosslinking density of IR containing 5wt% TMPTMA
crosslinked by EB at different doses and beam currents

o 1.0mA, O 2.0mA, 5.0mA, 10mA, 20mA

: ¥ T ¥ T Y —r——r
A Loy
K il

1.5 10
11210

LT [

TR

Slipe ol g wridos

1= 1

b 0 e |50 D 230 ||'- LR ||'I L'-’ 1.2
D Ry {=wIima=-8a

Fig.4 Crosslinking density of IR containing 5wt% A-TMMT

crosslinked by EB at different doses and beam currents

o 1.0mA, O 2.0mA, 5.0mA, 10mA, 20mA

[1]

21

60,
Co

23 PFM

20
1/Mc a+fCy



S
PFM PFM
[2—7] 2G
4G  TMPTMA
A-TMMT TAC
UA101H
UA306H UA306T
DPE6A PFM
PFM
100gPFM Cc=C
Specific unsaturation, SU
5 50w%  PFM  CRM
1.0MeV,1.0mA f
f SU
PFM 5
f su
TAC PFM
[6] PFM
SU
L [T T T T P———
| = ThAPTI
R L -
TERAFTRAAIT |
=R Tl S 1
- . N - B rpERAS)
10 7 107
LIAFESTT &)
L L NN IR T
T
2H 0 " X ) L 4
(¥ | h s K i 2 4
S el 10Kk

Fig.5 Radiation crosslinking efficiency of CR containing
5.0w% of various PFMs (bracketed figures represent the
number of double bonds per molecule)

SU

33
3
PFM
19
PFM
C=C
19
1
, 2000. 9-81
MAKUUCHI K. Radiation Processing of Polymers,
Tokyo: Rubber Digest Company, 2000. 9-81
2 ) , )

, 1994, 12(3): 155-159
XU Yunshu, MAO Xingen, GUO Gaopin, et al. J Radiat
Res Radiat Process, 12(3): 155-159
3 XUY, YOSHII F, MAKUUCHI K, et al. 7
) : , 1993.
58-61
XU'Y, YOSHII F, MAKUUCHI K, ef al. The 7th Seminar
of Elastomer, Tokyo: Japan Rubber Society, 1993. 58-61
4 , . . .36
, : , 1993,
121-122
YOSHII F, XU Y, MAKUUCHI K, et al. The 36th
Symposium of Radiation Chemistry, Tokyo: Japan
Radiation Chemistry Society, 1993. 121-122
5 XU Y, YOSHI F, MAKUUCHI K. Journal of
Macromolecular Science — Pure and Applied Chemistry,
1995, A32(10): 1801-1808
6 XU'Y, YOSHII F, MAKUUCHI Z K. Journal of Applied
Polymer Science, 1997, 66(1): 113-116
7 . -TMPTMA
TMPTA ,
, 1990, 49-53
XU  Yunshu. Radiation Crosslinking of Ethylene
Propylene Copolymer—Enhancement Effect of TMPTMA
and TMPTA, Master Degree Thesis in China Academy of



34 23
Engineering Physics, 1990, 49-53 10  Singer K, Joshi M, Silverman K, et al. J Poly Sci:

8 Youssef H A, Yoshii F, Makuuchi K, et al Polymer Letters Edition, 1974, 12(7): 387-390
Macromolecular Reports, 1993, A30 (Suppls 3 and 4): 11 Zapp R L. Rubber Chem Technol, 1976, 48(5): 860-877
315-322 12 Siswono H, Yoshii F, Makuachi K, et al. Radiation

9  Flory PJ. J Chem Phys, 1950, 18(1): 108-114 Crosslinking of cis-1, 4-Polyisoprene (STA Final Report),

Takasaki: TRCRE, JAERI, 1992, 23-89

Radiation crosslinking density of elastomer s sensitized by polyfunctional monomers

XU Yunshu GUO Gaopin FU Yibei
(Institute of Nuclear Physics and Chemistry, CAEP. Mianyang 621900)

ABSTRACT Polyfunctional monomers (PFM) were important sensitizers for radiation crosslinking applications. It
is supposed that free radicals formed initially on the main chains of the irradiated polymer initiate grafting
polymerization of the double bonds in the PFM molecules and form the grafted special chains which crosslinked
together the polymer’s main chains. Based on this simplified sensitized crosslinking model and other necessary
assumptions, an expression correlates crosslinking density (¢), absorbed dose (D) and PFM content (Cy) was derived.
Analyzing results of published data demonstrated that ¢ values of polyethylene-co-propylene (EPR), polyisoprene
(IR), polychloroprene (CR) and polystyrene-co-butadiene (SBR) increase linearly with D and Cy, and the ¢ of IR
increases linearly with 1/ \/7 .
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