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Fig. 1 DSC melting and cooling curves of PP/soybean oil/
DPB blended with different nane-CaC(Q; contents
a)0%; b) 19%; ¢) 2%; d) 4%

Table 1 DSC melting and crystallization results of PP/soybean oil/DPB/
nano-CaCQy

Nano T AT, AH, T, AT, AH,
-CaC0; (C) () (Jg " ¢ (€) (€Y Jgh
0% 151.0 9.7 31.3 49.9% 108.3 5.7 -31.2
1% 151.3 9.6 31.4 50.1% 108.7 5.9 -31.4
2% 150.7 9.3 31.5 50.2% 107.5 6.2 -31.5
4% 151.3 9.4 28.8 45.9% 108.3 5.6 -30.7

T, »melting peak temperature ; AT, , width of melting peak; AH, , melting
crystallization peak
temperature; AT, width of crystallization peak; AH,, crystallization

enthalpy
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Fig. 2 DSC melting and cooling curves of PP/soybean oil/
DPB blended with different nano-CaCQ; and 0.5% pimelic
acid

a) 0% ; b) 1%; c) 2% d) 4%

Table 2 DSC melting and crystallization results of PP/soybean oil/[XPB/

nano-CaC0; and pimelic acid

Nano Pimelic Tp T &Tn AH, p T. AT,
-CaCO;  acid (T) (C) () (Jrg'" () (¢}
0% 0% 151.0 9.7 31.3 49.9% 108.3 5.7

1% 0.5% 136.7 151.0 9.7 30.0 47.8% 108.4 5.8
2% 0.5% 141.7 154.1 9.9 32.% 52.5% 117.9 5.2
4% 0.5% 137.1 151.4 9.9 29.1 45.4% 109.1 6.1

AT o, width of second melting peak
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Fig. 3 WAXD patterns for PP/DBP/soybean oil with
different nucleating agents

nano-CaCO, /pimelic acid: a) 0%/0%; b) 1%/
0.5%; ¢) 2%/0.5%; d) 49%/0.5%
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WERS T AR PR AL .

Nano-CaCO, concentration: a) 0% ; b) 1%; ¢) 2% ; d) _4%
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Table 3 Data of membranes with different nano- CaCO; contents

nano-CaC0y Pore size(pm)  Pore size variance 62 Porosity
0% 1.60 .53 65%
1% 1.81 0.62 63%
2% 1.50 0.42 65%
4% 1.57 0.71 65%

2.5 MABBRG/E_BREESREIT PP HFLE
e okiof A

Bl 5 24 PP/DBP/K 5.1 & 3 # i1 A 49 K Bk B2
W _BRE A RN G #1188 PP B ILIRAEY SEM
R AETEH, YMARKBRRE/ E_RE

& BT S LB R BR G R ) B B PR AR, M40k
BREBMABI 2%)5 , R B4 /DB LT A0,
BRERBRIEEEN SRS Bl R B
SEM MEZ s RV ARABEMARANMAABESH
HOR L A8 (sheaf-like) , T o« £ 038 5T AYERAR, X A
AshESRER MW, REE S RERHE
BESPPART 8% MBS FilE—H B KK SEM
BHEEH, MA 12HXKBRRERN 0.5% R _B)F
PP M BAL /D B AN 355, FLE N 1.23 ym, fL
BHE SN HEEAKRKRRERE
RO, PPIFLIEFL 2 F B EB/AAN , fLE2

Fig. 5 SEM photos of microporous membranes of PP/DBP/soybean oil with different nucleating agent
Nano-CaCO;z /pimelic acid: a) 1%/0.5% ; b) 2%/0.5% ; ¢) 4%/0.5%

Table 4 Data of membranes with different nano-CaC0Q; contents

Nano- Pimelic Pore size Pore size
Porosity
CaCo, acid (pm) variance 62
0% 0% 1.60 0.53 65%
1% 0.5% 1.23 0.39 66%
2% 0.5% 1.67 0.67 68 %
4% 0.5% 1.84 0.70 66%

K, AT B S 3 R R AR N
BB 119°C,124°C, 122°C, RE KRB MA
2R AKBBREMOSeFE _BREEES
ZERBEENEEA SR, B &4 T HEH PP
HAEABRHBERE D FTUEASRESRET &4

HEESZSREAFEEHARHESEX.
IHE B RNERS A B LR, T
PR BEFAAMERESMREER, #7
PP HILE RAEBE L, KRR B p RE
I, TR B R A IR A A /D R ALY, B
KSR R IB ARSI B BFLTLAS L e Sh , B
FLE R FLBE MM AT LB S, A E 4 R F M
FLEREERE, H66% ~68%, RE 4. LI
EXB EFOOSRE_HE 1% P RKMGIEN
TIPS 3% ) & PP L FL A 4 R I B R 847



¥

B A UK BR BRSBTS AR A AR 4 7k ) TR DA L MR ey B 871

- hn B W N

10
11
12
13

14
15
16
17

18

19
20

REFERENCES

Castro A . US patent 4247498 , 1981-1-27

Yang M C,Perng J S. Journal of Polymer Research, 1999,6(4) :251 ~ 258

Matsuyama H, Berghmans S, Licyd D R. Polymer,1999,40(9) ;2289 ~ 2301

Kaimal N, Takita K,Kono X.US patent 6153133, 2000-11-28

Matsuyama H, Okafuji H, Hajim M, Teramoto M , Teujicka N. Journal of Applied Polymer Science,2002,84(9) : 1701 ~ 1708

