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HEMOTHESE(SHREMBENFEREAw) FHERESEH Avvami FBHEST
AvramiOzawa FEM FELBESBELRD I Z N TLBELEFANR DELT,
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TS, REER M, ARAHERE, ARERENA, SEREHFHHE/ANSE R
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BOYNERDIEREZESBELAGTHARE, ESREKRTFNFSRERER
SESRRN AR, A, A ESBESRTFREIESHXTESYESNGER . HiL, Xt
RO IESRERTANARECAERNATRAELHARAEERTEENER
HEY HEHFESBEEAIRHERN, HERMAERBEA —TRBHHE. T
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1.1 HHEEHELBHE

BEAEFEAERILERLFHLAAS EEATI ™8, M5 2401. BXME (MAH),
Ao B P A TR BT (PP-g-MAH), ¥ R B R M &, HBBE N 3.4wt% . BERY
B EEEESEP T, B PP MAH BREERN _HE P Min—EBMW T LK
Z R RHATHY, B :NaOH 2. S # .CaCl, Z BN HIM MnAc, ZBBH.
1.2 DSCHME

£ Perkin-Elmer DSC 7 B ZE R EHRMN L#T. N, #F, R RN 3~ 5mg, Fab
# 210C F1EE Smin LI HBRR/FT P HEN, RS HFEHR HELEREGEBRETESFR
R HHENEE. HAYBAEE R ¥ 5C/min,10C /min.15C /min & 20T /min.
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2 EREBVTE

Gupta BRI M SRS MG TR HEFERELLR: 1. &R
M T fHi2. SAKEEEBRE T, YEREERMMELTNRN TG EREZH T,
T FIERT MRS, RS TR, A RERRR;. FRENTIGEHE S, £ E
RubEEGEBROMGERERES MEREEISAN S, 2EREEKERE M
E HERAEAERTBEER 4. EHRENERE Aw, IS REETE LN ER,
EEdsgRgtT e mRH— L BERE, REEREX/ N HHER, Aw /HI
HTE 5. (To— Ton) BT BEEE, MHFRIER KR HAEXRTARFEMHSE
S8, ER /NI SEE RS 1 Y@l DSC MBS KRN E LA SHH
mEHE.

LREDTEK A Avrami FEHE:

1- Xt} = exp(— Z;") (»
R, X ()0 ¢ HRMHXNERE, Z, HEREREY, n H Avrami 188 Z, 1 = T[U
REFARY, ATESREHTE Aviami HENY .

1- X.(2) = exp(— Z; ") (2)
ZoM o RESFEBERAST RN RERTINEY, EMNURSHERENSEI

Ozawal? Jr ik Avrami P B SRS B BNEES, Hr N .

1-a(T) = expl- K(T)/R™] (3
K, o T)NEE THHSRE, m N Onwa 58, R WS HNEE, K(T)HEREHLE,
B FEHRARRSAEEN DSC i2RE - BE FHMHEE G ERIE, HI Ozawa ik
WITERATGAINEEHD, TRPEZHA -FESZ L HARM IR S 01E .

HEFEOKLES Aviami B E Qzawa 7B, BSHEERX —HENERETESFR
gigshihEdB2n .

InR = InF(T) — ¢lnt (4)
Kt F(T)=[K(T)/Z]V", a=n/m. F(T)HYBE X HRANEBEREINFTNERE
ZRR—LRELAEENSHNER, BAN KS* |, BIEHER £ —EH G N FE N IAF
H-ZRENMEREE.

0K BIR A Avrami iR EEESHN NENESRES R NZHITLE.

& 2 A DSC EXRFX HER FEHIEM PP-g-MAH & Na BREWHELMNESFR
R ek, REHRHESRSR MRS 2260, FIHE 1 7R FXHIRERH
DSC MiZ &S, 7 T# 1. TUED, M THAMER, BB RHE T, M T, %
BN HEERH, RAVATFRFBAAGROEERFT LRENTRER, 5§
HRZHD BT ET KNS EA SR ERERET, T, &l PP-g-MAH ¥
B/, % 119.4C (5T /min) ~ 112.8C (20T /min), 8 PP K 2Z, 4 120.9C (5C/min) ~
113.5C (20°C /min) (B 3) . IS FAEN T8 LSIAT ME, £ T,
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Fig. 1 Schematic representatic of the method of Fig. 2 DSC thermograms of non-isothermal
determination of the various parameters from DSC crystallization of Na® -ionomer 100% at different
crystallization exothermic peak ’ cooling rates

Table 1 The various parameters of samples from DSC non-isothermal crystallization exothermic peaks

R T o To To Tuu .

