o

VAN

E52% M s =S 4 Vol.52, No.7
2021 4£7 A ACTA POLYMERICA SINICA Jul., 2021

G B 2 R IE RS BN S PR 1 B 3 BB

4

%

4

N

Es:;
ik

E&7 A F RER REL RAR RER EHET

(P EAME TR A BRA AL TAFSERE bt 100013)

W E ORI M XFHEAT(WAXD), /M X ST (SAXS) RN SO G U (SALS) R Gu L R AE T
£R AR % B 58 20 (LLDPE) i 2 % L K I A A% 77 HPN-20E f4 LLDPE Ui ZE I8 () 22 2 R SR A5 454, IR0
% Sn R ELI] 43 A 5 i 408 FE BEL R 1 8 =2 I 1) 56 2R . AR T A% 791 1) 3k 48 S PN PE S AR 149 2 1) oy b %l 7 TD-
IND (T 4E A i) - LT 428 B 1) )P TR P A, Lk B oA G A g @R BBy, 7 LA & il iy MID T 4 AL
B 0 1] 8 IR I) 1 gt R AT A 2 . A% 3R A I A B T I A R A R TR 43 A D R R AR DL
b 7F ND J ] ) BETE AR B (Onp) (14 dt A BH S 0800, R i M RUSE o BB A LA B RO R ST 1 it P SR S 1
DL KA BB AL . R IAESS AT S OL T, SRR A B HE S 5 w BELRE 1 R S 2, R
HH—Fp e a2 = A BRI 25 A 28 Ry, B X TR T35 ND Jy [a] #3211 T A4 (110) 5 (200) 7y T8 B4 477 556 06 T

A ELAE, RAE SR H ) SRR PEREZ ] A &
KR RaoM, Mk, 45, U

PRI BEL IR P4 e X T HAE £ i B e Hh 1 B
o B FERE AR AT DL ZE K A i DR
Pem TR A A . WS s AR BEL R R R, 22
ATELBEAT R B Tkt 2 — . For, Boma s i 4
JoRHA ) LSS I ) BEVPAN SO K ZE R E I R
(WVTR)FIE B R (OTR). AR R,
ERMZEROIGPEEEE O ZNAHT &R
Serb. HET, $EEELEMREPE R 1 R 3 2R
TiiERAEBREM BRI IS PR Z, g4
B LIE- LRI RYI(EVOH))Z 4623, (HIXf#
RIS 2, W RBNI A, [
B A8 75 6, 2B A ) DG 925 [l A . 5 AN o v FELRR )2
H 1% FH 21 1452 = PE AR} BEBR 1 58 14 7772 BE
B AR TRET o8 A 7 E A R G R, DA
T AL A 30~ 1045

IR, RKOmEERER R E 2 5%
FEE o B JE PR R 5 A Y i) 3 8 TR 3 A ORI, — iR
WA, ¥ HR R AETE RS AE & X023, fr b
ghemBEiE, WA, PHRRYEREERLE . Hd,

4t A

g i XSO0 SRS B A R T T — 7T, 4
i XA T A SRR 4
in DX IR PRI T BB W REAE TG € TEAH Fh I IE 2
2, I FBOE & Y BUE G REN 4.

VBN I A A HES 1) 7 2R BLId e s e 4 B
BRECEHBE M, 4252 =0,
A 28 G U n) I 7= A T AT B AR I IBE PR
K. B AT OA — e fi sl ah ik S5 i 555
A FH OCHK . Barros 55U519¢ T 2R VEAIC %5 BE 3R &4
(LLDPE)# & B Fe e W], i it 3 UK & Pk Y
G, FEATAS 25 SR FERG N, S AR R () 3 s
#3 LLDPE o5 S8 SF/KZR NS IE A — e FEFE
B, FF HaX — A4k 5 I R e R R AL 4 B
H K. Breese B FL 1 HU ) /=1 0 1 5 Ry 2 FE R
LT TER K oy AR S SRR M RE, it A X
LEHTHH(WAXD), /NMA X SFEBUR(SAXS), W
SRPRIA B AR R S ARG R R, RS
PR RE ROBE BRAE T B . AR, 53
b JURPEE AR AR L, H XU 5 2 1) Hermans HXA)

*2020-10-30 Yk, 2020-11-2318FF, 2021-01-20 MIZEHIRR; P EA AL TR AT B wl R B (451 55 217009)%¢8) .

@B R A, E-mail: tangyj.bjhy@sinopec.com

ARSCIMATHL - SCEFRERE, 5 1E 30— RIEAEAS T2 http://www.gfzxb.org.

doi: 10.11777/j.issn1000-3304.2020.20239

775



776 &

n T

¥ i 20214

PR 505 L B 1 B P AR A A A O . B P e e Lk
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(P K 0.1542 nm), K VANTEC 500 —ZE IR0
B, HER N 1024x1024, 153136 um x 136 pm,
KBRS, B BIERI 282258 99.3 mm.
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Table 1 Sample information.

