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The present study reveals some aspects on properties of polypropylene (PP)
derived from the supported Ziegler-Natta (ZN) catalyst (MgCl2/TiCl4/DEP) and
the supported metallocene (MC) catalyst (SiO2/MAO/Et[Ind]2ZrCl2).

Experimentally, PPs were produced using the supported ZN and MC catalysts as men-
tioned above by varying the conditions such as the polymerization temperatures,
propylene pressure, and the [Al]cocatalyst/[Ti]ZN catalyst or [Zr]MC catalyst ratios.  Based on
the study, it was found that activities, mmmm(%) or isotactivity, and melting tempera-
tures (Tm) apparently depended on the polymerization temperatures, propylene pres-
sures, and [Al]cocatalyst/[Ti] or [Zr]catalyst ratios in different ways.  The impact of each
process variable on the properties of PP obtained was further discussed in more
details. In general, it was found that the supported MC catalyst provided more active
species compared to the supported ZN catalyst leading to higher activities.  In partic-
ular, the PP produced from the supported MC catalyst also had high isotacticity, how-
ever, lower Tm compared to that produced from the supported ZN catalyst.  It is worth
noting that by changing those parameters, the properties of PP can be altered based
on the nature behaviour of the two catalysts.  As a matter of fact, the process variables
can be chosen in order to achieve the desired properties of PP under the supported
catalytic system.

INTRODUCTION

Propylene can be polymerized by
coordination polymerization using
Ziegler-Natta (ZN) and/or metal-
locene (MC) catalysts [1-8].  The
modern ZN catalysts are basically
composed of MgCl2-supported
TiCl4/Al(C2H5)3 (triethylaluminum,
TEA). In order to improve catalytic
activities of ZN catalysts, generally,
different internal and/or external

electron donors such as ethylben-
zoate, silanes, or ethers should be
added. In general, internal donors
and external donors decrease activ-
ity, but increase tacticity.
Polypropylene (PP) with narrow
molar mass distribution (MMD)
can be achieved using MC cata-
lysts. Normally, MC catalysts are
bicomponents consisting of group

Ziegler-Natta polymerization;
metallocene polymerization;
polyolefins; 
isotactic; 
support. 
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IV transition metal (Ti, Zr, or Hf) compounds and cocat-
alysts such as methylaluminoxane (MAO). It is known
that catalytic activities and properties such as molar
mass (Mw), MMD, isotacticity, and melting tempera-
tures (Tm) of polymers produced strongly depend upon
the polymerization conditions and types of catalyst
used.

Although ZN and metallocene (MC) catalysts have
been known for producing PP, most of the works have
been focussed on the homogeneous system, especially
for the MC catalysts. The main effort of this work was
to try  to provide a better understanding of how the prop-
erties (activity, isotacticity, Tm, and morphology) of PP
can be altered by the polymerization parameters such as
polymerization temperatures, propylene pressures, and
catalyst concentrations.  

In this present study, properties of polypropylene
(PP) produced from the supported ZN and MC catalysts
with various conditions were investigated. The properties
of PP obtained with different catalysts were determined
using 13carbon nuclear magnetic resonance (13C NMR),
differential scanning calorimetry (DSC) and scanning
electron microscopy (SEM). In particular, knowing the
impact of process variables on the properties of PP
obtained from both supported ZN and MC catalysts
would be of great benefit, especially based on the indus-
trial point of view.  As a matter of fact, the process vari-
ables can be chosen based on their sensitivity in order to
achieve the desired properties of PP under the supported
catalytic system. Essentially, this work has focused on the
sensitivity of process variables on the supported ZN and
MC catalysts for PP production, which may have been
rarely reported and compared before. 

EXPERIMENTAL

Preparation of Catalysts
All chemicals were manipulated under an inert atmos-
phere using a vacuum glove box and/or Schlenk tech-
niques.  The ZN catalyst was prepared based on ref. [9]
using anhydrous MgCl2 (5 mmol) reacted with decane
(2.5 mL) and 2-ethylhexanol (15 mmol) at 130oC for 2 h.
Phthalic anhydride (0.74 mmol) was added to the solu-
tion above and the mixture was stirred at 130oC for 1 h.
The obtained mixture was then cooled to room temper-

ature prior to adding TiCl4 (182.2 mmol). The addition
of TiCl4 was conducted dropwise and the mixture was
kept at -20oC during the experiment. The mixture was
heated to 110oC for 4 h. Then, 1.3 mmol of diethylptha-
late (DEP) as the internal donor was added and the
reaction was maintained for 2 h. The reacted solid por-
tion was then separated and dispersed in 20 mL of
TiCl4 at 120oC for 2 h. After the reaction, the solid por-
tion was then collected and washed with 10 mL decane
followed by 10 mL of hexane for three times. The ZN
catalyst, MgCl2/TiCl4/DEP (cat. A) was obtained after
drying the solid in vacuum for overnight. The silica-
supported MC catalyst, SiO2 (P-10, particle size ca. 40
microns)/MAO/Et[Ind]2ZrCl2 (cat. B), was prepared
based on the method described by Jongsomjit et al.
[10].

