No. 6
2005 12 ACTA PFOL YMERICA SINICA Dec. , 2005
1.2 1 1 1 1 1
1 1 1 %@1**
¢ 100013) (2 110142)
DSC 4
(126 130 ) Avrani , Avrami
k , N t1/2 s ,Avran”i ( n) y
A4 A E 279.5 343.1K)/nol ,
, DC
(pp) , Table 1  The typicd propety o four kinds of inpact propylene
copolymer
Typica Sandard tes
WZ1 Wz£2 Wz£3  WZ4
property methods
PP MFR ASM
PP

( ePR" Y DM )

6.8 30 35
[g- (10 min) -] D1238-01

( Perkin Hmer) ,Alliance GPCV
" ' 2000 ( Waters) ,Magnar IR 760
' ' ( Nicolet) , Crygalization anayss
' fractionation 200 ( Rolymer
: Characterization S. A.)
(EFR) PP 1.3
(2 81 DSC ,
) 190 ,215 ,220
1 220 ,220 215
1.4
1.1
Wz1 Wz£2 WZ3 WZ4 Waters Alliance GPCV 2000
, MFR , 124 )
1. ,1010 168, , 1 mg/ni 1.10 nmi/min;
; ) ) NMR IR
1.5 DSC
1.2 Perkin Hmer DC 7
( ,
( Werner & Fleieiderer) DSC7 5mg , , 50 L /min.
*200407-15 20041123 “ 973" ( Gl999064808)  ; **

,Emdil :;jga @brici.ac.an



886 2005
200 5 min ,
2
126 127 128 129 130 ; 2 4
5 10 K/min .
200 : ; 2 4 ( )
A H, WZ2 <WZ1<WZ£3 <WZ4
X. =—3 %100 %A Hy =187.7J/d™)
A H, M '
1.6 Crydaf WZ4 <WZ1<WZ3<WZ2;4
Rolymer Ch. A. R. Crygd 200 WZ1 < WZ2 < WZ4
4 <WZ-3.
Table 2 Molecular weight and nolecular weight digribution of four kinds of inpact propylene copolymer
Sanple Mhn My Mp M; Mz+1 My Mw/Mn w(E) (%)
WZ1 47 300 404 000 137 300 2 634 400 8 627 000 304 700 8.54 15.01
WZ2 42 400 413 700 116 100 1969 200 4 068 900 314 700 9.76 16.19
WZ3 50 700 472 900 112 100 2 040 100 3923 100 362 200 9.33 21.23
WZ4 62 900 380 500 145 600 1 345 100 2 504 000 305 800 6.05 19.33
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Table3 T, Tm Xc AHnof sarplesfrom DSC
Sarple 126°C127°C128°C129°C °
Te( ) To( ) AHAO/9 A HI/D  Xe(%) n " e 4 ve UC
(w(B) (%) S A
Wz1 126 1648 782  -67.0 417 oL zzo’
15.01 127 165.0 77.7 7.6 414 = or .o‘.A ‘0’
128 1657 780  -67.3 416 T 1 I
129 166.3 77.2  -T73.7 412 - " ltat W
A ] o A w
130 167.2 78.6 -68.1 419 = Ll = e A w
Wz-2 126 165. 2 79.8 -65.9 425 B e A »
16.19 127 165.7 77.1 -67.6 411 3l e ea @
128 165.7 75.8 -68.5 404 . . , ) ) ) .
129 165.9 77.7 - 66.4 a1. 4 4.0 44 48 5.2 5.6 60 64
130 166.7 77.1 -69.8 411 Inz (s)
Wz-3 126 164.8 60.2 -54.4 301
21.23 127 165. 3 63.3 _55.7 337 Fg. 3 Iothermd crygdlizing DSC curves of WZ1
128 164.8 63.6 -56.9 339
129 166.5 5.4 .58.5 2.8 Table 4 Regresson equaion of In[ - In(1- Xc)] versesInt(s) for
130 166. 2 65.0 - 59.0 34.6 isothermdl cryddlization Avrami equation
Wz4 126 164.0 63.5 - %6.8 3.8 Saple T( ) Regresdon equation Qrrd oodf
1933 127 165.2 6.6 -3 39 WZ1 126 In[-In(1- XJ)]= - 13.8716 +2.6569Int  0.999
128 165.2 67.7 -525 361
127 In[ - In(1- Xo)]=-15.1218+2.7502Int  0.999
129 165.5 69.5 -620 371
120 165.7 . 07 32 128 In[ - In(1- Xo) 1= - 15.2798+2.6751nt 0.999
: : — ' 129 In[- In(1- X)] = - 16.1687 +2.7186Int  0.999
130 In[ - In(1- X¢)]= - 15.0830 +2.4967Int  0.999
WZ2 126 In[-In(1- X)]= - 13.7528+2.6%45Int  0.999
_ _ ¢ dH(1) * dH(1) 127 In[-In(1- X¢) ] = - 14.9677+2.7640int  0.999
Xr(t) - XC(t)/XC(OO) - d dt d dt
0 t 0 t 128 In[-In(1- X¢)]= - 14.7761 +2.6471nt  0.999
(1) 129 In[ - In(1- Xc)]= - 16.0059 +2.7421int  0.999
X % (1) 130 In[ - In(1- Xc)]= - 16.3293+2.6812Int  0.999
(I X (1 t WZ3 126 In[-In(1- X.)]= - 14.0767 +2.7845Int  0.999
i X (o) 127 In[ - In(1- Xc)]= - 14.0246 +2.6705Int  0.999
Avrari 128 In[ - In(1- Xc)]= - 15.0761 +2.6774int  0.999
' 129 In[- In(1- X)]= - 15.8418+2.7370Int  0.999
In[- In(1- X)] = nint +Ink(T) (2 130 In[ - In(1- Xc)] = - 16.6300 +2. 7398Int  0.999
k(T) T n WZ4 126 In[-In(1- Xo)]= - 13.9682+2.7066Int  0.999
. In[ - In(1- Xc)] = - 14.9148+2.7811Int 0.
Avrami , 127 In[ - In( )] nt 0.999
128 In[ - In(1- X;)]= - 15.0535+2.6778Int 0.999
In[ - In(1- X)] Int , 129 In[ - In(1- X)] = - 16.7385+2.815lint  0.999
n, kK(T). (2) X =0.5, 130 In[ - In(1- XJ)]= - 16.3555+2.6710Int  0.999
/n
ty = [In2/Ink(T) 1" 3
1/2 [ / ( )] ( ) , (2) In[ _ |n(1_ Xr(t))] Int
) k n
3 Wz1 In[ - In(1 -
[ ( (3) tae. 4 k n
Xw)] Int (WZ2 Wz3 Wz4 3
tl/z 5 ]
In[ - In(1- Xy)] Int ‘
WZ1 , 3 ),
. ) ,
In[ - In(1- Xu)] Int Avrami
, In[ - In(1- X)] Int
4 tye ,
4, 3 ,
!4 1
0.999, 4
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Avrami , Avrami
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Table 5 The various paraveters of

