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Abstract

The film structure wields huge impact on the performance of the
film product. Investigating and controlling the film structure is essential
for innovative film capability and versatile film properties. In this
research we used the polyolefin to make porous films. The designated
crystalline structure of film was achieved through adjusting resin
compounding and casting processes. Blend formula was based on two
grades of polypropylene and polyethylene with different melt flow
indices. The two components, with polypropylene as the matrix, are
blended on a twin-screw extruder; and a single extruder was used for
casting film production. Polypropylene offered the benefit of enhancing
the mechanical strength of the film, and polyethylene induced
inhomogeneities in the blend films. The blend films were subject to
annealing for enhancing the film crystallinity. Finally, the porous films
was formed by annealing and stretching. Characterization methods
included the differential scanning calorimetry and the thermo gravimetric
analyzer (DSC and TGA); Wide angle x-ray diffraction (WAXD) were
used to observe sample crystalline structures. Finally, polarized optical
microscope and scanning electron microscope (POM and SEM) were

used to observe the differences in structure of various porous films.
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PP/PE(70:30)-Pellet % gig e gl g 0 e PPIPE & 9RSE

PP/PE(70/30)-Film i * PPIPE % & = & g5
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3-2 £BPUHF 32
FEUR AR 2 g

SRS SRR S MICTO%) e B ML = & 4 &9 & e (73R %

Primary Feed Vent Die

’ :

190°C  200°C 200°C 200°C 200°C 200°C 200°C 200°C 200:C 200:C 190°C

0[1[2|3[4|5|6|7|8[9]10f )

A0\ Y\ N NN NNl T\ NNV B e B DAY Y 0 e 8 B N A WA R
3 - - > - —-—aA S, & D - -
=3 A e A, SpS e :l'n.os > A ® ©
S § 2% R XEZEERLTRECSSE : ZZ
- B EX ok g -
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ARHEVAR R KM RF G F M HE B R R
IR MR F (315020200 AF % L5 PP)IE L 24t
A% MIE % AR 5 (3572000 ~F S5 PE)RM b % L

g E£E o ok 3-3 97T o

70% 30%

PP PE

% 3-3 £l (E R )

3-3 H 4T 4% w0 SpAE % At

EREA T KA S HIE (R 5 L S R 31505 TPS-96)
AR PR Ed Sl el KRB AR T B SR
PR AR s (73 IR g s il - a2 SV A

SRR o
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TSR o
#eimd iR fs 2 £ - R T B AR Wk SLieT B
BREE(F 34)- @ﬁf/?ﬁﬁﬁﬁ’*ﬁ Z R il I if &g iR

(£ 3-5)F 3-8 Hag ot o bl d HO )k B4 AR tha it

MWD SR M R A2 DERNCR Y REE TSR TR

B =2 '
H
!

23Rl A 2w L B o

b - B E Pl B
Die

e A Sv# Sv 4 4r
190 195 200 200 205

3 AFIEEN AL ERRTE(E 2 °0)
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(=i
L3
(w

|

LR R e

& ¥ B R
T BE 2 oL
(ml/min) (m/min)
PP 35 1.3 30
PP/PE(70:30) 29 5.6 20

% 35 &M LN AHmFF 2 EBERERKR A

3-4 % BRUCHE S (MD)w X 4

3-4-1 » &

Bem SRl AT TR A RFEREBFY N I FHE L

R AR AT (£ 3-6) w4 10~ 30~ 60 - 120 min -

N _ ‘},, .)\r ‘/‘E ‘_i" .)\, B?_? FEI&
R 0 (min)
120 10
o 130 30
140 60
150 120
120 10
| 130 30
PP/PE(70:30) 0 .
150 120

236w VERZPFFX T
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woUPRELY A PHIER LT BAT f77 BT S EAT 120°C

130°C ~ 140°C ~150°C » = p£R¥ 10 ~ 30 ~ 60 = 120min -
3-4-2 w L i

M SRR B R A L 20 mino @ a4 B Ok
" 5 Instron 4|5 5 4467)i2 7 MD & w45 ¥ FE R & BT H 4o B

s B < 5 ASTM D638-1V = ® & 2 ® & & 5 50 mm/min»

PEUZEHRZTNALEFEFY LI 60 mn BEERRHEFLEFD
;ﬁ%‘ °
. 2 aE 5 E#E ik w ol PR
% BRI |
(mm/min) (%) (°C) (min)
20
PP 50 40 140 60
60
10
PP/PE(70:30) 50 20 140 80
#3-Tw ViERZ PP 8K T
PRRBEY BRFNFR R PmEE ST RRELT o B PP

= 20% ~ 40% ~ 60% > & "%

PP/PE(70:30) = 10 % ~
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3-5 ¥ (TD)& W @WK 53vs

FHEAELILSOMMmMNn:&FEe > 25 TD %> 328 %

el BRI APA YA BT XRET B ERE T B HPRE

R £ & % (TD) % 2 (TD)
EL ,5%:93—
(mm/min) (%)
10
PP 50 20
30
PP/PE
50 °
(70:30) 10

# 3-8 TD £ 1 Sdick T

BE SRR Y BAFPE AR PHKER LT TD v %
B” 0 B PP 510 %~20 %~30 % &% PP/PE (70:30)% 5 % -

10 % -

3-6 M AEA

3-6-1 ##% T 3 B4t (Scanning Electron Microscopy » SEM)
THHMELT* F3 DHFHABET T AHALREY - A&

ZRFR R GREHTF Afrsd P 23 8% g I ko =%

TF AT R T T RS S IV R Y 3 BIRE
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BE LMl Rk e ARTR G BEE LEBE 7 F4 (Vapor
Deposition)# + — kv £ R EA iS40 > BF LR P29 %K
SE AR VAR U ET R B (TR 0 R BRSO
oL R dr R M BFL S PR f  (Thermal
Load)®: 45> 11 2 ¥ . 4 & F 2 end 5 # F(Charging) ik % - Bt 7 ¢

JEOL Co., Japan » #|5% @ JSM-7000F -

3-6-2 i Bg 4t (Polarized Optical Microscope » POM)

