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Table 1 The basic parameters of h-BOPP and ¢-BOPP

1.1

Processing MFT" M,/ Tsotacticity! Ethylene®
Samples
rate” (g/10min) M, (% ) (mol% )
h-BOPP  Mid-low 3.6 ca. 5.2 96. 14 0
c-BOPP High 3.55 ca. 5.8 95. 89 2.7

* “mid-low” and “high” mean that the practical processing rate is
between 300 ~ 400 m/min and above 400 m/min, respectively;
" Under the condition of 230 °C/2.16kg;° Determined by gel
permeation chromatography ( GPC) ;%** Determined by '> C-NMR ; The
samples were dissolved with a 200 mg/mlL concentration in 1, 2-
dichlorobenzene-d, at 130 °C. All spectra were obtained using a

Bruker DMX300 spectrometer operating at 100 °C .
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AR iE GB/T 1040. 2-2006. XF T~ 2 FlyE B #£ 4% (h-



4 4

TR A5+ L K IR RO U 2R

VA 3 P BRI £ 25 i B (Y B 1 5 457

h-BOPP —{-CH;

CH;

3

CH;

3

¢-BOPP —(—CHE—(“H%:%CH:—CHE}:—f (‘Hz—cl‘HiT

CH,4

S
(|‘1[ﬁr— CHE—%H —f CH:—Li‘I[}; 6
a

Polypropylene

L]

CH o

3

Ay

~

/ bﬁ\ffe/ B

\

Ethylene unit

CH, b

Scheme 1 Chemical structure of h-BOPP and c¢c-BOPP
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Table 2 Melting behavior of h-BOPP and ¢-BOPP
Samples T, (C) X (%)
h-BOPP 163.2 44.17
¢-BOPP 162.0 44.6

T, : melting temperature; X _: crystallinity
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Fig. 1  DSC heating curves of BOPP; (a) h-BOPP and
(b) c-BOPP
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Fig. 2 (a) Melting temperatures of h-BOPP and ¢-BOPP crystallized at different temperatures; (b) Half crystallization times (¢,,,) of h-

BOPP and ¢-BOPP and their difference ( At,,, ) at different crystallization temperatures
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Fig. 3 POM micrographs of h-BOPP and ¢-BOPP crystallized at different temperatures (T,) for various time
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Fig. 4 ATR spectra of BOPP before stretching: (a,b) h-
BOPP and (c¢,d) ¢c-BOPP; (a,c) without annealing; (b,
d) annealed at 140 C for2 h
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Fig. 5 2,(972) values of h-BOPP and c-BOPP before
stretching
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Fig. 6 (A) Stress-strain curves of h-BOPP and ¢-BOPP
obtained by annealing at 140 °C for 2 h and without
annealing: (a) h-BOPP, without annealing, (h) h-BOPP,
annealed at 140 °C for 2 h; (c¢) c¢-BOPP, without
annealing and (d) c-BOPP, annealed at 140 °C for 2 h;
(B) Elongation at break of h-BOPP and ¢-BOPP

HRAE SR, 20 TS5 3R K A B 4
SO WA AE R R RE . AS AR bt A B, £ 1 4 4
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G, 70 T B S R R i 4 TR 5 AN BE R DL U
K, BBl h-BOPP Ly c-BOPP 1 I 24 ff 1< R 30T
IR K AR LI, c-BOPP 1) 45 i 18 5 1, H. 206 B Bt
(K3 A7 A, 015 2 45 52 35 PERT 22 , Ty I 2 {1 1K 5
[ERR AN FTPLE N I R AR (AP R T
L5 B A PR BE B R W B T R L AE - E A E R
GG 4 iy BB K AR BRI 53 5 R A M R 45 S
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Table 3 Elongation at break of h-BOPP and c¢-BOPP

Samples Without annealing (% ) Annealed (% )
h-BOPP 950.9 £22. 4 222.0+12.0
c-BOPP 943.4 £8.6 266.4 +£7.5

