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B E RTBESTERIE (VHMW-PE) RyiR— KA R 2 RAL e S &SRR

JIEERE.
FIE WAXD f1 SAXD B THf# iR EREE TRIRE, 8RR, BB, KE

WER&LEK, A DSC f1 VES Wiz, N -MELBEL i
BEREEWABENMHRK, XEXRERG VHMW-PE 27 R (& EX R RIOH
BHESE —REMFHTEEFSTAGEERARTERAR. ZREMAFROGERRER
— RALIE 7 KIBEER 1 . IR B Fr i B AR S A D2 RE R A — IR 2Bl LT ARG,
XA EESTERRIE RS, ZREMH, REGHNNFHE

F3 Ziegler-natta EMAFIEMETAIUEREHD TRESIE 10° L ENRERTHE
Bl FERCH (UHMW-PE), BHLLERS TENSERERCE (HDPE) HE
SR M TR B R | O 0 A R I e R

B 0.5~10% UHMW-PE BRRHBERERETY 2, SEBRKRA%E, 2 TREHEE
{1~ 30 fERRAEL PREBEE 4.3GPa, M~ 119GPa W% SHSMORIE 0.5%8 UHMW-
PE B HRMEZNGERKEATER, Balh 500 fFRB3IEEN 8.19GPa &Y 200
GPa Hy@ it REA 47,

AT, RS R UHMW-PE, RAZERER FTRMAEXIERZNR M. Naka-
yama® 7 UHMW-PE BURSRha2E4T SRhdr {9, 4Bl 20—25 fEa0hrfith, HEIKE 15
GPa, 55EE 0.5GPa,

BRERNBME SN UHMW-PE it/ mbkiER, BRE5 B8
BRAESHNEREWHEX, Blt,® UHMW-PE WREERUY, BRERLY, &
B4 R R B E BEERL R M AT RS R TR AT e,

RNWEE T RBHERMMAER UHMW-PE R, R AL E#EAT— R BB 14, ¥
— KRB ARS BRG, ERERRAERIT SR A, e ARBIH LR R
JER G B S, AR RE, BV e DUk e e, RATR AL L ey UHMW-PE f,
PR AT R0, ST S R BBV DT R H A R B T e 2 i, kB iR —
AL IRRILR AR TIA R

1 st
L1 BRmHE

* 1993-08-11 Uk ;B4 PAEY IUPAC B ARG —B4 87 Pure & Applied Chem., 1991, 62(12)
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AL RB=HAHEER Hizex Mixien 240M UHMW-PE ¥k, M, = 1.9 X
105, T, = 141.2°c, ¥ 240M UHMW-PE 7#£ 210°C,~20MPa (YEH T, BEEIBE
25 1—1.5mm FEER.

8 240M B BHIR 9X 9em R7 i E EE R BN 3% E - (Kokyo Seiki CO.)
FEAT BR B (e, (IR BE 43 5114 135°CHn 140°C,

Bh G B 50X 10mm K 5%, Instron Hr L, B 25mm, 7F 150°C
TaRE 20 43905, 72 135°CHT 140°CH 2~ 3 £ )R brfd,
1.2 #SBRE

g X-HEmaXRELERAEERN D/max-rA fTH{L LTI, KA Cu-K,
&, Ni- @3,

A X-5&irs (WAXD) SRR A %48 DS/RS/SS = 0.5°/0.15mm/0.5°,

EBRR TR Scherrer AR, M WAXD HMZWRoBEITEN. NEMEKE,
AR RERETRERE, RA K, T K, 580055, Mk K, MENEm,

EARANNERRTRERG BT T REREEFOTE, 200 1020 ik
EREFA B-7 X EK A, il Decker #EHIES Schultz RHEMLESMEN
SPEREE, T R SRR IE,

a-FHF1 b-BHENAA F f. A f, BESRERN e AL ARNERE, %'JFE Hermans
AXVEN, c-#HRAEETF, RE f.+f +f. =0 BRAKRE, RITBLFIA 002 @Y
HUAAMBESGITRET f.

N X-BHR AT (SAXD) A Kratky 3828(70pm), RAEZRIHHEA4 50kV X 150mA,
BHBEELEDUKRIE,H 2dsin =2 RKEH da.

FHRHE DSC ik i Perkin Elma DSC-2 RIZE/REAMBRMME E/LMEN, K
T BAT, FHRIEEE X 10°C/min,

&SI DDV-UI-EA KE3#ME, MEH 11Hz, FHREE X 3°C/min,
N, &R,

kiR A Instron-1122 HHHL . HEEKE X FH 16 X0.5mm, H/{8HE 4mm/min,
#£ 20°C, FHA R AL 65 2 TE.