B-L e W3 N A BRaEfs 0 L2 Sk B & pedi (Nikon» E400)

ﬂyg}

BL% WS HEA H Ok R i Btk il 0 11 2 B MD 2 TD H bt

B ia 28 oA AR EESNII LG LR o

3-6-3 B & X-ray ¥%+(Wide-angle X-ray Diffraction » WAXD)
TR E P L o TR 2 Xk ROICR ¢
SHIMADZU > 455 : WAXD-6000)z_ 4% =7 & 5 40kV > & /& 40mA -
e (e ke A = 0.154 nm) > SestgE Rl s 107~407 - @

B i 2°/min e
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3-T BT A7
3-T-1 -+ £ # # #+ 3> (Differential Scanning Calorimeter, DSC)

d #4445 % (B 5 Perkin Elmer » 4135 % Pyris 1 DSC)i| £ » fie

=i
)
A
)
DS
&
( N
IS
m
2
<
¢
-
"R
Rd

B2-60°C> aF %Y ¥ rF o0 @
LR ETHRSELF R e HABAE D T4 T0°C T i
12 ] UFEEk S ERART BREEE N Ong i fhEEY
H AR AR FF L 0-200°C > & 0°CT§5 A4 0 2 10 “C/min 2

2 BT

g ke 2 10°C/mMinzZ iR o EFA A

R
\V&

®
5

3-7-2 # £ & #7(Thermal Gravimetric Analysis, TGA)
I # € 447 &R (Fi% % TA Instruments > 4152 5 Q50 D&kl - 4

BEARRP R EE £

W

L+51&@Mﬁw’gg

\“‘\ﬂ

BEAET E BT AN VARELRLBE 5 BESE
10~20mgz fF > &% % § 0BT > L F#EF 510°C/min> 4R

d 30°C~700°C -

3-8 RHY L HIL Rk

Wiwsatmgs 2 3RHI Losrlda 2.v Ve 3TDE
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Step?2
Stepl v ok Step3
SR A Step2-1 Step2-2 TD W W& 539
T BE
L MD $= #
5 FWER | BER | PR [ HEE # 5 EE i@
b2 301
(um) 0 CC | (min) [ (%) | (mm/min) [ (%) (mm/min)
120 10
20 21 20 10
130 30
PP 30 24 40 40 50 20 50
140 60
40 30 60 30
150 120
120 10
30 15
PP/PE 130 30 10 5
40 19 40 50 50
(70:30) 140 60 20 10
50 24
150 120

(‘H}

239 &4 I f R
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SRS S B R BT ST NP O A R EERAE L o
Bl4-1 a2 4rif R 7 T ez Bae o G 2T b i i
EERRIe A TR 2 MR 2 PP R SR L s W B

—~

B BT BT EITL S LR .

32

30 4

28 A

26 -

Draw Ratio

24 A

22

2 O T T T T T
15 20 25 30 35 40 45

Film Thickness(um)

B 4-1 PP % BpMd 5 Arde i 1L chBl %

ORI EE T aE frgg_—)g_ SRR %o 2 AR K PR AR > #]1F
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MEAEY Bk uE WL RIZRF] 300 X E A R4 £F] 5 iE % enag @t
P Em AR TERY ApE F A T R RE T RE LY

NH TR F R RN IIVEERGE 20 um o F 1S

-rm

TR 2B SPCE R W 300 5 5 20 un fh- R G b

2SR

4-1-1 DSC # #7

d B 4-2DSC » 47 B # PP-Virgin & % 45 PP %4 ~PP-Film

APPSR E R MOng e R ARSEY  BAR
T F 5 0-200°C A% i ¥ 5 10°C/min > # PP 94§24 SpAE

'&Lbﬁi,ﬁié‘— b A )R SRR f?ﬁ;m_}i’ff”ﬂ“/\g “&5&’«‘3‘??&&%?‘5 ’

FRI R B S IR e L g Rk B R

S DEREARERCREFHRE O BH Q‘L’f#—#fl 0o Fpt g RARIT O S R
Bfrgg - xR G Bi Bho 3 BiREDEH FHER IR

B AR Ft O R R BIAVR - A R AR G { RT B g s 0

&

LR T R4 Shfrse L B B B X B 5 {85 @ % ik Bk
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(POM) o =+ &k (SEM)iE 7 ¥ 7h e 3 -

- s - KR
— el — P
s 0l . 10 1115
% 166.7 \
| 7
163.9 | 112.3/
i Tem pjenrnatu re(°Cc) b . Temperature('c)
= =R
— PP-Virgin
- PP-Film
g oo | 163.4\
162.0/
§ Temp:euruature(“’(:} - -
B 4-2 PP s fem 5% DSC £ 17 5
- Z g s &Ap - %R
Sample
To(°C) | AW(J/g) | TaC°C) | AH(J/g) | TC°C) | AH(J/g)
Bk 166. 7 60. 0 163. 4 56. 1 111.5 -73.5
A SR 163.9 52.4 162 51.8 112.3 -60. 2

% 4-1 PP %o 5555 DSC #cdi

46




4-1-2 B ¥

d B 4-3 o SR 4 o OM 4 7 B> %gd T % &g s (POM) e & +
B pcsL(SEM)BLZ PP » S50 4 o St L B fachm (2 %14 F) 5 5 SR
WiITEARY FARFEEERG LSRRG R AHMET BLET
FORER R IR FMD 2 e 2 £ RIS R B F LA
BER/ROD)> w2 £ 0 30 FERA G NE G BhH S £ N WS

f%

fen

1700(:1.‘3 '}z' i i @ E’?Pgwwﬁﬁ -ﬂ "R YA - J' itt%aaafﬁfg IIOOC ’

ﬁ%ﬁ :5%E§§\‘ i J‘; ﬁ-ﬂ %‘ BBB %*ﬁ-% it oo
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Bl 4-3 PP OM B %= SR 4 w