C tent ® Densit Ml e
Sample M,x10*% PDI2 Comonomer type omonomet conten sty .
(mol%) (g/cm?) (g/10min)
DOWLEX™ 2045G 12.7 3.85 1-octene 2.6 0.920 1.0
DFDC 7050 11.0 4.10 1-butene 39 0.922 2.0

@ Measured by GPC; ® Measured by NMR; ¢ Measured by Melt indexer.
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Table 2 Thickness, water vapor transmission rate, oxygen transmission rate, and the corresponding barrier improvement rate

of the samples.

WVTC

Water vapor

Sample Thickness ~ WVTR (g/ (g-pum/ barrier improve- OTR (cm?  OTC (cm?-pm/ .Oxygen barrier
(um) (m?-day)) (m2day)) ment rate (m?-day-Pa)) (m?-day-Pa)) improvement rate
2045G 61 4.09 2.5x10? - 3.096x1072 1.9x1073 -
2045G+20E 59 3.50 2.1x10? 16% 2.345x1072 1.4x1073 26%
7050 58 3.86 2.2x10? — 2.735%1072 1.6x1073 -
7050+20E 67 2.78 1.9x10? 14% 2.048x1072 1.4x1073 13%
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Fig. 1 DSC heating and cooling curves of the samples (a)
2045G and 2045G+20E, (b) 7050 and 7050+20E.

Table 3 Crystallinity, crystallization temperature and
melting temperature of the samples.

Sample Crystallinity (%) T, (°C) T, (°C)
2045G 43.1 112.4 122.7
2045G+20E 41.6 115.7 124.3
7050 39.9 113.2 122.0
7050+20E 41.8 113.7 121.5
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Fig. 2 Two-dimensional WAXD patterns of sample (a—c) 2045G, (d-f) 2045G+20E, (g-1) 7050, and (j—1) 7050+20E, obtained
by incident along (a, d, g, j) ND direction, (b, e, h, k) TD direction, or (c, f, i, 1) MD direction.
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Fig. 3 One-dimensional WAXD patterns of (a, ¢, and e) sample 2045G and 2045G+20E, (b, d, and f) sample 7050 and 7050+
20E, (a, b) along ND direction, (c, d) along TD direction, and (e, f) along MD direction.
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A58, i B Oyp 22 38 . (200) & 1] £ 0°. 180° .
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(P58 AR, BB Oy 38X Opp 285 .

GEA USSR, BT AT 2R 45 ]
DLSE PEFI W Y, %F T4 i 2045G, I 20E J&5
Onp 259, OrpZik; XF T4 7050, HIA 20E
J& Onp FH Orp 855, Opp L5 .
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b axis

Fig. 4 Possible growth modes of PE twisted lamellae in
thin films.
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Fig. 5 The three main orientation of PE twisted lamellae
and their most likely corresponding diffraction patterns. (a—
¢) Oxp, (d=1) Orp, and (g—1) Oyp, by incident along (a, d,
and g) ND direction, (b, e, and h) TD direction, or (c, f, and
i) MD direction. The red line and dots stand for (110)
diffraction. The blue line and dots stand for (200)
diffraction. The dashed line represents very week

diffraction.
b Gas

Fig. 6 Schematic of the permeation path with the lamellae

(a) parallel and (b) perpendicular to the film surface.
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Fig. 7 Pole figures of (a) (110) crystal plane, (b) (200)
crystal plane, and (c) (020) crystal plane of sample 2045G,

respectively.
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i1 5 B R (110) 55 (200) & T 1 477 559 0 T AR B
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55(200) d THI AT S0 AR FUAELIE A Ryp.

FE ST %D, YEND 7 AT a B A, Xt
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W, T LA (110) b T ATSE 5 I, i
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Table 4 The ratio of integrated intensity of the diffraction peaks of (110) and (200) crystal plane in different directions, and

the degree of change of the ratio upon addition of 20E.

Sample Ryp Ry increase rate (%) Rip Rqp increase rate (%) Rup Ryp increase rate (%)
2045G 2.46 - 7.33 - 53.60 -
2045G+20E 3.99 62.2 3.85 -47.5 43.98 -17.9
7050 3.08 - 7.36 - 39.37 -
7050+20E 8.23 167.2 7.11 -34 17.17 -56.4

(110)5(200) & [ R AT 555 U 1T AR ) EEARL (Ryp) V432
IET 05 TAE Opp F1 Oy B A R & A4 9 ND 5[] (1)
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Fig. 8 SAXS images of cast film (a) 2045G, (b) 2045G+
20E, (c) 7050 and (d) 7050+20E, respectively. The arrow
shows the MD direction.



