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I, o] Aute ZZIAF A d-EF ] Hstole 43 g HEgeld.

Abstract : The concentration of active sites (C*) for the polymerization of propylene has been compa-
red with that for the polymerization of ethylene using highly active Mg(OEt)s/benzoyl chloride
(PhCOCD/TiCl; catalysts (containing monoester) or MgCly/butanol/phthaloyl chloride [Ph(COCD,]/
TiCly catalyst (containing diester) activated with AlEt;. The method used to measure a concentration
of active sites is based on the inhibiting effect of carbon monoxide on polymerization. Depending on
the strength of interaction between catalytic species and internal Lewis base anchored onto catalyst
matrix, there was much difference between the C*-values for propylene polymerization and those for
ethylene polymerization. While the C*-values for propylene polymerization measured at the maximum
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polymerization rate (R, ) were in the range between 0.17 and 0.33 mol/mol Ti, the C*-values for

ethylene polymerization were in the range between 0.28 and 0.45 mol/mol Ti. In order to investigate

the stability of active sites during polymerization the C* values have been compared at various poly-

merization times of determination. The C*-values were constant or increased for ethylene polymeri-

zations, which was completely different trend for propylene polymerizations.

INTRODUCTION

MgCl, supported TiCl, catalysts have been pre-
pared by using various kinds of monoester and/or
diester as internal donors. The effect of such Le-
wis base in enhancing catalyst stereospecificity
have been discussed in some detail by many au-
thors.? Busico et al. have reported that internal
monoester is readily removed by aluminum alkyl
cocatalyst when polymerization is carried out in
the absence of external donor.® Soga and Shiono
have published that the active Ti species in the
monoester system have a strong interaction with
the neighboring Ti species, whereas those in the
diester system do not have such an interaction.!
As a result, the kinetic behavior of the mono- and
di-ester systems are completely different.

In the previous papers we studied a series of hi-
ghly active and stereospecific catalysts obtained by
chlorinating Mg(OEt), with TiCl, and benzoyl ch-
loride(PhCOCl) which reacted with ethoxide
group of Mg(OEt), to form ethyl benzoate(EB) in
situ>® Similar catalytic system has been extensi-
vely studied by Jeong and Lee? Depending on the
repeated treatments of catalyst with TiCl, in the
presence of PhCOC], the strength of the coordina-
tion of EB to the catalyst matrix was varied accor-
ding to the simple differences in the operational
procedure employed during catalyst preparation.’
Accordingly the kinetic behaviors of the catalysts
containing monoester(EB) as internal donor were
completely different from each other, even if they
were composed of similar chemical composition, in
the polymerization of propylene.>™”

In this paper we have studied the polymeriza-
tion of ethylene with the same catalysts and diffe-
rent type of catalyst containing dibuthyl phthalate
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(DBP, diester) which is generated from the reac-
tion of phthaloyl chloride [Ph(COCI),] and buta-
nol in the presence of Ti(OBu), and TiCl,, and
the results are compared with those of propylene
polymerization for the better understanding on the
interaction between internal Lewis base and catal-
ytic active species.

EXPERIMENTAL

Materials

Polymerization grade of ethylene (from Yukong
Ltd., Korea) and extra pure grade of CO(from
Matheson Co.) were used after passing them th-
rough columns of Fisher RIDOX catalyst and mo-
lecular sieve 5A/13X. Extra pure heptane (from
Tedia Co., USA) and hexane (from Duksan Phar-
maceutical Co., Korea) were dried over Na and
fractionally distilled before use. Ph(COCI), (from
Aldrich), chlorobenzene (from Kanto Chemical
Co.) and PhCOCI (from Kanto Chemical Co.) were
purified according to previous method.® Magne-
sium diethoxide (from Strem Chem. Co.), magne-
sium chloride (from Toho Titanium Co.), AlEty
(from Aldrich), and TiCl, (from Kanto Chemical
Co.) were used without further purification.

Preparation of Catalysts

Catalysts containing monoester (EB) were pre-
pared and named according to the previous me-
thod® Fig. 1 shows a schematic diagram for the
procedure of preparing solid product and catalysts.