2 HR5IHE
2.1 WAXD 1 SAXD :
PRy gy UHMW-PE 5 200 1 020 REURTE 1. MG A ERITA (RIRLfH
J5 D, TR, NAIELRIT 1A, 200 F1 020 |FE DA T-N Ei, Fr AR KR C-Hi
AR T B, REERER AN EE DR o-RRAER L RMELEZE, K
a- R A BUAAER, 200 AR KERBER I 5—15°, EHFWRKE, bl
a-F R X B REAHETIN, XA RERTROESEAT A E 2 Rl Tfa.f A0
fo AN RHEMNEUARE FRER LA EAHE, MNEALER -MBAR T f. BB
i%bﬂffﬁ&r:n,ﬁ@tt 2> 6 DUA, fo MEREREETYRE, £ b f RAXEN, e
S LR RS R —0.5 B B8, —arfd 11 559 UHMW-PE F7, 2 150°CHERlG
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Fig. 1 Change of 200 and 020 pole figure of hot drawn UHMW-PE 240M
sheets with draw ratieo; Draw temperature 140°C A:draw ratio

£ 140°CHEAT ZR B, REHLIPEL A 2 6%, EREBA VMR EFE Y T — kB e EK
F.

EMAET UHMW-PE i ER RRBEED R ANRR AN 110 5
MRERE, RERTITE |, RPEEUI, AR ML ¥m, B bRt R
TR, AMUGEEFRIETENREBE, E—EBRERENBEKE, ki
o Fr A5 0L (05 TR0 SRoh R Bl — IR L AREE /N,

& 3 & UHMW-PE Hhifi iy SAXD pgh4k, Brfbbbisim, B RERIR, fiEs
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Tab. 1 Crystal size and lattice distortions of hot drawn UHMW-PE 240M sheets

Drawn temp. Draw ratio D,y Dy Dy, 110 distortions
e A (nm) (om) (am) e(%)
5.9 22.5 22.0 30.9 0.07
8.6 23.4 23.6 33.8 0.07
135 10.6 21.1 21.9 33.4 0.31
*11%2 18.8 20.1 32.0 0.35
6 22.4 23.2 32.3 0.36
8.1 23.0 22.6 35.5 0.37
140 11.0 24.1 23.1 36.2 0.11
*11%2 22.5 22.3 34.0 0.25

* Twice drawn sheets; one-stage A = 11, twice drawn 4 =2

1.0~ 135“(:’/‘ i
o o °C
140
0.8 /
o 06 A ]
o2 L E
> Ne 5k
o —0.21 Al -
S~ % fs S 1. 5.9
O A s
= __z/zn_o_. 3 8.6
<
~

2 4 6 8 VI 14

- 0,41 A7_B e

A, _k 8.6
—e O ——O
—0.6 lfbﬁ ] 1 ] » LA
12.0
i -
_ a4 11.0x2
i l 1

Fig. 2 Change of orientation factors of hot

3 X 0. .8 i.0
drawn UHMW-PE 240M sheets with draw ratio 0.0 0.2 0.4 ¢ 0

9 x
(one stages) 20¢7)
Adraw temperature 140°C O drawn temperature Fig. 3 SAXD curves of hot drawn
R 1o J—— fo fs UHMW-PE 240M sheets

Tab. 2 Long period and amorphous size of hot drawn UHMW-PE 240M sheets

Draw temp. Draw ratio cos¢) fe d L

c) A (am) (nm)
5.9 0.933 0.807 41.4 10.5

8.6 0.962 0.888 41.2 7.4

135 10.6 0.969 0.907 36.9 3.5
*11x2 0.957 0.875 36.0 4.0

6.0 0.944 0.825 41.4 9.3

8.1 0.945 0.839 40.1 4.6

140 11.0 0.950 0.855 41.0 4.8
*11x%2 0.950 0.853 35.2 1.2

Lcos¢)> = V' (2f. + 1)/3, f.: C-axis orientation factor * Twice drawn sheets

RBAFVR, U R-EENZBERNAREEE, ZREMHERRTE SAXD
RIEE GIAE.
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M SAXD ZRMBEENERARTFYWUTER A ERKEAY d = dx X cosd,
BT EKATERRRRNA L = d-Do,. 2 FIH T XEERBRMLHEL. &
HELIEM, LR/, ZRBL A d EHEBIE Do BIK/0N, TEFBXEBEN,

2.2 DSC

B UHMW-PE240M R T BRI DSC e 45 R L, BRE B AREREY
125.2°C, BERAMETHRE 133.5°C, FREREE 119.8°C, RITEEHRMIRES %
135°CH1 140°C, A b R AERB AR

