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Fig. 1 WAXD of PP and PF/OREC nanocomposites

Table 1 WAXD data of PP and the nanocomposites

No 101103 2(300) 3(040) 4(130) 5(111) 6(041)
26(°) PP 13.86 15.84 16.66 1B.32 20.94 21.62
PPI  14.06 16.84 18.52 21.10 21.86
PP2  13.90 16.64 18.42 20.96 21.68
PP4 14.06 16.82 18,54 21.08 21.80
dinm) PP 6.38 559 532 484 4.11 3.55
PPl 6.29 526 479 4.21 4.06
PP2  6.37 532 4.8  4.24 4.10
PP4  6.29 527 478 421 4.07
2y PP 0.76 6.60 0.3 1.04 0.92 2.60
PPl 0.88 0.76  1.04 6.68  2.40
PP2 0.9 064 1.16 1.04 212
PP4  1.00 0.68 1.08 10.88  2.08

MFTHEBIBT LI, PP REAXES
MEH X-STERME M EA 5, Ul OREC &
AEEFPPHERAY HIENGRMKALREL
aBIAE, EREWNE 1 NFE L R 1.3.4,
564, 5K « SEA(110).(040).(130).
(1) (dNfT§m. AHSEEHLPEN B,
A | ARK 2 4 (% E 26 5 15.8°), X
REB(300) dkm . AE PRI EY , BR PP S
PP/OREC b | B A [, (H B A& msa i R
KRB EHFAR, 07 (110),(130) . (111),

(041) S F, 59K PP ST py g TE Xy B i PP
H@j(,ﬁiﬁ Scherrer ﬁﬁ

Dy = 2

Beost
Hy D, W EHGEFHNEE, nm; A FAGE
B, nm; B BT 0 MM .
A, X RTER, REAZEER EART#
AGIRAEN RGO NEM, EXH - HERR
RIAR AR B SR, 4 PP R B BA B A9 300 [ AT
Feg Mk PPRIEZMELZRANE , XA
BEERT « RN MO ERRE ES T REH
B R BB U SR ANREAR
BE T PP AAT.
2.2 MREZEI PP/OREC 4 RITARKN
REVEGINEBRNRARTEEE &
XRAZEFARMBRE(DSOWMEFRERE R
HIBRYARBRERESE N 2.5,5,10,15 K/min B
B ER, AR SREXEBLME?2
Fim AlRVEL BERABNENSERRESHHH
HhahEIR T, B FE R BRI K E KR 5
Bah, HEREETR TRAEREEHEN,&F
B e A BRENN, B T, B Fet, ER
KHRET ., FEMEIETEE SRNEER
BEEEX ER/RETER.DMEATLLE L, AR
MEHEET ERBAKESHHY T, 4 PP
%, BB OREC ¥ fin & 1% in o 48 0C . 0 7 BR IR o R
7 10 K/min, PP #) T, 25 386.62 K,PP1 24 392.79
K,PP2 34 394.56 K,PP4 5 395.72 K. tH I i BH A
HLEARANMA BETERAKHSERBYE, &H
TRHEBME RHERE. HEERAKREFTNRRI
A5RAMZEFERMNY R EEN, XHEH
MEERREER BRI R EANRE L L, &
RAMMTRMERE SRERNSEERRET
AR A&
2.3 BARRESAHENERINFESBEBE
METHEIM DSC BIER A &I N ¥R
RBEARERINESH.
WESYSELE ST EH Aviami R
THE.XTEAYEERE B 1%, Jesiomy
1% Aveami R N THFTFE TR DSC #
T S = (T, - THO(T, EEGEREL
BE,TAHEREE, o 2R EHFE), ¥ Avami
FREGH  #FTeEAL, BEEFRFATS
FRETE c SHEMNERE X, ZEEMNS Avami J



363

£ DS . BAMEROARESHRNESRERNERR

LI Xt X, (EEERE3I. AE 3 TGS SH
A 1, ERNTE2.

BHXRRER (DY,

X, = exp(- Z,1") (1)

A, n 2 Aveami ¥, 2, RFRE

BERER.

