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oAA Fo Lo WHAEE Arhsel 0~70C e=uAAS B dAIYL 2ATFT

40Co)3te] 2E M Erle) FAHHEH 7L 2ol it Al doluA] gk, 50Tl g
e52 e ot ol ol uet vlgAgsrt vyt Ao doyiet, vgAds dg % FF
£xoAe Wshe Evio) HYS SR BAI G4 F R g4-0] ddE M
HEsted 49T = AU o] 7S o148 FHEEE BASIS doe 4¥EAe 2 ¥
sdgon, e Mo wre 50T} 70T FofA 2z} 0.0337 0.032 mol/mol Tiz ¥4
stgont, BetAs &8 sxE 242t 0.08% 0.04 mol/mol Tis & o) & Bk, A ukge
HEA5E 100V/mol mine] 3o g AP FHuiro YN I goldvh 43 SN e
30~70C2 wHro] F{F TR JAFHLY A2 P PATFAEE 229 Wl g
TﬂﬂnA Watele A4 A 982 ¢ F Uk o] T 2RV F4svAE 30~50

THAA 6.2~7.5keal/molo} ATt Fd 4T £4F H7ME A9 T8t e, PTESE #7t
T A9 AWFPEEE TosAo, 1208 U BT ST PTESH I 49 8489
A Q3 F7He.

Abstract . Slurry-phase polymerization of propylene has been carried out over a highly active and iso-
specific catalyst containing diester as an internal electron donor. Thermal stability of the catalyst was
investigated over a temperature range between 30 and 70 in the absence or presence of various
additives such as hydrogen and external electron donor. The deactivation of catalyst was negligible
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under a polymerization temperature of 40C, however, the deactivation was observed to be occurred

irreversibly over 50C. The variation of rate profile by deactivation could be explained with the postu-

lation that there are two types of active sites, stable sites and unstable sites, in the catalyst. The kine-

tics of polymerization could be described by the equation derived from reaction scheme based on this

postulation. The concentrations of stable active sites estimated at 50C and 70T of polymerizations

were similar, 0.033 and 0.032 mol/mol Ti, respectively, although those of unstable sites showed much

difference, 0.08 and 0.04 mol/mol Ti, respectively. The rate constant of initiation of the present catal-

yst system was the order of 10%1/mol min which is much higher than that of conventional catalyst

systems. From the investigation of the isotacticity of polymer obtained by varying.the temperature

in a polymerization run, it could be identified that isotacticity is independent upon the change in the

rate profile. The apparent activation energy estimated from this run over a temperature range bet-

ween 30~50C was 6.2~7.5 kcal/mol. The rate of polymerization increased with the addition of hyd-

rogen, and the average rate over a 120 min of polymerization increased with the addition of PTES

in spite of the decrease of maximum rate, due to the stabilization of active sites by the presence of

PTES
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Fig. 1. The rate profiles of slurry-phase polymeriza-
tion of propylene carried out at [Ti]=4.5X10%g, [C,
Hs1=0.43 mol/l, [AlEt;]1=8.9 mmol/l, T=50T, and in
the presence of : (a) none, (b) [PTES]/[AIEt;]=0.1,
(¢) H,=20 m}, and (d) [PTES]/[AIEt;]=0.1, H,=20
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Fig. 2. The rate profiles of slurry-phase polymeriza-

tion of propylene carried out at [Ti]=4.5X10*g, [Cs

Hs]=0.24 mol/l, [AlEt,]=8.9 mmol/l, T=70TC, and in

the presence of : (a) none, (b) [PTES]/[AIEt;]=0.1,

(¢) H;=20ml, and (d) [PTES]/[AIEt3]=0.1, H,=20
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Fig. 3. The variation of polymerization rate with tem-
perature for propylene polymerization carried out at
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Fig. 4. Kinetics of propylene polymerzation at 50T,

curve (a) (from Fig. 1(a)) and (b) (calculated using

Eq. 15), and at 70C, curve (c) (from Fig. 2(a)) and

(d) (calculated using Eq. 15).

Table 1. Kinetic Parameters for Propylene Polymerization
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[C,*lo7te 70Te} 50Tl Al =5 0,03 mol/mol Ti
AE2 H|5gk g BolAuh, [C*]pgke oF 0.04
9} 0.08 mol/mol TiZ 2u]9] x}olE HYL & %
Atk [Co*1y7) ol 9hzto] Fulel tolE Hole Ae
Zu) & 70T £97] HE3AS | FHEEH ¥
Auks-(D 3 (2)7) AsiE L thalel] S*o) v]&A4
kS (97 & T =AM FAHV| oz
# A& 5 ek o) Fig, 1~39] A¥AHE M
a17] 95t =t d M (Emlo) FERe] €4
Hol ZAs}n, T0CT/R 9] FHFwlM FI&EE
& AFATE AL BE T B 23] ofr1€)
o] E}3ee BT Ane}l & & glt. Table 14}
vebd QS-S o) &t A [C* e [Cy*],
o] Z3A7tol| WE Wl 23] obv|H FHEE9
Wals (1D (14)28 ol&3led 78 2345
Fig. 501 Jeldc}, o] 1®8dA ATk 1202
o wo] FEEEE F2 SHAE [C*]e & 2
JEgE & F AU

30~40Ce] 2xoA H BHE FAE
Akl &9 Fig, 308 FE A 34429 3 7he]F-ofl
w2 A5 AE 30~50T e 2E A
& 4 k. dwrzg oz RIe-uer Eojo] o

Catalytic System T [CD, LC"]o ki ki ke 10° Ref.
(©) (mol/mol Ti) (min?)  (I/mol min) (min?)

a-TiCl;-AlEt, 70 - - 0.05 0.10 442 [16]

56 0.02 0.04 254 [16]

VCl;-Al(i-Bu); 60 0 - 0.05 0.88 0.18 [17]

a-TiCl;-AlEts 57 0.1 0.2 0.50 3.30 0.25 [13]
This system 50 0.0332 0.0796 146 107.35 3.59
70 0.0322 0.0407 127 241.77 3.69
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Fig. 5. The variation of polymerzation rate induced by
the change of [C,*]0 and [C,*]0 at 50T, curve (a)
(calculated using Eq. 11) and (c) (calculated using
Eq. 14), and at 70T, curve (b) (calculated using Eq.
11) and (d) (calculated using Eq. 14).
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k,=k.exp(—E,,/RT) an
In(R/[MJy) = —E,,,/RT+ /4 (18)

7t I, 7oA (Ml =2dH8e 4 (bulk)
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Fig. 6. Arrhenius plot of average polymerization rate.
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The captions are the same as those in Fig. 3.
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