SEI 10.0kV  X1,000 10pm WD 10.2mm SEI 10.0kv  X1,000

10pm WD 10.0mm

Bl 4-4 PP SEM g% SR %4 w

B 4-3 ¢ > B R BB R T SRNCA B 7 B RPE R LS
FHERH T F T g PSRBT W SRS R R AR
fo g BERIIZIT0CH R ™ e h Rl ipmt > 8128 dnin

FURIeSRER 2R o a B TREAR FEIRHER

48



110°C & 2 {58 » 55 % B 4o 23k & #03) jis 2138 - 53 DSC = =x = 8 s
RPN S AP 7 IRP T SR A P F) 5 W SRS AR
RS Ralgh B aEs o Bl4-47¢ 0 T F RS (SEDRZ R

o BRAE A B L B h g SR A e A8 0 7 u—Jﬂi IR A5 MD

4-1-3 X-Ray i ics 7

Bl 4-5 X-Ray S5t 5 10°~40° > i 5 5 2°/min - & B3 %
BQFHEE20 31 B Au 5 14.17-16.97 ~18.67 ~21.67 %
21.9°7 % > & X-Ray A 45 ¥ ¥ MBLBFIR[F F 9 S cni s )
4235 JHRIT A R T BREPE R A DA B BB > 8 AR R B

B R SR B ’f#ﬁt% I LER TR ARG P R
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8000

; —— PP-Virgin
16.9° PP-Film

6000 -
14.1°

4000 - .
18.6

j 21.6 .
2000 - \/\ \ 219
et A/
l;“’f 1

‘ |
” \“’"’J\mmw o
25 30 35

intensity(a.u.)

10 15 20 40

20

B 4-5 PP %4 fott 5p4 X-Ray %554 4 47

20(°) g 1o
14.1 (110)
16. 9 (040)
18.6 (130)
21.6 (111)
21.9 (131)

4-1-4 PBEFT L4

d B 4-6 = ® RIFEY > W@ F 5 50 mm/min > B R PP Bk
STRITRARER W RS > ERL 3mo A EF P ED ek
SR SIRE L B R RS TR R BRI ACE D
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PR e P EE A B W Y R L UTH o A d PP W ERceT
PoQErnP @R LI AREHEZEFM 2 w2 L T
PirFM > e R REDEE T EPERRE oA - F TD

Fod PN e fe Rt e ERFD FPRRBRE LG

180

—— PP-Virgin
160 A PP-MD
—— PP-TD

140 +

120 4

100 +

80 1

Stress(MPa)

60
40
|
20 1 "
0 1 T

0 50 100 150
Strain(%)

® N pgem

Bl 4-6 PP ¥ Ao g it ¥ JpIE B

4-2 PP » Zpgw L

4-2-1 # Bp¥w L 1

AR A T AP VY o BT ZRA40°0)T w4 20min
Bisieivgim (MD)& » 2P 22 H a%imdy &5 L 40nin -

Bl E R TR SRR B AAME R G T W
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4-2-2 = LB R B

7
(\x
e
Ny
=g
i
A
| ‘3\
\\ﬁr
H
“J
_‘&
(s
g
o
o
=
.4;
\]
”ﬂ

B E s 60 min-> d DSC v 2 X-Ray #R|¥ ™5 15 Spiisd v B

AR 1200C~130°C~140°C~150°C w X fe » 4727 R FH P b

B AL ¥ A 140°C B 5 P A 0 2|47 PP w Rk 4w
BRAOE140°C =+ B AR & 150°CRP P Fm g AL IS G
IR RS R BREFAINAGREATE R EREH SRR
ST TR L AT S Mg AL R BB R AR R
SRACER R B WS ATA % 150°C i Fw v e X-Ray A4 o

9%

W

IR E B R 0 A 120°C w L B B #3E o A
SRR R g HRERES Lo v igd 140°Cw V1 W SR

G as R BTR A T LS UEEEE B N R enit 5 ad
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FAR R > @ a5 150°C w L5 W SR 5 G T & B
BAARIZAZLEE T EREFPE E T I %RERE 140°C 1

L b RER -

PP-150
—— PP-140
150 7 PP-130
—— PP-120
2 100
= 100
1
[=]
2
© _L
@
T 50 -
0 -
50 100 150 200
Temperature(°C)
8000
PP-150
—— PP-140
T PP-130
A " 16.9° —— PP-120
6000 -
14.1
: |
A
2 4000 -
2 .
3 186
£ / 21.9°
v 21.6° |
2000 I }\ \
| P
/J \%\
L e
0 ; ‘ . - ‘ :
10 15 20 25 30 35 40
20

B 4-7 PP % 5%*C % v X 8 B DSC fr X-Ray #4544 17

4-2-3 % X B 4P
BB - HFemin o d W48 w VER ALA140°C i L

SR PP F 2 £ d DSC A X-Ray WiRle B3 R

53



e N EERF A 5] 5 10~ 30 ~ 60 ~ 120 min 0 Ay VPR 5
R P chad hal 2 4 s o P B R R s B 10 A4
g ld SR O AP R BB B B SR 0 AF R
PSR R In @R F GRS E 60 min ¥ U S gl o

X-Ray # iRl % Spoceng o @255 & > & 10 min PF3ugiss @ o

743 gd w430 fr60min f8 o AEL R < A 0 HiEd AUEL
55 B 3| T BRAenit R iR R B 0 120 min w X f84p 4 60 min

TRF PR SH S SR TIEY 60 min 2 AF R LR o

PP-120min
—— PP-60min
150 4 PP-30min
—— PP-10min
g 100 -
£
E
L=
o
@
I 504
04
T T T
50 100 150 200

Temperature(°C)
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10000

PP-120min
. —— PP-60min
16.9 PP-30min

8000 1 : —— PP-10min
141

l
6000 -
4000 | ‘
2000 A \J ‘
.
0 15

B 4-8 PP v 55" B w L pF R DSC F= X-Ray K L AR

intensity(a.u.)

T T T T 1
20 25 30 35 40
20

4-2-4 %5 QD)= &

d B 4-9fr 4-10 % 5 o2l T S HER ) 5 7R 0 SRt

b
fref
5
paci
s
o
K2
1|
-
AN
=
v>‘_
=
35
£
a\
i
=i
W
—

in!

