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Preparation and Properties of Melt Stretching PE-HD and PE-LLD Films
Wu Fen' ?, Yan Xuezeng', Wang Jingjing', Lin Wensong', Zou Yidong’

(1. College of Materials Engineering, Shanghai University of Engineering Science, Shanghai 201620, China ; 2. Shanghai Key Laboratory of
Engineering Materials Application and Evaluation, Shanghai Research Institute of Materials, Shanghai 200437, China ; 3. School of Chemistry
Biology and Material Science, East China Institute of Technology, Nanchang 330013, China)

Abstract : Using high density polyethylene (PE-HD) and linear low density polyethylene (PE-LLD) resin as raw materials,
the PE-HD and PE-LLD films with orientation structure were prepared by the melt stretching method with torque rheometer. The
variations of structure and properties of the PE-HD and PE-LLD films in different melt stretching rates were studied by polarization
microscopic, FTIR, DSC, SALS and mechanical properties test. The results show that when the melt stretching rate is faster, the
orientation degrees of the films are higher, and the relative orientation degree of rapid stretching PE-HD and PE-LLD films is 2.043
and 1.556 respectively. Melt stretching rate has slight effects on the crystallization temperature of the films, the two kinds of films
have obvious crystallinity, but the crystallinity of the PE-HD film is better. With the increase of melt stretching rate, the tensile stress
at yield and modulus of elasticity in tension of the PE-HD and PE-LLD films are improved, but elongation at break is decreased.
On the whole, the elongation at break of the PE-LLD film is higher than that of the PE-HD film, while the tensile strength of the
PE-HD film is higher than that of the PE-LLD film.

Keywords : polyethylene ; melt stretching ; orientation degree ; crystallization ; mechanical property

T BB 2065 (PE-HD) Lk R %5 5 B 20 AR, [ N ARG AR PP R 2 08 R T T
(PE-LLD) 1E N ZER WA AR U e 6% B T84 WRAMDISE, R. Anbarasan %V il T R 8 & £
TR, P A S SREMR ETRRNERE  FE A NIE ARl PE-HD #B, 58 17 A
DIMISE . ISP E AR WAL Harhl & HREFII A RERERY M. J. Krakowiak %5 ™ R4t
FERUR R A VB E E BT AR EOR A WY T S UIN AR SRR B XGRS A R L
AT LRI T R O s
PR A LA B R . R et
7 A SRR AOSE SRS RUBPERE JIMERE  o1210405006.2015100502%)

FFEEPERESE O M o R AR o S T gk R MR, SR, W, 5 M DR R TR
PRI Wik F b : 2015-03-10



杨超


50 TSR

2015 4F, 45 43 45 45 5 1)

i PEAY S . Feng Jian 25 P i #5 tH BoA — 2 BitjA)
SERY A ME RS PE-HD R, BF58 120 THE K/
TR X RR AP IR IR PSR B . F 5858
OV i oy il 2 H AR 5 2 0 TR R 9 T TR K
FERPLAR IR 2R PR R B2, & LI B X rhCa 2
JEE R fif 7 AR S ) S e LN

L B AT, A 05T 200 R FH 2R 1w kb | R
B BAEARE T R R LI TERE,
DA A7 A B A Tl 5 o B ) B e 485 A P R R 4
2EPERE 1Y 3R M TR BT 9 A S R I8 AR X 55 20
R, R AR B BOR Tl 4b # PE-HD # Jig
SR AN PE-LLD #4 A5 kL, 18 iF RM—200C %% 55 3
A (AR H AL ) A HA B 4544 1)
PE-HD A5l PE-LLD Fi, B 5T JE AR AR X X
PS5 44 5 BE A SE R, B A AT ST B 0 B ) 2540 (45
an PEFN )2 VERE NI Ry i PR R SR LM i I A it
S
1 SLIEERSY
1.1 EZRAMA

