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ABSTRACT: Anhydrous magnesium dichloride was reacted with silicon tetraethoxide to
form a solid adduct. The adduct was treated with titanium tetrachloride and an internal
Lewis base to prepare supported titanium catalysts. Alkyl benzoate (PhCOOR, R
= Me, Et, n — Bu) or dialkyl phthalate [Ph(COOR),, R = Me, Et, n — Bu] was
used as an internal Lewis base. The prepared catalysts (MT) in combination with
triethylaluminum as a cocatalyst polymerize propylene to yield polypropylene. The
nature and concentration of internal Lewis base influence the composition, specific
surface area, and performance of the catalysts. The addition of diphenyl dimethoxysi-
lane into the MT/Et;Al catalyst system increases the isotactic index of polypropylene
from 75 to 97 at a Si/Al mol ratio of 0.05. The overall results indicate that a dialkyl
phthalate-incorporated catalyst shows better physical, chemical, and polymerization
characteristics compared to a corresponding alkyl benzoate catalyst. © 1997 John Wiley &
Sons, Inc. J Appl Polym Sci 64: 1445-1450, 1997
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INTRODUCTION

Development of morphologically controlled high-
performance catalysts has attracted much scien-
tific attention due to their importance in the pro-
duction of polyolefinic materials.'~® The compo-
sition of the catalyst system comprising a solid
precatalyst (titanium tetrachloride supported on
magnesium dichloride) and a cocatalyst (trialkyl-
aluminum and external Lewis base) determines
its performance for olefin polymerization. The
physical and chemical characteristics of sup-
ported titanium species also provide a requisite
three-dimensional shape to the catalyst which is
replicated during polymerization by polymer par-
ticles. The above understanding has contributed
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magnesium dichloride; silicon tetraethoxide; alkyl benzoate; dialkyl

significantly toward the development of present-
generation catalysts.?

The selection of an appropriate synthetic meth-
odology is important for the development of high-
performance catalysts. One of the approaches for
the preparation of supported titanium catalysts
involves the reaction of magnesium dichloride and
alcohol followed by treatment with titanium tetra-
chloride.*~” The liberation of a gaseous product,
viz, HC], during catalyst preparation leads to the
generation of very fine particles which are unde-
sirable in the subsequent steps. The replacement
of alcohol by metal alkoxides will avoid formation
of a gaseous product during catalyst synthesis and
can, therefore, be a convenient route to prepare
morphologically controlled catalysts. The litera-
ture reveals that metal alkoxides are used for the
activation of magnesium dichloride in the synthe-
sis of supported titanium catalysts.®® However,
there is no published information available on the
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Table I Characteristics of Catalysts Prepared with Alkyl Benzoate

Analysis (Wt %)

Productivity

Surface Area Yield Isotactic Index
Catalyst Lewis Base Mg Cl Ti (m?%g) (kg PP/g Ti) (%)
MT-1 — 12.0 41.1 4.2 48 1.10 52
MT-2 MeBz 14.2 50.3 3.6 105 1.89 71
MT-3 EtBz 15.1 56.0 2.9 136 2.10 74
MT-4 BuBz 16.0 58.1 2.5 148 2.21 75

Polymerization conditions: Pc; = 1 atm; catalyst = 50 = 2 mg; Et;Al = 5 mmol; temp = 25 + 1°C; hexane = 200 mL; time

= 2 h. MeBz = PhCOOMe, EtBz = PhCOOEt, BuBz = PhCOOBu.

composition—productivity relationship and poly-
merization behavior of catalysts.

The present article describes the preparation
and characterization of supported titanium cata-
lysts based on a magnesium dichloride—silicon te-
traethoxide adduct. The performance of the cata-
lysts was examined for propylene polymerization.
The effect of an internal Lewis base (alkyl benzo-
ate) was compared with the corresponding dialkyl
phthalate. The influence of an external Lewis
base on homopolymerization of propylene was
also investigated.

