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Abstract—The highly active and stereospecific MgCl-supported catalysts, MPDT(MgCL/EH/PA/TiCls/
DIBP) was prepared by precipitation method from MgCl, solution containing MgClz, 2-ethyl hexanol(EH),
and phthalic anhydride(PA). Propylene polymerizations were carried out in a slurry reactor under atmos-
pheric pressure using the MPDT catalyst cocatalyzed with TEA(triethylaluminum) in the absence of phenyl
triethoxy silane(PTES) and in the presence of PTES as external electron donor(EED) to study the effect
of TEA and PTES concentration on the activity and stereospecificity. The effect of polymerization temperature
on the isotactic index(1.L) and the activity was studied. The influence of the hydrogen addition on the LL
and the molecular weight was also cbserved. In the absence of PTES, maximum average polymerization
rate(R, ,..) was obtained at the mole ratio of TEA/Ti of 25. Ry me Was, however, obtained at the TEA/Ti
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ratio of 50 in the presence of PTES. Isotacticity decreased as the TEA/Ti molar ratio is increased in the
absence of PTES. In contrast, LI. was higher than 96% in the presence of PTES in spite of increasing the
TEA/Ti molar ratio. The increase of temperature above 50T decreased the isotactic index as well as the
activity. The addition of hydrogen enhanced the activity and decreased the isotactic index(1.L) of the polypro-
pylene to a small extent. MPT(MgCl/EH/PA/TiCl,) catalyst without DIBP slightly increased isotactic index
in the presence of PTES. The characteristics of MDT(MgCl,/EH/TiCl,/DIBP) catalyst without PA were also

compared with those of MPDT catalyst.
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Fig. 1. The reactor system for propylene polymerization
under the atmospheric pressure.
(A) Propylene inlet (D) Constant tempera-
(B) Nitrogen inlet ture bath
(C) Vacuum pump (J) Magnetic stirrer
(D) Pressure regulator (K) Mass flow meter
(E) Vacuum gauge (L) A/D converter
(F) Valves (M) Personal com-
(G) Reactor puter
(H) Septum inlet adapter
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Fig. 2. A comparison of propylene polymerization profiles.
(+) MPDT(MgCl,/EH/PA/DIBP/TiCl,)
(%) MPT(MgCIL,/EH/PA/TiCl,)
Polymerization conditions: Ppupyene = 1.0 atm, T=50
T, [Til=2.0X10"* mol/l, [TEA]=2.0X10"?mol
/1, [PTES]=1.0X10"" mol/I.
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Table 1. Polymerization rate and the isotactic index of po-
lypropylene polymerized over MPT catalysts.
Polymerization conditions: Ppopyien = 1.0 atm, T=
50T, [Ti]=2.0X10"* mol//, [TEA]=0.02 mol/I.

[PTES]/LTEA] mole ratio R/ LI’ %
0 4.3 75.8
0.1 2.7 82.6

“The average polymerization rate for 1 hour, Kg-PP/g-Ti-
hr-atm. ®Isotactic index.
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Fig. 3. A comparison of propylene polymerization profiles.
( %) MPDT(MgCL/EH/PA/DIBP/TiCl,)
(+) MDT(MgCL/EH/DIBP/TiCL)
Polymerization conditions: Pppyene = 1.0 atm, T=50
‘¢, [Ti]=20X 10 "*mol/, [TEA]=2.0X10"* mol/
I, [PTES]=1.0X10"* mol/.
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Fig. 4. The effects of the PTES/TEA molar ratio on iso-
tactic index(l.L.): (@) MPDT catalyst, (») MDT
catalyst.
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Fig. 5. Propylene polymerization profiles with different
TEA/Ti molar ratios: (a) 13, (b) 23, (¢) 32, (d) 50,
(e) 100 over MPDT catalyst in the absence of
PTES.
Polymerization conditions: Pyupyene = 1.0 atm, T=50
T, [Til=1.17X10"* mol/l.
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Fig. 6. Propylene polymerization profiles with different
TEA/Ti molar ratios: (a) 25, (b) 50, (c) 100, (d)
200 over MPDT catalyst in the presence of PTES.
Polymerization conditions: Ppppyene = 1.0 atm, T==50
T, [TiJ]=117X10"*mol/Z, [PTES]=117X10""
mol/l.