Propylene Polymerization
The propylene (donated by the National Petrochemical
of Thailand) was used without further purification. The
polymerization reaction was carried out in a 100-mL
semi-batch stainless steel autoclave reactor equipped with
a magnetic stirrer. A solution (total volume = 30 mL) of
toluene (as solvent), cat. A/TEA or cat. B was mixed in
the reactor. By feeding propylene gas the polymeriza-
tion reaction was started. The polymerization time was
kept for 90 min. The polymerization temperatures were
varied from 40 to 70oC. The reaction was terminated by
adding acidic methanol into the mixture. The PP
obtained was washed with methanol and dried at room
temperature for overnight. The PP was characterized
further. The propylene pressures were varied between
40 and 100 psi. The catalyst concentrations between 5
and 8 * 10-5 M were also applied.   

Isotacticity
13CNMR was performed to determine the chemical
structure of the polymers, especially, %mmmm or iso-
tactivcity. The 13CNMR spectra were recorded at 100oC
using JEOL JMR-A500 operating at 125 MHz. Polymer
solutions were prepared using 1,2,4-trichlorobenzene as
solvent and benzene-d6 for an internal lock.

Melting Temperature (Tm) 
DSC was used to measure the thermal properties of
polymers. These were determined using a NETZSCH
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DSC 200.  The analyses were performed at a heating
rate of 10oC/min at 30-200oC. The heating cycle was
run twice.  In the first scan, samples were heated and
cooled at room temperature. In the second scan, the
samples were reheated at the same rate, but only the
results of the second scan were reported. This is due to
the effect of the first scan based on the mechanical and
thermal history of samples. 

Morphology
Scanning Electron Microscopy (SEM) was performed to
study the catalyst morphologies.  

RESULTS AND DISCUSSION

Characteristics of Catalysts
The catalyst samples were characterized using SEM
(not shown). It was evident that there was no significant
change in morphologies upon the immobilization of cat-
alyst.   

Effect of Reaction Temperatures
Activity profiles based on the polymerization tempera-
tures for cat. A (ZN) and B (MC) are shown in Figure 1.
It was found that cat. B exhibited higher activities than
cat. A. In general, it can be seen that activities increased
with increasing the polymerization temperatures from
40 to 60oC. However, activities decreased with increas-
ing the temperature to 70oC. This can be described from

the stability of the -complex in cat. B arising from the
indenyl ligands at low temperatures as reported by Tsai
et al. [11]. However, it seemed that the effect of poly-
merization temperatures on activities of PP produced by
cat. A was less pronounced resulting in the more
observed consistent activities for cat. A. The lower
activity for cat. A probably related to: (i) a lower propa-
gation rate and/or (ii) a lower active site concentration.
It was more likely that catalyst deactivation becomes
more severe at higher temperature and this was per-
ceived in the experiments as a relative insensitivity to
temperature.

The dependence of polymerization temperatures on
the isotacticity of the PP produced from both catalysts is
illustrated in Figure 2. Isotacticity of PP was identified
in terms of mmmm(%) obtained from 13CNMR.
Isotacticity of PP produced from cat. B seemed to
decrease slightly with increasing the polymerization
temperatures whereas the PP produced from cat. A
exhibited much variation with changing the polymeriza-
tion temperatures. Resconi et al. [12] reported that sev-
eral C2-I-type zirconocenes have been investigated.
Both isotacticity and molecular weight of i-PP decrease
by increasing the polymerization temperature.  This was
suggested that changes in polymerization temperatures
could result in different microstructural patterns and iso-
tacticity in the PP produced [13,14].   

Besides the dependence of polymerization tempera-
tures on activities and isotacticity of the PP produced
from different catalysts, effect of polymerization tem-

π

Figure 1. Effect of polymerization temperatures on activities;
for cat. A: [Ti] = 7 x10-5 M, [Al]TEA /[Ti] = 167 and cat. B: [Zr] =
5 x 10-5 M, [Al]MAO/Zr = 2000.

