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1.3 EAHNERYESNXRE

¥ PP.AK SiO, M 0. 5% ML AR ERE Y+
iR 30 min, REH LR MBRMAFTHRKE
HFREBILPHITIRE, B FH 3N 60 /min,
HRIRFE R 200°C , IR AT AT K 8 min. HHIEFES
ZEEMBH G, BT BEIE 5 R R T i
MABFHHETERNN 0.7 vola AL EE S
SHEIT N 6 MR 24 PP PP PHET
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F#) Si0, (PP/SIO,-g-PEA) AR AWM T Bl
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Table 1 Crystallization and melting behaviors of neat PP and PP filled

with various nano-silica

T. aH,  xv T, AH,
Sample

(€ (Jig) (%) (C) (Jig)
PP 158.8 994  47.6 1155 99.5
PP/Si0, 161. 137 544  117.6 118.9
PPISiI0, - g-PS 164.5 1227 587 118.6 1247
PP/Si0,-g-PMMA 1626  120.8 577  119.2  120.4
PP/Si0,-g-PEA 164.] 1188 56,8  118.5 123.5
PP/SIO, - g-PBA 641 1166 358 1185 117.4

* Crvswallinity X, = AH /AHY, . where AHS, is 209 J/g for the completed
crystallized PP

HFHEKSO WMARSTESHEMYE
MBRE PP FREBEEANEE FH#TE
ALOATESTHENTERE B PPH T,
HgsRae A TAREELEN S0, X PP £
MEENERAR, W T, NESEEREES.
B ELPHEME SO, MM PPHERTHEESMN
BRE MHEEEESERKRE FHAKRZNE
mEAM SRS NS - TAERAT S0, Y
FHAREZEREETmEEmMERER.

Table 2
behaviers of PP/Si0),-g-PMMA

Effects of filler content on the crystallization and melting

Particle content Tm A, X, T. AH,
(vol % } (C) (Jig) (o) () (g}

[} 158.8 9.4 47.6 115.5 99.5

0.35 161.0 111.0 53.1 117.2  105.8
0.71 162.6 120.8 57.7 119.2  [20.4
1.44 164.0 119.7 57.3 119.6 (18.4

ME 2 0] W, M Si0,-g-PMMA & & 591% 1,
PPH T T, EEAHABAS &EEHAL EFH

ETHETSESX AETHEESERE BY
BTEEXRFO vl UG, #—FRERTS
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BERIE ARTHREFL 10 K/min # 7B 3
RABE 200C, I F LA BEMRBSEL T
LRERTE, T MRS ERSER%
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1 - X{(4) = exp( - Z,¢t") (3
Pilgl = In(1 - X (o)) I3 1ge fEE, 0] B fH SRR
B Aveami FE8 o, ARERBEREETYH 7,
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tnENER S REFIKE:
ty = (In20Z)"" (4)
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Fig. 1|  Comparison of f;; at different crystallization

1emperatures for neal PP and PP filled varions nano-siliea

B3 AAL, 4 PP R HESHHH Avami
o8 n ¥R IE B B . Wundedich % A B T 1F %
L EBEM O EPEEL T PP R
HEGHMHM  HRS L2, XA PP ERHLESH
TR IR BN B B R B 1A A A AR
Eth MERKARZERH =HRE.

Table 3 Isothermal crystallization kinetic parameters for neat PP and PP

filled with various nane-silica at various crystallization \emperatures

Tr Z: t|,2
Samples n
() (min~") (mun}
PP 130 2.42 0.0101 5.73
128 2.05 0.03719 4.13
126 1.53 0.0967 3.59
124 1.52 0.156 2.67
PP/Si0, 130 2.18 0.0592 3.9
128 2.08 0.137 2.18
126 2.36 0.379 1.29
124 2.05 1.739 0.638
PP/Si0, - g-PS 130 2.13 0.0800 2.75
128 2.30 0.144 .98
126 2.36 0.380 1.29
124 2.05 1.02 (0.828
PP/Si0,; - g-PMMA 130 1.99 0.128 2.33
128 1.98 0.236 1.72
126 1.91 0.612 1.06
124 [.86 1.25 0.728
PP/Si0;-g-PEA 130 2.04 0.0746 2.98
128 2.20 0.134 2.11
126 2.6 0.420 i.26
124 2.04 1.04 0.819
PP/5i0,-g-PBA 130 2.26 0.0527 3.1z
128 2.45 0.122 2.G3
126 2.28 0.391 1.28
124 2.08 1.01 1.08
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HTER N EMENBERFLESE, T
FERGRI N FNALIH RN F RS
RATR, M ASEREM I T 2R ER, LA L
B EFRNNEHNAREKBESNGE.
LR B AR SRR AR E 200CH B 5 min,
LR s, RS 7 B 1L 2.5.5.10 1 20
K/min f) F iR 3 R M 200°CEF B = 50C.

