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Hm =

il 4 T BE IR R 515 61 A 90 K Bk IR 5 ( CaSt-nano-CaCO, ), I 5 JH 4 fil 34 48 B9 7 125 il % iy iPP/ CaSt-

nano-CaCO, Fl iPP/nano-CaCO, & &M KL, 54l iPP AL, & & AR 75 il 58 B A1 25 i A2 B 5 CaCO, i T35
A B I vl PR 0 45 B 03 . AR XS F iPP/nano-CaCO, , iPP/CaSt-nano-CaCO, & & #1 Bt 1y b <f; ot i
W IO TTT 2 0 9 R A ek B S 4R . O D' S TR N 7R 25 4 i VI Y SR W] L B % CaSt-nano-CaCO, %
K, A AR S R T B M R B O B L 4 IR AR F R AR KL F & & 1Y iPP/nano-CaCO; & &
AL, Bl CaSt-nano-CaCO, X iPP 2 & i s A% /E FI 59 F nano-CaCO, , & #] CaSt 1 5] ABEAK T CaCO;, MY A% 3%
PE T X SR AT S O 5 R 5 A B 5 R B PE AOR R IR A5 J5 & A A RL ISR 3 B A Y. I A IR ) 3 %
MKW, A F iPP/nano-CaCOy , T i W 45 1) 47 76 B 35 1 52 & b4 R Jin "0 3h #4: e

KB BEIRRRYS, HUORKIRES, RN G H,

SERLE N (iPP) J2 B 2 &5 &b 1 B
SR, R T A W A AR A IR BT b vk RE AR R
AR, A5 I — P AT k. Bk R 5 ( CaCOy)
W T RV I R WO, DLk B RER A 4 &
1R H gt T R O B 4 K B R 4
(nano-CaCO, ) Lt 3 1 ALK | 3% 1 B8 & , 1Ml HLAL 1
R EA T8\ IR, 5 kA W5, 5 iPP A
FMEANAE, HAE IR S MRS S N JE B X
nano-CaCO, FE 47 3 T 2t P4 J2& 0035 A1 K1 BE
(477 ¥k Gl a3 Pl CaCO, 3R K 78 R i
K AT REARIL 5 PP AR P 25 S, 36 0 R 4 4 A 2
PE DR LR SR D (PP A A R R
K AR BON ) P B . UL CaCO,
PRSI S P AR IR T R N MR B R R ST H
i SCHR T A > UL RE R R 5 ( CaSt) 2R nano-
CaCO, B3¢ iPP [ #ft1E. CaSt 2 R 5 W T.rh &
FH 8 R ASE SR, ELAT i K S A A T
FErp, e AL Bl B e AR R B BT Ak TH
Wi A g% B Ak R A FE S

A2 R CaSt B nano-CaCO, , BF5E T
CaSt-nano-CaCO, ¥ 7 iPP J5, B & M R0 S12% .
S5 AT S VERE I AR AL, S RTR E G ORI
PEREALFR M —Fh BT ik A2

g5h, J1tkne

1 SLES

L1 X5

R (S1003) o A0 A 1l 4 2 ) 324
B IR R 55 ( CaSt) S k3 AR (Alfa Aesar) 5 R U #Y
nano-CaCO, H It 5T Fifi 19 388 44 Ok B £ A7 BR 2 7
A7 RLARAE 40 ~60 nm 2 [H].

1.2 CaSt-nano-CaCO, By #l &

1% nano-CaCO, 7EHEAFE HHE T+, Bk 257K 73, 78
o OB R BIL(YS-04, Jb 35 L IE AR HL A 5 5 A R
AN B EE 3 ~5 min, SRJF 5 500 H R G . K AL
T4 100 F & {7} nano-CaCO, By K 52y 3 H &7
iy CaStiR& , R B HORE TR A 3 ~5 min,
SRJE 1E 100°C F1 3000 r/min [ 5% 5 T , 7 1 B bl
(SHR-5A 3R Z W RS L)) hHiFE 10 min,
F & % iH , 195 CaSt-nano-CaCO, #) K.

