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Highly active supported catalyst of Ziegler-Natta type was prepared by reaction
of a Grignard reagent. The starting chemicals for preparing MgCl2, the support,
were butyl magnesium chloride which mixed with AlCl3 and CH3Si(OC2H5)3, 

following to two steps treatment of the chemicals with TiCl4 in toluene. Ti
Concentration in the solid catalyst was 3.19%. Slurry polymerization of ethylene was
carried out using the catalyst in dry heptane, while; triethylaluminium was used as
cocatalyst. The cocatalyst effects, such as cocatalyst/catalyst molar ratio, polymeriza-
tion time, temperature, H2 concentration and the monomer pressure on activity of the
catalyst were studied. There was an optimum [Al]/[Ti] molar ratio and temperature to
obtain the highest activity of the catalyst. The maximum activity was obtained at 60ºC,
and [Al]/[Ti]=714:1. Productivity of 14700 g PE/mmol Ti.h was obtained at monomer
pressure of 8 bar. Addition of hydrogen decreased the activity of catalyst and the vis-
cosity average molecular weight (Mv) of the polymer obtained, while; increasing
monomer pressure increased its activity. Density of the polymer obtained was 0.93-
0.95 g/cm3 which is in the range of high density polyethylene. Melting point of the poly-
mer was in the range of 140-144ºC. 

INTRODUCTION

Since the discovery of MgCl2 as
the best support for TiCl4 based
Ziegler-Natta catalyst, many
reports have been published about
highly active supported catalysts
for polymerization of α-olefins [1-
5]. Different methods have been

proposed for preparation of the
active MgCl2 as an effective sup-
port for the catalyst [6]. The
process includes mechanical acti-
vation of MgCl2 without TiCl4,
mechanical plus chemical routes
[4,7], and purely chemical methods
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[1,8-10]. Among the techniques, those based on pure-
ly mechanical or mechanical plus chemical treatment
were used in the early stage of the MgCl2-supported
catalysts development. Although the methods are sim-
ple with low cost, but control of morphology of the
catalyst particles and particles size distribution (PSD)
are almost impossible [6].

The chemical routes have been preferred as they
proved to be more suitable for the synthesis of the cat-
alysts, and, thus, controling morphology with con-
trolled shape, size and PSD via phenomenon known
as replication [1,6,8,11]. 

Preparation of MgCl2 using decomposition of an
organomagnesium (RMgX) compound with various
organic and inorganic halides have been less studied.
The preparation mainly takes place in the presence of
reaction mixture of AlCl3 and CH3Si(OC2H5)3 or
Si(OC2H5)4 [12-14].

In the present work active MgCl2 was prepared
using C4H9MgCl with CH3Si(OC2H5)3 and AlCl3.
MgCl2 was reacted with TiCl4 to prepare the catalyst
which was studied for polymerization of ethylene.
New method was used for the catalyst preparation
which led to a higher range of density in HDPE and
almost stable rate/time profile comparing with TiCl4
supported MgCl2 catalyst, characteristics of the cata-
lyst [15].  

EXPERIMENTAL

Chemical
n-Heptane, n-hexane and toluene were supplied by
Arak Petrochemical Co. (Arak, Iran) and distilled
over calcium hydride and stored over 13X and 4A
type activated molecular sieves and sodium wire.
AlCl3 and titanium tetrachloride were supplied by
Merck (Darmstadt, Germany). Diethyl ether solution
of C4H9MgCl, and CH3Si(OC2H5)3 were purchased
from Sigma-Aldrich, Chemicals Co. (Steinheim,
Germany). Triethyl aluminium (TEA) was acquired
from Schering Co. Ltd (Bergkaman, Germany).
Polymerization grade ethylene (purity 99.9%) was
supplied by Iran Petrochemical Co. (Tehran, Iran) and
was purified by passage through a column of activat-
ed 13X and 4A molecular sieves. Nitrogen gas (puri-
ty 99.99%) was supplied by Roham Co. (Tehran, Iran)

and dried by passage through P2O5, KOH, activated
silica gel and 4A molecular sieve columns. Decaline
(purity 97%) was supplied by Merck Schuchardt
OHG (Hohenbrun, Germany) and was used with
antioxidant (0.1%, 2,6-di-tertbutyl-p-cresol). 

