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B OE RSN M- T LR Y (ABS) A48 K 5k 12 45 ( CaCO, ) Hr [F] 2l #2858 &0 (PVC)
il g5 T TR YRR T PVC AR 5 BHRE. Gl S L BT (TEM) (4740 L 88 (SEM) |y 2 PR MBI 58 T L4 4
5PERe, IR A BRI AU T 05 T ABS 545Kk CaCO, R X5 & G A BB AT R I 5 0. 24 CaCO, % B
F 12 phr i}, ABS FIZ4K CaCO, ki 775 PVC A o) B34 5 AR Y [RGB /R L. 1250 I/ T, ABS #i 198
Ap EF LN A AT S HEAT. CaCO, oK & A= [ I, CaCO, 15 PVC JE 4R BT 78 40 1 16 F F B BUMAL s CaCO, &
A B, CaCO, 5 PVC A 57 1H7 A JE I K 9 2. A BROT 73 A7 45 SR e W], R R A= LR I, CaCO, I ABS i
T iy PVC HEUA B JRy 38 A IO 7, AR A A A JR 3 9 P e IR, S B0 G B e IR B IR | v o T R R

=

KR BALK, MR EME, R,

VR 5 B 5 AP S B 4 R BE Y
EAT R 7. R T T 48 = B 4 1 A R
R (A 1T 25 [ I L ASE &5 5 TE AL 9 oK R4 1
BT B3 4 T MR B )RR R O R AR R
AR ARG KL 7 155 43 FE A v 11 9 B 4
LEEBRIERL T 5 TCHLNI MR B R A R &
RS TR e R E AT
AR L 33 ) B0 A0 15 AR S0-BY D) LS X 4%
BEEIEIE A SOR R e T iz R L
AL~ R IRI L — F) B ] A FE X 8 43 A L T 2
PERE 5 W 22447 S 5% ] A ATF ST o AN 22 L.

RA LN (PVC) Z— BN 1z 1938 FH & 43
TRERE, ELAG BEA (5 ol AR AR Bk A5 0 05, 1EL )
A ZE R PE 25 0 T IR U 45 Bt o AR SOR 52 45
PRI B -2 20 - T 0 2L R 9 (ABS) ki Ml ik
Jor {1 B 751 b B 1) 409 DK Bk R 45 ( CaC O, ) Kz~ B3 [) i
PEPVC, @it B TR T AW & T4 A etk
Aefl 5 1Y B f PVC/ABS/CaCO, 44Kk & & Mk,
WF5E 52 G b R0 45 4 5 1 g, O R F A BR T A5 40
JrE T ABS 55 CaCO, ki Xt PVC &R N J Al

A BRIT 23 Hr

W AT S 0
1 KB5S

SR
PVC, iS5 ST00, 57 & f1 fk e 1 A PR w7
i s A% 7 RS ABS ) AR e i, w0 A ke
IR B 44K CaCO, , B5 VK-CaCl12, HT M
T3 5B bE AT B A 0 7 i 5 A 28 A R, Wi UL
VR Ak TR A PR w7 s T R R 2 n T
BIFI(ACR) , B3 401, |2 58 3 kL Bh 30 T
ain s IR I (OPE) |, g A2 68 16 T Bh 371 A PR
ON LS s B TG R PR R (GMS) | B N il R 1k
T A BR2S 7= .
1.2 H&E&
¥ PVC BB 54 ML AR I 78 & R & Bl
(FLA% 10 L, 33U 4 58 LA i 3 A BR A A))
HIRA IR E I8 60°C B it A ACR 5 GMS; i i
K 90°C i A OPE, 4k 2R & % 100°C J5 Il A
ABS 5 CaCO,; i ik 120°C i} HioRH 4 H). [
ABS JS &M 20 phr,CaCO, & & & 0 ~28 phr.
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SR HHE TS SCIE FF £5 Bl (845 SJSZ-35 , 1R
P SR BIL A 1 AR S R K IR S R B i
KL, B ML B B AR Rl 170°C (B k) .
170C | 172°C [ 174°C 165°C . % JH 14 ¥ 4L ( #0 =
BOY55 & Dr. Boy /A w] ) ¥ £ ki f} 1 %8 A
B 0 R 45, 1 S8 AL 45 Bl K IR R 170°C
173°C . 170C ,162C .
1.3 AZHEEEMK