PE-HD : 5000s, #1141 {L 501 Al 5

PE-LLD : DFDA-7042 , #e LA iR 7 &
1.2 ZE2MNELHEE

BEAE AR AN : RM—200C U, My /R B M3 Hi < B,
ARARTHE A 5

FE VR s HR (MFR) 12 : TD-6049 &1, yT#R T
[ IR IR AT

B2 T4 : DZ-1BCI B, [ KOG E YT
ELYNEIR

TR BHRA IR HL: WDT—10 2, %I T L5 7]
RIS PR AT

ZER R (DSC) 12: Q2000 %Y, TAQ 2%
NCIF

I OGBS (SALS) {8 : CLY—Sals 7, ## J&
W RF AR PR AT

B w6 AR - XP-213 Y, F IR 7R
w7

{87 AR R 2T 4D IS (FTIR) X : NICOLET380
LURESESI R =R /N

BP0 Hr K. LPS02A B, H M i i es) s

K% I TAE S : KER 3100-08S 1, FifEK )5
H2AAER A BR A F
1.3 XAEH &

PE-HD /% PE-LLD fii &b # . ¥ 1% & 1Y) PE-HD

UKL A1 PE-LLD UKL 43 1) i A 25 T 446 B, LA
60°CHYTEE T4 24 h, 775 A .

S AR B PE-HD 5 il 25« 18 HI 5% J i A2 )
(5T 7 1, R 2 3t AR 4SO S AL SR S5
BRI AR AL — X, X =X BL Sk 0 L B8 40 )ik
B4 100,120,160, 160 °C., % B #5733 R 50 v/
min. JIA— & i 1Y C HiAb 2 PE-HD ok i %
PE-HD . 38 iof 4 il Js A hir A il 232, DAk 4
(>80 m/min), 17 (50 ~ 75 m/ min) Fl 1 H
FIAH (<45 m/min) 3 FiAS 5] 9 I A7 A R 43 5]
il 45 3 25 PE-HD B R #H7{f PE-HD | i hi7
fit PE-HD JEAME i Hi7 i PE-HD fiE ",

FERRLAR PE-LLD R A5 - 4 5 R i A8 — X
X SISk Y B 43 ) R 80,120, 140,
140°C , & BN 50 1/ min, ITA—E B
Ab R ) PE-LLD B Jiig JUR7 i % PE-LLD # /5. 7E
HE SRR IEO T, AR IE R R %, Xf
PE-LLD /& AR#ATEAlHAd . A PE-LLD ZhEEARXS
BN, FECPE RS s PSR DL B
Pk HL (>80 m / min) FI1E H H7 /{1 (<60 m /min)
PR DA [] A s A v A 38 232 9 J31) 1 45 7 28 PE-LLD
JBE: Pt ffif PE-LLD JEEFIE i ff PE-LLD fI,
1.4 HEAemliX L5 4 H R AE

(1) JERHA 53T o

# 5.0 ~10.0 g PE-HD £l PE-LLD 4iki w1
B ATSEIE IR >20 min A MFR X (IR 190°C, 11
ik 2160 g, VIFERS [E][E][% A 30 s) BHE o, A
MZE 5 WA PIE ) MER

TEF 40 T FTIR {547 400 ~ 4200 cm™
PE-HD 1 PE-LLD (J3E& (/3R 4 em™, B 54
=L R 32 ),

(2) PE-HD Fl PE-LLD &5 #4434 5 PE R

FH R ' S 5805 43 AT R A 1 258 T 4 158 O %
Wi 450, P TR 180 °C, Kl 1 min, 8 Y 25 &
100C ;

JH SALS X4+ #1 PE-HD # PE-LLD #2447 fif
RS RIE SR, 3 PEREh 1280 x 1024, P
M 532 nm ;