crydalization Avram equetion

sarples from DSC i othermdl

Sanple T( ) k(s™™ n ty2 (9
WZ1 126 9.46x10° 7 2.66 161. 26
127 2.71x10°7 2.75 213.83
128 2.31x10° 7 2.68 263.70
129 0.51x10"° 8 2.72 334. 47
130 2.82x10°7 2.50 363.00
WZ2 126 1.07x10° ¢ 2.70 143.74
127 3.16x10°7 2.76 196. 89
128 3.83x10°7 2.65 231. 26
129 1.12x10° 7 2.74 299. 90
130 8.10x10" 8 2.68 385.14
WZ3 126 7.70x10° 7 2.78 137.52
127 3.16x10°7 2.67 166. 41
128 2.84%x10° 7 2.68 243.22
129 1.32x10°7 2.74 285. 46
130 5.99x10 8 2.74 378.55
WZ-4 126 8.58x10° 7 2.71 152.23
127 3.33x10°7 2.78 187.00
128 2.90x10° 7 2.68 240. 98
129 5.33x10° 8 2.82 335.55
130 7.89x10° 8 2.67 397.88
2.3
Arrhenius (4)
1y
K(N"" = kep[- AE/(RT)] (4
AE ,K(T) n 2
kO ] TC ) (4)
(5
INK(T)/n =Ink, - A E/(RT.) (5)
INK(T)/n 1/ T, ,
-A E, A E.
4, 4 6.
Table6 TheA E vdues o four kinds of inpact propylene copolymer
sanples from Arrheni us equetion
Sanple Wz1 WZ2 WZ3 WZz-4
A E(KI/mol) 279.5 320.2 343.1 335.4
Qorrdl . codf . 0.989 0.997 0.9%4 0.99%
w(E) (%) 15.01 16.19 21.23 19.33
6 4 AE

279.5 343.1 KJ/nol
WZ1 < WZ2 < WZ-4 < WZ3,

Z-
7~

<ges
—_RNW

1 1 1
0.0002988  0.0003000  0.0003012
VRT . (K™

Fg. 4 (1/n)InK versus 1/( RT,) for Avrami parameter K
ohtained from iothermd cryddlization of W21 ,\WZ2 \WZ3,
WZ4
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Fg. 5 Cumuative fraction as a function of tenperature
ohtained from CRYSTAF of WZ1, WZ2, WZ3, WZ4
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S Wz-1 ,

% Wz-2 ) '%
Wz-3
Wz-4

1 1 1 1 1

1 1
20 40 60 80 100 120 140 160
Temperature (°C)

Fg. 6 dwj/dt asafunctiondf temperature obtained from

WZ-1 .
WZ-2 _
k WZ-3
WZ-4
1 1 1 1 1 1 1
20 40 60 80 100 120 140 160 180
Temperature (°C)