1.3 iPP/CaCO, E6M B H &

4 iPP Fl nano-CaCO, 1f CaSt-nano-CaCO, 7E
T AR 5 5, S8 )5 7 HAKKE RC-
90 & FE UL AE AL e ml AR, AT 5 4R 20 ~ 30.8
mm , BZFFK S 300 mm, HLE IR 190 ~210°C
BRFF 5 3 60 v/min. 5 H Y RE S5 KRR A )
VAN B IR KT TR NCRE T
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1.4 WX 5 R
L4135 AbFE 805 2 fh /0 g

15 Ak 8 B i Bk T MR R K s T AL
FEBO A=A
. —_ VR KT R R S A
HILTE (% ) = R ) T x 100

(1)

PR CaCO, ¥y oK & T oK, 3 T /K T 1Y)
CaCO, KUK+ 3R 10 C # : , CaCO, KL+ 8 28
27K 78 S i K. FR B T K TE A CaCO, JiT i,
S B ARG AR O T R O RO R ek PR
J5 B CaCO, #4716 435 £ 5 , CaCO, JLF 58
STF T K (36 1k 48 203238 100% ) , & W] CaCo,
F AL A f AL CaSt, 5 SCHR A 09 T Rk ek
CaCO, JEALAE BT " . B R 45 L 142 fioh £ 0] 52
TE1# E Data Physics SCA-20 3% fiih ff U 22 AX - 58
B DA 2w KR D S 2 ik OME R BCPE 98 K ik
P 6 2 fih f1 2 0, Al i 1R 85 A P A K i 1R 8 5 file
P R R S J R AR RIS B ) YA R 00
B 7KL
1.4.2  HHREIES(SEM)

BY R SR R WA T VAR T, AR R T LS B e R
£ JEOL JSM-6700F #4454 L B2 LR AL,
I S kV.

1.4.3  Ji2etege

Fie B ASTM Frif, ok FI T AR O 22 %% K5 %% AL AW
AR FEIH) UNI20A 3 B AL 45 07 2 P 5e i 1
FRUERESS. KAR L L/D = 26, MR} IX 38 1 X i
B T A YR 2 200°C . 210°C \210°C F1 200°C . i
R R ] ASTM-D256 #3 i, 25 i A 25>k H] ASTM-
D790 FrifE. Mk 2§ FE 25 7E 23°C 45 T ik & 48
h DL B DITE B PR T, B A 58 R AR 5 4.
Al AR Instron 3365 J7 REA BHA B ML _E AT,
Bt s ae oy = A AL, MR M 2 mm/
min. Wi A Tzod St 1T w5 XK. 340 45 L HR S A4
B b 1F 4.

1.4.4 JRZEAMREME(DSC)

7N 2= H 7 P 7E Pekin-Elmer Calorimeter
DSC-7 LT, LLAR A A A il A o U B, PR B 4 ~
5 mg K, FHE R 210°C fH IR 5 min JEER AT L,
FELL 10 K/min 3R IR 2 50°C , 10 s AF & TH R IR
AR IR 4 A S R AR RSUT T
1.4.5 {2t 2 i B W48 (POM)

s ' S R T R A A PR Ak R R AL

(B A BRZ A ) B A i AT A 20 ~ 30 wm (14 3
JBE, B3 2k 10 MPa, Ji & 210°C. ARG fEBC s v &
(LINKAM THMS600 ) ¥ ffi 3 & % 4% ( OLYMPUS-
BX51) | W %X.

FE 3R 25 TR 45 & CE FE S TGS T TR
£ 210°C % %E 5 min BT 5, A 10 K/min [
= 50C.

L4671 X GFATH (WAXD)

WAXD i 7F H A< ¥ 2% Rigaku D/max 2400
AU X G L B AT, 26K 0. 02°, Cu Ko 55 5
(A =0.154 nm) , & H & 40 kV, & H i 100 mA.
147 I s 3 58 (MFR) 190 5