For the preparation of catalyst of diester system
MgCl, was used as a starting material instead of
Mg(OEt), which was used for monoester system.
Five grams (525 mmol) of powder MgCl, 5ml
(14.7 mmol) of Ti(OBu), and 50 ml of n-heptane
were reacted at 70T for an hour under inert atmo-
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Fig. 1. Schematic diagram for the procedure of prepa-
ring solid product and catalysts.

sphere. And then 3.4 ml (37.2mmol) of butanol
containing 20 ml of heptane was added dropwise
to the above mixture over 30 min and reacted at
70C for an hour. A solution of 0.87 ml (6.0 mmol)
Ph(COCI), and 25 ml heptane was added at 70C
over 30 min, and mixed at 90C for an hour. After
washing the resulting solid with heptane, 75 ml of
TiCl, was added dropwise over 30 min and reacted
at 110C for 3hours. Hot-filterd solid obtained
from above was washed with 150 ml of boiling he-
xane 7 times (called KIPF).

Polymerization

Details of polymerization process has been given
elsewhere.’

For the determination of the concentration of
active centers the prescribed amounts of carbon
monoxide were added during polymerization by
means of a gas-tight syringe and a decrease in the
overall rate of polymerization was measured simu-
ltaneously in order to determine the number of

active centers”””’

RESULTS AND DISCUSSION

According to the investigation of the effect of
Lewis base modifiers on the productivity of ste-
reoregular polyolefin, it has been postulated that
atactic active sites can be totally or partially inacti-
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Fig. 2. The rate profiles of ethylene polymerization at
Ti=041 mg, [M]=0.1 M, Al/Ti=47, and T=50T :
(a) KIPB, (b) KIPC, (c) KIPD, (d) KIPE, and (e)
KIPF.

vated by the Lewis hase.2? It seems that this mode
of action may be differentiated by checking the ef-
fect of Lewis base on the ethylene polymerization
in which the stereospecificity of the active sites is
not a dominant factor.

The profiles of ethylene polymerization are illu-
strated in Fig. 2. There are no observable initial
build-up periods of the polymerization rate for all
catalysts. KIPD and KIPE catalyst exhibit the con-
stant-rate-type kinetics, while KIPB, KIPC and
KIPF catalyst show the increasing-rate-type kine-
tics. These types of rate profiles demonstrate that
the active centers are uniformly distributed throu-
ghout the entire catalyst particles and are not all
active at the same time. The formation of active
sites may be continuously driven by the complica-
ted chemical composition of these catalysts toge-
ther with a progressive and controlled break-up of
the catalyst into subparticles on which the growth
of the polymer takes place.

The kinetic behavior of these catalysts for the
polymerization of ethylene are completely different
from that for the polymerization of propylene. For
the polymerization of propylene two sets of diffe-
rent rate profiles were obtained : 57 KIPB and
KIPC catalyst showed the constant-rate-type pro-
file for 90 min of polymerization period while
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KIPD, KIPE and KIPF catalyst the decay type so
that KIPD obeyed the second order deactivation,
and KIPE and KIPF the first order. These interes-
ting kinetic features for the polymerization of pro-
pylene have been interpreted based on the stre-
ngth of interaction between EB generated in situ
by the chemical reactions of PhCOCI with ethoxide
group of Mg(OEt), and catalytic species.” The in-
teraction between EB and catalytic species in
KIPB and KIPC catalyst was so strong that EB was
not removed from the catalyst surface by the inte-
raction with AlEt; during polymerization, resulting
in the relatively constant C*-value. On the other
hand, there was sharp decrease in the C*-values
during propylene polymerization with KIPD catal-
yst, because the weak interaction of EB with KIPD
catalyst matrix led to an easy removal of EB by
AlEt; during polymerization. The resulting donor-
free catalytic species may easily interact with the
neighboring donor-free catalytic species to deacti-
vate according to the second order kinetics.* The
interaction strength of EB in KIPE catalyst was in-
termediate between KIPB or KIPC catalyst and

KIPD catalyst so that KIPE catalyst obeys a first-
order deactivation. Relatively slow decrease in the
rate of propylene polymerization with KIPF catal-
yst was also resulted from the strong interaction
between DBP which might be formed from the
reaction of Ph{COCI), with butoxide groups of Ti
(OBu), and butanol in the presence of TiCl,.
For the better understanding of the effect of the
interaction between internal Lewis base (LB) and
catalytic species on the concentration of active si-
tes, we measured the C*-values for ethylene poly-
merizations by CO inhibition method. In this me-
thod a prescribed quantity of CO is injected into
a polymerization medium and simultaneous mea-
surements carried out on the drop in the overall
rate of polymerization and the amount of CO adso-
rbed. The dependences of the residual rates on
the amounts of CO observed at 10 min and 60 min
of polymerization time for KIPB through KIPF ca-
talysts are shown in Fig. 3. It can be seen that the
amounts of CO required for zero residual rate do
not change so much at 10 min and 60 min of poly-
merization times for all catalysts. On the assump-
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Fig. 3. Relation between the polymerization rate and the amount of CO added : () at 10 min : (@) at 60
min. Polymerization conditions are the same as those indicated in Fig. 2. (a) KIPB/AIEts, (b) KIPC/AIEts, (c)
KIPD/AIEt;, (d) KIPE/AIEt;, and (e) KIPF/AIEt; catalyst systems.
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tion that one molecule of CO is adsorbed on each
active site, the C*-value may then be evaluated by
extrapolation of the plots of percent drop in rate
versus amount of CO adsorbed to 100% drop in
rate at different polymerization times. The results
are summarized in Table 1, together with the rate
constant for chain propagation, k,, calculated from
the relation R,=k, C* [MJ, with the observed va-
lues of C*, and the data for propylene polymeriza-
tion obtained from the previous paper.’

