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ABSTRACT  Using different 'H solid-state NMR techniques, the Cr—catalyzed ethylene—hexene
copolymer with different hexene content was investigated, and the effects of comonomer content on
the phase composition, molecular mobility and domain size of the copolymer were studied. The results
showed that the mass fraction of crystalline phase was decreased with the hexene content increasing,
while the fractions of the other two components were increased. Meanwhile, the fraction of the interface
and amorphous component was increased in the NMR long period. Furthermore, we choose the variance
of My/Mj, the ratio of mass fraction of interface component to the fraction of amorphous component,
with temperature as the qualitative determination of the confined degree of the segment in non—crystalline

* EHR BB RS 20676114, 20490205, ERmBARMFT KR 2007AA030208, HiiL4 B RRI#EE Y406293 BEHHH,
CSC-DAAD(PPP, 2004) &£ H.
2008 4 11 A 11 HUEBIHE; 2009 4 4 A 10 H &SR
AR N: TS



3H B A% H BRBRESHREARXNEM A Cr REAFELZBIARY BRI ESRE PR 243

region. Cr—catalyzed PE copolymer for pipe application with different duration grade was investigated.
It was found that the mass fraction of rigid component decreased with the duration-grade increasing,
while the fractions of the other two components increased. The same trend of the fraction in NMR
long period was illustrated by the 'H spin diffusion result. The variance of Mj/M, showed great
correspondence to the duration grade of the materials.

KEY WORDS measurement and analysis for materials, 'H solid-state NMR, ethylene—hexene copoly-

mer, phase structure, hexene content
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Table 1 Physical properties of the ethylene-hexene

copolymer studied

Sample ID 1# 2# 3# 4%
MI(21.6 Kg, 190 C,
g-10 min—1) 9.2 9.9 9.6 10.3

Density/(g-cm™3)  0.947 0.946 0.945 0.943
Hexene content

/(molar fraction,%) 0.35 0.46 0.60 0.86




244

OB

xR % M 23%

®2 AFACHEENRHERDEUSLER

Table 2 Phase structure results obtained from the separation of proton wide-line spectra of polyethylene

sample with different hexene contents

Hex.-%(molar

Fraction composition/%

Line width/kHz

Sample ID
fraction, %) C I A C I A
1# 0.35 80.5 17.3 2.2 50.8 10.6 2.96
24 0.46 79.6 17.9 2.5 50.8 10.7 2.96
3# 0.60 78.9 18.2 2.9 50.8 10.7 2.93
A# 0.86 76.1 19.8 4.0 50.7 10.8 2.86

Note: The standard fitting error was less than 3%

AR — (BARE G 16 B T 55 B2 3h o F-1 i £
AR, 8 B [E AR XX B By & % g 2 8 A
. EEB 2 32 AR AE X, X B i B A sE 443, T
FEBIA B PEESRTAE X, TR 3 B i A2 4 47
BB EIEMIT A R IR 2 PR, IR4RIETE S
B HP B A% A ] St T4 B IR A S L, BRI 3K 7 2 2%
ST LA T Ao S A A T2 SRy A .
2.2 ¥ By EEEE

ERTHE R RT, BREME &K N A e
TR BRFEHHEAS (rigid component) F158
I EBAHALS (soft component) BIf X B WK G 28
KIEST A = HANE O %%, M IX RT3 e B R 5
TR H

1 s
Drii ~ — —_— QA 1
gid & 751/ 21n2<7“ ) Avy /o (1)

1
Daoti ~ 5 (r)ladvy o)1/ o)

Avy o X IZE AR 58 2 T0 2 T8 4 o IR 2621
W, RIS IRA . o AR ERA
SIEOEEERNBIEE, (r?) AR B ER Yy
J7HE, XFE 2 (r?) BUN 0.0484 nm?02) ) i TR A
2H 47 Tt N R B E SR T4 s A AT e 2 e e B A
Z 8], I E BHEY BUEREECN Drigia M1 Deory HIH
ARFHME.

Bl 1 gyt T R8T E T H e IE E 45 8
AR AR T ERAAS I HGICR TR L
SOBE. Yy EE EEER, SRR B
AH, FEE TR I3 0, 45 s Al & BB RRAIR, TR
TR AHAN TG 2 TR A A & BB i . 24 SE 40 W2 B+t 18] Ay
50 ms Bf, H e BOEAREPA. XA ST [A]
JIAS 21 B S R AT AT T AR B R R A KR &
SELRE B e BT ] AR AL, A 2 B, TEARSCHT
e RE W B e BB SR Y, A R i TR
I 5t TR B4 5 T T 3 RSG E TR R 4R T- AT B AR 4R,
A, G st g s 1AL E 45 SRR B, PE FERBY IR T4

[ RIS I LE 0.9-1.0 s BTNE A, KA®ET Aley
BURB P T R B B 1R]. R D B AT )
S IR R A AL L.

W R4 i R CHE W BAA P @AM BT, Alina
SENE Frdh B 0, BT =y, 4R
BB ey BOT RRA R B0 R

£=250 us

400 300 200 100 O -100 -200 -300 -400

=5 ms

)//;1\\

400 300 200 100 O -100 -200 -300 -400

8

=50 ms

0 -100 -200 -300 -400
é

400 300 200 100

Bl 1 =il T EHEY R RLsiE, Rriigh
ANIE B ey Jint e T 8% TR EEE

Fig.1 Proton wide-line spectra recorded at room
temperature in the spin diffusion measure-
ment. The proton spectra of polyethylene are

recorded in different spin diffusion time tq
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Table 3 Domain sizes of polyethylene pipe materials with different hexene contents

. Amorphous NMR long
Sample Hex.-% Crystalline Interface
. . fraction period
1D /(molar fracton,%) fraction/nm fraction/nm
/nm (dr+2di+dm)

14 0.35 16.0 1.6 0.3 19.6
2# 0.46 14.0 1.5 0.4 17.3
3# 0.60 13.4 1.5 0.4 16.8
4# 0.86 12.0 1.5 0.6 15.6

Note: The uncertainties were less than 10%
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Table 4 Results of fraction composition and line-width obtained by the fitting to the wide-line proton
spectra of different polyethylene samples®
Fraction composition Line width/kHz
Sample
C I A C I A
PE63 0.81 0.17 0.02 51.4 10.6 2.92
PES8O 0.78 0.19 0.03 50.6 11.0 2.98
PE100 0.76 0.20 0.04 50.7 10.8 2.86
Note: @ The standard fitting error are less than 3%.
R 5 AMFEHEFERAR CHE DRI A R
Table 5 Domain sizes of the polyethylene pipe materials with different duration grades®
Crystalline Interface fraction Amorphous fraction NMR long period
Sample
fraction/nm /nm /nm (dv+2d;+dm)
PEG63 16.0 1.6 0.3 19.5
PES8O 14.0 1.6 0.5 17.7
PE100 12.0 1.5 0.6 15.6
Note: @ The uncertainties are lower than 10%.
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