RETF TR, =2

AR ALY 240M S HOFHE T s
DSC i 4% T 14, TR AA AL B g 2 N
BUISFIZE 3 th, BEHL LG, §T ] f
WA R DIV, WO, O 3 1=67xs
AR BN TUES, | I fempe
BB, AR AR PR R 1oC |
BRZSEERNSES, BARRRAEER B B T R N R
WM. MRS MY 0,E " L
BB, M AR MR 38 135°CY ¥ ' Fig. 4 DSC curves of hot drawn
FE4 6.7 FEEYRL A 42 150°CHERE R UHMW-PE 240M sheets
F5 135°C LA 3 £, ERORHBARE A: drsw ratio T,; draw temperature

ERAS T, ETURKMREZE 133.1°C, 5| AERNRE 152.4°CH IS/ hdhig,
IR, 140 CHLMEL 5 10MUBE T H R , 7E 140°CTRALM 2 £, G TR B 4 2 132.0°C, =
AR BLE 153.1°C,

Tab. 3 Calorimetric data of hot drawn UHMW-PE 240M sheets

Draw temp. Draw ratio Tou T,, T.u AH T,
c) A c) c) ()] /) (c)
5.9 127.3 135.3 149.1 139.3
8.0 125.4 135.8 147.7 159.4
135 10 125.7 137.9 148.8 162.8
12.0 125.0 135.2 153.2 162.5
*6.7%X3 124.8 133.1 144.0 135.2 152.4
4.0 129.4 135.7 142.8 153.1
140 6.0 128.6 135.8 146.0 151.9
8.1 126.5 135.8 150.8 161.9
10 126.6 137.0 148.4 160.7
12.7 124.6 134.0 153.2 156.1
*10X2 124.6 132.0 144.1 100.4 153.1
T,s—Start melt temp. T,p—Melt peak top temp.
T,,—End melt temp. T,—Second melt peak for twice drawn sheets
* Twice drawn sheets
23 HEH¥HERE

B 5 B2 140°CRAT—RELMA KA (80 UHMW-PE 240M (ke i, i
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BF g0 RERErELAUEHLk, 5 HDPE #H[F,UHMW-PE {#1F v §l o iAH1FL 2, 5
B~ —90°CHI 110—130°C, SIAEBHER—RAMANREREEN 1o ML
A -MEiETEHIL, RERS, BEMAIN. #EEE B TERETHRORE(~
—40°C), Bl p-MAMS B BIEREE. S-TANINEIR A —4°CAa A B M b3, 4-#A 5t
MR EE R A2, FHRBL AR IRE MM, Bt 2 > 6 UG, MERHIRE, 4 > 12/
B MLk, TRBLRERE T-HAThIEAE ST, BB ~0°C Sk X BT FREARER
N, oA R, f-TATESEE K. Pawlikowski®™ ¥E¥zs] UHMW-PE iy g-
IR, EREGEATTE.

Storage modulus /£ (MPa)
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Fig. 5 Dynamic mechanical behaviers of UHMW-PE 240M sheets drawn at 140°C
A; draw ratio

(b): : A=1,B=6, C=8.2, D=12.7, E =10 X 2(twice-drawn)

24 HskHERE

M UHMW-PE 240M Hi{# (R - RIS B4R, B RIS L B AT BB BE, IR {%
KFIFH 4. HIRMLMMER . RERRE, PR KR, ZRIEABOERTREK
PG, BN 140°CRIfHEL % 10 BRERE AT 2 BT RELM, BB TTRIK 4.47GPa,
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Tab. 4 Mechanical properties of hot drawn UHMW-PE 240M sheets

Draw temp. Drawn ratio Modulus Tensile strength Elongation

o) A* (GPa) ‘ (GPa) (%)

5.9 0.66 0.078 82.6

135 8.0 0.84 0.118 52.0
9.3 0.84 0.137 64.7

12.0 1.94 0.144 17.5

*6.7%X3 2.08 0.094 8.8

6.0 0.80 0.107 148.0

140 7.8 0.92 0.135 68.7
10.0 1.23 0.152 32.9

12.7 1.30 0.147 45.6

*10X2 4.47 0.12 6.2

* Twice drawn sheets
3 itk |

BT UHMW-PE FEXHNS TR, ARNERERSE, BAEEES. Bited
BRI, B B AR, KW S T HORHNRE, 2 FREIBKREARETIKR,E
EESERT R, RERREELREZRA RN RNE R, RIWLRER
TR T X—#iR.