FH DSCAYAE N, SRS T X P FR A Tt
T 5 AR AR BRI EA TR IE B 3.0 ~ 5.0 mg
JIE % £E DSC A LA 10°C / min (9 TH 3 R T &2
160°C, fH i 3 min Ji7, FFLA 10°C / min {535 [ iR
F40°C, RJETE N, AU T HAAELL 10°C / min 1Y


杨超


SIS A IR PE-HD 1 PE-LLD 35 Al 45 S MR 51

HERTHEE 160°C;

K FHOT R R HC B0 AL 1 R o B %) e g 7 —
i 7% 2, B BEFE 1SO 527-1-2012 ik, 7 it
%k 50 mm/ min,
2 #HR5ITR
2.1 AR m X 5 2 M oA

(1) MFR il

PE-HD J PE-LLD # g MFR L% 1. %
1 & i, PE-HD B i MFR & %Ik T PE-LLD
fig , PE-LLD # ig i MFR #4°& PE-HD # 5 ) 2.2 4%,
W] PE-LLD (Wi sl BefL T PE-HD i s BE

®1 BRZIEHEE MFR g/ 10 min
e MFR
PE-LLD 2.003
PE-HD 0.886
(2) FTIR 73#f7.

[ 1 J& PE-HD &% PE-LLD # Jg J5UEH7E 100 °C
LR REWFTIR &K, mE 1A -,
PE-HD } PE-LLD #Y FTIR i [# 7£ 720,734 cm’
Ab LA AR 58 P IR WAL 06 , 33X 2 PR iR Sl AR AR D 1) 119 C
—C ARy ), s J& PE-HD K PE-LLD )
4 . PE-HD 45 f 4 Ak i 35317t PE-LLD 45 6%
WAL AR R . ARG R AW FTIR 1% & b iy 45 i
WA A P K, SR ) 4 P R AR e ) i
001 AT A5 PE-HD RY4E Sy MERE L PE-LLD f45
Al PERE 5

PE-HD J \
PE-LLD

1000 900 800 700 600 500
WEL/ em™!
1 PE-HD K PE-LLD #&HY FTIR %Al

2.2 FREIRE LS AT

FI R AR PE-HD J &% PE-LLD FEAEfi '
AR T 0 R A T34 5, AR Al AR X6 B ) {155
82 (AR ] B = dese BB 17 340658/ e g
KB (-5 ), v DL EOR [RGB sl 22 R
PE-HD [ &% PE-LLD A5 (B F2

P&l 2 S 7E D D' BB T LA 0° 1 45° LI He 4
$irff PE-HD JEEfrfs 1) —2H ER . FI AR B A
THELA 15 1 Z R B AR R B2 24 2,043,
FRTR) 897125, 43 54t 48 B 4y A PE-LLD fi5 | P

$ififf PE-LLD J& . 15 33 17/ PE-HD i | vp 33 7 i
PE-HD H%EI‘J*BX#EXWE,%%&D 2 /R

(a) (b)
a—0°; b—45°
82 PR PE-HD [ i s K%
%2 PE-HD % PE-LLD BERyEXTEY 5] BF

o H PE-HD Jii PE-LLD fi
2 R fif 1.240 1.032
LBz ER 1.317
SEEVALH 2.043 1.556

R TR O 't 8 B PG o e RUMR P34
S5 e i UL 2650 19 EUAE R 1, W%
FERAT U S5 R A JEEE U g A 2 M LIS
IR P 45 9 PE-HD i &% PE-LLD 4 HA
W gty . — MO0 b i S, S
F14) FBE A X B i) 8 8 =7 , RO v it PE-HD Ji Al PE—
LLD [ A A XS H ) BE AT 4335 3 2.043 F11.556,
2.3 RO ST