FHg. 7 Mass digribution as a function of terrperature

CRYSTAF o WZ1, WZ2, WZ3, WZ4

obtained from Qrysd of WZ1, WZ2, WZ3, WZ4

Table 7 Resuts obtai ned from CRYSTAF dw

Oryddlization fraction

Saple Tw( ) Ta( ) R M(% H(% HiMi

<65 >65
WZ1 69. 88 62.68 11.49 27.1 72.9 2.69
WZ2 67.73 50.98 12.91 314 68.6 2.18
WZ3 65.86 56.59 16.39 40.6 59.4 1. 46
Wz4  66.00 57.81 14.16 36.2 638 176 65
Weight average tenperature: T, = Zd'ﬁ/ Zci ; Number average 65 )
temperaure: T, = Zd/ Z(ci/'ﬁ) . Digerdon paramgters: R =
100 X (Tw/Tn - 1)
567 4 dw/dt
REFERENCES

1

2

3

4

5 D
6

7 D
8

9

Orazio L ,Mancardla C ,Martuscdli E,Sicotti G. RFolymer ,1993 ,34:3671 3681

Chiang W Y, Yang W D ,Pukanszky Bda. Rolym Eng Soi ,1992 ,32:641 648

Orazio L ,Mancardla C ,Martuscelli E. Rolymer ,1991 ,32:1186 1194

Prentic P,WilliamsJ G. Ragics Rubber Poc Appl ,1982 ,2:27 32
UNZH,YuFS,Q YC. PlymAcad,1991,(2) :142 146

10 Bartczak Z,Gdeski A Martucdli E Janik H. Rolymer ,1985,26:1843 1848
11 Ven S Van der. Rolypropylene and Other Rolyoldins. New York :Hs Si Pub,1990. 134
12 MirabdlaJr F M. Polymer ,1993 ,34(8) :1729 1735

13 Moore Jr E O. Rilypropylene Handbook. Munich : Hanser Publishers 1996 ,92
14 Sao H,Usami T,Nakagava H. Rolymer ,1986 ,27(10) :1497 1504

15 Usam T,Gotoh Y ,Umenoto H,Takayama S.J Appl Rolym, i :Appl Polym Snp ,1993 ,52:145 158
16 Awvram M.J Chem Phys,1939,7:1103 1112
17 Awvram M.J Chem Phys,1940 ,8:212 224
18 WIdL ,Rje T R,Kmobdoch D C,Peet | R.J RPolym Si Rolym Phys Edn ,1982 ,20:441 455
19 Monbabd B.Journd of Applied Rolymer Sdence 1994 ,52:491 499

)

Th

Yang D C,Zhang B L ,Yang Y K,Fang Z, Sun GF. Polym Eng S ,1984 ,24:612 617
Jang B Z ,Uhmann D R ,Vander SandsJ B.J Appl Polym i ,1985,30:2485 2504

Van GsbergenJ GM ,Hoeben W FL M Meiger H E H. Polymer ,1991 ,31:1539 1544
Choudhary V Varma H S,Varma | K. Rolymer ,1991 ,32:2541 2545

’

T Qysd
7 Oysd

()
(H Mi)
4

(Tw)
Hi (
Mi (



890 2005

THE EFFECT OF ETHYL ENE CONTENT ON THE ISOTHERMAL CRYSTALL IZATION
BEHAVIOR OF IMPACT PROPYL ENE COPOLYMER

WANG Zhong'? , WANGLiangshi* , GJO Meifang’ , SHENGJiarfang’ , HUANG Honghong™ , YIN Xuhong' |,
WEI Dong' , XU Huan' , LUO Hangyu' , SONG Wenbo" , WU Hongmei* , QIAO Jinliang'
(* Beijing Research Irstitute d Cherrical Industry , SINOPEC, Beijing  100013)
(% Shenyang Cdllege o Chemical Techndogy , Shenyang  110021)

Abgract The iotherma crygalization kinetics for four inmpact propylene copolymers with different ethylene
oontents a different crydallization temperatures were invesigated by enploying differentia scanning calorimetry
(DSO) . The results indicated that the kineticsof isothermd crygalization for al the sanpleswasfitted quite well by
the Avram equation within the sdlected crydalization temperature range (126 130 ). With the increase of
ethylene content in inpact propylene copolymers, the Avrami exponent (n) did not vary dgnificantly with
tenperature. The cryddlization of inpact propylene copolymer may involve heterogeneous nucleation with the
oontrolled 3-dimendond  diffuson. Crygallization activation energy (A E) o four inpact propylene copolymers
ranged from about 279. 5 to around 343. 1 kJ/nol. As the ethylene content increased ,the crydallization activation
energy increased. The reaults clearly indicate the dgnificant influence of the ethylene content on the crydallization
activation energy. The results of CRYSTAF ted dowed, aong with the increment of the ethylene content , an
increase in the tacticity of propylene honopolymers and decreases in the isotacticity long crydallizable sequence
oontent.

Key words Impact copolymer polypropylene, Isotherma crygdlization , DSC



