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Abstract : The polymerization of propylene with MgCl, / TiCl,-TEA system in hexane has
been studied in which the supporter MgCl, has been treated by precipitation method,
The effect of aging time, catalysts concentration ratio, concentration of external Lewis
base and polymerization temperature on the yield, isotacticity and molecular weight of
polypropylene has been investigated. This catalyst system showed maximum activity for
(A1} / (Ti] ratio of ~40 and at 50C of polymerization temperature, In the case of absence
of internal Lewis base, the catalyst system required the aging time, whereas the aging
time was not necessary for the presence of internal Lewis base. It was also found that,
with an increase of external Lewis base the yield and molecular weight of isotactic polymer
increased, whereas the yield of atactic polymer decreased very sharply, which consequently
caused the enhance of stereospecificity and the decrease of total yield,
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Fig. 1. Change of Ti contents with (a) reaction

time, (b) reaction temperature for the treatment
MgCl, with TiCl, at 80°C(a), or 2hrs(b).
(A1) / (Ti)=40, T=50T, ta=10min. t,=60m
T : polymerization temperaure, ts : aging

time, tp : polymerization time,
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Fig. 2. Effec of aging time on the yield (@4) and

1. 1. (O&) of polymer produced with catalyst
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Table 1. Effect of Various Aluminum Compounds
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Fig. 3. Effect of (Al)/(Ti) on the yield (@A)
and I, I. (OCA) of polymer produced with
catalyst A, (@QO) and catalyst B, (4 A).
A (Ti)=1.40%x10"*mol /1, B,=(Ti)=1.20%
10 *mol /1,

T=50TC, te=10min. tp=60min,

7° Az Ak

LewisH7|sEe] HE: AAd" Zuje] Fe
A4 Fofobe gl BHe wou AATFHA
o] W& Aol gtk ol AUl AAME
AR A LewisH719] 77t A A Lewis
719 Arkz I8 JATFHAL AL v
of &Aool ZaFrte AL gy @AM
g Lewisd7l2E ofei7pA7t AHEH R S
on 1 % EBS TMP7F 7H8 de] AREH
olth, EBe ¥% L dAn’x dFsAL
ng o7|HEe TMPY 5% 43S ZA13to Fig
4ol eRR A

Fig. 4o veld nie} o] =g FHujo] 4
B Lewisg97]2 EB7} Ex3tA] 9%e B9ole=
9| ¥Lewisg 719 Fx7l FUHEsE Fvje &
Ao pasht AT FUHE I AR
o o] Aug Am’el F-s wims) muE R
Lewisgd 719l Z&el ot 23 & F3FE 4
Bhiglh. & ol ¥-Lewisg 717k TMPQ 74l
Fxol Zvbel opet z7)le Fulel @4o] 2

71



A Fzstont o= FEolgN Foie) &4
o] ZAsE HErt EBS g0l vla) AX
gkl mEd WHLewis@71Z EB7F EA)3}
Lewisd 77} EA138tx &+ A5
H

7 gle Zujel 4ol

o
r1r
oY,

Q) B Lewisd 7] 2
FAgo] @b oy {9 FHE|
Bo7)e) zpol7t AFHew A Al A FESk
t}.b
sl Fig. 45 Ax%e #A99 vuwsind =
J8 Zoo) AxA] HPLewisd 77 SAsE
Ao] Zuje] AN L nuiFA ke AE
g 2 YRR X Lewis@7E I FFol A
Qo] wwrt F1E4E Ev)o EHE Hashy
JAFHAL Mg 2 & F U
Kashiwaol 95t#l EBeol[F€ @&
14 g 4Asts B4F0) HEHes &

N

~h - atm)

Yield(kg-P.P / g- Ti
1L.(wt%)

0 . . 0
0 4 8 12 16

“TMP) / (A1} (X 10°mol / mol)

Fig. 4. Effect of (TMP) / (Al) on the yield (@A)
and I. I. (OA4) of polymer produced with
catalyst A; (@Q) and catalyst B; (&),
Ay [Ti)=1.20%10"*mol /1, B;:(Ti)=1.40X
10™mol /1. [(Al) / (Ti)=40, T=50TC, ta=
10min, t,=60m

72

ANAY Ee AASEELT kE F7HIVI
13 Keiio] ¢lslH EBE %]
Xl% Zuj o} 7—‘1%’6}@ Mz AAFARA 243
& A4t EBo| 3 ofs Foj Ewel A
= HRA Y F9HE vgAds At B
sl ok
g o Lewis 712 & F7iol e Zuj
#gel it dArHAYe] Skl 24 Lewis
H717F vid e AEE dotrv) s AdE d
A s@dAdle] AL geow F23 F &
gAe] FAe detel] e S HAE
Abated Fig. 5ol Uebi it
Fig. 50 vebd wiebilo] EBs = 57}l
g Zvl @A BYe 7rasted ol EB7t

shel vl Ay B Fol% Sae s

U
BN ol

il

T}

10
8
A
®
<
= 6f
N
g,
e
2 4y
3 {
=
2
U i S
0 4 8 12 16

(EB) / (A1) { X 10°mol / mol)