30Fa 4.0
@ &
2 Z 3o0f
Z2 200 5
= &
=t 9
T T
1.0+ 10k A
2 PP-15 K/min g PPL-15 KJmI_n
W PP-10 K/min (] F]:, min
0.0 = [k, 0.0p , , . %_%‘?&
320 360 400 440 480 320 360 400 440 480
Temperature (K) Temperature {K)
¢ 391.42K
= 4.0f - @ 4.0
z 39456 K ES
T 3.0f x 3.0
< <
§ 2.0F % 20
LOF 1.0 ,
e sz laKlrmn El PP4-15 K/min
w min - in
0.0r 1 é 3, ﬁm'" 0.0 i ! L gE% é%&in
320 360 400 35 480 320 360 400 440 480
Temperature (K) . Temperature (K)
Fig. 2 DSC thermograms of PP and PP/OREC nanocomposites
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Fig. 3 Plots of X, versus time for crystallization of PP and PP/OREC nanocomposites
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364 & i F = i 2004 4
XX HET . FEMBETHRRE n M InZ,.Z, BEREE
In[-1n{1-X)}] =InZ + nlnt (2) FR . EAEAENEREEAINFE, HFTFESE

M4BT Ine ~ In[-In(1 - X)]MRER.
BETH, LAGRE S B In[ - In(1 - X)]
~ Int LKA X R HEAE, B Jeziomy B X IEFR
ERNBEAXESHANLERTITH. HELH

O a PP-15 PP-10 PP-5 PP-2.5

T

J
]
T

In[-In{1-X}]

15 <10 05 00 05 1.0 1.5
Int

O ¢ PP2-15 PP2-10 PP2-5 PP2-2.5

'
T

= 2T

E 3p

=
4L
-8 ! ! ! 1 1
-5 <10 -05 0.5 1.0

Ins

ERAE, HEREREFAEREAFY

B IE

Aveami 28 Z BAFFRE NI F B InZc

= ll'lZ|/¢,

0 b

In[-In(1-X%)]

-5.

HRINTE2.

PPI-15 PPL-i0 PPI-S PPE2S

/L.

inf-In(1-X,)]

lnt

PP4-15 PP4-10 PP4-5

PP4-2.5

-1.5

.

Fig. 4  Plots of In{ - In{1 - X, }} versus In¢ for crystallization of PP and PP/OREC nanocomposiles
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BT 1, 0 B UL 0 R ) 8 O T R IR . 7E [ A B i
T, PP/OREC #KE S EHN ¢, te PP/, H8H
AP ARG AERRNBSMHIBP R F HBZN
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Table 2  Parameters of sample during nonisothermal crystallization
process

Sample . Z, fin L, oA

(K/min) (min} (Ky (lrg)

PP -2.5 3.6 0.13 3.56 393.9 953

-5 4.0 0.46 2.4 388.4 102.5

-10 3.9 0.89 1.24 386.8  95.3

- 15 3.8 1.01 0.88 383.1 93.3

PP1 -2.5 4.8 0.11 2.78 400.2 108.4

-5 4.9 0.65 1.40 397.7 1050

- 10 4.8 1.02 0.88 192.9 83.9

- 15 4.6 1.13 0.63 91.0 387.8

PP2 -2.5 4.2 0.13 2.88 400.0 98.2

-5 4.5 0.57 1.62 397.4 101.9

-10 5.0 1.01 0.90 394.7 103.6

- 15 4.9 1.13 0.63 391.6 B4.3

PP4 -2.5 4.8 0.13 2.87 401.2 102.86

-5 4.5 0.67 1.39 398.8 104.9

- 10 4.9 1.06 (.82 395.9 98.1

-15 4.6 1.15 0.57 393.1 93.9
ATLITR ) Mo 72

InZ, + nlnt = In{K{(T)) - min® (5)

BHEER.



3| SRAST ENK/RROARESHRNESRERI NERNR 365

_ In®@ = lnF(T) - alnt (6)
Hp F(1) = [ K(THZ 3", RrBALE &
BRP—-EERENRENEREE, o =n/m,
1 Avrami 3§25 Ozawa IE B L1
AFTE 6 LIEL Bt L Ind - Int ZFEL
2.8'—

A2 08 04 00 04 08 12

KRR Bline AR5, In@ HALR, JHEH
s MAESATUEL n(P) -In()ZEEHELR
AR X R, R Mo AL HE PP K E
AR ESFRERIBRITHN HE S HED
HEERENNER « 5 F(TE.SRLES.