Zhang Jun{ 3 %), Luo Feng( 35 ¥ ) , Wang Xiackin( EBEHK) , Xu Zhongzi(F B4 ) . Acta Polymeric Sinica(#4+F248),2003,(2) :241 ~ 246

Luo Feng( 3% ¥k}, Zhang Jun({#K %) , Wang Xiaolin( T BEH) , Chen Jianfei( B S &), Xu Zhongei (I #1E) . Acta Polymeric Simica( B 5 F248) ,
2002, (5) : 566 ~ 571

Chan C,Wu J,Li J, Cheung Y. Polymer,2002,43{10) : 2081 ~ 2992

Chen Yan{BREE) , Xu Mao(#& 7% ) . Acta Polymeric Sinica{ B 4T 23 ) , 1998, (4) ;387 ~ 392

Li I X, Cheung W L. Polymer, 1998 ,39(26) : 6935 ~ 6940 .

LimGB A,Kim 55,Ye Q,Wang Y F,Lloyd D R. Journal of Membrane Science, 1991,64(1-2) :31 ~l40

MecGuire K S,Lloyd D R,Lim G B A. Journal of Membrane Science,1993,79(1) :27 ~ 34

Mo Zhishen{ 3L i ¥%) , Zhang Hongfang( 5 % #) . The Structure of Crystalline Polymer and X-ray Scattering( S 75 B & W5 #0 X 54751 .
Beijing( L3 ) 1 the Academic Press (Bl 42 Hi 31 ),2003. 164 ~ 167, 184

Brandrup J,Immergut E H, Grulke E A. Polymer Handbook ,3" ed. New York: Wiley, 1999. v/29

Thio Y S, Argon A S, Cohen R E, Weinberg M. Polymer, 2002,43(13) : 3661 ~ 3674

Kotek J, Kelnar I, Baldrien J, Raab M. European Polymer Journal ,2004,40(7) : 679 ~ 684

Zhu Xinyuan{ & 33X ) , Tian Huaguo{ F B %) , Wang Guoming(E E #H}, Yan Deyue{ B M ) , Yan Donghang( IZ Z &%) , Zhou Enle( B B/R) .
Polymer Materials Science and Engineering( 4+ FH BB £ 5T .#),2001,17(1):75 ~ 78 .

Feng Jiachun( 1% 34 ) , Chen Mingcai( B ) , Huang Zhijian( 3 % $ ) . Chemmical Journal of Chiness Universities( % 2 228 132 %3 ), 2001, 20
(1) :154 ~ 156

Laxminarayan A, Mcguire K 5,Kim $ S,Lloyd D R. Polymer, 1994 ,35( 14) : 3060 ~ 3068

Tjong S C,Shen J S,Li R K Y. Polymer,1996,37(12) :2309 ~ 2316



872 B O F = i 2006 *F

EFFECT OF NANO-CALCIUM CARBONATE/PIMELIC ACID BICOMPONENT
NUCLEATING AGENT ON POLYPROPYLENE MICROPOROUS MEMBRANES
PREPARED ViA THERMALLY INDUCED PHASE SEPARATION

LUO Benzhe', ZHANG Jun', WANG Xiaolin®, WEN Jianzhi’
(! College of Maserials Science and Engineering , Nanjing University of Technology , Nanjing  210009)
(* Depariment of Chemical Engineering , Tsinghua University , Beijing 100084) {* Shandong Zhaoyuan Motian Group Co., Lxd, Zheoyusr 265400)

Abstract Polybropylene (PP) microporous membranes were prepared with the composite diluents of soybean oil
and di-n-butyl-phthalate { DBP) wia thermally induced phase separation (TIPS). The effects of nano-CaCO,
nucleating agent and nano-CaCO,/pimelic acid bicomponent nucleating agent on the crystalline morphology and
melting behaviors of the PP/soybean oil/DBP system,and on the microstructure of PP membrane were investigated .
The experimental results showed that with addition of 0% ~ 4% single nano-CaCO, nucleating agent the peak
temperature of melting curve of PP in PP/soybean o0il/DBP system varied from 150.7°C to 151.3°C , while the peak
melting temperature of pure PP is 165°C . The differential scanning calorimetry {DSC) showed that the addition of
bicomponent nucleating agent nano-CaCO, (1% ~4% ) and pimelic acid (0.5% ) induced two peaks on the melting
curve. Wide-angle X-ray diffraction ( WAXD) measurements proved that PP formed f-phase and «-phase with
addition of bicomponent nucleating agent nano-CaCO; (1% ~4% ) and pimelic acid (0.5% ) ,while the addition of
single nano-CaCO; nucleating agent resulted in only FP crystals of o-phase,which was consistent with the results of
DSC. The addition of single nano-CaCO; nucleating agent in PP/soybean 0il/DBP system had unremarkable effect on
the morphology of PP membrane . While nano-CaCO,/pimelic acid (1% /0.5% ) bicomponent nucleating agent was
used , the PP microporous membrane showed smaller and regular pores.When the nano-CaCO,/pimelic acid content
was 2%/0.5% and 49 /0.5% , PP microporous membrane showed more tiny irregular spherulites,as well as larger
pores , which were related to the formation of 3 phase.

Key words Nano-CaCO,, Pimelic acid, Nucleating agent, Thermally induced phase separation, Polypropylene

microporous membrane