3

9
T<

rhiEle SRR A ERRE YA gRAADPE R EE TR
AF Y PPagpiand L2 20% 40 %60 %= B EE 5 F
Wi F 5 50 mm/min - w X g (SR 5k R s (PO T +

MG (SEDBZ T B4 6 DS H BHERL > N2 2RV EE

“iig A PP BRI A B L o
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B 4-9 PP svcw LW £ 5 OM A 49 B

10pm ) ] A X1,000 10um WD 10.2mm
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SEI 10.0kV X1,000 10pm WD 10.2mm

X1,000 10pm WD 10.4mm

B 4-9 4r 4-10 ¢ % 5894 & T 5w

{eﬁ ’ «ﬂ %E} MD - ré'if_f‘i 4 3§‘§$‘BBB:%*#- ’ g@ﬁ%‘is

PRSP oo ¥ ERARSMD ¢ B R AR AT -

4-3 = (D)~ | & PP 5 3L 5C

d Bl 4-11 538 140°Cw L ¥ MD 4= 60 it se i & > in ¥

D> e Rt B h BB L ABRET A% o
TD = w41 2% %

EAREH T T M R AR E 10%
20%~30% > & ® & F 5 50 mm/min > £ = {8 @ * ik & s (POM)
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T B icst (SEM) L o 8 1

5.0kV X1,000 10pum WD 10.4mm

SEI 50KV X5000 1pm WD 104mm

5.0kV X1,000 10pm WD 10.5mm

50kvV  X5,000

Tum WD 10.5mm

5.0kV X1,000

10pm WD 10.5mm

5.0kV X5

B 4-11 PP % 3t %% 5 SEM 4 47 [
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LR A-110F £ 10%H & 5 519 500 & feens b B R

BTG PREORIABERE R P X P REOIVFAL B2 xS

2 MR FF S IR AS > RV ol E 2 L] R
390 e LR E R4 40 B W EAEY F R T
MEH VL L D FHRESFRE NS PPo SRl g 4 £ 35

3 4 m BRIV > {4 4§ 4 » HDPE n‘c’%ﬁml 5% o
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4-4 PP/PE & %% = Bg3%
4-4-1 PP/PE & %}

AR IR EARY e d R AR FHDPE)RH &%
EREUE AR S SREYis3 h R R R S
Foor g W B RmAhE TR R R AR E - R T R §
% PP T3 gkt ot £ B J0Wti de B AR F T BAE
PE - @ #& = PPPE(T0:30) %[ % &% > & W 4-12 WK BAz? e %

ZBAaume Wb g AT B FEE RS BRI R T

(‘ﬂ}
'f_"’_*
S
(@]
==

BN IR AR D i B T SRR Gy B

26 —e— PP/PE(70:30)

24 A

22 4

20 4

Draw Ratio

18 A

16 A

14 -

12 T T T T T
25 30 35 40 45 50 55

Film Thickness(um)

B 4-12 PPIPE(T70:30) & " SEHA B frde 0 14 B (4

se » PE s fF 4 SR o 0 PP fo PE e% 4p 5 10 6 00  (Fi A
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POV R PRSPPI - R AR SR T > A
W ERE AR 4G 3 e B 30 um~50 um > e Rl T G R AR o

SR B S S ok L R SR

‘\3\\-

B ETH BEY RER

30 um e E W BRI THL P & -

4-4-2 DSC # #7
d Bl 4-13 » PP/PE(70:30)-Pellet #* % ¢&8_PP/PE & "} 3g 4

PP/PE(70:30)-Film # % PP/PE & " = g% » & = ip| £ % > #-5mg th
Rt eREEY o BAKRTLFRS 0-20000 BARMESF S
10°C/min > #-& 3R PR EM SR > A—- D FP LS
B3 % 5 130°C 4= 165°C » PP:PE +* & 5 70:30 fe &3 pd & 4r4p
A2 FIARC GV RFFRE I LN > R APE R
g XV N ERGRRTFIERC FIRP G AP E K F
KPPRERAETY L FEHEERM S GRER] o - R 40
PP{rPE cn f i B2 ¥ 23T T ERER NG REREAE o =
AR G RE Sh S BRSIS S SRR IS AR 11 B

B RS pE - AR AR R RS 50 IR R
R SR B SRR AR > KR R ERE(POD-R

A st (SEM) e 7 7 ¢ e o
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=R - X "ER
—— PP/PE(70:30)-Pellet —— PP/PE(70:30)-Pellet
PP/PE(70:30)-Film PP/PE(70:30)-Film
150 4 150 4
_ 131.7 1655 - 114.1
= 100 - = 100 \
£ £
: 2
E 5 ’
@
I 504 T 504
130.4 164.2
04 112.9
50 100 150 200 %0 100 150 200
Temperature(°C) Temperature("C)
- I
- =x# (X

—— PP/PE(70:30)-Pellet
PP/PE(70:30)-Film

150

130.2 161.1

100 - \ \

Heat flow(mW)

50 q

w

160.9

T T T
50 100 150 200

Temperature(°C)

B 4-13 PP/PE(70:30) & # = 5" DSC # {7 5

— IR —RFE — R
Tn(°C) AHn(J/g) Tn(°C) AHn(lg) | Te(°C) | AHc(/g)
131.7 | 165.5 | 36.9 | 33.8 | 130.2 | 161.1 | 36.9 | 33.8 114.1 -71.8
1304 | 164.2 | 33.3 | 31.6 | 129.7 | 160.9 | 325 | 30.3 112.9 -60.3

% 4-2 PPIPE(70:30) & %% # fom 55" DSC #cdy

62




4-4-3 BB
d Bl 4-14 500 SR 4 G OM A 47 > FFd & B s (POM) {r

T BB (SEM)BLR & %5 SR 4 G S B B e 18 8 1 e &

B e RS TR e R A G RARFEEEREL SR

B R L EACET BRI G Rk R ] ik ¥ MD B o 2

£ LS S B F A RBMMD) w2 £ 5T AGRA G R

RS

!