Catalyst Preparation
Anhydrous AlCl3 (15 mmol) was transferred in a
glove box into a catalyst preparation reactor. Toluene
(100 mL) was added to the reactor under a flow of dry
N2. CH3Si(OC2H5)3 (15 mmol) was added to the
toluene slurry of AlCl3 dropwise. The mixture was
stirred at room temperature for 1 h. An exothermic
reaction took place which was cooled using an oil
bath system. The reaction mixture was cooled from
0ºC to -10ºC and diethylether solution of C4H9MgCl 
(30 mol) was added. The white powder precipitated
was filtered and washed with toluene (100 mL) at
room temperature. Toluene (100 mL) was added to the
reactor under a flow of dry N2. The content of the
reactor was heated and TiCl4 (150 mmol) was slowly
added, while, the content of the reactor was stirred.
The temperature was raised to 70-100ºC and stirred
for 1-2 h. The solid product was filtered and washed
using toluene (100 mL). Toluene (100 mL) and TiCl4
(150 mmol) were added, respectively. The reaction
was carried out for further 1-2 h, at 90-115ºC. The
solid catalyst was washed with n-heptane and dried at
70ºC.

Elemental analysis of the catalyst was: Ti=3.19%,
Mg=12.13%, Cl=81.92%, Al=0.3% and Si=1.36%.

Polymerization and Polymer Characterization  
Ethylene polymerization reaction was carried out in
accordance with procedure in ref. 16. The monomer
was continually introduced to the reactor as polymer-
ization proceeded. The catalyst productivity, Rp(aver-
age), expressed as g PE/mmol Ti.h, was determined
after 1 h polymerization for each run.   

The viscosity average molecular weight (Mv) of
some polymers was determined according to refs. 16
and 17. Density of the polymer was determined by
using an Ohuas Voyager Pro VP64C balance with
densitometer facility. Melting point of the polymer
was measured using DSC PL model STA 780.
Crystallinity of the polymer was determined accord-
ing to ref. 18.
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Figure 1. Effect of [Al]:[Ti] molar ratio on average rate of
polymerization. Polymerization conditions: [Ti] = 0.007
mmol/L solvent; Temperature = 60ºC; monomer pressure =
2 bar; polymerization time = 1 h; stirrer speed = 800 rpm;
heptane = 500 mL (for optimization of [Al]/[Ti] molar ratio all
measurements were repeated three times). 

RESULTS AND DISCUSSION

Effect of Triethylaluminium
Effect of triethylaluminium (TEA) concentration on
polymerization behaviour was studied. A different
amount of TEA was used, while, concentration of the
catalyst, monomer pressure, stirrer speed and poly-
merization temperature were kept constant. Figure 1
shows the polymerization behaviour in the case of
average rate of polymerization against [Al]:[Ti] molar
ratio. Optimum activity occurred at [Al]:[Ti] ratio of
714:1 mol/mol. The optimum TEA/Ti ratio obtained
is at higher level of the alkyl required (general 80-
800) [19,20].

At lower concentration of TEA relative to the opti-
mum value, the decrease in productivity obtained was
sharper than the higher concentration. At low concen-
tration of TEA it is probable that the small amount of
impurity present in the system has affected the poly-
merization behaviour and decreased the activity of the
catalyst. At higher concentration than the optimum
value, over reduction of TiIV to TiII may have
occurred which did not affect the productivity so
much [21-23].

Effect of Temperature
The effect of temperature of 30ºC to 70ºC on poly-
merization behaviour at [Al]:[Ti]=714:1 molar ratio
was studied. Figure 2 shows the polymerization 

Figure 2. Effect of temperature on average rate of polymer-
ization. Polymerization conditions: [Al]:[Ti] = 714:1 other
conditions as Figure 1.

behaviour. The figure indicates that polymerization
activity was increased with increasing temperature
from 30ºC to 60ºC. An increase in the propagation
rate coefficient with increasing temperature and irre-
versible deactivation of active sites at higher temper-
ature was reported [6,24,25] so the decrease of poly-
merization activity at higher temperature could be due
to low solubility of ethylene monomer in the media
used. Optimum temperature for supported Ziegler-
Natta catalyst was generally between 60ºC to 70ºC.
The higher temperatures decrease the activity of these
catalysts. The catalyst behaviour used in this project
is an indication of high sensitivity to temperature
higher than 60ºC (Figure 2).