Figure 2. Effect of polymerization temperatures on isotacticity;
for cat. A: [Ti] = 7 x10-5 M, [Al]TEA /[Ti] = 167 and cat. B: [Zr] =
5 x 10-5 M, [Al]MAO/Zr = 2000.
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peratures on the thermal properties was also investigat-
ed and it is shown in Figure 3. The melting temperature
(Tm) obtained from DSC of PP produced by cat. A was
much higher than that produced by cat. B. This is due to
higher Mw for PP produced by cat. A [5] compared to the
one produced by cat. B. Considering the PP produced by
cat. B, it can be observed that Tm decreased with
increasing the polymerization temperatures. It has been
shown in the literature by several workers that metal-
locene catalyst can produce polypropylene with a very
high mmmm pentads as seen from 13CNMR, but con-
taining several regio defects (such as 2,1 insertions) that
lead to a decrease in melting point [15]. It should be
noted that high stereospecificity without high regioreg-
ularity does not ensure high crystallinity. As seen in
Figure 3, the Tm of PP (ZN) > Tm of PP (MC), the crys-

Figure 4. SEM Micrographs of PP obtained: (a) ZN (40oC), (b) ZN (70oC), (c) MC (40oC), and (d) MC (70oC), for cat. A, [Ti] = 7 x10-
5 M, [Al]TEA /[Ti] = 167 and cat. B, [Zr] = 5 x 10-5 M, [Al]MAO/Zr = 2000.

(a)

(b)

(c)

(d)

Figure 3. Effect of polymerization temperatures on Tm; for cat. A:
[Ti] = 7 x10-5 M, [Al]TEA /[Ti] = 167 and cat. B: [Zr] = 5 x 10-5 M,
[Al]MAO/Zr = 2000.
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tallinity of samples can be calculated from enthalpies of
melting. The heat of fusion of PP (ZN) was higher than
that of PP (MC).  Based on the calculation, the crys-
tallinity of PP (ZN) is about 25% whereas that of PP
(MC) was about 18%. 

Morphologies of the PP produced with cat. A. and
cat. B. were also investigated.  SEM micrographs of the
PP produced with different catalysts are shown in Figure
4. It is noticed that for the PPs produced by cat. A
(Figure 4a and 4b), morphologies appeared to be larger
than those produced by cat. B (Figure 4c and 4d). This
is due to the larger particle size of MgCl2 (ZN) com-
pared to that of SiO2 (MC).  Thus, the PP produced by
ZN is larger. It should be noted that with very different
particle size distributions in the catalysts, polymers
obtained would have completely different morpholo-
gies. It can be seen that there was no significant change
in morphologies of the PPs produced by both catalysts
upon changing the polymerization temperatures.

Effect of Propylene Pressure
A plot of the activity versus propylene pressures is
shown in Figure 5.  It can be observed that activities of
the MC catalyst were much higher than that of the ZN
catalysts.  Activities of the MC catalyst were found to
increase almost linearly with increased propylene pres-
sures.  However, considering activities of the ZN cata-
lyst, it indicated that propylene pressure had weaker
effect. The reason behind the different catalytic respons-

es to propylene should be drawn on the solubility of
propylene in the reaction media for both catalytic sys-
tems. 

Isotacticity of PP produced by both catalysts is
shown in Figure 6. It is revealed that isotacticity
increased with propylene pressure for PP (MC).
However, the PP produced by the ZN catalyst exhibited
the consistent low isotacticity indicating no change with
the propylene pressure.  

A plot of Tm versus propylene pressure is shown in
Figure 7.  It can be observed for PP produced from both
catalysts that the effect of propylene pressure was less

Figure 6. Effect of propylene pressure on isotacticity for cat. A:
[Ti] = 7 x10-5 M, [Al]TEA /[Ti] = 167 and cat. B: [Zr] = 5 x 10-5 M,
[Al]MAO/Zr = 2000.

Figure 5. Effect of propylene pressure on activities for cat. A: [Ti]
= 7 x10-5 M, [Al]TEA /[Ti] = 167 and cat. B: [Zr] = 5 x 10-5 M:
[Al]MAO/Zr = 2000.

Figure 7. Effect of propylene pressure on Tm for cat. A: [Ti] = 7
x10-5 M, [Al]TEA /[Ti]=167 and cat. B: [Zr] = 5 x 10-5 M,
[Al]MAO/Zr = 2000.



Impact of Process Variables on Properties of... Pipatpratanporn P. et al.