& 3 j& PE-LLD & }% PE-HD Ji 7£ DSC il izt
TS g . R 3 AT, S TR AR e
F N4 H PE-LLD A PE-HD f5# K AT — &
s, Hor PE-LLD BEAYIE 58 107~109°C, PE-HD
AR 5 7E 118 CAEAT o ANTRIE IR P % N ]2
R ) 245 I B2 A B i A8 Ak, PE-LLD (485 il
FEAETRAE 110°C (JFRME &30 ) B it , PE-HD JEAY 45
Al AR TTE 120°C (R A5 ) BRI U, e
PR E AR A AR PE-HD 2 PE-LLD f44%
i T S A K, PE-LLD Ji Fll PE-HD JE#B H A
& A4t i, EL PE-HD B0 45 R L PE-LLD
JBE 1R 205 it U0 85 S 15

& 4 J& PE-LLD Jj¥ ) PE-HD JF45: 15 4% 5 5 78
SALS SR Fris i 5 AR & 4 i FlisE SALS
P S B 140 50 1 DU i RtR:, 1T AAS s S AR R B AR
il £ i) PE-HD JE 1 PE-LLD 548 HA 45 i vk #
PR AW SALS [ v, o - 1 1) 46 9 A, D)
i R /N B JRBR o LA R AR TR AR T I AR
P PE-HD 5 45 i 45 & 2B R0 & okE BU s AR hir
PE-LLD Hy4fi/)N, #1455 PE-HD ¥ 5 45 i

T A8 SR FHAS [R] 04 535 D0 3k 3 79 o s A i 23R
LG R R 25 Ve R LUK B, PE-HD Y 25 bk


杨超


52 TREIERL

2015 4F, 45 43 45 45 5 1)

PE-LLD¥7k}

: l PR FHPE-LLDJE
15 A7 T PE-LLDJ}

5 70 90 110 130 150
WE /<

(a)
PE-HD# K
‘H%i%?ﬁﬁ*PE-Hw
i EPEEWFFPE-%[
P R PE-HD I
5070 90 110 130 150
W/ C

(b)
a—PE-LLD Ji¥¥; b—PE-HD Ji

7

Jis

€3 ORIRHE AL EOR N PR SR 2R DSC 45 dhith 2k

(@) (b)
a—PE-LLD J{; b—PE-HD jif
F 4 PIREACRL R @AY SALS FE%

Lt PE-LLD B 45 @bk, 1 b B 46 SR 1) = 22
J&, PE-LLD 5 PE-HD 4 T 145 BA 22 550k
Hrp, PE-HD & FIMIE R i il £, B PE-HD #9324k
JEARHRAR , HAMGE - B S8 PR b, 1
SER R RIAE 45 B H IR 80% LA, A7 B A
R 0 AN 28755 iE M. BeAh, PE-HD Y HL 4 2%
PE 5 i HEREAR S T PE-LLD 2 FH & vk il 4 19
PE-LLD 90BN ol S i F % BN
FER S 4% s S R IR T PE-LLD 43 1 #L
ol (A SR R R KR A A, ELAS
ik 50%~ 60%. PE-HD F1 PE-LLD 4 45 ¥4 0
5 Fins

PELLD - W
PE'HDW

[#1 5 PE-HD #1 PE-LLD 4> FHy45 7~ 2 K
2.4 e F RS AT
6 by 1 o S 1 Rz A . ) — R AR R 1A, 3% 3

ARG Z T PE-HD &A1 PE-LLD JE1Y
PR REE

121 1

N.F),/MPa
ESN oo}

0

0 100 200 300 400 500 600 700
R / %

(@

0 20 40 60 80 100
PEAE /%
(b)

a— Ll PE-LLD JIiE; b——JF (&R PE-HD &
I—PE AR PE-LLD it ; 2—18 347 ff PE-LLD Ji; 3— PR i
PE-HD i; 4—gifii{ PE-HD f; 5—& sl fiff PE-HD fi5
Kl 6 PIRMA ARl 2R AR MR AR T — NiAE 2%

