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Table 1 Contact angle of materials used in this investigation with different liquids

Water Glycol Glycerol Aniline Liquid paraffin
Uncoated CaCOs 76.5 50.25 59.5 16.0 16.0
PPW-CaCO; 101.0 71.7 95.5 15.75 11.7
pp 118.0 78.5 93.5 14.0 10.5
EPDM 113.0 76.0 87.0 15.5 10.5
90°. CaCO,
1
d d 12
s’ Y, 1+cosl 12 7y,
d 12 d 12
7' 7
yl 1 + COS@ ~ 2 ysd yld 172 + ,ysp ylp 172 ,ysp 172 ,ysd ,ysp
1 7. 2 : PPW-
7 0 AP CaCoO, CaCoO,

7t o’ 7' PP
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EPDM 0.71 mJ/m’ CaCo, PP EPDM

Table 2  Surface tension and its dispersion and polar component of materials used in this investigation

Surface tension m]/m’

Material

Dispersion component ¥4 Polar component y.? Total 7,
Uncoated CaCO; 17.99 27.62 45.61
PPW-CaCO; 22.17 0.71 22.88
pp 29.80 0.53 30.33
EPDM 28.00 0.68 28.68
2.2 PP/EPDM/ CaCoO, Y 3.
3 CaCoO,
Pukanszky ~— ° PP/EPDM/CaCO; PP/CaCO; EPDM/CaCO;
CaCo,
PP EPDM
CaCO,  EPDM
PP
: EPDM EPDM CaCO,
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EPDM PP EPDM  CaCO,
CaCO,/EPDM
W, =2 yld,}/zd LN 7."7," 12 3
3 PP/CaCoO; EPDM/
o CaCo, W, . pp
CaCoO,
v, = y d ydz EPDM
2 - 1 - 2
y p 12 y p 12 2 2 PP
1 - 2
EPDM CaCo, “
Y 12
o ” CaCO,  EPDM PP
7
’ 2.3

CaCO, PP EPDM

Table 3 The calculated interfacial tension and work of adhesion for all possible PP/EPDM PP/CaCO; EPDM/CaCOj; pairs in the ternary composites

Interfacial tension Work of adhesion Final phase structure
System Possible pairs
Y m/m? Wy,  m)/m? in ternary composites
PP/EPDM/uncoated CaCOs PP/EPDM 0.037 58.97 Separation and encapsulated
PP/uncoated CaCOs 23.81 53.97
EPDM/ uncoated CaCOs 22.04 53.56
PP/EPDM/PPW-CaCOs PP/EPDM 0.037 58.97 Separation and encapsulated
EPDM/PPW-CaCO; 0.66 52.64

PP/PPW-CaCO; 0.24 51.23




1064 2008
CaCoO; pp CaCO;
EPDM “ ? EPDM 1b
4 CaCO; PP EPDM PP/EPDM/ CaCoO; CaCoO;
CaCO; PP EPDM PP
CaCO; PP EPDM 2a .
PP CaCO;, EPDM
EPDM CaCoO;,
“ ? CaCO, PP
2b .
. EPDM
2.3 PP/EPDM/CaCO, CaCo; ! " CaCO, EPDM
1 2 PP/EPDM/ CaCO; PP
PP/EPDM/ CaCoO; CaCoO;,
a b
b
EPDM
PP/EPDM/ CaCoO; CaCoO; .
PP ‘ "
la CaCO; EPDM
Fig. 1 Fractographs of PP/EPDM/uncoated CaCO; composites before a and after b etched
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' Fig. 2 Fractographs of PP/EPDM/PPW-CaCOy composites before a and after b etched
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Fig. 3 Effect of contents of EPDM on notched impact
strength of PP/EPDM/CaCO; composites
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Fig. 5 Effect of contents of CaCO; on tensile strength of
PP/EPDM/CaCO; composites

EPDM = 8 phr
CaCo, CaCo,
CaCo,
CaCO, EPDM
7 CaCo,
CaCoO, 15 phr
14.25 kJ/m’ PP 3.17

EPDM  CaCO, PP
2.3

Fig. 4 Effect of contents of EPDM on tensile strength of
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Fig. 6  Effect of contents of CaCO; on elongation at

break of PP/EPDM/CaCO; composites
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STUDY ON PHASE STRUCTURE AND MECHANICAL PROPERTIES OF
PP/EPDM/CaCO; TERNARY COMPOSITES

ZHU Deqin SHENG Yu WANG Jianfeng
College of Chemistry and Materials Science  Fujian Normal University —Fuzhou 350007

Abstract Phase structure is one of the important influence factors to the properties of the polymer/elastomer/rigid
filler ternary composite. In this paper aiming to obtain the core/shell microstructure with calcium carbonate CaCOs

particle as the core and ethylene-propylene-diene monomer copolymer EPDM as the shell in the ternary
composite the polypropylene PP /EPDM/CaCO; composites were prepared using two techniques surface
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modification of rigid filler and processing control. The modified CaCO; PPW-CaCO; was prepared by using a patent
method and the modified layer of lower molecular weight polypropylene PPW on the CaCO; surface has the
characteristics of chemical bonding. The processing control has a two-step procedure. First EPDM was compounding
in a twin-roll mill with raw CaCO; or PPW-CaCO; followed by pulverization. Secondly the pulverized EPDM/CaCO;
or EPDM/PPW-CaCO; powder was compounding with PP in a twin-screw extruder. The possible phase structures in
the ternary composites were analyzed from the views of thermodynamics by measuring the surface tension of each
constitute and calculating the interfacial tension and work of adhesion for all possible PP/EPDM PP/CaCO, EPDM/
CaCO; pairs in the ternary composites. The calculation results indicate that there are two kinds of possible phase
structures existing in the ternary composites one is the core/shell structure with CaCO; particles as the rigid core and
EPDM as the soft shell another is CaCO; particles and EPDM dispersing separately in PP matrix. However SEM
photos show that the proportions of the two structures in PP/EPDM/CaCO; and PP/EPDM/PPW-CaCO; composites
are different the core/shell structure mainly exists in PP/EPDM/PPW-CaCO; resulting from the different surface
properties of CaCOj; . Because of the core/shell structure the mechanical properties of PP/EPDM/PPW-CaCO; ternary
composites are better than those of PP/EPDM/CaCO; ternary composites. When the content of EPDM is 8 phr and
PPW-CaCO; is 15 phr the mechanical properties of composites are the best. The notched impact strength can reach
14.25 kJ/m’ which is 3.17 times higher than that of the PP matrix.

Keywords Calcium carbonate  Surface modification  Polypropylene  Ethylene-propylene-diene monomer

copolymer Phase structure Mechanical properties