MNEAED FERTREZWNE N, PP M &
SHEARBERE N B, RAER KL HE
BT AHTEGY S FHOTERE . &SRR
SH ARESYTFEERKASSEA SR a4
PP (755 & W 1 J% L Vi (8 OB ikt S 8 T T R O
HREHESHE K, ZWHA PP S HREHE
TEGHE, M Sio, fm AR B RN MIER,
BETHEMS&ER. HRPERATES, S0, £
MR, AN ER, T #1 AH, ¥
BB TR FSRERFEAENES S

Table 4 Values of T, and AH, at various cooling rates for neat PP and

PP filled with various nane-silica

Cooling rate
Sample 2.5 5 10 20

{K/min)

PP 70Ty 1232 119.6  115.5 110.0
AR (J/g) 111.1 103.4 99.50 94.0

PP/5i0, TAT) 1245 1211 117.6 113.4
AHe (Fg) 121.9  120.0 118.9 118.2

PP/Si0,-g-PS T.AC) 125.1 122.0 118.6 114.3
AH (Jlg) 126.2  125.0 124.7 123.6

PP/Si0;-g-PMMA  T.(C) 1254 122.5 1192 115.3
AH (J/g) 1221  121.6  120.4 120.0

PP/Si0,- g-PEA r.(C)  125.1 1220 118.5 114.1
AH (Mg} 119.3  122.9 1235 117.0

PP/$i0;-g-PBA T.0T)Y 1253 1221 1185 114.1
AH(I/g)  121.0  122.8  117.4 107.3

FTRFRHEREEINES .

HREE Ozawa ™ BiE, E X —HBE T 6 A4 X
HREX(ME5XRHAEERREAMTXER:

1 - X (T) = exp{ — K,/R") {5)

AP K NE—BETTHEREEER . n N
Ozawa ER( XA ZBE TS RER) . X.(MH
BRETHHEMTERE W gl - In( X (T))Ix
IgR YEEI BN ]85 B —1RE T T B Ozawa 368 m
MEMERERK(LES). 4 PP Y Ozawa 55
m MERERLRERK CHEENAG® LT,
B 4B AT 120°CH, RTTA TR, X EH rP
MR EE 1I6CH NSCTH H REMN4EKE
FERF ¥ W, W 7E 120°C Bt PP M ¥ M R BB h &%
I, RSN HEEA N FE. BN SO, J5,PP
) Ozawa 158 m MERERER K, HBENF
BREEA, RUEHENRE F, PP R&k4d
KEFECFERREAERIEEN, S%EE
PPERHEEEEWMAK EHRMEBEET
(116C) , EEMEME REEEH K, Hix/hT
20 PP ULCF ST X F 4k B F{E# PPE AW
FNERMTE EHEFE X —ERRFTET
R R TA0K Sio, R RHEEZER 5, B
ELGBRENES. SREEMPR, PPAEREN
BETERCEATH, EHESRNERNE
KbEFEW A, BT LA MR St &5 B KB
Hig. LRERSEE (1200), 8 -5 B 15 &E
W RE KT 86 PP, B 0B F B B AR B 4B
RAEESHENEREEREAKHERN.E44
FHWEGESBFER EEFEEMNE, A Ozawa
FEFRBMEREEETH K AT Rm
P REEE A EMBN . XS5 % B E N
DR s S B, M MIEA N

Table 5 Kinetic parameters of non-isothermal crystallization of neat PP and PP with various fillers at different temperatures according to Ozawa method