MFR 7E HAAKE-SWO ( Meltfixer) % fill 45 %t
A I BE 230°C, A 2. 16 kg,

2 ZRE5iTiE
2.1 iPP/CaCO, EAHMEHFHR

PURKLFIER G YRR B B A H S
AV IR AR 251, B v HOW R 5 WP Rk
BCEMRE. K1 BoR TAAE S RS S oR ek
P nano-CaCO, 5 iPP 52 & 4 B} A V< I T 1Y JE 351
5 [A] 45 & nano-CaCO, (] 1(c), 1(d)) ML,
CaSt-nano-CaCO, T R M B K M3 K, #E T
nano-CaCO, B F7E iPP 5 {431, 76 PP F ik
B BB KRR T I (I 1(a) ,1(b) ). CaSt-
nano-CaCO, 7€ iPP 1 11 58 i1 B ARl /b 1 e fk
2y B ) AR P2, BE AT A5 R A K
L1 Y 14 SR 3G B, DT k3 52 5 B R 14 RE
1M nano-CaCO, 7 iPP K44 vh 5 1 it AT 44 (& 1
(c), 1(d)), B B A e b 5 1 al sk
B , R AR HC g 27 P e
2.2 iPP/CaCoO, E 5 M N1 F R

o5 A g A R R SRR AR I )
28 B 2(a, b) AT E Y, & A MR 25 il B i
525 il 5 E AR CaCO, & B84 m Ih vy, Hoep
CaSt-nano-CaCO, XJ M &} 19 25 il #5155 25 il 5 &
& = T B . X & T CaSt-nano-CaCO, i
FAE (PP EE A B B 1 4 LA K P 2 )3
Uf (R RH 25 BT A8 2R

M 2(e) n] LLA H, BEE LT 7 55O,
HF I DT 2R BB AIR, R B PR 2 A MR R
TG RARLE SRR 22, Wr R AR B bl i 4t
O TR AU R 52 45 R A I A I PERE AL T R
CMERE L.
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Fig. 1 SEM micrographs of cryofracture surfaces of iPP/CaCO,composites

a) 5 wt% CaSt-nano-CaCO;; b) 10 wt% CaSt-nano-CaCO;; ¢) 5 wt% nano-CaCO;; d) 10 wt% nano-CaCO,
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Fig. 2 Mechanical behavior of iPP/CaSt-nano-CaCO; and iPP/nano-CaCO;composites as a function of CaCO; content

a) Flexural modulus; b) Flexural strength; c¢) Elongation at break; d) Impact strengt

M 2(d) AT AF ), iPP/nano-CaCO, & &4t
BHY v i B8 BE 5 PP/ CaSt-nano-CaCO, & 45 #1 K
HRAIE T 55 46 PP AR 1L, P98 PP &5 BRI Bk 11
rhd i B R Tz MR X S SOk R
Yk CaCO, XF (PP iy 3 B 1Y 2 2 JEE 36
1. T nano-CaCO, 1F iPP JE A v 1) 43 BHT
FAAE—EFEEE A R BRI T 52 G bR o M BE 1Y
PN

e TR 15 A 1 1) 2 T P v S BUOHCAE PP SR A
14 43 WOV B i, 55 AR 28 PR R D, AR A M L
PR A B E e R [ BN T A
BN ORE T S Bl A AR SR 2 2 A T i, BELA 2L

geR e, ke R e m. W, S Ehla
FE&EIEH 5% L) A}, iPP/CaSt-nano-CaCO, &
A # R v 2 BE EE iPP/nano-CaCO, 15 3 T K
4
2.3 iPP/CaCO, EEMHBHERITA

RN L4 R G, L4 e RE X H )
YRR B B . F, S T i PR [
FE T F7 P A nano-CaCO, XF iPP Jy 24 4 iE 5% Wi Y
JRE W R A Y PP RS AT R B AR A
WhEL.