EXPERIMENTAL

All experimental manipulations were carried out
under a high-purity nitrogen atmosphere. Stan-
dard Schlenk techniques and a vacuum atmo-
sphere Dri Lab Model HE-8/85 equipped with a
Dri Train Model HE-493-7/80 were used for the
handling of all compounds. Magnesium dichloride
(surface area 12 m?/g, Toho Titanium Co., Japan)
and triethylaluminum (Ethyl Corp., USA) were
commercially procured and used without further
purification. Titanium tetrachloride, silicon te-

traethoxide, methyl benzoate, ethyl benzoate, bu-
tyl benzoate, dimethyl phthalate, diethyl phthal-
ate, dibutyl phthalate, and diphenyl dimethoxysi-
lane were used after distillation. Decane, toluene,
and hexane were dried over a sodium wire and
distilled before use. Propylene received from a
commercial plant was used after passing through
a molecular sieve column.

Preparation of Catalysts
MT-1 Catalyst

Magnesium dichloride was reacted (4.0 g) with
silicon tetraethoxide (STE) in a 1 : 2 molar ratio.
The obtained solid was treated with a titanium
tetrachloride—toluene mixture (Ti/Mg molar ra-
tio = 30). The temperature of the reaction mix-
ture was increased to 115°C and the reaction was
continued for 2 h. The solid mass thus obtained
was washed with decane after removal of excess
titanium tetrachloride. The product was further
washed with hexane and stored in hexane (Ta-
ble I).

MT-2,3,4 Catalyst

The method of preparation of the catalysts was
similar to that of MT-1 except that alkyl benzoate

Table II Influence of BuBz/MgCl, Molar Ratios on the Characteristics of Catalysts

Analysis (Wt %)

Productivity

BuBz/MgCl, Surface Area Yield Isotactic Index
Catalyst Ratio Mg Cl Ti (m%g) (kg PP/g Ti) (%)
MT-5 0.0 12.0 41.1 4.2 48 1.10 52
MT-6 0.15 14.0 51.5 3.1 97 1.64 61
MT-7 0.30 16.0 58.1 2.5 148 2.21 75
MT-8 0.45 15.6 55.2 2.7 128 1.90 78

BuBz = butyl benzoate. Polymerization conditions similar to those reported in Table I.
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Table III Characteristics of Catalyst Prepared with Dialkyl Phthalate

Analysis (Wt %)

Productivity

Surface Area Yield Isotactic Index

Catalyst Lewis Base Mg Cl Ti (m?%g) (kg PP/g Ti) (%)
MT-9 DMePh 13.8 48.0 4.4 99 2.20 70
MT-10 DEtPh 15.1 53.0 3.3 124 3.00 74
MT-11 DBuPh 16.9 59.0 2.0 165 3.40 76

Polymerization conditions as stated in Table I. DMePh = dimethyl phthalate; DEtPh = diethyl phthalate; DBuPh = dibutyl

phthalate.

(PhCOOR, R = Me, Et, n-Bu) was added into a
MgCl,—STE-TiCl, mixture at 115°C (ester/
MgCl, molar ratio = 0.30; Table I).

MT-5,6,7,8 Catalyst

The catalyst synthesis was similar to that of MT-
4 except that the BuBz/MgCl, (BuBz = butyl ben-
zoate) molar ratio was varied from 0.0 to 0.45
(Table II).

MT-9,10,11 Catalyst

The preparation of the catalysts was similar to
that of MT-1 except that dialkyl phthalate
[Ph(COOR),, R = Me, Et, n-Bu] was added to
the MgCl,—STE-TiCl,; mixture at 115°C (ester/
MgCl; molar ratio = 0.15; Table III).

MT-12,13,14,15,16 Catalyst

The catalysts were prepared the same as in case
of MT-11 except that the molar ratio of DBPh/
MgCl; was varied from 0.0 to 0.30 (DBPh = dibu-
tyl phthalate; Table IV).

MT-17 Catalyst

The MT-14 catalyst was treated with an excess of
titanium tetrachloride at 115°C for 2 h. It was
washed with decane followed by hexane. The solid
was kept in hexane (Table V).