MEEBR AR NESRATUER, FEMRAER MR REERBE HRL BT LR &
KAERXERBORAER, BB o-MARMBARK, LRI 2 < 6 W RE&RE
WF f. WBIK, 2> 6 LG, REEBEBRAMIT AR, Bl f. SROREHFREEE]
FRap A, SRR BT A FHERT LM HFR M, BRR ML RE 2—3
&, 8 f PREXEREZRIGFENRAZE, WAXD 5 DSC #yZ5 R 5 R & B i
Ee 3 mE BRI R K, TR R TM, DSC & ARIENERE BER, B
BREEMGEEANBAEZMEESEEER, RRXESRIEERBBIER DSC LS
BUGBENRE, ARALEEER, R BHERE DSC AW THARR
Pl X R T kBN BRE — B RN SR &R EN, fF—EURe
RN ERARERGEERENER, B-NEHTRERRORRE, 5 95%
AL, HIME 152°C—1S3CHBE MRk, BHEERKNBRE, R "K
MENESRREFTEEEARNMERREAREARN - o8h, REEREFEIH R
WEEFX, BE - ZEERETRUNSER, BHOLRE—RERBIF., E£RIM0
“RAEHIRAFHT,ERTHERSEKNER<S%, BF—HTEFEESEERNER
SEE, MM T, i SAXD pi £k #5358 B AN B R MR AR fo RS A 30, 77 S e E N S .

—REHE) UHMW-PE REEEIENFIEE - U ERESIAER. —&IA
HRERBEERCHEAHR -HHidE, HDPE f1 UHMW-PE R EBEERHE, A
B p-iai#e ., MBRINESDSHFEENED, BENUEE UHMW-PE §§—KAL{H
B - ENE, AR MM, fENBREDE AR Atk 2 <6 i, 8
AR ELITOIMER, 2 > 6 ROBLIF T, B BERUSREEFEAR. A > 12 M RALBAOFE S, 8



584 s/ 4 F ¥ # 1995 &

HAKBUUETZ 2N L. RRBIERE EBILEHBUHMW-PEY) g-ASEEAT 43
FHE, EHRE-RBHRTRA S UHMW-PE 92 RAESER, "R 6 Rtk
AR HEBRL 4 UHMW-PE SR /Lg% R R%E UHMW-PE 1y g-PASBR B 0B
HEE S T HERHTERX hEREHILR, BARTHRE UHMW-PE FEERER
@SR, TEREZ BXIRE, p-R2H0MRE. KERLH, FRESRGRENA &-TE
EXBEROER BEER. TERXENEYD, EEERXRK, EENS TFHFRE
28, B EN B, TRl p-#AStdEsR, FEERMHHLAVERS, ERANEKER, TE
BXZEHENEEZFHENS TRESTERX, #BNE3ZHE, s-milRkl. =&
NANEREAT RS BNER BRNMFERRAN 08K, RMEJERRX N, B4
HESAFLITE X, IERESITERRHE T EEMXN S THE5, HFEmIIT
EREOHAREE), RIAEMEL, fEETLNE, v B RMENE, EErngEsk
AL o BRYE A, R MERSRKERFDRS, X5 HEESERNBR, TE
MR ENNENEES THEEERIRR.

ZRALE R SRR EE S TR AL RTRRE A . RITEER], B> 6.7 519
DL FEE 135CHALM 3 5, RFERY 05%WMESRE, HREREXD 2.07GPa,
BLARELDY 10 FERURLMRFTEILA0CREBLM 2 4%, MEHRKEEEX 4%0 L, BN 4.47
GPa, BB FERASH HELRIELE 6.7X 3~ 10X 2, BE W THEF R KOESR.
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CRYSTAL STRUCTURE AND MECHANICAL PROPERTIES
OF HOT DRAWN UHMW-PE

ZHANG Guoyao, XU Liping,. JJANG Ning, LIU Dong
(China Textile Academy, Beijing 100025)

Abstract The paper discussed the changes of crystal structure and mechanical
properties of hot drawn and twice drawn sheets of UHMW-PE in melted state.
The crystal orientation of the drawn sheets were tested by using WAXD, the 200
and 020 pole figers were made and the orientation factors f,, f, and f, were calcu-
lated. The crystallite and amorphous region size along draw direction were obtain-
ded by measuring the integral breadth of the 002 reflection profile and long period
for the drawn sheets. The DSC curves for twice drawn UHMW-PE sheets showed
that besides a main peak, a small melt peak was observed at 152—153°Cc. The dy-
namic mechanical behavious for the hot drawn sheets and twice drawn sheets indica-
ted that g-relaxation appears in lower draw ratio sheets and in higher draw ratio
and twice drawn sheets g-relaxation degenerated greatly or disappeared. The Young’s
modulus of twice drawn UHMW-PE were much higher than the first drawn one.
The results showed that twice drawn UHMW-PE sheets had bi-component crystlliza-
tion: most crystals were folded chain type, a few were extended chain crystals.
Structures and properties of twice drawn sheets were improvement of first drawn
one.

Key words Ultra high molecular weight polyethylene, Hot drawn, Twice drawn,
Crystal structure and Mechanical properties.