Effect of Polymerization Time
The effect of polymerization time between 15 min and
90 min on the rate of polymerization was studied. The  

Figure 3. Effect of polymerization time on average rate of
polymerization. Polymerization conditions: [Al]:[Ti] = 714:1
other conditions as Figure 1.
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results are shown in Figure 3. Polymerization was car-
ried out at 60ºC, as previously determined to be the
optimum temperature. The highest activity was
obtained shortly after starting polymerization leading
to a decay period. The behaviour is common for the
MgCl2 supported Ziegler-Natta catalysts. The behav-
iour could be because of decrease in activity of some
active centres with time [6,26].  Although, the rate
decreased further with time, but it was not very pro-
nounced. The rate/time profile obtained was more sta-
ble than the one obtained for TiCl4 supported MgCl2
catalyst [4].

Effect of Hydrogen Concentration
Effect of hydrogen concentration of 20-100 mL/L sol-
vent on polymerization behaviour was studied. The
addition of hydrogen was batch-wise. Polymerization
behaviour of the catalyst is shown in Table 1 and
Figure 4. Addition of hydrogen decreased both the
activity of the catalyst and the viscosity average
molecular weight of the polymer obtained. The 

Figure 4. Effect of hydrogen on Rp.

Table 1. Effect of hydrogen concentration on the  polymer-
ization behaviour.

behaviour could be due to competition of hydrogen
with monomer to be adsorbed on active centres and
chain transfer facility due to the presence of hydro-
gen, respectively [20,24,27].

Effect of Monomer Pressure
Effects of monomer pressure of 1.5 to 8 bar on cata-
lyst behaviour and polymer obtained were studied.
The polymerization was carried out using optimum

Figure 5. Effect of monomer pressure  on Rp.
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Run H2  

(mL/1000 mL solvent)  

g 

PE 

Rp  

(g PE/mmolTi. h) 

1 0 51.96 7652.4 

2 20 44.53 6558.2 

3 40 39.78 5858.6 

4 60 37.19 5477.2 

5 80 38.83 5717.7 

6 100 35.85 5279.8 

Temperature  
(ºC) 

Time  
(min) 

H2  
(mL) 

Melting point   
(ºC) 

Density 
(g/cm3) 

Crystallinity 
(%) 

60 60 0 142.4 0.945 43.5 
70 60 0 141.6 0.949 41.5 
60 60 40 140.4 0.946 43.5 
60 60 60 141.6 0.942 43.2 
60 60 100 141.3 0.931 43 
35 60 0 143.7 0.931 44 
60 15 0 141.3 - 45 
60 90 0 143.1 - 48.8 

Table 2. Specification of some polymers.  [Al]/[Ti]=714:1, pressure=1 bar, [Ti]= 0.007 mmol/L.



Figure 6. Effect of hydrogen concentration on Mv.

condition obtained before. The polymerization activi-
ty was almost exponentially increased with increasing
monomer pressure (Figure 5). The higher the
monomer pressure, the higher concentration of ethyl-
ene close to the catalytic active centres and probably
fragmentation of catalyst particularly at the early
stage of polymerization. An increase in the activity
with monomer pressure has been reported [5,28].

Characterization of Polymer
Density, crystallinity, melting point and Mv of some
polymers obtained were determined. The result was in
the range between 0.93 to 0.95 g/cm3 which indicates
a high density polyethylene even, higher than the limit
of HDPE. The melting point of the polyethylene
obtained was in the range between 140ºC to 144ºC.
Crystallinity of the polymer was between 41 to about
49 percent, indication of semi-crystalline polymer.
Table 2 shows the results obtained.

Mv of the polymer was decreased with increasing
H2 concentration (Figure 6). The behaviour could be
due to high chain transfer rate in the presence of H2
[27,29].

CONCLUSION

The following results were obtained using the hetero-
geneous supported Ziegler-Natta catalyst prepared by
Grignard method in slurry polymerization of ethyl-
ene:

- The prepared catalyst, based on TiCl4 supported
MgCl2, produced was quite an active catalyst.

- There is an optimum ratio of [Al]/[Ti]=714:1 to
obtain the highest activity which was quite high for

these type of catalysts.
- The highest activity of the catalyst obtained at

60ºC under the condition used. The behaviour indi-
cates a less thermally stable catalyst supported MgCl2
prepared by Grignard method.

