HEE Bel BEHRHASESIZ 2R Vol, 8, No.2
199045 5 § JOURNAL OF RADIATION RESEARCH AND RADIATICE ..RROCESSINGMay-.1980.-

BRMAREERZER IR
REkEERNEER N

x W £

hEBBCREEEDL, S0

WOoH X B

(BAFEEHRLUEH AT, RE)

AE A0 UC BB R EREHPIAT AREEER MRS 9Co v RITAZRE KR
G5, WREEMWEIE CRESRBE TRZASENE ST R AS H-BR Y-RFmmk &5
SR, BRI AR AR A R TR LTS, ERATEEEN. FRHLRENER
Gn fl Gy A SRZHERR AN SEX, ERSEERBES T H-EXRSTHE, TR
Y-HRBEN AR RN EE, XeRnE RN ERELBOTBENSSIATHOEE, Al 545
BRI Mb4 F R A MR T — M BT RE E R i

R@iE EEXE, RZE, UCREBSBRBIEY, HWRR, Y-

MARBA LR PE (R BME, RBEEHKTRS LB HnRa—aLT P,
WMEBBREEREARD, SEKELLS, RBR Y BIBMEELIERE, Z450
REPEL—NR, REEFEWREEFARALE T PENRESERET, HMANTFESIR
WA LA IED e AR AR Hedg B2 1°C NMR ik, 3 5 f REEAH
M % B PE £, S BIZEARRIRE TA *°Coy SRR EUTENTH, EEEEMN
T ENTARIBASR0ERBCRER KBRS MR LS. LR GRS BT IR R RAR
5 PE MG LA R URS BRI RESRES . BUTHE 51 M EANXRETH
RHEEFMELE N,

% OB 45

1. HEHE& ‘

(1) MFE T4 PE, RABMATFERE R 28 M =2.32x10%, M./ M,=3.7) &I
THE-RZIBERA R EE KR E S FEANFESREL, 7£ 110CZ B O3 P EIRE 0.17%
(WO PE K, ROEME, BAESSCTHERE R, EWRERY A W k. £50CTH
25 T 4% 48 h(AR B LT RS 55 SCF2Z),

(2) W% PE [(FZ Film), HAMBAIRT™(M,=2.84x10%, M,/M,=8.3), {30
x5mm ik, FEEHE 12h/E, £50CTTFE72h,

L ARWFHRNE R, TEBRER, URER-TEHRFEERSS 5 F 7 JEOL FX-



2 8 RS,

EEA ARG %Z%%Ei%ﬁﬁ&%?ﬁﬁﬂ‘)iﬁim 81

200 BUME (R 4y ¢ 1°C NMR & & | i CP/DD/MAS J5 il ). HRFITFHR3.
2. y RERXEK
FREAEERZ 10mm g, =
£ Cltex

Fig 1-A., SCFZ unirradiated,
H, H-type crosslinks; Y. Y-type branches;
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Fig 1-B. SCFZ irradiated to 250 kGy at
room temperature,
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Fig 1-C. FZ irradiated to 200 kGy at 150°C:
A; CH;, +CHy+CHy; B, ap +ay+0y;s
D; Br+By+Bu+Be
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Tab 1. Radiation yields of different structural units for polyethylene SCFZ,

 Structural Number of units per 10,000 carbon atoms | FZ*
unit Before 100 kGy 150 kGy 250 kGy 913 kGy Unirr, Irr, to
irradiation RT.,in vac, RT,in vac, RT.in vac, 373k in vac, 200 kGy

Methyl branches 1.1 2.0 2.1 2.4 1.2 1.7 2.2
Ethyl branches 1.8 1.3 ' 1.9 1.4 1.8 3.1 2.3
Butyl branches 3.6 3.0 2.3 142 3.2 5.4 5.6
Long-branches 1.0 1.0 1.0 1.0 1.0 5.4 6.2
Y-branches 0.0 1.2 17 2.5 0.7 0.0 0.8
Saturated end groups 16.0 13.0 19.0 18.0 18.0 24.7 25,6
Trans double bonds 0.0 3.0 5.7 8.0 5.5 4.3 4.6
Cis double bonds trace 1,0 1.5 1.0 1.0 5.5 6.0
Vinyl end groups 1.3 0.0 0.0 0.0 trace 1.0 0.0
H-links 0.0 0.6 0.8 1.4 1.5 0.0 1.8