Zhang[m%ﬁ%ﬁﬂﬁk%%ﬂi‘@%ﬂ% CaCoO,
LR 5| A PP IR H AT LIS nano-CaCO, X iPP
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45 w1 S AH SR AR D AR BT i 3 T IR R 2 1 Ak
HFHF% AR T nano-CaCO, X} iPP 4% 5 i 52 AH W 4% AF
JAS. AT o DSC WEE T iPP/CaSt-nano-CaCO,
HAMBME AT R, ME 3 iR, % CaSt-
nano-CaCO, % 5 4 I, B4 (9 4 25 i I B2 42
X W] CaSt-nano-CaCO, X} iPP [ 45 & 2] 5 41
BCAZAE HT. AH 2 5 A S8 9 KR 5 8 (10 wi% ) 1)
iPP/nano-CaCO, & & 41k 45 & 18 BE (132°C) #
Lt ,iPP/CaSt-nano-CaCO, & & ¥ Kl /i iPP ) &5
T AR T 9°C, £ W] CaSt Ay 7276 W] B8 55 T
nano-CaCO, X iPP &% W iU AE . kg R %
W, CaSt 3R If7 S0 PE 19 kL 5 JE R A 25 1, 5 3L
FORNAZ R 7055 , B R B0 4 O 2 3 A% A
FHBI R Z PTG A0 25 M % 1A% A4 FH B AR R R
T3 B O X A AR D B 1S VR L 45 R A
P (F 1) BRI CaCO, i T J5 , b RE 0 45 5
A RO I AR LR AR R AR B S I A
JE AR TR AR B X bR T 2 1 e ek R B R
.
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Fig. 3 DSC cooling curves of iPP/CaCO; composites with

different concentrations of nano-CaCO; or CaSt-nano-CaCOj,

Table 1  Crystallization enthalpy and crystallinity of :PP/CaSt-nano-

CaCO; and iPP/nano-CaCO, composites

CaCOj,
0 0.5° 1° 2 5 10* 10°
content (wt% )

96.2 97.3 101.2 103.6 100.1 99.5 102.8
46.0 46.6 48.4 49.5 47.9 47.6 49.2

AH (J/g)
X (%)

AH : crystallization enthalpy; X :crystallinity;

* CaSt-nano-CaCOy ; b nano-CaCOj,

4 R A Y ) E R AR S O R 4
TEEEYIM . — kUL, PP (4 B M L o« f
HEZmMPih e M X L i
(WAXD)JE5EZ iPP/ CaSt-nano-CaCO, & & ¥ Kl &

k= Eo

WIL B (FE 4). B 5 & PP A1 iPP/CaCO, & &
BERHA 6 OB P, IR R SR B B X 5 STk
3B e R A &S PP R B AR
[ BT L CaSt-nano-CaCO, (¥ /i1 A X} iPP #f
Bt R R R R A, (LR PP B
B R

10 wt% CaSt-nano-CaCO,

5 wt% CaSt-nano-CaCO;

10 20 30 40
20(%)

Intensity

Fig. 4 WAXD profiles of pure PP and :PP/CaSt-nano-

CaCO; composites

XF T 2 ARG B T A AL Z A R Y
RUSF A 2 52w A B g 27 PR g Y S &R 4l iPP
(&5 Ca) ) BRA ROT B, 3K 5 2 18] /Y 5 T AH 5
VeSS, A0 VR TR 3R Z 18] 5 7 A i e e 4L
Bo FEM B A MR EL. K]S (b,e, d) IR
fi# nano-CaCO, A1 CaSt-nano-CaCO, 1Y & & 14
i, Bk 5B R A0k, oA B B 2. TEAR DR T i
B 44F F iPP/ CaSt-nano-CaCO, (& 5(d)) E &
AR PP A BR RS B, 3R IR A% A U
55 30 H R UL, AW b ROT BN R A A AT
PITE RO 4 . kL RS 8 /)N, 58 38 R R IG, BB
PEJE AR S 2B S MR AS IR kR el
$ e TR A3 UH PR T Ak R A 9 5N S K A 1 4
b, 3K 18] A B ¥ % 1 3¢ BT 2. CaSt-nano-CaCoO,
KL~ 78 iPP R o3 BB v, 1 ) il B DXk 2D, A )
TiREE AR Y RE. B2 th Tk i A R
s} KT iPP/nano-CaCO, &G ¥ v iPP B ER &, &
F iPP/CaSt-nano-CaCO, & &M Koy v e 5
iPP/nano-CaCoO, FHT.