- Addition of hydrogen to the polymerization sys-
tem decreased its activity and Mv.

- Rate of polymerization curve against time was a
decay type. The decay was not so sharp as expected
for MgCl2 supported catalysts. 

- Increasing monomer pressure from 1.5 to 8 bar
exponentially increases the activity of the catalyst.

- Density of the polyethylene obtained was in the
range of 0.93-0.95 g/cm3 in the range of high density
polyethylene produced.

- Melting point of the polymer was in the range  of
140-144ºC. The crystallinity of the polymer was
between 41 to 49%. 

REFERENCES

1. Pater J.T.M., Weickert G., Van Swaaij W.P.M.,
Polymerization of liquid propylene with a fourth-
generation Ziegler-Natta catalyst: Influence of
temperature, hydrogen, monomer concentration,
and prepolymerization method on powder mor-
phology, J. Appl. Polym. Sci., 87, 1421-1435,
2003.

2. Galli P., Barbe P.C., Noristi L., High yield catalysts
in olefin polymerization. General outlook on theo-
retical aspects and industrial uses, Angew.
Makromol. Chem., 120, 73-90, 1984.

3. Pater J.T.M., Weickert G., Loos J., Van Swaaij
W.P.M., High precision prepolymerization of
propylene at extremely low reaction rates-kinetics
and morphology, Chem. Eng. Sci., 56, 4107-4120,
2001.

4. Barbe P.C., Cecchin G., Noristi L., Catalytical and
radical polymerization, Adv. Polym. Sci., 81,1-81,
1987.

5. Tait P.J.T., Zohuri G.H., Kells A.M., Comparative
kinetic and active centre studies on magnesium
chloride supported catalysts in propylene polymer-
ization, Macromol. Symp., 89, 125-138, 1995. 

6. Moore E.P., Polypropylene Handbook, Hanser,
Munich, 22-24, 1996.

7. Dusseault J.J.A., Hsu C.C., MgCl2-Supported

35Iranian Polymer Journal / Volume 16 Number 1 (2007)

Preparation of Highly Active Heterogeneous Ziegler  ...Ahmadjo S. et al.



Ziegler-Natta catalysts is for olefin polymeriza-
tion. Basic structure, mechanism, and kinetic
behavior, J. Macromol. Sci. Part A, Rev.
Macromol. Chem. Phys., C33, 103-145, 1993.

8. Ma Z., Wang L., Wang W., Feng L., Gu X., Study
of propylene polymerization catalyzed by a spher-
ical MgCl2-supported Ziegler-Natta catalyst sys-
tem: The effects of external donors, J. Appl.
Polym. Sci., 95, 738-742, 2005.

9. Zohuri G.H., Azimfar F., Jamjah R., Ahmadjo S.,
Polymerization of propylene using the high-activi-
ty Ziegler-Natta catalyst system SiO2/MgCl2
(ethoxide type)/TiCl4/di-n-butyl phthalate/triethyl-
aluminum/dimethoxy methyl cyclohexyl silane, J.
Appl. Polym. Sci., 89,1177-1181, 2003.

10. Zohuri G.H., Mortazavi M.M., Jamjah R.,
Ahmadjo S., Copolymerization of ethylene-
propylene using high-activity bi-supported
Ziegler-Natta TiCl4 catalyst, J. Appl. Polym. Sci.,
93, 2597-2605, 2004.

11. Ye Z., Wang L., Feng L., Gu X., Chen H., Zhang
P., Pan J., Jiang S., Feng L., Novel spherical
Ziegler-Natta catalyst for polymerization and
copolymerization. I. Spherical MgCl2 support, J.
Polym. Sci., Part A: Polym. Chem., 40, 3112-
3119, 2002.

12. Yano T., Inoue T., Ikai S., Kai Y., Tamura M.,
Supported catalyst for olefin polymerization. The
role of the third component,  Eur. Polym. J., 22,
637-641, 1986.

13. Yano T., Inoue T., Ikai S., Shimizu M., Kai Y.,
Tamura M., Highly active supported catalysts for
olefin polymerization. Supports from a Grignard
reagent for preparation of highly active catalysts,
J. Polym. Sci., Part A: Polym. Chem., 26, 457-
464, 1988.