2.8¢ - X =5%
- Y =20%
24} —— X, =40%
- X, =60%
20 —— X = 80%
E:
1.6}
1.2+
L
-2 08 -04 00 04 08 12
Int
2.8
241
20
$
s
—1.6F
1.2
d
0.8

-4 -10 06 -02 02 06 10 14
In¢

Fig. 5 Plots of In® versus Int for PP and PP/OREC nanocomposites

a)PP;b)PPl;c)PP2;d)PP4
Table 3 Values of F{T), a and AE for
crystallization of PP and PP/OREC nanocomposites

Sample X(t)% F(T}
PP 5 5.69

20 8.95
11.79
14.49
17.68
4.56
6.34
7.70
9.03
10.95
4.77
6.85
8.24
9.36
11.28
4.47
6.14
7.31
8.46
10.12

-]

PP/ORECL

PP/OREC2

PP/OREC4

EZEB 23533388838
e e e e e e e
R

MR 3 AR TTLLKRIE , FOT)FESS & B RS
T8 K, 2 B A 0 i B (A P9 35 B — 5E 89 5 & JE BT
TEMMERERAEN, A UEFERXPIERSES
B RAGT®ENERERKTRAR R4

Unexchangeablecaiion_. s sd M

Exchangeable cation —— N

Jmmmned—

B B gt M
b H b 2nm

Jrmmn
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NEAAR: BERAREXZEATESEERE AN YHMEFTEREE 2m BEHRE.
BB 1 AEBENANERLEHR, M6  FERN 2 mENSTIREEENLYHARS
Fim . mmmaEERREENESREAEMER SERGH, - ENEEk FUERRRS
FEFMERAMEENEERARAEBSE S, TEIAHEUNRHREER. FRNE, R
FAAHAKLEESF)REXE KD, X588 HASERGHNHETFIRENFA, MERL
EESFIRTEEAEF AERAS5FME HE SANFEEESAR, SEMERRBLEER
EHSAEAL, REhEANRERNS ) EA HEENFERTERR.
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NON-ISOTHERMAL CRYSTALLIZATION KINETICS OF
POLYPROPYLENE/ORGANIC-RECTORITE NANOCOMPOSITES

MA Xiaoyan, LIANG Guozheng, CAQ Zhonglin, LU Haijun
{ Department of Chemical Engineering , Northwessern Polytechnicad Universiy , Xi” an 710072

Abstract The polypropylene ( PP )/organic rectorite { OREC) nanocomposiles were prepared by extruding the
mixtures of OREC and PP using a twin-screw extruder. The crystallization behavior of PP and PP/OREC
nanocomposites was studied by wide angle X-ray diffraction analysis (WAXD) performed at angle range of 10 ~ 25°
and differential scanning calorimetry (DSC)} conducted at constant cooling rate of 2.5 K/min, 5 K/min, 10 K/min and
15 K/min, respectively. The results of WAXD analysis show that the introduction of OREC does not change the
crystal form of PP in the compocites. Non-isothermal crystallization kinetics of PP and PP/OREC nanocomposites
was investigated by means of DSC, and the data are successfully analyzed by the Jeziomy and the Mo Zhishen
methods . The non-isothermal crystallization kinetics parameter ( Z, ) and Avrami exponent{ n) for PP and PP/OREC
nanocomposites were reduced with cooling rate increasing. However, for PP/OREC nanocomposites, they are higher
than those of PP at the same cooling rate. The characleristic cooling rate, F( T}, increases with the degree of
crystallinity for both PP and PP /OREC nanocomposites, but the values of F(T) of PP#OREC nanocomposites were
lower than those of PP at the same degree of crystallinity. All the above analyse indicate that particles of OREC have
heterogeneous nucleation effects on PP matrix.

Key words Polypropylene, Rectorite, Nanocomposite, Non-isothermal crystallization, Kinetics