Polymerization Procedure

The polymerization of propylene was carried out
in a 500 cm?® glass reactor equipped with a stirrer
and an oil bath. A calculated amount of trieth-
ylaluminum and/or diphenyl dimethoxysilane
were added into the reactor containing 200 cm?
hexane. The solid catalyst was added into the
flask and propylene was continuously supplied up
to a pressure of 1 bar. Polymerization was termi-
nated by the addition of methanolic hydrochloric
acid. The polymer was dried in a vacuum.

Characterization

Magnesium and chloride contents were estimated
titrimetrically and titanium was estimated by a
spectrophotometric method.'® The BET surface
area of the samples was measured on a Carlo-

Table IV Effect of DBPh/MgCl, Molar Ratios on the Characteristics of Catalysts

Productivity
Analysis (Wt %)
DBPh/MgCl, Surface Area Yield Isotactic Index
Catalyst Ratio Mg cl Ti (m%g) (kg PP/g Ti) (%)
MT-12 0.0 12.0 41.1 4.2 48 1.10 52
MT-13 0.10 15.0 54.1 3.8 110 2.62 71
MT-14 0.15 16.9 59.0 3.5 165 3.48 76
MT-15 0.20 15.1 53.0 3.0 130 2.84 76
MT-16 0.30 14.4 51.2 2.5 82 2.00 76

DBPh = dibutyl phthalate; polymerization conditions as stated in Table I.
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Table V Characteristics of Catalysts Prepared with Single and Double Treatment

of Titanium Tetrachloride

Analysis (Wt %)

Productivity

Surface Area Yield Isotactic Index
Catalyst TiCl, Treatment Mg Cl (m%g) (kg PP/g Ti) (%)
MT-14 Single 16.9 59.0 165 3.48 76
MT-17 Double 18.8 64.0 182 5.40 75

Polymerization conditions as stated in Table I.

Erba Sorptomatic 1900 model. Polypropylene
samples were extracted with boiling heptane in a
Soxhlet apparatus. The isotactic index (II) re-
ported for each sample is the weight percentage
of heptane-insoluble polypropylene.

RESULTS AND DISCUSSION

Anhydrous magnesium dichloride was reacted
with silicon tetraethoxide (STE) to prepare a
MgCl,—STE adduct. The treatment of the product
with excess titanium tetrachloride gives a solid
catalyst. The characterization data show 4.2 wt %
incorporation of titanium and a four times higher
BET surface area than that of the starting magne-
sium dichloride (Table I). These results indicate
that magnesium dichloride reacts with silicon te-
traethoxide to form a MgCl, - STE adduct (Scheme
1). The treatment of the obtained product with
excess titanium tetrachloride gives titanium
chloroethoxide and active magnesium dichloride.
Simultaneously, the titanium species react with
regenerated magnesium dichloride to yield a sup-
ported titanium catalyst. This catalyst (MT-1) in
combination with triethylaluminum polymerizes
propylene to give polypropylene with an isotactic
index of 52.

MgCl, + xSTE — MgCl, - xSTE
MgCl, - xSTE + ExcessTiCl, —
“MgCl,” + TiCl;OEt + Si(OEt),_,Cl + TiCl,
l
[MT — 1]
[STE = Si(OEt),]

Scheme 1

Influence of Internal Lewis Base

An internal Lewis base such as alkyl benzoate or
dialkyl phthalate was incorporated into the sup-
port during the synthesis of the catalyst (Scheme
2). A compositional analysis of the catalysts pre-
pared with alkyl benzoate shows (Table 1) that a
change of methyl benzoate to the butyl derivative
reduces the titanium content. It can be due to the
removal of titanium chloroethoxide from the solid
product in the presence of an internal Lewis base
and titanium tetrachloride.® A specific surface
area of the solid product also improves with the
incorporation of alkylbenzoate. The highest sur-
face area (148 m?/g) was observed for the n-butyl
benzoate-treated catalyst. Polymerization data
(Table I) indicate that the incorporation of alkyl
benzoate improves both polymer yield and the iso-
tactic index of polypropylene. The change of
methyl benzoate to an ethyl derivative leads to
an increase in polymer yield of 11 wt % and an
isotactic index of 4 wt %. Fixation of a higher
homolog, i.e., butyl benzoate, brings a marginal
increase in the yield and isotactic index of polypro-
pylene.