L16C 118C 120°C
Samples Kyxi0~? Krx1073 Krx107?
m m m

{K/min) " " (K/min} ™" (K/min) ="
PP 4.22 1.91 5.78 14.8 5.06 2.12
PP/Si0, 2.93 0.562 4.30 4.17 5.42 1.2
PP/Si0,- g-PS 2.36 0.240 3.9 2.63 5.09 10.8
PP/Si0,- g-PMMA 1.79 (.0933 2.91 0.525 4.11 2.60
PP/Si0),-g-PEA 2.38 0.251 3.98 316 5.69 40.1
PP/5i0;-g-PBA 2.25 0.162 3.82 2.14 5.56 26.3
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Fig. 2 DSC melting curves for (a) neat PP. {b) Si0y/PP, (¢} $i0;-g-PS/PP, (d) $i0;-g-PMMA/PP, (e) $i0,-g-PEA/PP and (f) Si0;-g-PBA/

PP after isothermally crvstallized at various lemaperatures
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RERETESFEEGEBEETHERIER
T, 1% Monasse % A" 4 1 A9 J7 3% Al 3R R PP ¢
REGMBMFEHEA T, 0F T -7, Xl
H,ORMHSHE 7, =T, HESREE, B
an B AL T MK 6 T I, 41 PP (T 105 S {H

H207.83C, 5XE T PRI, A TH
KB MR G AR i 55 UM T 46 PP A R
KIRER TR, XTREH TEINR FHRENR
B R, (6 RPT M B 55 S AR AR, MO B A
LFRES AN T EEERK.

Table 6 The equilibrium melting peints of neat PP and PP filled with various nano-silica

Sarhples PP PP/Si0, PP/Si(); - g-PS

PP/SiO; - g-PMMA PP/Si0,-z-PEA PP/SI0, - g-PBA

F(T) 207.83 187.36 189.90

188.39 189.90 186.02

BZ WK S0, BAERMREIER, G E
RPPHERER FREENSLE BTRA
gdgtts, RERAERGEINR, EFRRE
MER AR FHAEE R B EINR K &
& EBRE, PP A RIRE BREEMS
ar AR BE By 15 B I8 T L E YR T
SRAFEREN SEMARTERERMA
MYHEER G AE, Sa& 2T 08A
BAXR EFREMJMET QURE T B #1142
MPPHGRERE N TRERYHE, FAAER
IR BE T B AR R S BN B L T L

HERCPMMA MR TSR B AHE EHFBRE &
MAFRHAEREIEL TR TS5 X &R EME
MEESEM TR HEEEINES . 8 TH
KB FHRHEREERARS TERBNEG &
AR ERAMWEE TR WA TFHEE PP
FENBER FTHRRHEBRBIER, #8& R XD,
Ar R[] 58 S A8 B B0 —, M Thi {8 FE 1 R ot B2
PRI, 75—, TR MARK T
RABFREDHDIWTERE M PP L& H
SERKEENTRE.
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CRYSTALLIZATION PERFORMANCE OF ISOTACTIC POLYPROPYLENE
FILLED WITH SURFACE GRAFTING MODIFIED NANO-SILICA

RONG Minzhi' , ZHANG Mingqiu', PAN Shunlong’, FRIEDRICH K .°
(' Materials Seience Institwte , Kev Laboratory for Polymeric Composite and Functional Muterials of Minisiry of Education ,
Zhongshan University , Guangzhou 510275)
(* Institute for Composite Materials ( [VW}, University of Kaisersiautern, D-67663 Kuisersloutern . Germany )

Abstract The influence of surface grafting modified nano-silica on the isothermal and non-isothermal crystallization
kinetics of isotactic polypropylene (IPP) was investigated by DSC. The silica particles were pre-grafted with styrene,
methyl methacrylate, ethyt acrylate and butyl acrylate, respectively. The experimental results show that the addition of
nano-silica into PP has an obvious nuclealing effect on the crystallization of PP, resulting in higher crystallization
temperature and melting point, as well as higher crystallinity and the overall rate of crystallization, but lower
crystalline regularity . The surface grafting treatment of the nanoparticles promotes the nucleating effect due to the
increased miscibility between the particle and the matrix. The nucleating effect of the particles is also related with
their dispersion state in the polymer matrix. The melting behavior of neat PP is different to that of the P¥ filled with
nano-silica. The later has a more uniform crystal structure because the fillers acl as nucleates. However, a faster
isothermal crystallization process of the PP filled with nano-silica results in a lower equilibrium melting point,
implying that the crystalline structure is less perfect in this case.

Key words Polypropylene, Crystallization kinetics, Nano-silica, Surface grafting modification