* Irradiated in the melten state,

Tab 2, Radiation yields of different structural units for FZ FILM,

Number of units per 10,000 carbon atoms

Structural
unit Before 30kGy 70 kGy 100 kGy 80 kGy
irradiation RT, in vac, RT, in vac, RT, in vac, 373K in vac,
Methyl branches 1.5 1.6 2.3 3.4 1.5
Ethyl branches 3.5 2.9 3.6 4.5 3.5
Long-branches 3.1 3.1 3.1 3.1 3.1
Y-branches 0.0 0.7 1a 1.4 0.4
Saturated end groups 39.0 37.0 37.0 38.0 37.0
Trans double bonds 0.0 2.0 3.4 3.8 3.4
Cis double bonds 0.0 1.5 trace 1.8 0.0
Vinyl end groups 3.1 0.9 1.5 0.0 0.0
H-links 0.0 ~0.3 ~0.4 0.7 1.2

1% 2 W% RRBIRR IR EE SR TR R 5Nk SCFZ Ry seinsh, LTS
b, FBAFE A5 TR, KR DR R W57 5 39 K 3% N, iR F SCFZ 4:
IR 2 ARG B B KT FZ Film, 2348 B A R0k Bepd i S 4540 m0 24k, T B A0 518 PE
BN RE, AR5ESES TEONFIEX. BEREARANES TERR AR, THR
RGBT AR K 2 B _ :

o, 7E45 575 R B B 4k BE7E SCFZ % FZ Film [ 5 58 W 45 B35 1, 2&k
WG BRI 42 59 0, HEVIZEFE A5 45 BR PE R A] 7276 40 F KR "

~~-CH,—CH,+-=— > ~CH,—CH-— +H- ()



84 GHM A SER T LY Mg

--—CH,—CH, - + CH,=CH—CH,~-—>-~--CH,—CH—CH,——-
, | (7
CH,

--—CH,—CH—CH,~—- + H+ > -~—CH,—CH—CH,-—
| | (8)
CH, CH,

ATHIEERMGE, FEARER PE Mo @k AT ESEE, & FXAREE KT 75 hiR
RAEATHRMERE, Eit, KENEOHEERIRESS5 Y R BOBRRER",
3. MTHMERGHES PERENRALH,
1. 2 PR BREHE, RETRIE, TREHEMZEERER G E(Gn 1 Gy):
' G - 68.8(C,~C) (9)
D

A G HiE 100 eV KB rERAER (AR 2L 1/10000 C R F 8 A, C M C4 BIREBE
J& PE BERFEMRN LW B TTRE, DA R FEKGy), RILTHET Gu 5 Gy HHWE
=,

Tab 3, Radiation yield G-values for H-links and Y-branches in studed sample,

Radiation N SCF Ii% Film o
temp.. (k) Gn N ‘Crys.talline Interphase Rubber Gy Gy Crys.talline Interphase Rubber
density(%) (%) Phase(%) (density (%) (%> phase(%)
| — .
298 0.37 0.72 | 0.45 1.00
373 0.48 0.23 86 14.0 0 1.10 0.77 75.6 13.5 10.9

423 ] 0.74 0.27 — —
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THE EFFECT OF IRRADIATION ON A CHANGE IN
QUANTITY OF TWO TYPES OF RADIATION INDUCED
CROSS-LINKS IN HDPE WITH DIFFERENT
MORPHOLOGY,

Zhu Qingren
(Structural Center University of Science and Technology of China, Hefei)
Fumitaka Horri
(Institute for Chemical Research, Kyoto University, Uji City, Kyoto, Japan)

ABSTRACT High-resolution solution '*C NMR spectra on radiation cross—
linking in high density polyethylene by ®'Co v-rays has been observed. Two of the
cross-linking new structural units identified. in the present study for irradiated polye-
thylene are H- and Y-type, which formed during irradiation of polyethylene in va-
cuum both in the solid state and in the molten state,

Other radiation induced structural changes in the samples have been also detected,
It is show that the concentration of Y—typé formed during irradiation in vacuum in
the solid state is greater than that of H~type, while H-type formed during irradiation
in vacuum in the molten state is greater than Y-type. The results of this study have
led to new insights into mechanism of radiation induced linking of polyethylene, and
provide means of characterization of irradiated polymer.

KEY WORDS Radiation, induced cross-link, polyethylene, '*C NMR, H-type
linking, Y-type linking