KT ag i AL (A4S CMT 4204, %I T Hr
SRR I A BR A W) ) % GB16421-1996 45 ifE
I 30 W 425 T A5 2% 1) 1 At 0 2 1 g 03k, o e 3k 3
29 50 mm/min, 3 i BE A 20 ~ 23°C, BN FE S
ZF/ATEE 5 K. H GB/T 1043, 1-2008 47 il it
80 mm %% 10 mm JE 4 mm (6 1w A 2% (1
VEBE 2 mm, ] R 242 0. 25 mm) 1y R RE. ek
WAETEEIRA P cE 1 h, BEEEN -60 ~
60°C, T B IR, R T A2 o o i3 L (W5
ZBC-4B , TEIINTIBr = ARG I A B2 ) A5
] S R 1 phils 9258 RS RE R EE 10 1K
1.4 EHEUE

K43 4 B B (SEM) (5 S-4800, H A&
Hitachi 23 F) ) W8 ¢ W5 4 o o B 11 A9 T2 350 43 531 DA
TR TR R o o B 118 AR XA R D) R B
B, MR 2% B DU SE AL RV APk 12 b R B
S A (TEM) (5 JEM-1230, H 4 JEOL 24 #])
MEE ABS 5 CaCO, FiF7E PVC FE{R iy 43 6L

1.5 ARTHH(FEA)

G TEM | 30 25 BB 20 A B Wi 11 23 7 45
He ki (1) ABS 5 PVC JEAR A B AT R4 B AH A
P AN TIE S AN KL SRS 5 (2) CaCO, AL
55 PVC A4 8] JCAH B AR . 57 — 4 A PR KL
B, WE5E ABS & CaCO, L1 Xf PVC K i Jg 73
A B WA B RS BOR S PVC 5 ABS B 137 i Rz
J1-I A M K T AR Rt B0 B 1 L T A SRR
i TEM WLEZEE5 R . 0 A7 FRITASE AL it fin 9N [ B
BB Ty, BE TR S50

2 H#R5iHR

2.1 EHESH

ABS KL F A, i PVC JiE AR 38 B A%, vp
i 5 32 R T A S T g Ol M - 0 A A T
. ABS ¥ &} 20 phr B}, PVC/ABS 4 4 H A &
GPiLE A SR, /1 4 1 PVC/ABS (100/
20) &40 TEM JES. i 1 (a) AT WL, ABS #7E
PVC Hi4r 5] SE ¥R 42 29 0.2 wm. ABS %7 1
55 LR TR JE A 1 3k )2, R O M A R
7. 1 T PVC H M T ABS, 44K CaCO, % Tk
S 4G T PVC,H CaCO, 2 1 3 5% mi 4 Btk
A.CaCO; F AL T 12 phr B (B 1(b)), 44K
CaCO, R F¥5) 508 F ABS ki ¥ Z i) ; CaCO, &
R, 9K CaCOy KL FJF 4 76 PVC JEfk v A
F(E 1(e) 1(d)) ,JE R 3K 2 4k

Fig. 1 TEM photographs of PVC/ABS (100/20) blend (a) and PVC/ABS/CaCO; composites containing 4 phr (b) ,16 phr

(¢) and 28 phr CaCO; particles (d)
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2.2 Nk