i 20z

B 8o B ¥ > 4T S0 Y Hot Stage e 2 170°C # 0 SR

5

-
o

T

+ R I}"]F’il{tﬁ%‘aﬂa‘/‘ﬂfi 110°C > E_,%‘f’#g W R4 w %ﬂ.
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B 4-14 PP/PE(70:30) OM % & %= 54 &

10.0kvV  X1,000 10pum WD 10.0

SEI 50kv  X1,000 10pm WD 10.1mm

Bl 4-15 PP/PE(70:30) SEM L% & % % F% 4 &

B 4-14 fr 4-15 ¢ > &0 B4 6 @ 20 RHRT AP F 9700 4 6
BHIPH $HREY PP EEFIE LR L BHFEALL FDAT
‘e AR i 140~150°C prd +t PE 3 R i e 55 A B s
ot IT0°CRp™ e h v Bt > AR Snin @

G PR 2R o B b RSP IR G EE D B AR 110°C

XA RS Stk 5 B e Y 3R S e0 3 R R %59 DSC = &
hl—rﬁﬁfl R ""‘ ;N ;ﬁ] ?—/& ’ ;}’g‘_,? anl Eﬁﬁi@l l% r‘] :—3\ ?ngl" 4”/?%/3.

BArt AL 3 AR F g & 7 Fe ind B g 7)) o
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4-4-4 X-Ray %A 4
d W 4-15 S5t B 5 10°~40° > & % % 2°/min > R f 4% i
WHHE B 20 T BEat ko AuE 14.1716.9718.6°~21.6°

22197 oA Re i afFpE B S B 4N A21.57 % 23.7

‘_
W
N+
o
hn
(at)
—=¥
S
s}

N

38
H
%
=

RS
N
=
Tg
A
=,
jad
o)
=i

PP R R e R VIR A B A B Y o R T endE i
PR3 BREERC ‘TF g f R > ¢ BB RRP ’T“ﬁ » & WL a BR A

PR RA BRI R ANELR L e ERE DA PEREEF

ApFe 0 L E EIABLEGS 0 F R OB R TR e W eh 2157 # ik

% o
10000
—— PP-PE(70/30)-Pellet
\ PP-PE(70/30)-Film
8000 A 23.7
21.5°

S 6000 i
S
=
®
o
= 4000

2000 -

JL
0 T T T T T 1
10 15 20 25 30 35 40

20

B 4-16 PP/PE(70:30) & "%k fow 5% X-Ray $E8+4 47
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26() BHB’]{%'";’@'

21.5 (110)

23.7 (200)

4-4-5 LT A $
o Bl 4-17 end= @ PlzEP > £ © & F 5 50 mm/min > PP/PE(70:30)

B el R R YRR S S AR ¢ ey B

S TLEY ST FE AR T R T PR EXTIEE )
—HRAAREHEZEFD P e AL nFMD 2 e U R G R
e EE R R R o mLF TDRW » d b (IR g o = )

Gk ERFIFILWBRERARENL G A EH -
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180
—— PPIPE(70:30)-Pellet

PP/PE(70:30)-MD

160 -
—— PP/PE(70:30)-TD

140

120

100

80

Stress(MPa)

60

40
x x4 opk v

20 +

L% |

0 20 40 60 80 100 120
Strain(%)

4-5 & %% Sy L i

4-5-1 % ZpIw L P

W RS R AAMBEY A TR B Ao
RS T oW Vi PR ikt BRI BRAL S

4-5-2 v X R FE
AT AVERFEILE 60 mins 4 DSC 2 2 X-Ray &R # g

R $ SRR R d W 4-18 5 = B R 120°C~130°C~140°C »

67



150°C®» L5 2 % LR R R i o SR NN S ST
PRAEhiEfe R 0 i@ 58 0w SR &R o ] 4-18 ¢ DSC ' pi

2

N

EF MRS A 40°CH bR A 150°0CH X RF

S RBE 0 @ DSC 4 fiE T % o 2478 M Sk v L
B E140°C 24 fX-Ray 445 ¢ 9 SO ACE B R
£ 120°C w VLS RBE S5 0d AER A AR SRR LS K
fegt o Agd 140°C w % i 3 B OR B9 R P B S K H R
o A B U B S PR 4 T L UL R K R R e
o il ERAE TR 0 @ 150°C w v 2 i X-Ray # s & B i
A2 IR A SRR A AR o o (5 R SRE # 140°C 1+

L bk 2B R o

PPIPE(70:30)-150
—— PP/PE(70:30)-140
150 4 PPIPE(70:30)-130
—— PPIPE(70:30)-120
E 100
E
8
® N =]
]
I 50
04
T T T
50 100 150 200

Temperature(°C)

68



14000

PP/PE(70:30)-150
) —— PPIPE(70:30)-140
12000 - 215 PP/PE(70:30)-130
\ S —— PPIPE(70:30)-120
v - .
10000 - 37
5
8000 -
=
[}
& 6000 -
E
4000 -
2000 -
0 ‘ ; ; : i 3
10 15 20 25 30 35 40
20

B 4-18 PP/PE(70:30) 7 Z&*w L8 & DSC fr X-Ray e84 45

4-5-3 % L [ B

—\
2~

|

FEL - HFAEDL o 4o 4-19 v VIR R Bk 140°C
Wl chpE L B RF R ehd Ergs)sd DSC 22 X-Ray #ple B

Ay VEERF A B G 103060120 min- i Eaw X pERFAD

i B P Nk [hE 2 P PR 0 B R g e q}; o Ft & 10 min
S U P A BRI A AR R PR BT T BRI D A F R
e A, RS w® 4-19 ¢ R P g pE E A 60 min w L 18 <

by + = > X-Ray B SRUendF Acd g A 0 A 10 min PEIUEE

L

\oT
T2
N

23 %d w ol 30fe60min £ > MELRAE S LA 0K

‘1‘3\‘*\

dUELA R S TR G & R E R RE 0 A L 0 120 min
i¢ DSC fr X-Ray s yLiE iz § P Afec > #r0 g * 60min & v v ehps