Fig. 5. Effect of (EB)/ [Al] on the yield [overall
polymer ' @), soluble polymer (D), insoluble
polymer (@)) with catalyst Bs. [Ti)=1.40X
10*mol /1, (Al}/ (Til=40, T=50TC, ta=
10min, tp=60min,

Polymer(Korea) Vol 13, No, 1, January 1989



134

Eof &

it

AHE3 zg23

h
o

HIJA A S A el Aol A HA el o

gt A FojgAde] Padtes AR Az
whepA] Adef Q] FAR QJA AL A =
7}t ot

S2XI2k0f| CHEH P& - Kashiwaoll 2]} (Al)/
(Ti)=5°]3te] A& x]ﬁle’s}zh (AD) / (Ti)g
seHlel e Exlge Ao dHEn Bu
stat” o]spe] EAIJ/[TlH sEn7E
e EApge] ¢S nAng 353 FEAY
valgkg An 2 o8 F3ld Fig 6o JehY
Atk

Fig. 6214 & 4= & vlepgro] B Zuj Ao
M= (Al)/ (Ti)=40°]35 #9lstx (Al)/ (Ti)
9 Hjo] it F 7o dFEs &
:":

=
(]
A2

H‘T

O
o
4

32

o},
Kashiwaoll 2J&] GPColx #%y A

AATFAAN FTHNE YAste A
Holx= 5 7} EAsks EBe §x7F 371
ol w EAge YAste 8438 #
7t F7bE Avk A& e 4 k7t 571
7] Wio Bapze] Zriattn Bmagh” o

IE

o olatw

[

L

2

2 O,
S Ay

T*re
s

)
st
S
X
>
=
3t 1
2 ® 4
®
o .
et
1 " : .
n 50 100 150 200

(A1) /(Ti) (mol / mol)

Fig. 6. Effect of (Al} / (Ti) on the molecular weight
of insoluble polymer produced with catalyst
B,. (Ti)=1.40x10"mol /1, (EB} / (Ti)=6.4,
T=50C, ta=10min. tp=60min.

Z2|H A13¥ Al1s 19399 1€

=

Fe 0. 3¢z 9%
ool flNLewisg7)2 Fx W37} E 2o
dge A2 RLewisd7|e FE F7}o)
w2 Eajgre] WEls ZFAbsle Fig 70 Jehy
Atk

Fig. 7914 & 4 l%o) EBe Fx7} Z71%
off et PATHA FPA e BxpFe] FA3
Z718tet ol Kashiwad 72-$-9F & o3 3l9
o}
S22

 Keiisoll 9ja}% TiCl,/ TEAZ ) Al A 55T
ol el A 2%} Frgel  wEb YAFHAS
Z7vsla 30colstll e 2xvb Skl uwel
AL A Tlcla/DEACéHH A of] A

eyl gloka stglen FHErs 2% W
sloll ol wZFg Aol St = ole ¥
e % 7k eyl S giEoleta
Aetabs{r}.S st Hsieholl 2sl% 553 MgCl,

-

o

/EB/ TiCLEwW Al A JAF AL 5(35-
~85TC) 7} F7red AHMA oz Faste §hdA
of Huj &AL 60ToAN e ole & 2
6
5 .
44+
2 3
%
1= T °
2
1%,‘01__0,,/—0”/‘0
0 - —
1] 4 8 12 16

(EB) / (A1) ( X 10°mol / mot)

Fig. 7. Effect of ([EB) / [Al) on the molecular weight
(insoluble polymer (@), soluble polymer
(O)) with catalyst B,. (Ti]=1.20%10"mol
/1, (Al)/(Ti)=40, T=50T, te=10min.
tp=60min,

73



T ME @430l BEtdst Z2gde] &3
=7} 2Hady] mFolgtn s’

olgfzto] F2x 7l Fvjo] A YA
doll ddE vXNER FH2x Wsid o
Zujo] g7 gAFEYE ZAMEA Fig 89
[B3338 Del= o