Iranian Polymer Journal / Volume 16 Number 2 (2007)128

pronounced on Tm. However, Tm of PP produced from
the ZN catalyst was higher indicating higher crystallini-
ty. There was no significant change in morphologies (as
shown in Figures 8a-8d) of PP upon changing the propy-
lene pressures between 40 and 100 psi. It has been known
that temperature and pressure as well as the polymeriza-
tion time may affect on the fragmentation of heteroge-
neous catalyst. However, it seems that these effects are
pronounced only at a certain level. As reported by Fink
group [16] for propylene polymerization, the pressure of
80 bar and temperature of 50oC were used for 12 h. The
fragmentation of the support has apparently occurred.
However, in this present study, PP was produced at tem-
perature of 40-70oC and pressure of 40-100 psi for only
1.5 h. In this condition, the fragmentation might not occur
therefore, no morphology changes were observed.

Figure 9. Effect of catalyst concentrations on activities; for cat.
A: [Al]TEA /[Ti] = 167 and cat.B: [Al]MAO/Zr = 2000 at 40

o
C.

Figure 8. SEM Micrographs of PPs obtained from. (a) ZN (40 psi), (b) ZN (100 psi), (c) MC (40 psi), and (d) MC (100 psi).

(a)

(b)

(c)

(d)
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Effect of Catalyst Concentrations
A plot of the activity versus catalyst concentrations is
shown in Figure 9. As mentioned before the activities of
the MC catalyst were much higher compared to the ZN
catalysts. However, activities for the MC catalyst essen-
tially decreased when high concentrations of catalyst
used. It is known that at high catalyst concentrations, the
coupling reaction of active complex can occur resulting
in the catalyst deactivation [17-19]. Considering the ZN
catalyst, it can be observed that catalyst concentrations
showed less effect on activities during polymerization. The
isotacticity of PP produced is illustrated in Figure 10.
Basically, the catalyst concentrations had high effect on

Figure 11. Effect of catalyst concentration on Tm for cat. A: [Al]TEA
/[Ti] = 167 and cat. B: [Al]MAO/Zr = 2000 at 40

o
C.

Figure 12. SEM Micrographs of PPs obtained from, (a) ZN (5 x
10-5 M), (b) ZN (7 x 10-5 M), and (c) MC (7 x 10-5 M).

Figure 10. Effect of catalyst concentrations on isotacticity; for
cat. A, [Al]TEA /[Ti] = 167 and cat. B, [Al]MAO/Zr = 2000 at 40

o
C.

(a)

(b)

(c)
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the isotacticity, especially for the PP produced with the
ZN catalyst. Although higher isotacticity was obtained
for the PP produced by the MC catalyst, but the effect of
the catalyst concentration was much lower. The effect of
catalyst concentrations is shown in Figure 11. It can be
observed that Tm of the PPs produced by the ZN catalyst
was much higher compared with that produced by the
MC catalyst. However, it can be seen that the effect of
catalyst concentrations was less pronounced for PPs
produced by both catalysts. Morphologies of the PP
upon changing the catalyst concentrations are shown in
Figures 12a-12c. The SEM micrograph of the PP
obtained from MC (5 *10-5 M) was identical to that
shown in Figure 8c. Similar to the previous results, no
significant changes were found in both samples.   

In summary, the present study showed the effect of
some parameters such as polymerization temperatures,
propylene pressures, and catalyst concentrations on
properties of polypropylene produced by the two cata-
lysts being used. The degree of dependency of each
parameter is summarized in Table 1. Apparently, it is
suggested that properties of PP depends variably on the
polymerization parameters. It is indicated that PP pro-
duced by different catalysts exhibited different changes
in properties as well. It should be noted that in general,
there are so many types of catalyst widely used for PP
production. Various catalysts having different structures
give rise to different properties upon changing these
polymerization parameters. Besides, being dependent
on these polymerization parameters, other factors such
as modes of polymerization, catalyst structures, types of
support material, solvents, and etc. should affect the
polymer properties as well. This present study in partic-

ularl provided some aspects of selected parameter
dependent properties of PPs produced by the ZN and
MC catalysts

CONCLUSION

Polypropylenes produced by the supported ZN and MC
catalysts exhibited different properties in accordance to
polymerization parameters. In the case of PP produced
by the ZN catalyst, the activities were less pronounced
compared to that produced by the MC catalyst.
However, with the MC catalyst, higher polymerization
temperatures exhibited also higher activities. It was
found that isotacticity of PP produced by the MC cata-
lyst was highly affected by the propylene pressure. The
melting temperatures (Tm) of the PP produced by the ZN
catalysts were higher than those of PP produced by the
MC catalyst. There was no significant change in PPs
morphologies upon changing all parameters in the sup-
ported catalyst systems of both ZN and MC.    
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Tm M L L M L L

Morphology L L L L L L



Impact of Process Variables on Properties of...Pipatpratanporn P. et al.