L Aw Z(s ") n 1172(8)
(T/min}) (T) (c) (T)

PP 5 115.7  120.9 5.2 1.47 5.04 2.06x10°° 2.56  58.7
10 11.7  117.7 6.0 2,25 5.95 8.83x10°%  2.55  33.7
5 108.6 115.5 6.9 2.69 6.50 1.85x10°* 2.56 24.9
20 106.0 113.5 7.5 2.99 7.28 2.83Ixi0”* 2.57 20.8
PP.g-MAH 5 114.8  119.4 4.6 1.66 3.47 3.80x10°% 2.55 46.9
10 112.0 115.8 3.8 405 3.14 3.71x107* 250 20.3
15 110.2  114.0 3.8 5.65 3.32 7.71x10* 2.56 14.3
20 108.0 112.8 4.8 6.12 3.58 1.42x10°* 2.52 11.7
PP-g-MAH, Na* 5 122.3  125.6 3.3 1.84 270  6.94x10°%  2.54  37.5
100% neutralization 10 118.8 122.5 3.7 3.52 299 3.82x10°* 2.51 19.9
15 116.5 120.4 3.9 4.50 3.30  7.30x10°* 2.55 4.7
20 114.8 118.8 4.0 4.87 3.54 1.16x107" 2.58 119
PP.g-MAH, Na* 5 122.8 125.4 2.6 2.45 2.77  5.73x107° 2.58  38.2
50% neutralization 10 119.5 122.2 2.7 3.87 3.15 3.36x10°* 2.53  20.4
15 117.1  120.3 3.2 5.07 3.36 8.15x10* 2.54 14.2
20 115.3 118.5 3.2 5.64 3.67 1.40x10° 2,54 11.5
PP-g-MAH, Na* 5 121.7  126.3 4.6 1.34 2.87 3.75x10°° 2.67  39.6
25% neutralization 10 118.3 123.2 4.9 2.36 3.18 2.33x10°* 2.61  21.4
15 1159  121.1 5.2 3.15 345  3.28x107* 275 16.0
20 114.1  120.0 5.9 4.07 3.76 9.95x10°* 2.63 12.1
PP-g-MAH, Ca®* 5 123.5 126.8 3.3 1.96 2.73 7.69x10°° 2,56  35.1
10 120.2  123.8 3.6 3.52 3.05 3.87x10°* 2.52 195
15 117.9 121.8 3.9 4.46 3.32 5.72x107* 266 14.4
20 116.1 120.2 4.1 565 3.56 1.19x10"* 2.63 11.3
PP-g-MAH, Mn®* 5 118.3  121.9 3.5 1.38 3.32  s595x10°® 252 411
10 115.0 118.9 3.9 2.38 3.54 2.60x10°* 2.56 21.8
15 112.9  117.1 4.2 3.18 3.73 S5.61x107* 2,60 15.5
20 111.3  115.7 4.4 4.26 3.89 1.00x10°® 2.61 12.3
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Fig.4 Plots of initial slopes and cooling rates of pure Fig. 5 Plots of initial slopes and initial crystallizaion
PP, PP-g-MAH and varicus ionomers temperaures of PP, PP-g-MAH and various ionomers

BEEEN T, EEMES), 2AZEREFEMERAA#ES AN S, HER TS
BT T, BibtgEm, X6t PP.g-MAH® S, ETRRY N, WA EZHE 4 BiRK PP-g-
MAH# S, k. Hit, % S, ¥ T, FEBINEEENER. ¥ T Aw H, &BUS,
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BT, Te(ZREERMNSELMNENZ ), yESESNE Wl EoTH
4, A BRERKNOENELE X, 8 Aveami FRL In[ - In(1 - X )13 In: FEE(E 6 K
Al PP i Avrami B, HEREREXRALD, BAFEREH Z, X Aveami EH »', 5 TE 1. B
6 BRBE—NTBRENHMELELBA, TESORIERT.
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Fig.6 Plots of In{1—In(1- X.)] and lnz for pure PP Fig.7 Plots of InR and Inz for pure PP at different
relative crystallinities

Table 2 Non-isonthermal kinetics parameters at different relative crystallinities by equation(4)