Supported titanium catalysts were synthesized
with varied amounts of butyl benzoate. Results
are shown in Table II. Compositional analysis
shows that increase in the BuBz/MgCl, ratio from
0.0 to 0.30 leads to a lowering of titanium content
from 4.2 to 2.5 wt %. Increasing the ratio of BuBz/

MgCl, + xSTE — MgCl, - xSTE
MgCl, - xSTE + Excess TiCl, —
“MgCl,” + TiCl;OEt + Si(OEt),_,ClI
+LB l  —TiCl,
[MT]
[LB = PhCOOR, Ph(COOR),, MT = MT-2 to 16]

Scheme 2



MgCl; up to 0.30 improves the specific surface
area of the catalyst from 48 to 148 m?/g. Further
increase of the ratio is found to reduce the specific
surface area to 128 m?/g. Polymerization activity
of the catalysts showed the following order: MT-
5 (0.0) < MT-6(0.15) < MT-7 (0.30) > MT-
8(0.45). The stereospecificity of the catalyst sys-
tem, however, showed an increasing trend with a
higher BuBz/MgCl, ratio up to 0.45.

A bifunctional ester, dialkyl phthalate, was
also used as an internal Lewis base in the synthe-
sis of supported titanium catalysts (Scheme 2).
The data show (Table IIT) that a change of di-
methyl phthalate to a dibutyl derivative decreases
the titanium content and improves the specific
surface area, activity, and stereospecificity of the
catalyst system. The concentration-dependent
studies of dibutyl phthalate (Table IV) reveal that
the optimum activity of the catalyst system is ob-
served at a DBPh/MgC], ratio of 0.15. The isotac-
tic index of polypropylene is not affected above
this ratio.

Comparison of the compositional analysis and
performance data of dialkyl phthalate containing
a catalyst with the corresponding alkyl benzoate
containing catalysts indicate that the dialkyl
phthalate system is more efficient than is the
analogous alkyl benzoate. Furthermore, an opti-
mum ester/MgCl, ratio in dialkyl phthalate case
is approximately half of that of the alkyl benzoate
system. The better performance of dialkyl phthal-
ate systems indicates that bifunctionality offers
a higher stability to the titanium species during
polymerization.*

Effect of Titanium Tetrachloride Treatment

The catalysts were prepared with single and dou-
ble treatment of titanium tetrachloride for exam-
ining their compositional and performance char-
acteristics. Results are given in Table V. It is ob-
served that the second treatment of titanium
tetrachloride helps in lowering the titanium con-
tent and improving the specific surface area of the
catalyst (MT-17). Polymerization studies indicate
that double treatment of the catalyst with tita-
nium tetrachloride resulted in enhancing its ac-
tivity for propylene polymerization. The activity
profile of the catalyst as a function of time shows
a higher polymerization rate which tends to de-
crease with increasing time (Fig. 1).

Influence of External Lewis Base

The supported titanium catalyst (MT-17) was
evaluated for studying the influence of an exter-
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Figure 1 Polymerization rate vs. time: (@) MT-17/
EtsAl catalyst system; (O) MT-17/EtsAl + Ph,Si
(OMe), catalyst system; polymerization conditions as
mentioned in Table I, Si/Al = 0.05.

nal Lewis base. The data indicate that the addi-
tion of diphenyl dimethoxysilane into the cocata-
lyst (triethylaluminum) significantly increases
the isotactic index of polypropylene (Table VI) to
97 from 75 at a low Si/Al ratio of 0.05. However,
the productivity of the system is lowered due to
the reduction in the rate of polymerization (Fig.
1). The results show that diphenyl dimethoxysi-
lane in combination with triethylaluminum im-
proves the stereospecificity of the catalyst system
at an optium ratio of Si/Al by deactivation of atac-
tic sites and/or also act as an activator for tita-
nium sites forming isotactic polypropylene.'?~'5