Notes: All values of elongation at break are averages from five

measurements. The presented errors are standard deviations.
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T g EOIN 6 35 ) 4 4 A 0 R SN 5 e S
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Fig. 7 DSC heating curves of BOPP treated under different
conditions; (a) h-BOPP and (b) c¢-BOPP; (al, bl)
without annealing and without deformation; (a2, b2)
without annealing and with deformation; ( a3, b3)
annealed at 140 °C for 2 h and without deformation; (a4,

b4) annealed at 140 °C for 2 h and with deformation

BEOK . IX A A A S A i PR RS AN BT SR 5
g i 8 A DR e R K b B R 4 M
ARG IR AL BE )RR 4 0 W7 A IR OK TR i
Fi 52 B G IR AE D, 2 i e B AR R 1 L
K AE i 2 (0 THR R o, B (23 7 B SR S K
A EHEST BRI 18 I 4B E K. c-BOPP
O T HE IR L% B T Pk, 2 BILAG T HR 4
fine T EL L AE R SRR TR FE Y, c-BOPP #5 il 45 1)
40 7N+ h-BOPP.

Table 4 Melting behavior of the undeformed and deformed regions of

h-BOPP and ¢-BOPP

h-BOPP c-BOPP
Samples
AH, (J/g) X (%) AH, (J/g) X (%)
1 79.7 38.1 79.0 37.8
2 92.1 44.1 87. 4 41.8
3 102.0 48.8 99.2 47. 4
4 107.9 51.6 104. 8 50. 1
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Fig. 8 2D WAXD patterns of BOPP treated under different conditions: (al, bl) without annealing and

without deformation; (a2, b2) without annealing and with deformation; (a3, b3) annealed at 140 C

for 2 h and without deformation and (a4, b4) annealed at 140 °C for 2 h and with deformation
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structural development upon deformation

Only the lamellae in radial direction were taken as an example
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Effects of Ethylene Segments on the Crystallization and Tensile
Properties of Biaxially Oriented Polypropylene

. . 1 . 1 1 . 2
Miao-ming Huang , Xia Dong * , Dong-sheng Fu' , Wei-huan Huang",
Lin-mei Wu’, Qiang Huang’, Du-jin Wang'
(" CAS Key Laboratory of Engineering Plastics , Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

(* Petrochina Petrochemical Research Institute, Beijing 100195)

Abstract  The melting behavior, crystallizing characteristics and tensile properties of biaxially oriented
polypropylene ( PP homopolymer for BOPP film (h-BOPP) and PP-PE copolymer for BOPP film (¢-BOPP))
were investigated by differential scanning calorimetry (DSC) ,optical microscopy (OM) ,tensile test and wide
angle X-ray diffraction ( WAXD ). The results showed that compared with h-BOPP, the isotacticity and
crystallization rate of ¢-BOPP were lower,and its half crystallization time was longer at the same crystallization
temperature. For h-BOPP and ¢-BOPP samples without annealing, the elongation at break was higher. However,
after annealing at 140 °C for 2 h,the elongation at break of both h-BOPP and ¢-BOPP decreased a lot,as the
more perfect crystallites formed. It was believed that crystals of higher perfection had less ability to rearrange
themselves under stretching and therefore could not sustain large extensional deformation. Since there are many
ethylene segments in the molecular chains that could inhibit the nucleation and crystallization, the
crystallization rate of c-BOPP was low , resulting in lower perfect crystallites after annealing. So the elongation at
break of ¢c-BOPP was a little more than that of h-BOPP. In addition , the crystalline structure was proven to be
partially destroyed under the extensional deformation,and the oriented noncrystalline molecular chains could be
easily reorganized into more perfect crystals in the post heating runs. Due to the ethylene segments in the
molecular chains of h-BOPP, the oriented noncrystalline molecular chains of h-BOPP could be easier
reorganized. This paper explained the mechanism related to the differences between the tensile properties and
crystallization behavior of BOPP with different molecular chains.

Keywords BOPP, Homopolymer and copolymer, Melting and crystallization, Tensile behavior, Deformation

mechanism
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