¥ o

69



PP/PE(70:30)-120min
—— PP/PE(70:30)-60min
150 4 PP/PE(70:30)-30min
—— PP/PE(70:30)-10min
g 100 +
£
2
Q
2
]
[}
T 504
O T
50 100 150 200
Temperature("C)
10000
N PP/PE(70:30)-120min
.\\ —— PP/PE(70:30)-60min
\ PP/PE(70:30)-30min
8000 ~ X . —— PP/PE(70:30)-10min
215 23.7
S 6000 - M
&
2
B
3
_‘é 4000 -~
2000 ~
0 T T T T T 1
10 15 20 25 30 35 40
20

B 4-19 PP/PE(70:30) 7 Bp*w L g DSC fr X-Ray &84 45

4-5-4 %% (MD) > » 3

MR SR A TSRS SR R e el e d e LB R R L
¥R R A g N EF TR L WG 5 u’f#ﬁ%

v E R gt s PP SgRk ehb > PP/PE(70:30) & %% % SR K £

70



510 %20 %= B ER 530 %t W K EIA §F T AFEIETH

2y
247

IR A A AT AR > P F L 50 mm/minc w v 2 B

2]
202]

i

* if Sk B ACHL (POM) o2 F AT ACAL(SEM)BLE: & ¥ 3 Spi%4 & e

BARRN 2 2 R Bt S s W SR L B L

X1,000 10um WD 101

71



Bl 4-20fc4-21 ¢ m S o Fla v L €@ L5 B d %’f#i N
BB LW R RR R BERFERE- LPRES N
WEEARE MDD e BHARP R RS HRCSEEETD >

R H PBH&Q”‘{\? BE?\'—’i % Av\%ﬁé.;_ﬁiib ’ A@lﬁ"%\; 5 3L o

4-6 #=(TD)&® WF &% 53+ %

Bl 4-22 Fli Bl s e F M 2 w2 £ > PP/PE(T0:30) £ %%
RS 140°Cw v 2 R 20 WA AR ¥ TD
EENUECS R LR R DA SRR ER AR LIS SR V)
TR R LG Y T RMEEE > A5 D %10
%> 0k F 5 50 mm/min - £ i@ * ks PO)ZE T

MB(SEDEEF F D2 » W EReh s 4o B L8 -

72



SEI 10.0kv  X1,000 10pym WD 10.1mm SEI 10.0kV  X5,000 1um WD 10.0mm

50KV X1000 10um WD 10.4mm | SEI 50KV X5000  1um WD 10.4mm

Bl 4-22 PP/PE(70:30) & #% % 3t -4 & SEM 4 47 Bl

RIE g eRlgakedh o 10 W K ERSHELP RREY R

S S S ER L

-

ko T OUEFIH SR G o3 A Sk
eIt o R R RR L E AT 15 v W gAY S g

B o S0 A e

73



o-1 FilEa ¢

I. PPIPE & %% > F]5 3 R AR g h 2244 2 R Hir
BRARCGAARF T EEG Y o g5 P RDPP 2
HDPE # 14 -

2. BicHiERIEY POM 2 SEM ¥ 115 3] & ¥ h PP i i 4p 2
HDPE 4 4¢4p ©

-2 HIR W& % 5%

. ‘gd DSC~WAXD g3 7 ¢ &% Sphjaddice &) k18 iR e

TR

éuhn

P MD i RS R P AT TD 2 o 4 o

5-3 % SRAEE LW g g

L Bl RS SR ¥ 1% Bw V03 @ SR
o R -

2. PP % SgMEE £ 9 SRk e L iE® 5 0 140°C T w L 60

74



3.

4.

5.

4 DSC 2 X-Ray ¥ M#E:a 140°C T w L7 14 sefh 2 8 R o

W

PP #2352 60 % MD 22 # g I > 7 1232 = 2 fE R S
2o frds B o
& BRIt 30 % MD & RN > ¥R 2 T SR

H# e o B oo

5-4 TD 4.7 % § 3% e 5

TD ¥ P IR FREELIALELFARAE L TR

TR KRS a sd TDR W 56 SEM LR ¢ A 4 Sk

i
junl
o

10 % Mg £ 0 PP/PE(70:30) & ¥4 % Spivt PP % SRAd F b A 4

W SR £ B R MR T IR e R MD 2 e W g g

-~

TSRS L SRR e A K TD S e T

75



10.

6~ 33 <

. Z. Li, Georgia Institute of Technology , Thesis of Degree Master of Science ,

2004.

Tabatabaei S. H., Pierre J. Carreau , Abdellah Ajji , ” Microporous membranes
obtained from polypropylene blend films by stretching ” Journal of Membrane
Science 325 772-782 2008.

Sadeghi F., Abdellah Ajji, Pierre J. Carreau ,” Analysis of microporous

membranes obtained from polypropylene films by stretching * Journal of
Membrane Science 292 62—71 2007.

Tabatabaei S. H., Pierre J. Carreau, Abdellah Ajji , “ Structure and properties of
MDO stretched polypropylene ” Polymer 50 3981-3989 2009.

Tabatabaei S. H., Pierre J. Carreau, Abdellah Ajji , “ Structure and properties of
MDO stretched polypropylene ” Polymer 50 3981-3989 2009.

Zhang S. S., “ A review on the separators of liquid electrolyte Li-ion batteries
Journal of Power Sources 164 351-364 2007.

Cho K., Fengkui Li , Jaeseung Choi , “ Crystallization and melting behavior of

polypropylene and maleated polypropylene blends ” Polymer 40 1719-1729 1999.

Jang Hoon Park , Joo-Hyun Cho , Woong Park , Dongjo Ryoo , Su-Jin Yoon ,
Jong Hun Kim , Yeon Uk Jeong , Sang-Young Lee ,” Close-packed SiO2/poly
(methyl methacrylate) binary nanoparticles-coated polyethylene separators for
lithium-ion batteries ” Journal of Power Sources 195 8306-8310 2010.