X
o

3} w2z 7heA Ayl 2AAHE R &
2 A1Zlekar g shgdct

Fig. 7& TEA 5% wgd] & 147t 58 27 5
§84(R,) 3 L1342 EED? PTES/} &A1& we} &
AE=) & v g wlasted vhebd Zleo|vk Ao 4%
ety TEARS TEA/Ti &9]7} PTES7) &A314]
o1 2 ul= 20-300) 7, PTES7 &A1& = 503 =2 1
o] Aol A} &Aje] Aol Wex=] e¥ghet. &, LLit2
PTES7} &A3}=) 948 o, TEA%S] ZF7joll we} 4ha
3l b, PTES7} &3k 7%, TEAGE S713)

10 100
~~
£ —L
" 8 5
E ®
N
o 90 x
~ 6 3
& £
~ & 3]
-l %
| 0 O
o °
h 4 2 0
N r 75 -—
Q.
[+4
0 . . - 70
0 50 100 150 200

TEA/Ti ratio
Fig. 7. The effect of the concentration of TEA on the ave-
rage polymerization rate(Rp) for 1 hour and isotac-
tic index(L.L).
(m): R,, [PTES]=1.17X10"* mol//
(®): R, [PTES]=0 mol/!
(: LL, [PTES]=1.17X 10" mol/!
(©): LL, [PTES]=0 mol//
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Fig. 8. The effect of PTES concentration on the average
polymerization rate(R,) for 1 hour and the isotactic
index(L.L).
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Fig. 9. The effect of temperature on the average polymeri-
zation rate(ﬁ,) for 1 hour and isotactic index(1.L).
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Fig. 10. Propylene polymerization profiles with different H,/
propylene molar ratio; (a) 0, (b) 0.045, (c) 0.075, (d)
0.09, (e) 0.2 over MPDT catalyst(MgCl,/EH/PA/

DIBP/TiCly).

Polymerization conditions: Pc3=1.0 atm, T=50
T, [Til=1.17X10"* mol/, [TEA]=1.17X 102

mol/l, [PTES]=1.17X 10" mol/l.

FA S0C 7HA] 23 F7bof whet Z7bsta 60C oM
Zo1E20d Kim[8] 52 MgCl, A3 284 Zv)
[Mg(OEt)»/Ti(OBu)s/Benzoyl chloride]& A}43F =
239 F3edlA Y A= d&] =slgdch
25 22 FPEvl9) A¢ o] A o) Batale]
A UL dH R =al] oA, B4
AL =2 27148 F/E FEst A" & AW
A FL o) 3 AL FH M A 27 Fe 3709
ol (cluster) & o] o] | &AI 57} w2 s, T
WA F& o) 3z ) glo] 1R AP
vl st 28l F3t A2 Foll F S50 4R
3 FAEHER shed Zlddcka A9sidch Ser-
geeve[ 23]+ MgCL/EB/TiCl,-TEA/EB2ojjof) 2] =z g
FAd-g S8 A5 20T oA 60T 7R LL7} 4
Z7}stel7) 70T o) A F43]) Yol Hg Below, 1 o)
& ¥ XA TEA/EB #3}3Eo| E3lsle], 2
AAEo] JATFE A G #14-317] dfFolufn
A stedch

3-4. $£40 FE

Fig. 10& 549] 938 22 galo) A gte] w2
Z7MA7IRA FEe e, 2 S 2 FAE vhehd Aol
o} Agt o Fa FHrhe ek 84
v &AL skl AalEe], $4E 2A 4 WY F
&g del3s o 4 slsdch mBEEE £ 8 ok
TE% oo 2 A7 o, v AlEHA o] Folx A
o] 238 #4F ¥4 & A9yd o deigd.

oX
o
ofN
N
2
N
H



MgCl/2-EH/PA/DIBP/TICl, %vjol oj3 Zzgal 24 54 A7 367

Table 2. The effect of H,/C;H¢ molar ratio on the mole-
cular weight and the isotactic index of polypropy-
lene polymerized with MPDT catalyst(MgCl,/
EH/PA/DIBP/TiCl).

Polymerization conditions: [ Ti]=1.17X10"* mol
A, Pﬂmﬁ,vlene: 10atm, T= 50T , [TEAY/[Ti]l= 100,
[PTES]/[TEA]=0.1.

H,/C3He LL(%) My
0 97.5 674,000
0.045 96.2 545,000
0.09 96.0 484,000
0.2 91.0 259,000

A7) Tl 2 F4-2 chain transferdte] Bjkg =4
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FA33b7) & o]l = EElwol Al 49 L 5
7hsta o] 2 Q13 Riewfol o A AUt
A o] Aoz gAY F7} rasy] dE
oz} Atk
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A& NMREZ #4138} m-pentad(mmmm) §-5-& A

2
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DNBP : di n-butylphthalate[ CsH,(COOn-Bu).]

DIBP : diisobutylphthalate[ C;H;(COQi-Bu).]

EB : ethyl benzoate (CsH;COOC,Hs)

EED :external electron donor

EH : 2-ethyl hexanol

IED :internal electron donor

LL ! isotactic index

MDT : MgCly/2-ethyl hexanol/diisobutyl phthalate/
TiCly catalyst

MPDT : MgCl,/2-ethyl hexanol/phthalic anhydride/
diisobutyl phthalate/TiCl, catalyst

MPT : MgCly/2-ethyl hexanol/phthalic anhydride/TiCl,
catalyst

PA : phthalic anhydride[ CsH;(CO),0]

PTES : phenyl triethoxy silane[ PhSi(OEt),]

R, : polymerization rate

TEA  :triethyl aluminum[{Al(Et);]

EHuEH
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