CONCLUSIONS

The present study reveals that silicon tetraethox-
ide can be used for the activation of crystalline
magnesium dichloride through formation of an
adduct. The treatment of the product with tita-
nium tetrachloride and an internal Lewis base
results in the synthesis of a supported titanium
catalyst. The nature and concentration of an in-
ternal Lewis base influence the chemical composi-
tion, specific surface area, and polymerization
characteristic of the catalysts. The incorporation
of dialkyl phthalate onto a solid catalyst results
in a higher performance of the catalyst system
as compared to the corresponding alkyl benzoate.
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Table VI Performance of MT-17 (MgCl,-DBPh-TiCl,) Catalyst
with Diphenyl Dimethoxysilane as an External Lewis Base

and Triethylaluminum as Cocatalyst

MT-17/Et;Al + Ph,Si (OMe),

Polymer Yield Isotactic Index
Sample No. Si/Al Ratio (kg PP/g Ti) (%)
1 0.0 5.40 75
2 0.05 4.48 97
3 0.10 3.56 98
4 0.20 3.24 98
Polymerization conditions as stated in Table I.
Moreover, the addition of diphenyl dimethoxysi- 6. V. K. Gupta, S. Satish, and I. S. Bhardwaj, Angew.

lane with the triethylaluminum cocatalyst further
enhances the stereospecificity of the catalyst
system.

The authors wish to thank the Management of IPCL
for permission to publish the results and acknowledge
the experimental assistance given by Mr. A. N. Baria.

REFERENCES

1
2

3

4

5

. P. Locatelli, Trends Polym. Sci., 2, 87 (1994).

. U. Zucchini, T. Dallocco, and L. Resconi, Ind. J.
Tech., 31, 247 (1993).

. P. Galli and J. C. Haylock, Makromol. Chem. Mac-
romol. Symp., 63, 19 (1992).

. V. K. Gupta and M. Ravindranathan, Polymer, 37,
1399 (1996).

. V. K. Gupta, S. Satish, and I. S. Bhardwaj, Eur.
Polym. J., 28, 1269 (1992).

10.

11.

12.

13.

14.

15.

Makromol. Chem., 207, 53 (1993).

. V. K. Gupta, S. Satish, and I. S. Bhardwaj, Angew.

Makromol. Chem., 213, 113 (1993).

. T. Fujita, Jpn. Kokai Tokkyo Koho JP 05,287,016

[93,287,016] (Nov. 1993) (to Mitsubishi Petro-
chemical Co.); Chem. Abstr., 120, 192 5845 (1994 ).

. H. Sakurai, Y. Yamamoto, and T. Tayano, Jpn. Ko-

kai Tokkyo Koho, JP 0601,805 (9401,805) (Jan.
1994) (to Mitsubishi Petrochemical Co.); Chem.
Abstr., 120, 324 443z (1994).

A. 1. Vogel, Text Book of Quantitative Inorganic
Analysis, 4th ed., Longmans, London, 1978, pp.
324, 342, 750.

C. B. Yang, C. C. Hsu, Y. S. Park, and H. F. Shur-
vell, Eur. Polym. J., 30, 205 (1994).

M. C. Sacchi, I. Tritto, and P. Locatelli, Prog.
Polym. Sci., 16, 331 (1991).

A. Proto, L. Oliva, C. Pellecchia, A. J. Sivak, and
L. A. Cullo, Macromolecules, 23, 2904 (1990).

E. Vahasarja, T. T. Pakkanen, T. A. Pakkanen, E.
Iliskola, and P. Sormunen, J. Polym. Sci. Part A
Polym. Chem., 25, 3241 (1987).

K. Soga, T. Shiono, and Y. Doi, Makromol. Chem.,
189, 1531 (1988).