2.4 iPP/CaCO, & & ¥ B IE & 7 3h 14 68

6 1Y 45 2R 7R B 5K 2P nano-CaCoO,
KL RIS 5 2 iPP 525 4R VAR 3l o R
IC, F V1% 42 %, H nano-CaCO, 155 PP 1A &
IR 5 Rl A8 K0T BR K. AT BB 1 T nano-CaCO, 11
IOABR @) 1 PP gy 14k A iz g, BE#E nano-



Fig. 5 POM micrographs of non-isothermally crystallized iPP/CaSt-nano -CaCO; and iPP/nano-CaCO; composites with the cooling rate of

10 K/min

a) iPP; b) iPP/nano-CaCO, (100/10) ; ¢) iPP/CaSt-nano-CaCO,4 (100/5); d) iPP/CaSt-nano-CaCO, (100/10)
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Fig. 6 Melt flow rate (MFR) of iPP/CaCO; composites as

a function of CaCO; content

CaCO, &2, 70151z Sl BN, 8 1A 3
AR, 28 CaSt 2t 5, th TR0 7~ 3% 1 A B R
A% P W AR £, B IR T nano-CaCO, 1) 3K 1 fiE , I

/NT nano-CaCO, 5 PP HIEEMHBAEH, 80 ¥
# 1z s BH 1 F K&, [A] B}, CaSt-nano-CaCO, ki F 5
(PP HEARAHZS R AR 47, 3 BOPE 38 8, 059 T X PP
Oy T4 5 SR BR . i E CaSt X5 4 9 B9 I Tk
THHAER , SB35 G W00 16 VR U 20 3R B ARRE B
W55 . AT UL CaSt BUFFTEH] 55 T CaCO, X HEfAZE i
B 52 M, AR A B 0 T e

3 e

Hi T A 8 AR 5 1Y B K AE 503 T nano-
CaCO, 75 iPP JEMR B 20 HOIRAS 4 5/ 7 H 5 PP
FAZE kBT A B B G 55, #2751 iPP/CaSt-
nano-CaCO, & {3 b1 4} Wi 20 < A A2 il 1 g
P B W A8 B N E 3R . R R, iPP/CaSt-nano-
CaCO, & HRHRY I T30 3 P RE A T[] 25 kL 7 75
7 i) iPP/nano-CaCO, & &M #l.
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STRUCTURE AND PROPERTIES OF iPP/MODIFIED
NANO-CaCO, COMPOSITES

LI Liangzhao' , ZHANG Xiugin', LUO Faliang"*, ZHAO Ying', WANG Dujin'
(" Beijing National Laboratory for Molecular Sciences, CAS Key Laboratory of Engineering Plastics ,
Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)
(* Key Laboratory of Energy and Chemical Engineering of Ningxia Autonomous Region, Ningxia University, Yinchuan 750021)

Abstract  Calcium stearate modified nano-CaCO, ( CaSt-nano-CaCO, ) was prepared, and iPP /calcium
stearate modified nano-CaCO, (iPP/CaSt-nano-CaCO, ) was prepared by melt blending PP with CaSt-nano-
CaCO, particles Compared with pure iPP, the addition of CaSt-nano-CaCO, and nano-CaCO, particles both
increased flexural strength and flexural modulus of PP, and impact strength was also improved in these two
series composites. In comparison with iPP/nano-CaCO, the impact toughness of iPP/CaSt-nano-CaCO,
composites was improved slightly , while the flexural modulus of iPP/CaSt-nano-CaCO,was obviously increased.
Differential scanning calorimetry ( DSC) and polarized optical microscopy ( POM) tests showed that with
increasing CaSt-nano-CaCO,content,the crystallization temperature and the nucleating ability of the composites
were all increased. The crystallization temperature of iPP/CaSt-nano-CaCO,is lower than that of iPP/nano-
CaCO; with the same filler content indicating that the nucleating ability of CaSt-nano-CaCO;is weaker than that
of nano-CaCO, in iPP matrix Wide-angle X-ray diffraction ( WAXD) results showed the composites did not
exhibit B crystal form after addition of nano-CaCO,and CaSt-nano-CaCO, particles. Compared with iPP/nano-
CaCO, ,the presence of calcium stearate increases the melt flow rate (MFR) of iPP composite with the same
filler content,implying that the processability of the composites will be improved with the modification of nano-
CaCO, with calcium stearate.

Keywords Calcium  stearate, Nano-CaCO,, Polypropylene composites, Mechanical properties,

Crystallization