As to the methods for the determination of ac-
tive site concentration based on the assumption
that a molecule of CO reacts with active centers
quantitatively, the following remarks should be
made. Considering a high extent of side reactions
involved in the CO inhibited polymerization, the
assurance that all CO has been used up is not a
proof that the agent reacts with active sites selecti”
vely.m(a) 10(d The C*-values thus obtained should
be considered as their upper limit.>*®

Table 1. The Number of Active Sites and the Propagation Rate Constant in the Propylene and Ethylene

Polymerization with Various Catalyst Systems

Catalyst System

Temp. Time 102 X C* k

(References) Monomer (©) {min)  (mol/mol Ti) (l/mopl s)
TiCL/MgCl./EB/AIEt; [9(e)] Propylene 38 10 1.6 320
38 30 1.0 320
38 60 0.6 360
TiCl/MgCl./AlEt; [9(c)] Propylene 70 - 0.7 800
TiCls/MgClL/AlEt; [9(c)] Ethylene 75 - 36 13000
TiCl/AIE:Cl [9(f)] Propylene 41 80 0.8 32
TiClo/AIEt,C1 [9(f)] Ethylene 60 - 0.7 78
TiClo/AlEt; [9(e)] Propylene 40 - 15 31
TiCly/AlG-Bu)s [9(g)] Ethylene 75 - 0.6 14000
KIPB/AIEt; (5) Propylene 50 10 19.0 120
50 30 21.0 126
50 60 210 122
KIPB/AIEt; Ethylene 50 10 314 226
50 60 33.7 267
KIPC/AlEt; (5) Propylene 50 10
50 30 17.0 104
50 60
KIPC/AIEt; Ethylene 50 10 28.4 209
50 60 30.2 220
KIPD/AIEt; (5) Propylene 50 5 26.0 221
50 15 84 230
50 30 5.7 234
50 60 3.8 215
KIPD/AIEt; Ethylene 50 10 470 313
50 60 494 307
KIPE/AIEt; (5) Propylene 50 5 33.0 149
50 15 220 156
50 30 17.0 153
50 60 110 165
KIPE/AIEts Ethylene 50 10 39.0 207
50 60 41.0 254
KIPF/AIEt; Ethylene 50 10 40.1 177
50 60 45.3 241
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Table 1 shows that the number of active sites
for the ethylene polymerization is higher than that
for the propylene polymerization for all catalysts.
For KIPB and KIPC catalysts, the C*-values for
ethylene polymerization are higher than that for
propylene polymerization by 1.5 times without re-
gard to polymerization time, and k,-values are
about 2-fold larger for the ethylene polymerization.
On the other hand, C*-values show large differe-
nce according to polymerization time for KIPD ca-
talyst. At the early period of polymerization the
C*-values for ethylene polymerization are higher
than those for propylene polymerization by 1.8 ti-
mes, while the C*-values are higher than by 13 ti-
mes at 60 min of polymerization. The variation in
the C*-values with polymerization time for KIPE
is also conspicuous. The C*-values for ethylene
polymerization are higher than that for propylene
polymerization by 1.2 times at the early period of
polymerization and by 3.7 times at 60 min. The k-
values for the ethylene polymerization are always
larger than those for the propylene polymerization,
so that the overall activity should be much greater
for ethylene polymerization than for propylene
polymerization, if the rates are normalized based
on the concentrations of monomer in solvent.

The C*-values for the ethylene polymerization
with KIPF catalyst in which DBP is assummed to
be strongly coordinated to catalytic species increa-
ses from 0401 mol/mol Ti at 10 min to 0.453
mol/mol Ti at 60 min.

