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Table 1  The typical property of four kinds of impact propylene
copolymer
Typical Standard test
WZ-1 WZ-2 WZI3 Wid4
property methods
MFR ASTM

5.7 6.8 3.0 3.5

[g (10 min)-']  DI238-01

FE# 4B X (% H Perkin Elmer )}, Alliance GPCY
2000 B2 35 (€ (L (£ E Waters) , Magna-IR 760
LI L HE X (£ B Nicolet) , Crystallization analysis
fractionation 200 £ 5 43 & 4 #7 1 ( 74 HE F Polymer
Characterization S.A.)
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B FR AR 1,2,4- 8% MK
R 1 mg/ml B HEN 1.10 ml/min; F
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1.5 DSC ®MixFHi*
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Table 2 Molecular weight and molecular weight distribution of four kinds of impact propylene copolymer

Sample M, M. M, M, M... M, MM, w(E) (%)
WZ-1 47 300 404 000 137 300 2 634 400 8 627 000 304 700 8.54 15.01
WZ-2 42 400 413 700 116 100 1 969 200 4 D68 900 314 700 9.76 16.19
WZ-3 50 700 472 900 112 100 2 040 100 3923 100 362 200 9.33 21.23
WZ-4 62 900 380 500 145 600 1 345 100 2 504 000 305 R0O 6.05 19.33
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Fig. 1 DSC thermograms of isothermal crvstatlization of WZ-1

WZ-1 erystallized at different temperatures
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Table 3 T..7,..X. AH, of samples from DSC

WOl r () TL() ML) AH(Ug) X.(%)
{wlEX %)) i
wZ-1 126 164.8 78.2 -67.0 41,7
15.01 127 165.0 777 -71.6  41.4
128 165.7 78.0 - 67.3 41.06
29 1663 7.2 -73.7 412
130G 167.2 18.6 -68.1 41.9
WZ.2 126 1652  79.8  -65.9  42.5
16.19 127 165.7 Tl -67.6 41.1
128 165.7  75.8  -68.5  40.4
120 165.9 177 -66.4 4.4
130 166.7 711 -69.8  41.1
WZ-3 126 164.8  60.2  -S44  30.1
21.23 127 165.3 633 -55.7 337
128 164.8  63.6  -56.9  33.9
129 166.5  65.4  —-58.5  34.8
130 166.2  65.0  -59.0 34.6
W74 126 164.0  63.5  -56.8  33.8
19.33 127 165.2  65.6  -60.3  34.9
128 165.2 677 -525 3.1
129 165.5  69.5  -62.0 3.1
130 165.7  67.9  -60.7  36.2
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Fig. 3 Isothermai crystallizing DSC curves of WZ-1

Table 4 Regression equation of In[ - In(1 - X,)] verses lnt (s} for

isothermal erystallization Avrami equation

Sample T(C) Regression equation Correl cocfl

'dH(.t) dH(t)

o Tde
(1)
A X, A BRI HX SR X ()R« 12
Y4 XS 45 B I X, (o0 ) Ry JE BRAS I [B] 4k By 48 3 25
BE  HR Aveami R E .
In[ - In(l - X,,)] = nlne + Ink(T) (2)
AP (T HEBEE THHSEREZEEH:n b
Avrami THE, 5T E R0 K X %
¥in[ -1n(1 - X,,) % Int 1R, B HERFE
Hon BERET) MRS (IN X,,=0.5,8]
LA 2 2 5 B e )
ty = [InYnk{T)]"" (3)
25 BRI LA RIR RIE S R 918 .
H3R V-1 EAREBEFM In[ - In(1 -
X015 lne IR AE (W22 . WZ-3 . WZ-4 3 FF#E
mmEA A EE —Fﬁﬁln[ In(1- X,(,))th‘ Int FY X
FES WZ 1 £, BCHEBIE), AT EEE N
In{ ~In(1-X%,,)]5 Int WEFERFRNE Avrami
R BIMEARBET In[ -In(1-X,.,,)]5 In:
BIAFTBURMCREI|ERI. HEXIARL M
FEBIAT 0.999, 3508 4 FHLh A HILBYTE
AREEETFTH® I -In(1-X,,). 5 nt HEER
G Avrami TR, B Aveami 7 # 2b BHT wb

X, = X} XA) :j A/

WZ-1 126 Inf -ln{l-X,)]= -13.8716 +2.6569Inr 0.999
127 In[ —In{1- X,})] = - 151218 + 2.7502Int  0.999
128 In[ -In(1- X,)]= -15.2798 +2.6751ln: 0.999
129 In[ —1ln(1 - X.)] = - 16. 1687 + 2.7186Ilnz  (0.999
130 In[ -1n(1- X)) = - 15,0830 + 2.4567In: .99
WZ-2 126 In[ -In{1~ X.)]= - 13.7528 + 2.6945In: (.999
127 W[ -In(1-X.)]= - 14.9677 + 2.7640Int  0.999
128 In[ —In(1-X,)] = - 14,7761 + 2.647}int  0.999
120 In[ -ln(1-X,)] = - 16.0059+2.7421Int  0.999
130 ol -In{1- X)) = -16.3293+2.6812ln: 0.999
WZ-3 126 In[ -In{1- X.)] = -14.0767 + 2.7845Int  0.999
127 Il - In{1- X)) = - 14.0246 + 2.6705lnt  0.999
128 In[ - In{1- X,)] = - 15,0761 + 2.6774lnt  0.999
129 In[ -1n{1- X)) = -15.8418 + 2,7370lnr  0.999
130 In[ -1n(1- X0 = -16.6309+2.7398Inr 0.999
WZ4 126 o[ -In(1- X.)7= -13.9682+2.7066lnt 0.999
127 In[ ~In(1- X,})]= -14.9148 +2.7811lns (0,999
128 In[ —In(l- X.}] = -15.0535+2.6778lnt 0,999
1290 In[ -In(l - X,}] = -16.7385 + 2.8151lnt ©.090
130 In[ -In(1- X)) = -16.3555+2.6710lnt 0.999
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Table 5 The various parameters of samples from D[SC isothermal