X, - 0.2 0.4 0.5 0.6 0.8

PP F(T) 10.45 16.06 18.72 21.37 26.72
a 1.32 1.33 1.33 1.33 1.32

PP-g-MAH F(T) 2.28 3.06 3.39 .73 4.56
a 0.9%6 0.9 0.97 0.97 0.98

PP-g-MAH, Na* F(T) 3.98 5.70 6.40 7.24 9.07
100% neutralizaion a 1.22 1.22 1.22 1.22 1.23
PP-g-MAH, Na* F(T) 3.24 4.73 5.42 6.13 7.80
50% neutralization a 1.12 1.14 1.14 1.15 1.16
PP-g-MAH, Na* F(T) 4.01 5.71 6.45 7.22 8.98
25% neutralization a 1.17 1.18 1.18 1.18 1.19
PP-g-MAH, Ca*’ F(T) 4.03 5.74 6.51 7.30 9.08
a 1.23 1.22 1.22 1.22 1.22

PP-g-MAH, Mr®"* F(T) 3.69 5.19 5.84 6.51 8.02
a 1.15 1.14 1.14 1.14 1.14

AFR VLR R, PR, 2 EE% IER QT K, 55 RAE 2,0
R, XVBRHLHIET, FEMNASEEMI FERERD. A PP W Z HEB/D, 1),
BB K (58.75~20.8s). B FRSEAFIBREMERMIE, HHR 1 P - HNER
EEMBEEEAMY » EH—MEE ER 1P FHY " EREE2.5~2.8 YRE
M, %8 PP BIMERRE S BT HEERT IR EREEA I 5FRLRGER
B—Fm.
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AR 5 B 5 e ] 2% b A AR 5 R BE 4 B0 0.2.0.4.0.5.0.6 fl 0.8 THY
BRI, B (4) LIS HIE R R WX 4 Sed i « X 1EA, BIHFAEN e, EY
S EABEY InF(T)HHERZ(E . F(T)S a BRI TR 2. EXR-ZRET, FHERF
(TR, W7 B Rk (R P B2 4 W BE T 4 198 B R, R R R 2
3, G AR % 2 WRIE R, B RS, FOT)HIRES: S8 i FH R 38 Ok e B
W R ET, 4 PP i F(TESE THERA MM, F(T)EE 10.45(X. 5 0.2)F
26.72(X. % 0.8)Z [F], HiBA4E PP M4 S BB AL : THHHH PP-g-MAH i) F(T)ER
IE, FOT)ETE 2.28(X. X 0.2)B 4.56(X, } 0.8)Z AL, BT 5, HREERG. 25
SR RS RERR. THER b PP-g-MAH g4 Sk BB H & MK &R, T
BEMEREET, ZREEgs TN THENERY, BAGHEERS, BEMNY F
(TYRRIET S PP #, 5 PP-g-MAH W BIFAX, A EMNNERBIE R, 5iHE
$ﬂ.ﬂ%$?ﬁ%§ﬁ%%lkﬁ%%ﬁ$ﬂnfk,ﬁ%iﬁ%&aﬁﬂ%%%ﬁﬁm.
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NON-ISOTHERMAL CRYSTALLIZATION BEHAVIOR OF MALEIC
ANHYDRIDE GRAFT POLYPROPYLENE AND ITS IONOMERS

YU Jian, HE Jiasong
{ State Key Laboratory of Engineering Plastics, Institute of Chemistry,
Chinese Academy of Sciences, Beijing 100080}

Abstract The non-isothermal behaviors for maleic anhydride graft polypropylene and its
Na*,Mn**, Ca®* ionomers under different cooling rates have been studied by DSC. The
analysis of exothermic peaks has been done in terms of peak temperature ( T, ), starting
crystallization temperature{ Ty), initial slope ( S;) and width of half-height (Aw). Avrami
equation and a combination of Avrami-Ozawa method were used to analyzee the non-
isothermal crystallization kinetics. All ionomers had higher rate of nucleation, characterized
by the higher values of S,, overall rate of crystallization, characterized by the higher values
of ( Tgax— To), and narrower crystallite size distribution, characterized by the lower values
of Aw, than those of pure PP and PP-g-MAH. The plots of S; versus. temperature { T or
Tuex) are more accurate and valuable than the plots vs. cooling rate at evaluating the
crystallization characteristic of samples. The fact that all samples had Avrami exponents in a
range of 2.5~2.8 implied the mode of PP crystallization was not changed by varied cooling
rates by the solid graft modification.

Key words Polypropylene, lonomer, Non-isothermal crystallization, Crystallization kinetics