Fig. 8o el ulelgto] & ZojiAo 2] 3
o 842 50CAA JER T JATFALS R
Lewisg 717} &A% o 2j¥Lewisg7]7} EB<I
729 Hsieh® 79} Fo] &7} Fristd
é‘t@ o= Q/\fﬁ} dte 9] R Lewisd 717 TMP
€ el &x0A FHd
3 W ELewisg 717} EA3}
= X Lewisd7]9] T/ ¥
glol Hu €48 vEilie x4 HdAS
el ol 2%t Eoldas Aol
BotyalA Hu Zeddle] & gasy) o
ozt AZAHT 50Tl e EM3te F

r o

e
e
=
ﬂ&‘i
ox

ﬁ \-H

A e ASlE

7hA el F A g A st 8] Aol
10 100
8t {80

LL(wt%)

Yield(kg-P.P / g-Ti-h-atm)

30 a0 50 60
Temperature( T )

Fig. 8. Effec of polymerization temperature on the
yield (@A) and 1. I. (OA) of polymer
produced with catalyst B,
(Ti)=1.20%X10"mol /1, (A1) / (Ti)=40,
{LB)/ (Al)==0.1, ta=10min, tp=60min.
@® EB, a:TMP,

74

=99 - 39
of NAsE’ ez ARG B ZuAe
A7t e EoAE A8 FAeddE e 3

F& uehhz Qedl ol ALSE ZviAd
g Zoje] @A Aol 7] MEoz Yz
A,

0

Zgtx|el el

zyemol wat Soje] S4B ANTHY B
@ ohleh 44T 2HAS AeelE Wi A8
o o & Qgley olSel WE AANFAAAR

u] A (SEM) AF#S Fig. 9%} Fig. 100 JehiA

O
¥

Q%o FFEZ 70CAME
o] SN EA

Fig. 9. SEM photograph of polypropylene obtained
at 50C (x3000).

Fig. 10. SEM photograph of polypropylene obtained
at 70°C (x3000).

Polymer(Korea) Vol. 13, No. 1, January 1989



I8 EaE A Z2dd S 0. $E42de 9%

st=tl ol TS FAANZ F HAeos Yz}
A7l oA AARsd ez yzhEAoh
% TH2E 5E4E £A40 Fol e AR
A AL TRt AR YAEF w9
3ol ofgk gHej 2]& ZAY3E shish kebab
o] At gAML

ZHAR2] 2 B d3E 1985~1987d % &=
Shaiek Atu] 2ol o3 FYHJASE A
gk

2]

L

0
ot

1. K. Y. Choi and W, H. Ray, J. Macromol.
Sci. Rev., €25, 57(1985).

2. D. H. Lee, K. E. Min, K. R. Ha, and W,
H. Jo, Polymer (Korea), 11, 278(1987).

3. ASTM D 1601, ASTM D 2857.

4. T. Keii, “Kinetics of Ziegler- Natta Polymeriza-
tion”, Kodansha, Tokyo, p.101, 1972

5. V. Busico, P. Corradini, L. D. Marino, et
al,, Makromol. Chem., 186, 1279(1985).

6. A. W, Langer, T. J. Burkhardt, and J. J.
Steger, “Transition Metal Catalyzed Polymeriza-
tion : Alkene and Dienes”, R. P, Qurik, Ed,
Harwood Academic Publishers, Part A, p.
421, 1983. '

E2| A13E A1s 1989 14

7.

10.

11.

12.

13.
14.

15.

16.
17.

18.

dJ. C. W. Chien and J. T. T. Hsieh, J. Polym.
Sci., Polym. Chem. Ed., 21, 580(1982).

. Y. Doi, M, Murata, and K, Yano, Ind. Eng.

Chem., Prod. Rev. Dev., 21, 580(1982).

. N. Kashiwa, M, Kawasaki, and J. Yoshitake,

“Catalytic Polymerization of Olefins”, Kodan-
sha, Tokyo, p.43, 1986.

K. Gardner and 1. W, Parsons, et al,, J. Polym.
Sci., Polym. Chem. Ed., 16, 1683 1978,

P. Gallj, P, C. Barbe, et al., Angew. Makromol.
Chem., 120, 73(1984).

A. Simon, A. Grobler, “Transition Metal
Catalyzed Polymerization : Alkenes and Dien-
es”, R. P. Qurik, Ed., Harwood Academic
Publishers, Part A, p. 403, 1983.

N. Kashiwa, ibid,, p.379, 1983.

T. Keii, E, Suzuki, M, Tamura, and Y. Doi,
ibid., p.97, 1983.

T. Keii, K. Soga, K. Go, and M. Kojima,
J. Polym. Sci., C23, 453(1968).

H. L. Hsieh, Polym. J., 12, 597(1980).

D. F. Hoeg and S. Liebman, Ind. Eng. Chem.,
Process Design Develop., 1, 120(1962).

D. S. Basset, “Principles of Polymer Morph-
ology”, Cambridge University Press, London,
p. 189, 1981.

75