F3 WMBERHERZIGEEORHEEEE

. PE_LLD Jii PE-HD %

; PR PR R PR PR
Mﬂﬂﬁ&%ﬁiﬁ 7 66 8.4 11.0 16.6 224
P2 g / 8.0 114 20.4 20.5 19.6
b 1»MPa+- =N
P / 62 71 10.6 16.0 19.5

MPa
b AL -
WERMEA ) Su7 aps2 936 655 302

%

H1 & 6 AN 3 T LA Y, — el T, i i
R | T A 5 0 BT e R stk 2, (LT
KRR [ MR A, PE-LLD 5t A% 7 24 K
A PE-HD JE iy, i hfiins B2 4 PE-HD A%, 53
A, Bl TS AR AR H R IE i, PE-HD JIE ) 474 i ik
N7 332 SN AFCRLAH BT 240 AR 25 AR K, 3 B
[K Sk PE-HD 5 1) 786 B 45, At S 7 A B AN 25 5
FEAE G, WA HL 2R B e A A R A
PE-LLD 5 ()R e i 7 77 228 40 385 o, [w] B r A 1
U0 I AR RN, 3% 5 PE-LLD JR A4 25 B A/ IV
—F, WA, A SRR E R 03 i, PE-HD %
1 PE-LLD JIE 7 o s A5 e 5 184 i
3 it

(1) KT 4 A 1 45 19 PE-HD A PE-LLD
I 47 HL A5 T S 1% B 1) 5 A, 8 A P e S Rk K


杨超


SIS A IR PE-HD 1 PE-LLD 35 A4l 45 S MR 53

PE-HD 5 F1 PE-LLD 5 i) ) JE 8K, B g 7 fif
PE-HD JHI PE-LLD Ji (RS B2 20504 2.043
H11.556.

(2) 15 PR hir i 3 3R % PE-HD JJE 1 PE-LLD Ji
ARG b L SR AN, PRI EAT 1 35 A Al bk, HL
PE-HD [ 45 i LG PE-LLD JREE4

(3) Fiti 5 A 7 Ao 3 3 0 384, Je AR i i
PE-HD i1 PE-LLD 5 (4 S e JIi 157 g Az 5
PEBCRAR i, TR R R R MZISLE PE-LLD
I ) W7 24 e K SR A PE-HID IS /&7, T 7 0 3 3 45
PE-HD JEAI%.

S % Xk
[1] Rastogi S, Yao Yefeng, Ronca S, et al. Unprecedented high-
modulus high-strength tapes and films of ultrahigh molecular weight
polyethylene via solvent-free route[J]. Macromolecules,2011,

44(14):5558-5 568.

[2] VEEHE, DK, e, E RO /RGN T2 e AR

FHERITE ). (TR RbIRE, 2014, 42(12):143-147.

Wang Zhiyong, Diao Jianzhi, Li Long, et al. Study on mechanical

property and compatibility of polyethylene / waste natural rubber

blend[J]. New Chemical Materials,2014,42(12):143-147.
3] R AL TG SO S R B (B 1) B A8355 545

AT IIBESY [D]. dbat - AL TR, 2013,

Wu Jing. The study on orientation and strain-induced crystallization

of hnbr and its composities under uniaxial stretching[D].

Beijing:Beijing University of Chemical Technology,2013.

[4] Bhih, BRAEN | LR ZARIA R R S R L AT (1], AR

S FISRRMERT, 2010,31(2):149-152.

Zhong Lei, Liang Jizhao. Analysis of elongation flow properties

of high density polyethylene melt[J]. Journal of Huaqiao

University:Natural Science,2010,31(2):149-152.

[5] JHHbge, IMR IR AR, A B RE R O / RERRES ST B A KLY

il S HERERFST [7]. TREEERIN T, 2014,42(10):89-92.

Zhou Hongfu, Sun Junmin, He Ludong, et al. Preparation and

property of high density polyethylene / CaSiO; composites[J].

Engineering Plastics Application,2014,42(10):89-92.