Luo B., Zhang Jun , Wang Xiaolin , Zhou Yuan, Wen Jianzhi , “ Effects of
nucleating agents and extractants on the structure of polypropylene microporous
membranes via thermally induced phase separation > Desalination 192 142-150
2006.

Jong Seok Park , In-Hee Cho , Sung Jin Gwon, Youn Mook Lim , Young-Chang
Nho , ““ Preparation of a high-density polyethylene (HDPE) film with a nucleating

76



11.

12.

13.

14.

15.

16.

17.

18.

19.

agent during a stretching process ” Radiation Physics and Chemistry 78 501-503
2009.

McCrum N. G., Buckley C. P., Bucknall C. B., Principles of Polymer Engineering,
Oxford Science Publication 20009.

Mark Geoghegana , Georg Krauschb , Program Polymer Science 28 261-302
2003.

FUMAME IIN REFBHA G HIOLHREFL 2, 3L FEH
No. 7, Jul.2013.

Haiyan Mo, Chixing Zhou , Wei Yu, J. “ A new method to determine interfacial
tension from the retraction of ellipsoidal drops ” Non-Newtonian Fluid Mech. 91
221-232 2000.

e ALY AP A RIS B RAE A S P2 R
WMERFET Rz 5514 % 2007 -

Thomas Knoche , b, Roland Lund , Oleg Prymak, Matthias Epple , Mathias
Ulbricht , Materials Today Communications , Volume 8 , P23-30 , September
2016.

Y.X. Zhou, N.H. Wang, P. Yanb , X.D. Liang, Z.C. Guan , Journal of
Electrostatics , Volume 57, P381-388 , December 2001

Amir Saffar , Pierre J. Carreau , Abdellah Ajji , Musa R. Kamal , « Correlation of
the melting behavior and copolymer composition distribution of
Ziegler—Natta-catalyst and single-site-catalyst polyethylene copolymers ** Journal
of Membrane Science 462 50-61, 15 March 2014.

Amir Saffar , Abdellah Ajji , Pierre J. Carreau , Musa R. Kamal ,” The impact of
new crystalline lamellae formation during annealing on the properties of
polypropylene based films and membranes” Polymer 55 3156~3167, 15 May
2014.

77



20.

21.

22.

23.

24,

25.

26.

27.

28.

Seyed H. Tabatabaei , Pierre J. Carreau , , Abdellah Ajji. “ Microporous
membranes obtained from PP/HDPE multilayer films by stretching ” Journal of
Membrane Science , Volume 345 , Pages 148-159,1 December 2009.

Sadeghi F, Ajji A, Carreau PJ. J “ Microporous membranes obtained from
polypropylene blends with superior permeability properties ” Polym Sci Part B
Polym Phys 46(2): 148~57 , 2008.

Yinzheng Liang , Sichen Cheng, Jianmeng Zhao , Changhuan Zhang , Shiyuan
Sun , Nanting Zhou , Yiping Qiu , Xiangwu Zhang ,” Heat treatment of
electrospun Polyvinylidene fluoride fibrous membrane separators for rechargeable
lithium-ion batteries ” Journal of Power Sources 204~211, 12 April 2013.

D. Fu, B. Luan, S. Argue , M.N. Bureau, 1.J. Davidson, J. “ Nano SiO2 particle
formation and deposition on polypropylene separators for lithium-ion batteries
Power Sources 325~333, 2012 .

M. B. Elias, R. Machado and S. V. Canevarolo ,” Thermal and
dynamic-mechanical characterization of uni-and biaxially oriented polypropylene
films > Journal of Thermal Analysis and Calorimetry , VVol. 59 143-155 2000.

Seyed H. Tabatabaei , Pierre J. Carreau , Abdellah Ajji , ““ Rheology of
PP/PP-g-MA and PP/PP-g-AA Blends and Incidence on Orientation and
Crystalline Structure of Their Cast Films ” Polymer 50 3981-3989. 30 June 2009

D. Ferrer-Balas, M.L.L. Maspoch, A.B. Martinez, O.0O. Santana,” Influence of
annealing on the microstructural, tensile and fracture properties of polypropylene
films ”, Polymer 42 1697. 2001

H. Kwang, D. Rana, K. Cho, J. Rhee, T. Woo, B.H. Lee, S. Choe , “ Binary blends
of metallocene polyethylene with conventional polyolefins: rheological and

morphological properties ”” Polymer . Eng. Sci. 40 2000.

Jong-Seok Park , In-Hee Cho , Sung-Jin Gwon , Youn-Mook Lim , Young-Chang
Nho ,” Preparation of a high-density polyethylene (HDPE) film with a nucleating
agent during a stretching process ” Radiation Physics and Chemistry 78 501-503,
20009.

78



29.

30.

31.

32.

33.

34.

35.

36.

37.

Benzhe Luo , Jun Zhanga , Xiaolin Wang , Yuan Zhou , Jianzhi Wenc , *“ Effects
of nucleating agents and extractants on the structure of polypropylene
microporous membranes via thermally induced phase separation ” Desalination
192 142-150, 2006.

Farhad Sadeghi , Abdellah Ajji “ Study of Crystal Structure of (Polyvinylidene
fluoride/Clay) Nanocomposite Films: Effect of Process Conditions and Clay Type ”

Polymer Engineering and Science 20009.

D.M. Taylor, T.J. Lewis , “ Electrical conduction in polyethylene terephthalate
and polyethylene films ” J. Phys. D 4 1346-1357, 1971.

A.Jawad, Y.B. Li, X.Y. Lu, Z.Q. Chen, W.D. Liu, G.C. Yin, J. “ Controlled
leaching with prolonged activity for Co—LDH supported catalyst during treatment
of organic dyes using bicarbonate activation of hydrogen peroxide ” Hazard.
Mater. 289 165-173 2015.

S. Mohanty , S. Nayak, J. “ Biodegradable nanocomposites of poly (butylene
adipate-co-terephthalate)(PBAT) and organically modified layered silicates ”
Polym. Environ. 20 195-207 2012.

S. Kasirajan, M. Ngouajio, Agron. “Polyethylene and biodegradable mulches for
agricultural applications: a review” Sustain. Dev. 32 501-529 2012 .