K 2(a) 4t CaCO, G4 KA F & 7 X PVC/
ABS (100/20) & 4 fir it iz g -0 A8 O 7 ith 2 i) 5%
Wi 2 A A R0 JE RN AR R 13% ~ 17% |, Ji il %
JE5 W 2 2R BE CaCO, 5 1 3 in iy B AL,
PR AE CaCO, & f2 20 phr BF 4 K. & 2(b)
Z5 1 CaCO, K ki T-XF PVC/ABS (100/20) 4 4
B 1 et o R -3 R OC R B R L R EE IR T - 20°C
F, ohdi 3 BEAC T 7 kI/m®, & A R RELANE 1 X
Wi 5 — 20 ~20°C {5 Bl P, oo 5 38 L 8 8 i
W G R, A bR A e -1 B s R R v T
20°C i}, B A R e i 2 T 60 k)/m?, &
PR FE 4 € IR 2 G MORH vh i i 24
7£ 8 phr CaCO, & BT R 5.

50F
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30+
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Nano-CaCOj content (phr)
oo
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1 1 1
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-0 40 =20 0 20 40 60
Temperature (°C)
Fig. 2 Influence of CaCO5 content on tensile stress-strain

relationship (a) and impact strength (b) for the PVC/
ABS/CaCOj ternary composites containing 20 phr ABS

2.3 BORHENE

3 4514 20°C F PVC 5 PVC/ABS (100/
20) &4l b ALy R X JE SR, PVC Wy FOG
1M PVC/ABS £ 4 W 1 52 835 U1 I B 3, T B 2
M.

& 4 45 PVC/ABS/CaCO, 4k &5 & M ¥
Wr 0 2 o P X OO0 B A AT L, 8 phr g4 ok

PVC/20ABS

Fig. 3 SEM micrographs of impact fractured surfaces of neat

PVC (a) and PVC/ABS (100/20) blends (b)

CaCO, Fi T PVC M B4, CaCO, 5 PVC 3
LN B TRV SEOR T VNS A S (BS PV S
W5k PVC HEARK & A Jay 5 S8 M i I, W i g o, 48
= 2 AR R 5 B2 20 phr 442K CaCO, kL 11
PVC B A= 2R, AT SR AR 5 5 Ak o 1) b 1
ST B | R G, whi ok AR

- -

Fig. 4 SEM micrographs of impact fractured surfaces
of PVC/ABS/CaCO; composites containing 20 phr

ABS and 8 phr (a) and 20 phr CaCO; particles (b)

2.4 MABKURXESREDH
& 5 45 H PVC/ABS (100/20) & 4 hi b O
NS HACX TEM 50, 7678 IAE T, ABS & th
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N 25 A R S T R B kAR R AR Bt o AT R, &
N Zs AL ML BT FE 25 (1) ABS R T2 /5 94% , 2% i %
T # B I AE /) ABS R F 295 6% . AT UL, ABS B
RN KT B’ 5(e) 5 5(d) 5 51
25t 7 8 phr 5 20 phr CaCO, K. T 44K & & 4 Kl

L3 .

. &

¥ i e 1R 7 1 AR X TEM JE S AT LU
CaCO; A % 1 A F Bt , CaCO4-PVC 5L i 78 41 H71 1E
MR B AL (S5 (e)) 5 CaCOy J Az AR
CaCO,-PVC FIIE MU R IR L (F 5(d) ).

Cavitation

Debonding

Fig. 5 TEM photographs of stress-whitening zone in PVC/ABS (100/20) blend (a and b) and the PVC/ABS/CaCO; composites containing 20

phr ABS and 8 phr (c¢) and 20 phr CaCOj; particles (d)

Part (b) is the further magnification of part (a).