Chien'! studied the effect of external Lewis base
on the polymerization of ethylene by the MgCl,/
EB/p-cresol/AIEt;/TiCl, catalyst activated with
AlEt;. They postulated two other functions for the
Lewis base. The internal Lewis base complexes
with those strongly acidic Ti sites, while the exter-
nal one assures that these sites remain coordinati-
vely saturated. In the absence of external Lewis
base, the internal Lewis base ligands are dissocia-
ted,

Cl Et
/ /
Ti* +AIEt; =—— Ti* + AlEt, - LB
N N\
LB dJ
692

Where LB is an internal Lewis base, and [] repre-
sents a vacant coordination position and the resul-
ting Lewis acidic Ti sites can polymerize ethylene,
but in the case of propylene these sites either pro-
duce stereoirregular polymers or are inactive pos-
sibly due to the over-reduction of Ti sites.

For the catalyst systems of the present work it
may be seen that the readiness of dissociation is
different from each other depending on the stre-
ngth of interaction between catalytic species and
the internal Lewis base. Chien neglected this spe-
cific point of view. The difference of the strength
of interaction can be caused by the difference of
the delicate operational procedures employed du-
ring catalyst preparation, even if the composition
of the prepared catalyst is similar. The type of LB,
mono- or di-ester, must be another factor determi-
ning the strength of interaction.

The dissociation to coordinatively unsaturated
Ti sites is more active in KIPD catalyst than in
KIPB or KIPC catalyst, because Ti*-LB bond in
KIPD catalyst was not so strong that a large
amount of LB is removed from the catalyst surface
forming a complex with AlEt;. Comparing the re-
sults in the change of the number of active sites
during ethylene and propylene polymerization for
KIPD catalyst (Table 1), almost all dissociated Le-
wis acidic Ti sites are not active for the propylene
polymerization but active for the ethylene polvme-
rization. As a result, the active sites for the propy-
lene polymerization with KIPD are deactivated by
a second-order while those for ethylene polymeri-
zation are almost constant over a polymerization
period. On the other hand, relatively small amount
of coordinatively unsaturated Ti species which is
active only for ethylene and is responsible for the
slight increase in the C*-values at the later stage
of ethylene polymerization is assumed to be for-
med with KIPB, KIPC and KIPF catalyst during
polymerization, because of the strong Ti*-LB bond.
It may be noted from Table 1 that the concentra-
tion of active sites active only for ethylene poly-
merization is 0.114-0.21 mol/mol Ti at the early
period of polymerization.
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Table 1 also shows that the C*-values for the
propylene polymerization with KIPB through KIPF
catalyst are higher than that of TiCl; and TiCl,/
MgCl,/EB/AIEt;, Montedison-Mitsui type catalyst,
by one order of magnitude, and that the ky-values
of the KIPB through KIPE catalyst are the same
order with magnesium chloride-supported catalyst
and are higher than that of TiCl;/AlEt; by one or-
der of magnitude. Accordingly the superior activity
of the present catalyst systems to that of magne-
sium chloride-supported catalyst or TiCl, is due to
the higher k-values as well as to the higher C*-
values.

When comparing C*-values for the propylene
polymerization with different catalyst systems, it is
important to state the appropriate time of determi-
nation. This is of considerable importance when
dealing with the catalyst systems whose polymeri-
zation rates change sharply as a function of time.
As shown in Table 1, the decreases of the C*-va-
lues during propylene polymerization with Monte-
dison-Mitsuitype catalyst, KIPD, KIPE and KIPF
are the first or second order with respect to the
polymerization time and the k,-values are almost
constant throughout the decay of C*. However, it
seems that the time of determination of C*-values
is insignificant for ethyleme polymerization with
KIPB through KIPF catalyst, because both C*-va-
lues and k;-values do not change so much accor-
ding to polymerization time without regard to the
strength of interaction between catalytic species
and LB. In this case only the initial C*-values are
thought to be a principal factor in determining the
activity of catalyst since the values are constant
within an experimental error or slightly increased
during the long period of polymerization.

It is interesting to note from Fig. 2 and Table
1 that the catalysts characterized by the weak in-
teraction between Ti species and LB, e. g, KIPD
and KIPE, show higher concentration of active si-
tes for ethylene polymerization than those charac-
terized by strong interaction, e. g., KIPB and KIPF.
This unexpected result might be due to the fact
that considerable amounts of active sites which are

Z22|0 A1538 AM63 19919 129

active only for ethylene polymerization. are newly
generated by the removal of LB from the catalyst
matrix. The C*-value of KIPD at the early period
of polymerization (5 min) of propylene is much
higher than that of KIPB at 10 min. The conside-
ration of this difference of active sites between
ethylene and propylene polymerization might be
practically useful in developing the catalysts of
good performance.
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