73 TREEAE . LMK IR I IR A N ) 5 LR 12 e 6 R AL 783

[6] . i PR D' 5 — ZE RS 2k (14 73 A 1 dn 11 9 iy
7 AT AR — 2 v AR % R BN B R AT

L &Bos,
fol(q)qZCOS(qZ)dq

f:l(q)qqu

X, K@ NIE R iR s L — 4 7%
FER R BREL,  1(q) Iy q 77 6] (SR 98 52 43 A
B 10 45 H T FF b 1R T R S D s s 7 6 A
A 2R, B ETT A H Y Hermans B A A1 1L
F 5. LA NN 20E 2 5, B 7050 4
(19328 75 1A v MID BB [ 55 B 2 T B X2 T
7050+20E ] Oyp 2 7 4 AN I 2E FEAE & P 85 i
Bt AL F i IRV 77 TR0 v MID [ E ) B e i

M K(z) () —4EAH S R EnT 73 H AT tH 44
FESIT T2 07 ) 1 JE B (d) B2 i X P (L),
HHNTES . ATLLERMA20E 25, 2045G 1]
BT B AN AR B, K AN o R 4
I, W T, A T ARHE N . T 7050 0N 20E Hi S I Fr

K(z) =

a —2045G
——2045G+20E
£
S
=y
&
[}
£
02 04 0.6 0.8 1.0 12
q (om™")
b —— 7050
——7050+20E
s
&
=
&
Q
k=
02 0.4 0.6 038 1.0 12
g (am™)

Fig. 9 The one-dimensional SAXS scattering intensity
distribution of the thin film samples along MD, (a) 2045G
and 2045G+20E, (b) 7050 and 7050+20E.
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Fig. 10 Azimuthal profiles of the SAXS scattering intensity
of (a) 2045G and 2045G+20E, (b) 7050 and 7050+20E thin
film samples, respectively.

Table 5 Hermans orientation factor, long spacing, and
thickness of lamellae of the samples.

Hermans

Sample orientation factor Ay (nm) - d, (nm)
2045G 0.28 14.3 5.2
2045G+20E 0.27 16.0 5.7
7050 0.27 14.8 53
7050+20E 0.12 14.4 5.2

Reference direction is along MD.
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Fig. 11 The SALS images of (a) 2045G, (b) 2045G+20E,
(c) 7050, and (d) 7050+20E. The arrow shows the MD

direction.
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Study on the Relationship between the Orientation Structure of Linear Low-
density Polyethylene Cast Film and Barrier Properties

Cui Su, Min-qiao Ren, Cui Zheng, Xue-rong Yao, Xue-fei Jia, Li-ping Hou, Tao-yi Zhang, Yu-jing Tang"
(SINOPEC, Beijing Research Institute of Chemical Industry, Beijing 100013)

Abstract Wide-angle X-ray diffraction (WAXD), small-angle X-ray scattering (SAXS) and small-angle laser
light scattering (SALS) were used to systematically characterize the multi-level condensed matter structure of
linear low-density polyethylene (LLDPE) cast films and LLDPE cast films with the nucleating agent HPN-20E.
The relationship between the barrier properties and the condensed matter structure of the cast film is studied. It is
pointed out that when the crystallinity is similar, the orientation of the crystal is the key factor affecting the
barrier, and a quantitative orientation structure parameter Ryp is proposed, which is the ratio of the diffraction
peak area of (110) crystal plane to the (200) crystal plane when X-ray incident along the ND direction. The
relationship between crystal orientation and barrier property is confirmed. The main orientation of PE crystals in
the cast film without nucleating agent is the spiral-oriented crystal with b-axis as the helical axis, where b axes are
in the TD-ND plane. The PE crystals in the cast film are rarely oriented with the b-axis along the MD direction.
The addition of nucleating agent changes the distribution and orientation of the crystals in the cast film. Among
the three typical orientations in PE films, the spirally oriented crystals with the b-axis along the ND direction
(Onp) possess the worst barrier performance. Therefore, when the crystallinity is similar, the lower the Oyp
content, the better the barrier performance of the sample. A larger Ryp value indicates a lower Oyp content with a
similar crystallinity. The Ryp values of the two PE samples are significantly increased after adding the nucleating
agent HPN-20E, indicating that the Oy, content is significantly reduced, so the barrier performance is improved.
The Ryp value of sample 7050 increased more with the addition of nucleating agent, so its barrier performance is
improved to a greater degree. Moreover, the addition of nucleating agent also changes the size and orientation of
the lamellae, and the microscopic aggregation of the crystal. The results showed that crystal orientation is a key
factor affecting barrier performance.

Keywords Polyethylene, Barrier properties, Crystallization, Orientation
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