2.5 WrHME

W Wu 95 B i B B 9 R K il
T AR i IR K FE AR B (AR B B R B T2
150 BT PVC A B 2 it 9 8} {H 22 ABS 344
WU L PVC SRR 4% 7 40 M T & AR T IR O W i
AL, W6 2 Wu 38 (W35 A 45 1. Wu @98 #p vl
T35 IR PVC & 4 g 3R 2 R R
P Wu B, 440 I3 VE R R R R X5 2
FEARET, A MRE R A -1 e A8 e -1 i A b
A PN S5 R JR 8 7 7 B e R I g IXC T BB A DG B
PN 7 8K, e g g DX T B R 0N bR 5 R AR
Jfie -0 %% 7% . ABS KL 5 CaCO; NIPERLF 3 REFE AR
SLARE R AXF PVC AR R 38 R T 43 A 1) 52 i)
. B 6 %4 H PVC/ABS (100/20) 4 4 . PVC/
ABS/CaCO0, (100/20/4) & & # k1 ££ 20 MPa T [
N BT BoR AR R A RN I E L B 8
TN AR RS 4 R 7 2 AR S A R AR 4L 4
M 1E 20 MPa 4 JIfE R ,PVC/ABS (100/20) &
G 1t B ) X BRAE ABS R % 8 BT 5 IR )
X B AE AR K. ABS TR ER LT, &4 W

PVC LA (4 B w85 B F7 BL BIE it i 9 22 0L 17 ) 249 5
16 MPa, £77F i J3 il 800 Bl 41 3 38 K, 8 B
X5k 3] PVC B i s B, 53k PVC g
A & A Jmy 0 Jet Bl Jm 5 e iR DX AH TR (1B ) B
S MRE R A i IR, W WK i BE . #E PVC/ABS/
CaCO, A M, 41K CaCO, K71 J& B 1 B 1
orAi B ABS REORL T AR BL, (R R g ok
CaCO, FiFfli PVC JER MY R J7 (5 48 = iR B k.
TESN IERTR , 40K CaCO, ki F J8 FIE A5 £ 1
Jey i i IR IX, A5 R T4 2K CaCO, hE 1 1 7% 38 R 17
J1IX 5 ABS LT 5 B BRI 0 7R 0 7 XA B
(i198) G A bR E W SV R & 2B TR
JIk. A4k A7 BR JC 43 #r, PVC/ABS (100/20) & 45
PVC/ABS/CaCO, (100/20/4) & 4 ¥ kL1 i JIR 38
£ 4350k 49.5 MPa 55 47.5 MPa, Wi il {4 5 52 5
(B ARG . 2B AR T8 2 (a) 442k CaCo,
KL BT 3 B0 2 G AR IR S EE 1 R

NIt CaCO, ¥ PVC [ JCAH B AEH , PVC
FLURTE o VR R & A R R 8 v i IRAE TS, 58
CaCO, Fi T 5 Fe R B b TP 125 B, W BB o, DA
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S.Mises
(Avg:75%)
+3.600e+01
+3.361e+01
= 3.121e+01
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4
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(a)

$, Mises

{Avg:75%)
+6.344e+01
+5.845¢+01
+5.345e+01
+4.846e+01
+4.347e+01
+3.847e+01

(b

Fig. 6  Contour plots of von Mises stress of FEA model for
PVC/ABS (100/20) blend (a) and PVC/ABS/nano-CaCO,

(100/20/4) composites (b) at an applied tensile stress of 20

MPa showing the independent stress field

Maximum von mises stress (MPa)

PVC/ABS blend PVC/ABS/CaCO; composite

Fig. 7 The maximum von Mises stress of FEA model for PVC/
ABS (100/20) blends and PVC/ABS/nano-CaCO, (100/20/4)

composites at an applied tensile stress of 20 MPa

T4 5 5 2 bR B CaCO, RE TR H 8 phr
i, PYC/ABS/CaCO, 42 4 b4 4 it i 3 18 B .

S.Mises

(Avg:75%)
+6.950e+01
+0.512e+01
+6.073e+01
+35.635e+01

(a)

S.Mises
(Avg:T5%)

VA TATAVATATATAYLY
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b
o
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5
&
5
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(b)
Fig. 8 Contour plots of von Mises stress of FEA model for
PVC/ABS (100/20) blend (a) and PVC/ABS/nano-CaCO,

(100/20/4) composite (b) at yielding point of 49.5 MPa and
47.5 MPa,respectively

CaCO, K13 SEELF I, 55 JE AT SR AR . i ol 1B 1
FLBULST Bl CaCO, &3 mimi s ok (151 4 (& S)
B A MRS (1B 2(b) ).