A. Prasad , R. Shroff, S. Rane, G. Beaucage “ Morphological study of HDPE
blown films by SAXS, SEM and TEM: a relationship between the melt elasticity
parameter and lamellae orientation ” Polymer 42 3103~3113 , 2001.

Y.K. Mishra, S. Kaps, A. Schuchardt, I. Paulowicz, X. Jin, D. Gedamu, S. Wille,
O. Lupan, R. Adelung , *“ Versatile fabrication of complex shaped metal oxide
nano-microstructures and their interconnected networks for multifunctional
applications ” KONA Powder Part. J. 31 92 2014.

S.J. Pearton, F. Ren, Curr. Opin. “Advances in ZnO-based materials for light
emitting diodes ” Chem. Eng. 3 51 2014.

79



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Harrats C.,Micro- and Nanostructured Multiphase Polymer Blend Systems: Phase

Morphology and Interfaces, United Kingdom: Taylor & Francis , 2005.

Nemanich, D.J. Smith, J.” Structural, microstructural, and electrical properties of
gold films and Schottky contacts on remote plasma-cleaned, -type ZnO{0001}
surfaces ” Appl. Phys. 97 103 517 2005.

P.K. Agarwal , R.H. Somani , W. Weng , A. Mehta, L. Yang, S. Ran, L. Liu, B.
Hsiao” Shear-induced crystallization in novel long chain branched polypropylenes
by in situ rheo-SAXS and “-WAXD ” Macromolecules 36 5226 2003.

R.H. Somani, L. Yang, B.S. Hsiao ” Effects of molecular weight species on
shear-induced orientation and crystallization of isotactic polypropylene ”* Polymer
47 5657 2006.

Xiang Zhou , Jiachun Feng , Jianjun Yi, Li Wang “ Synergistic improvement of
toughness of isotactic polypropylene: The introduction of high density

polyethylene and annealing treatment ” Materials and Design 49 502-510 2013.

Chaffin KA , Knutsen JS , Brant P, Bates FS ” High-strength welds in metallocene
polypropylene/polyethylene laminates ” Science 288:2187-90 2000.

Dasari A, Zhang Q-X, Yu Z-Z, Mai Y-W. “ Toughening polypropylene and its

nanocomposites with submicrometer voids ” Macromolecules 43:5734-9 2010.

Xu T, Yul, Jin Z. “ Effects of crystalline morphology on the impact behavior of
polypropylene ” Mater Des ;22:27-31 2001.

Paul SA, Sinturel C, Joseph K, Mathew GDG, Pothan LA, Thomas S ” Dynamic
mechanical analysis of novel composites from commingled polypropylene fiber

and banana fiber ” Polym Eng Sci ;50:384-95 2010.

Drozdov AD, DeClaville Christiansen J. The effect of annealing on the

time-dependent behavior of isotactic polypropylene at finite strains.
Polymer ;43:4745-61 2002.

Men Y, Strobl G. Evidence for a mechanically active high temperature relaxation
process in syndiotactic polypropylene. Polymer ;43:2761-8 2002.

80



49,

50.

51,

52.

53.

54,

55.

56.

S7.

58.

Boyd RH. Relaxation processes in crystalline polymers: experimental
behaviour — a review. Polymer ;26:323-47 1985.

Dongming Liu, Jian Kang , Ming Xiang , Ya Cao, Effect of annealing on phase

structure and mechanical behaviors of polypropylene hard elastic films. 2013.

GB/T 9341-2000. Plastics-determination of flexural properties. General
Administration of Quality Supervision, Inspection and Quarantine of P.R.C.;
2000.

Bishay IK , Abd-El-Messieh SL , Mansour SH. Electrical , mechanical and
thermal properties of polyvinyl chloride composites filled with aluminum powder.
Mater Des ;32:62-8 2011.

LiJ, Bao RY, Yang W, Xie BH, Yang MB. Effect of annealing temperature on
the mechanical properties , thermal behavior and morphology of b-iPP/PA6
blends. Mater Des ;40:392-9 2012.

Gross B, Peterman J. Synergisms of mechanical-properties in blends of

semi-crystalline polymers. J Mater Sci ;19:105-12 1984.

Hedesiu C, Demco DE, Kleppinger R, Poel GV, Gijsbers W, Bliimich B, et al.
Effect of temperature and annealing on the phase composition, molecular mobility,
and the thickness of domains in isotactic polypropylene studied by proton
solid-state NMR, SAXS , and DSC. Macromolecules ;40:3977-89 2007.

D. Ferrer-Balas , M.LI. Maspoch , A.B. Martinez , O.0. Santana ” Influence of
annealing on the microstructural, tensile and fracture properties of polypropylene
films ” Polymer 1697-1705, 13 June 2000.

N. ALBEROLA , M. FUGIER, D. PETIT, B. FILLON “ Tensile mechanical
behaviour of quenched and annealed isotactic polypropylene films over a wide
range of strain rates Part Il Relationship v th microstructure ” Journal of Materials
Science 30 860-868 1995.

Lei Caihong, Huang Weiliang, Xu Ruijie and Xu Yungqi “ The correlation between

the lower temperature melting plateau endotherm and the stretching-induced pore

81



59.

60.

61.

62.

63.

formation in annealed polypropylene films  Journal of Plastic Film & Sheeting
28(2) 151-164 2012.

Acro Felice, Napoli, Italy ” Crystallinity of isotactic polypropylene films annealed
from the quenched state ” Journal of Materials Science 27 4350-4354 1992 .

BaiH, Luo F, Zhou T, Deng H, Wang K, Fu Q. New insight on the annealing
induced microstructural changes and their roles in the toughening of beta-form

polypropylene. Polymer ;52:2351-60 2011.

ARE Lm0 T PRI RE R MR/ RS E T A F
197 A 106 o

WE GO ML o RIRE RSO ER STy Kk g

14> % @105% o

B MLl o FpmE 2 57 2 BERRIpE RImp f-7f
LRSFRBEFFAL 0 LA E 14 A ®I04E

82