131Iranian Polymer Journal / Volume 16 Number 2 (2007)

1. Reddy S.S, Sivaram S., Homogeneous metallocene-
methylauminoxane systems for ethylene polymeriza-
tion, Prog. Polym. Sci., 20, 309-367, 1995.

2. Huang J., Rempel G.L., Ziegler-Natta catalysts for
olefin polymerization: Mechanistic insights from
metallocene system, Prog. Polym. Sci., 20 , 459-526,
1995. 

3. Hamielec A.E., Soares J.B.P., Polymerization reac-
tion engineering: Metallocene catalysts, Prog. olym.
Sci., 21, 651-706, 1996.

4. Razavi A., Perters L., Nafpliotis L., Geometric flexi-
bility, ligand and transition metal electronic effects
on stereoselecive polymerization of propylene in
homogeneous catalysis, J. Mol. Catal. A., 115, 129-
154, 1997.

5. Soga K., Shiono T., Ziegler-Natta catalyst for olefin
polymerization, Prog. Polym. Sci., 22, 1503-1546,
1997.

6. Hlatky G.G., Metallocene catalysts for olefin poly-
merization, Coor. Chem. Rev., 181, 243-296, 1999.

7. Jongsomjit B., Khotdee A., Praserthdam P.,
Behaviors of ethylene/norbornene copolymerization
with zirconocene catalysts, Iran. Polym. J., 14, 559-
564, 2005.

8. Jongsomjit B., Panpranot J., Okada M., Shiono T.,
Praserthdam P., Characteristics of LLDPE/ZrO2

nanocomposite synthesized by in-situ polymerization
using zirconocene/MAO catalyst, Iran. Polym. J., 15,
433-439, 2006.

9. Tangjituabun K., Jongsomjit B., Praserthdam P., The
role of CaO in the Ziegler-Natta catalyst for propy-
lene polymerization, Catal. Lett., 109, 147-152,
2006.

10. Jongsomjit B., Kaewkrajang P., Wanke S.E.,
Praserthdam P., A comparative study of ethylene/1-
olefin copolymerization with silane-modified silica-
supported MAO using zirconocene catalysts, Catal.
Lett., 94, 205-208, 2004.

11. Tsai W.M., Chien J.C.W., Silolene-bridged zir-
conocenium polymerization catalysts, J. Polym. Sci.
pol. Chem., 32, 149-158, 1994.

12. Resconi L., Cavallo L., Fait A., Piemontesi F.,
Selectivity in propene polymerization with metal-
locene catalysts, Chem. Rev., 100, 1253-1345, 2000.

13. Nakayama Y., Shiono T., Development of chiral
metallocenes as polymerization catalyst, Molecules,
10, 620-633, 2005.

14. Hagihara H., Shiono T., Stereospecificity of propene
polymerization with achiral titanocene-based cata-
lysts, Macromol. Chem. Phy., 199, 2439-2444, 1998. 

15. Busico V., Cipullo R., Microstructure of polypropy-
lene, Prog. Polym. Sci., 26, 443-533, 2001. 

16. Knoke S., Korber F., Fink G., Tesche B., Early
stages of propylene bulk phase polymerization with
supported metallocene catalysts, Macromol. Chem.
Phys., 204, 607-617, 2003

17. Jongsomjit B., Kaewkrajang P., Shiono T.,
Praserthdam P., Supporting effects of silica-support-
ed methylaluminoxane (MAO) with zirconocene cat-
alyst on ethylene/1-olefin copolymerization behav-
iors for linear low-density polyethylene (LLDPE)
production, Ind. Eng. Chem. Res., 43, 7959-7963,
2004.

18. Jongsomjit B., Khotdee A., Praserthdam P.,
Behaviors of ethylene/norbornene copolymerization
with zirconocene catalysts, Iran. Polym. J., 14, 559-
564, 2005.

19. Jongsomjit B., Panpranot J., Okada M., Shiono T.,
Praserthdam P., Characteristics of LLDPE/ZrO2
nanocomposite synthesized by in-situ polymerization
using a zirconocene/MAO catalyst, Iran. Polym. J.,
15, 431-437, 2006. 