[6] EHa, slioehk, 2/, A5 RPER A / R LIR IS & AR AT 4k

il 8 S AEFAWESE (9], TARMDEHIEIT, 2014, 42(11):59-63.

Wang Yan, Yuan Huilin, Li Xiaohu, et al. Preparation of waterborne

polyurethane / poly(vinyl alcohol) composite nanofiber by

electrospinning process[J]. Engineering Plastics Application, 2014,

42(11):59-63.

2019 F LBk AR X MRREDE 96.6 12T
it TN , 4= Bk AR FH SR A T S BASORE 2 DA 2012 48
i 58.7 4&%ﬁiﬂ§ 2019 4E1Y 96.6 143570, A AFHE K %
N 7.6%. H i BB R LSO T R R SR A

[7] Anbarasan R, Dhanalakshmi V. FTIR study of the melt grafting
of high density polyethylene with amino, sulfonate, and mercapto
esters[J]. Journal of Applied Spectroscopy,2010,77(5):619-625.

[8] Krakowiak J, Martins J A, Zhang Weidong. Effect of melt
viscosity on the crystallization kinetics of pre-sheared metallocene
polyethylene melts[J]. Colloid Polym Sci,2011,289(12):1 347—
1359.

[9] Feng Jian, Wang Long, Zhang Ruiyan, et al. Formation of double
skin-core orientated structure in injection-molded polyethylene
parts:Effects of ultra-high molecular weight polyethylene and
temperature field[J]. Journal of Polymer Research,2014,21(5):432—
446.

[10] E55 . FETHOCZE i E )y i 0 8 S Y Uhn i shi A

WFFE [D]. M - AERIHL TR, 2013,

Wang Mengmeng. Investigations of elongational flow behavior
of polymer melts based on the laser Doppler velocimetry[D].
Guangzhou:South China University of Technology,2013.

[11] Lee Sang-Young, Park Soon-Yong, Song Heon-Sik. Lamellar
crystalline structure of hard elastic HDPE films and its influence
on microporous membrane formation[J]. Polymer, 2006,
47(10):3 540-3 547.

[12] 2, KA, PRAES 55 IR UACR 3R 20 I IR A 45 4 AT
[7]. Bl2im i, 2006,51(15):1 751-1755.

Yan Chao, Zhang Jianming, Shen Deyan, et al. Structural
characterization of melt drawn polyethylene film[J]. Chinese
Science Bulletin,2006,51(15):1 751-1 755.

[13] Litvinov V M, Xu Jianjun, Melian C, et al. Morphology, chain
dynamics, and domain sizes in highly drawn gel-spun ultrahigh
molecular weight polyethylene fibers at the final stages of drawing
by SALS, WAXS, and 'H solid-state NMR[J]. Macromolecules,
2011,44(23):9254-9266.

[14]  FIRME, B A, RO, 5 | 2 R O SR S HR A B
AR LGS R IFST (1] I“fFﬂcI 2012,39(14):18-19.
Huang Zhaoge, Ge Guojie, Zhao Zongchao, et al. Study on the
relationship between branching degree of HDPE and their melt
mass flow-rate (MFR) ratio[J]. Guangdong Chemical Industry,
2012,39(14):18-19.

[15] T3 s, BEE, % 2L BB R OE T

R AEARIBTTEERE [J]. AL T HERE ,2010,29(2):250-254.
Ning Yingnan, Fan Juanjuan, Mao Guoliang, et al. Progress in
technology and catalysts for kettle-type slurry HDPE process[J].
Chemical Industry and Engineering Progress,2010,29(2):250—
254.

A IR K 22 N5 D , DR B RE AR AR 7™ i8R A
AR bl RSO L R 2 4 Ak B AR 25 30 A A )
B FAL T 5 UL, PRLIHGAE AR AT B AR M A 22 i T
4 320 o (3RER )


杨超