3 g

KA T 20 & T i i PVC/ABS/CaCo,
K G820 phr ABS KiFfE PVC 4R 73
5y, CaCO, & H AR T 12 phr B 53 L4 5.
CaCO, FAIA A 52 2 B i IR 5t J32 70 W7 2 fif < 3
PIREAR , BB A0 vh i 3R AE — € CaCO, & &E
i fcs . AP IFERTR , R R /) CaCO, 5 PVC A&
1R B AR JE B BHAL , T CaCO, B {A 5 PVC Stk
FU AL TE R 2B A R IT A BT A R R,
ABS HL T 5 K H R i 41K CaCO, K ¥y Be 1 5
PVC JEAA AR 7, 2 60 & 1R O 22 Jmy 4 X Jak K



1400 [T S SR R 4 2011 4
Az S IR, BEAIR PV C 4 T Al 5 58 41 vy 49 1k
REFERENCES

1 Yang H,Zhang Q,Guo M, Wang C,Du R N,Fu Q. Polymer,2006,47(6) :2106 ~2115

2 Yang H,Zhang X Q,Qu C,Li B,Zhang L J,Zhang Q,Fu Q. Polymer,2007 ,48(3) :860 ~ 869

3 Yang H,Li B,Wang K,Sun T C,Wang X,Zhang Q,Fu Q,Dong X,Han C C. Eur Polym J,2008 ,44(1) :113 ~123

4 Ning N,Luo F,Pan B F,Zhang Q,Wang K, Fu Q. Macromol ,2007 ,40 (24 ) :8533 ~ 8536

5  SuR,Wang K,Zhao P,Zhang Q,Du R N,Fu Q,Li L B,Li L. Polymer,2007,48 (15) :4529 ~ 4536

6 Ning N Y,Yin Q J,Luo F,Zhang Q,Du R N,Fu Q. Polymer,2007 ,48 (25) ;7374 ~ 7384

7 Zhao P,Wang K, Yang H,Zhang Q,Du R N,Fu Q. Polymer,2007 ,48 (19) :5688 ~ 5695

8  Wang K,Wang C,Li J,Su J X,Zhang Q,Du R N,Fu Q. Polymer,2007 ,48(7) :2144 ~2154

9  Yang ] H,Wang C Y, Wang K,Zhang Q,Chen F,Du R N,Fu Q. Macromol Eculues,2009,42(18) :7016 ~7023

10 Cao W,Wang K,Zhang Q,Du R N,Fu Q. Polymer,2006,47(19) :6857 ~ 6867

11 Na B,Zhang Q,Fu Q. Macromolecules,2006,39(7) :2584 ~2591

12 Wu D Z,Wang X D,Song Y Z,Jin R G.J Appl Polym Sci,2004,92(4) ;2714 ~2723

13 Xie X L,Liu Q X,Li R K Y,Zhou X P,Zhang Q X, Yu Z Z. Polymer,2004 45 (19) :6665 ~ 6673

14 Ren J,Wang J,Wang H,Zhang J, Yang S. J] Macromol Sci B,2009,48(6) :1069 ~ 1080

15 Yang Fengsia(# A5 ) , Zhou Chengjuan ( J& L4 ) , Du Rongni (#3508 ) , Yang Jinghui (45§51 ) , Fu Qiang( {83 ) ,Su Run (31 |
Zhang Qin( #k3E). Acta Polymerica Sinica( & 2> F2¢ 4 ) ,2010,(7) :849 ~856

16  Gu Ju(75%§) ,Xiong Qiang( &5 ) ,Jia Demin ( B ) , Luo Yuanfang( % it 7% ) , Cheng Rongshi( F24A M} ). Acta Polymerica Sinica( &4}
F244R) ,2008, (4) 1326 ~331

