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Abstract — Electrons-irradiated homo-polypropylene(HPP) and random ter-polymer of propylene(RTPP), in which trifunctional
monomers such as trimethylopropanetriacrylate(TMPTA) or triallylcyanuate(TAC) was added as crosslinking agent, showed
comparably high degree of crosslinking: wherein the maximum degree of crosslinking was 67% and 52% around at 5 kGy for
HPP and for RTPP, respectively, both added with TMPTA, whereas the degree of crosslinking in HPP with TAC continuously
increased with radiation dosages, reaching to 65% at 240 kGy. From several experimental data such as, gel content, melt index,
swelling ratio, and average molecular weight distribution, HPP with TAC and RTPP with TMPTA were found out to be much
higher radiation-stable than HPP with TMPTA, especially at high dosages. The heat of fusion data could show that radiation
crosslinking hardly gave an effect on changing of crystallinity in the irradiated polypropylene and could occur raumiy-at
aries between crystalline and amploous phases. It was found that HPP added with more than 2 mmol% of TMPTA were dif-
ficult to be highly crosslinked probably due to a homopolymerization by an excess of this monomer.
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Fig. 1. Schematic diagram of apparatus for crosslinking of polymer
1. Electron beam accelerator 5. Linear dosimeter
2. Electron beam 6. Conveyer
3. Irradiating samples 7. Motor
4. Aluminum target 8. Motor speed controller
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Table 1. Several samples of polypropylenes added with trifunctional
monomers[trimethylopropane triacrylate(TMPTA) and triallyl-

cyanurate(TAC)]
Sample PP powder  TMPTA TAC IR1010
group ) (mmol) (mmol) @)
A* 100 1 0 0.5
C* 100 2 0 0.5
D* 100 4 0 0.5
E* 100 0 2 0.5
G** 100 2 0 0.5

* Homopolypropylene
** Random PP included with 2 wt% of ethylene and 1 wt% of 1-butene
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Fig. 2. Gel% of EB-irradiated polypropylene and polyethylene in no
presence of crosslinking agent.

2555 M39H H3% 20014 63

Serguei Petrov ©143] - 3%

olo(‘

80

60

40 —e

Gel %

20

T —T T T T T
0 10 20 30 40 50 60 70 250

Dose, kGy

Fig. 3. Gel% of irradiated HPP and RCPP added with TAMPA and
TAC, wherein the samples are as mentioned in Table 1.

9] 7k 5 kGy F-olM 67%] HIAIE e 10 kGyr-E T
A Z28te] 240 kGyIAE 39%2 YERAITE vl Ay B &8
Zgdo] TMPTAS 73 A (G)2 5kGy H-ZolA] 3% T =R
29 B} e 5190 HO 712 EE YR 20 kGyF-E 240 kGy
Atololl A dAG Agtw S Bt webs Ay HEwzagde A
Zple] tigt AR g3 o] ok & 4 itk TACe] Mt 3= &
2|22 (E)e 10kGyH 7ranh-go] A9 814 ethrt 20 kGyrH

F438] o] AL AR L] Fp MgFo] FU1e uhet o7k S0t
A%S Brt. o] &3 Ay Zej==gaAas) go] WAL HgA
| &Fsiva & ¢ Sl
3-1-2. 854
Table 2= AA 9] F5Ae) 2 yEAe] 8892 F AXREA
71(DSC): 288t &% AFo|rt. Vlwd Zej=Z=2d 4 L84

o

101'

o B AR WS d98 SHARA, AR 285

2 gg9e we g bk A o] S48 Het §-50)

A ARs) e AR Wok kel whE TA) 29w Wk
i

=7 T & S Uk o kvt 287 A7 WelAlE Lol
ofRtE-g eIr ey, ek APTE YN A bt 2 @
S5k o] 50%1Y dofrrhd AYE AR Bvigol $59S
/\]—I‘J—{g] 71—/\5]910101; 3+ 7 o]’r;]_

£ A SUE Sl 2 & e ST E G &

8 A0 e §8De hE 2R A (@ + )l OIS 559

o) B8] ok e g vk ol ARFLNNE Selxey
A9l Aol 74P G900 Y AT T 99 AAUL Tt
of N2 skusly] ES) $AFE F A9 Y weph 24 %
o B a%A @Y skl 2R 99 EE 299NN o
2 ol sha Fo] ¢4 A9 AFEE A solel @

a2 Ztad) 9§ WdTRE HAY F9A TR T RE =0t
7k S8R 57t s S83 F2A 71AF Aot Fovet
Al At} Fig. 4= Fig. 14}t 5d8 AZo) alr £8A4E &5
g Azfelty. TMPTAYE A7HE dg B1ZZ=d#(G)z TACo]
7HE 3REMZZIA(E)E 279 B2 &8XFRT Y A =
23 7+ Z HolWA] 240 kGy] B2 A7 A o4 7f

7H& RS Ve QT vHEY) TMPTAZE A7kd 3R Ee =224 (A)



Za|zggde] AR 7wEA 317

Table 2. The heats of fusion in gel+sol and gel of irradiated polypropylenes from DSialysis

Heat of fusion for gel + sol, J/g(crystallinity, %)

Heat of fusion for gel, J/g(crystallinity, %)

Dose(kGy)
Sample A Sample E Sample G Sample A Sample E Sample G
0 107.5(72) 103.6(69) 79.1(52.7) - - -
5 103.3(69) 104.0(69) 77.5(51.7) 100.4(66.9) - 69.9(46.6)
10 107.0(71) - 100.9(67.3) - 67.9(45.6)
20 97.6(65) 103.9(69.3) 75.8(50.5) 98.6(65.7) 103.6(69.1) 68.3(45.5)
30 101.8(68) - - - -
60 101.1(67) 95.0(63.3) 72.8(48.5) 94.6(63.1) 95.0(63.3) 64.2(42.8)
12C 99.8(67) - - - -
18C 98.7(66) 94.4(62.9) - - -
24C - - 70.8(47.2) 88.6(59.1) 84.9(56.6) 64.0(42.7)
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Dose, kGy Fig. 5. Molecular structures of TMPTA(a) and TAC(b).
Fig. 4. Melt index of the irradiated polypropylenes in Fig. 3.
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Table 3. M, 5 M, ¢ polydispersity(pd), melt index(MI) and gel% for irradiated polypropylenes
Dose Sample A Sample E
(kGy) M3, Mp pc M gel, % M3, Mp pcdf M gel, %
0 245,211 54,095 4.53 45 225,805 70,910 3.18 8.8 0.22
5 277,377 42,348 6.55 0.005 279,401 65,713 4.25 45 0.8
10 - - - - 296,213 56,151 5.28 0.4 3.70
20 267,769 38,533 6.95 0.028 - - - - -
30 - - - - 201,643 69,553 2.90 0.360 59.2
24C 200,114 24,881 8.04 4.7 53,948 29,756 181 0.009 64.7
a: weight average molecular weight in sol
b: number average molecular weight in sol
c: polydispersity in sol
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