crystallization Avrami equation

Sample T(C) k(s ™} n tin(s)
WZ-1 126 T 9.46x 1077 2.66 161.26
127 2.71x10°7 2,75 213.83
128 2.3 %1077 2.68 263.70
129 9,51 x1078 2.72 334.47
130 2.82x10"7 2.50 363.00
WZ-2 126 1.07x10"° 2.70 143.74
127 3.16x 1077 2.76 196.89
128 3.83x 1077 2.65 231.26
129 1.12x 1077 2.74 29990
130 8.10x10°? 2.68 385. 14
wZ-3 126 7.70x10°7 2.78 137.52
127 36x1077 2.67 166.41
128 2.8 %1077 2.68 243.22
129 1.32x10°7 2.74 285.46
130 5.99x10"° 2.74 378.55
WZ-4 126 8.58x 1077 2.71 152.23
127 3.33x10°7 2.78 187.00
128 2.90x 1077 2.68 240,98
129 5.38x10°¢ 2.82 335.55
130 7.89x 107" 2.67 397,88
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K(T)" = keexp[ - AE/(RT,)] (4)
R AE HERTEHEE, K(T) . n & XW(2)5K,
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InK(T)n = Ink, - AE/{RT,) (5)
¥ InK(T)/n it UT, EEB—HR, HEMNAE
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Table 6 The AF walues of four kinds of impact propylene copolymer

samples from Arrhenius equation

Sample WZ-1 wZ-2 WZ-3 WZ-4
AE{k}/mol) 2795 320.2 343.1 335.4
Correl. coeff. 0.989 0.997 0.994 0.996

w( E)( %) 15.01 i6.19 21.23 19.33

M6 al LAE 4 FEERMES RIELRE AE
7E 279.5 ~ 343 .1 kl/mol FEE A . E T8I K /NIBUT
B WZ-1 < WZ2 < WZ4 <WZ-3, M SH &P
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Fig. 4 (1/n)InK vesus l/( RT.) for Avrami parameter K
obtained from isothermal crystallization of WZ-1,WZ-2,WZ-3,
WZ-4
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Fig. 5 Cumulative fraction as a function of temperature

obtained from CRYSTAF of WZ-1, WZ-2, WZ-3, WZ4
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Fig. 6 dW/dt as a function of temperature obtained from
CRYSTAF of WZ-1, WZ-2, WZ-3, WZ4

Table 7 Results obtained from CRYSTAF

Crystallization fraction

Sample T.(T) T.(¥) R Mi(%) H{%) Hi/Mi
<65C >65C

WZ-t  69.88  62.68 11.40 27,1 72.9 2.69

WZ-2 67.73 59.98 12.91 31.4 68.6 2.18

WZ-3  65.8 56.59 16.39 40.6 59.4 1.46

WZ4 66.00 57.81 14.16 36.2 63.8 1.76

Weight average lemperature:

temperature: T,

100 x(T,/T, - 1)

B5.6.7 7524 FFERKNBREERE . dW/de,

T. = 2 CJ'THZ ci ; Number average

D eil > (il Ti); Dispersion parameters: R

Temperature (°C)

Fig. 7 Mass distribution as a function of temperature

obtained from Crystaf of WZ-1, WZ-2, WZ-3, WZ4
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THE EFFECT OF ETHYLENE CONTENT ON THE ISOTHERMAL CRYSTALLIZATION
BEHAVIOR OF IMPACT PROPYLENE COPOLYMER

WANG Zhong'®, WANG Liangshi', CUO Meifang' , SHENG Jianfang' , HUANG Honghong' , YIN Xuhong',
WEI Dong' , XU Huan', LUO Hangyu', SONG Wenbo', WU Hongmei', QIAO Jinliang'
(" Beijing Research Institute of Chemical Industry , SINOPEC, Beijing  100013)
(? Shenyang College of Chermical Technology , Shemyang 110021}

Abstract  The isothermal crystallization kinetics for four impact propylene copolymers with different ethylene
contents at different crystallization temperatures were investigated by employing differential scanning calorimetry
(DSC} . The results indicated that the kinetics of isothermal crystallization for all the samples was fitted quite well by
the Avrami equation within the selected crystallization temperature range ( 126 ~ 130°C ). With the increase of
ethylene content in impact propylene copolymers, the Avrami exponment ( =} did not vary significantly with
temperature. The crystallization of impact propylene copolymer may involve heterogenecous nucleation with the
controlled 3-dimensional diffusion. Crystallization activation energy ( AE) of four impact propylene copolymers
ranged from about 279.5 to around 343.1 kJ/mol. As the ethylene content increased, the crystallization activation
energy increased . The results clearly indicate the significant influence of the ethylene content on the crystallization
activation energy. The results of CRYSTAF test showed, along with the increment of the ethylene content, an
increase in the tacticity of propylene homopolymers and decreases in the isotacticity . long crystallizable sequence
conlent .

Key words Impact copolymer polypropylene, Isothermal crystallization, DSC