14. Yano T., Inoue T., Ikai S., Shimizu M., Kai Y.,
Tamura M., Highly active supported catalysts for
olefin polymerization: Preparation and characteri-
zation of the catalyst, J. Polym. Sci., Part A:
Polym. Chem., 26, 477-489, 1988.

15. Zohuri G.H., Nekoomanesh M., Hosseini Bayan
M., Jamjah R., Study on ethylene polymerization
using high activity ziegler Natta catalyst based on
TiCl4 supported on Mg(OEt)2, Iran. J. Polym. Sci.
Technol.(Persian), 10, 147-155, 1997.

16. Zohuri G.H., Ahmadjo S., Jamjah R., Nekomanesh

M., Structural study of mono-and bi-supported
Ziegler-Natta catalysts of MgCl2/SiO2/TiCl4
/Donor Systems, Iran. Polym. J., 10, 149-155,
2001.

17. Brandrup J., Immergut E.H., Polymer Handbook,
3rd ed., John Wiley, New York, VII, 1-7, 1989.

18. Justino J., Romao Dias A., Ascenso J., Marcues
M.M., Tait P.J.T., Polymerization of ethylene
using metallocene and aluminoxane systems,
Polym. Int., 44, 407-412, 1997.

19. Sacchetti M., Govoni G., Fait A., Magnesium
dichloride-alcohol adducts, US Patent 6686307,
2004. 

20. Sacchetti M., Govoni G., Fait A., Magnesium
dichloride-alcohol adducts, process for their
preparation and catalyst components obtained
therefrom, US Patent 6437061B1, 2002.

21. Keii T., Suzuki E., Tamura M., Murata M., Doi Y.,
Propene polymerization with a magnesium chlo-
ride-supported ziegler catalyst, Makromol. Chem.,
183, 2285-2304, 1982.

22. Soga K., Ohnishi R., Sano T., Copolymerization
of ethylene and propylene over the SiO2-support-
ed MgCl2/TiCl3 catalyst, Polym. Bull., 7, 547-
552, 1982.

23. Zohuri G.H., Jamjah R., Mehtarani R., Ahmadjo
S., Nekomanesh M., Slurry polymerization of eth-
ylene using bisupported Ziegler-Natta catalyst of
SiO2/MgCl2(ethoxide type) TiCl4/TEA system,
Iran. Polym. J., 12, 32-36, 2003.

24. Kim I., Kim J.H., Woo S.I., Kinetic study of eth-
ylene polymerization by highly active silica sup-
ported TiCl4/MgCl2 catalysts, J. Appl. Polym.
Sci., 39, 837-854, 1990.

25. Salamone J.C., Polymeric Materials Encyclo-
pedia, CRC, Boca Raton, FL, 6, 4165-4166, 1996.

26. Zohuri G.H., Kinetic and structural studies and
determination of active centre concentration using
highly active Ziegler-Natta catalysts for polymer-
ization of propylene, Ph.D. Thesis, University of
Manchester, Institute of Science and Technology,
UMIST, 1993.

27. Guastalla G., Giannini U., The influence of hydro-
gen on the polymerization of propylene and ethyl-
ene with an MgCl2 supported catalyst, Makromol.
Chem. Rapid Commun., 4, 519-527, 1983. 

28. Webb S.W., Weist E.L., Chioretta M.G., Laurence

Iranian Polymer Journal / Volume 16 Number 1 (2007)36

Preparation of Highly Active Heterogeneous Ziegler  ... Ahmadjo S. et al.



R.L., Conner W.C.,  Morphological influences in
the gas phase polymerization of ethylene by silica
supported chromium oxide catalysts, Can. J.
Chem. Eng.,  69, 665-681, 1991.

29. Zohuri G.H., Kassaeian A.B., Torabi Angagi M.,
Jamjah R., Mousavian M.A., Emami M.,
Ahmadjo S., Polymerization of propylene using
MgCl2 (ethoxide type)/TiCl4/diether heteroge-
neous Ziegler-Natta catalyst, Polym. Int., 54, 882-
885, 2005.

37Iranian Polymer Journal / Volume 16 Number 1 (2007)

Preparation of Highly Active Heterogeneous Ziegler  ...Ahmadjo S. et al.