17 Crawford E, Lesser A. Polymer,2000,41(15) :5865 ~5870

18 Dompas D, Groeninckx G. Polymer,1995,36(2) :437 ~441

19 Takaki A, Narisawa I,Kuriyama T. Polym Eng Sci,2001,41(3) :575 ~583

20 Liu Z H,Zhang X D,Zhu X G,Li R K Y,Qi Z N,Wang F S, Choy C L. Polymer,1998,39(21) :5019 ~5025

21 Wu S. Polymer,1985,26(12) ;1855 ~ 1863

22 Wu S.J Appl Polym Sci, 1988 ,35(2) :549 ~ 561

23 Liu Z H,Zhang X D,Zhu X G,Qi Z N,Wang F S. Polymer,1997,38 (21 ) :5267 ~ 5273

24 LiuZ H,Li R K Y, Tjong S C,Choy C L,Zhu X G,Qi Z N,Wang F S. Polymer,1999,40(11) :2903 ~2915

25 Yao W G,Wang L Q,He D Y,Jiang S C,An L J,Zhang H X. Chinese J Polym Sci,2005,23(3) :703 ~710

26 Qin S H,Yu J,He M,Yan W. Chinese J Polym Sci,2009,27(5) :703 ~710

27 He Z B,Wang Y,Bai H W,Song B. Chinese J Polym Sci,2008,26(3) :285 ~290

28 Kemal I, Whittle A, Burford R, Vodenitcharova T, Hoffman M. Polymer,2009,50(16) :4066 ~4079

29 Yu]J Y,Feng P C,Zhang H L. Polym Eng Sci,2010,50(2) :295 ~301

30 Si Q B,Zhou C,Yang H D,Zhang H X. Eur Polym J,2007,43(7) :3060 ~ 3067

31 Zhao C Z,Wu G F,Zhou C,Yang H D,Zhang H X. J Polym Sci,Part B:Polym Phys,2006,44(4) :696 ~702



12 1] AR A A < AGRORE 1 0 R 290 DKk %o T 9 A 2R SR 20 B S R RAT A B R 1401

EFFECT OF RUBBER AND INORGANIC RIGID PARTICLES ON FRACTURE
BEHAVIOR OF INJECTION-MOLDED PVC NANOCOMPOSITES

DU Peihua'?, YU Jie’, LIN Pengfei', SONG Yihu''?, ZHENG Qiang'’
("' Key Laboratory of Macromolecular Synthesis and Functionalization of Ministry of Education,
Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027)
(* National Engineering Research Center for Compounding and Modification of Polymeric Materials, Guiyang 550014 )

Abstract ABS particles with core-shell structure and nano-CaCO, particles were employed to modify hard
PVC simultaneously. The phase morphology and fracture behavior of the composites were investigated by means
of transmission electron microscope (TEM) ,scanning electron microscope ( SEM) and mechanical tests. Based
on reasonable assumptions and material parameters obtained by the true stress-strain curve, finite element
simulation employing the two-dimensional representative volume element model was carried out to explore the
effects of ABS and CaCO, particles on the fracture behavior of the composites. Results showed that ABS and
CaCO, particles have a synergistic toughening effect at nano-CaCO, contents lower than 12 phr. The TEM
observation revealed that the ABS particles deformed mainly by cavitation rather than interfacial debonding.
The finite element analysis ( FEA) results indicated that the blend yields when local yielding areas in the
matrix begin to interconnect throughout the interstitial matrix between the particles. The predicted yield stresses
for the PVC/ABS binary blend and the PVC/ABS/nano-CaCO, ternary composite are consistent with
experimental values. Moreover,the FEA results implied that both ABS and CaCO, particles could toughen the
PVC matrix,and the well-dispersed CaCO, particles had a better toughening effect. If the CaCO, particles are
agglomerated ,however, the large crevices between CaCO, agglomerates and PVC matrix would initiate cracks at
the interface and lead to decrease of mechanical properties.

Keywords PVC, Nanocomposites, Fracture behavior, Finite element analysis



