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ABSTRACT: A series of silica gels with different phys-
ico-chemical properties such as average pore size diame-
ter, pore volume, attrition quality index, and bulk density
were prepared, characterized, and subjected to treatment
in special thermal program. Catalyst precursors were pre-
pared by reaction of these silica gels with dibutyl magne-
sium (MgBu2) at 50�C and then addition of tetraethoxy
ortho silicate and subsequent impregnation with titanium
tetrachloride (TiCl4). Polymerization of ethylene by these
catalysts at comparable conditions and also at different
PH2/PC2 ratio was carried out; the results showed that
support properties have significant influence on polymer-
ization behaviors such as activity profile, productivity, and
hydrogen responsibility. To quantitative analysis of the
results, a new kinetic relation for rate-time profiles was

derived, and these kinetic parameters were used to study
and calculate of the effects of support specification. It was
observed that trends of activity profiles were mainly
affected by support properties and as well as PH2/PC2 ra-
tio. Interestingly enough, catalysts with different pore vol-
ume diameter show different behavior with variation of
PH2/PC2 ratio. Increasing in pore size diameter from 60 to
200 Å give raises catalyst activity by two times. Finally,
mentioned variables were attributed to different particle
growth and mechanism of fragmentation during polymer-
ization. VC 2010 Wiley Periodicals, Inc. J Appl Polym Sci 118:
2216–2224, 2010
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INTRODUCTION

Silica gel in combination with alkyl magnesium is
used as a support for preparation of catalysts which
have beneficial morphology and improved H2

responsibility required in gas phase preparation of
polyethylene with improved optical and mechanical
properties.1–4 Most behaviors of a polymerization
catalyst, e.g., fragmentation phenomena, activity pro-
file shape, particle growth, and final polymer mor-
phology and furthermore some properties are
closely affected by support specification.5 To explore
the mechanism of particle growth and fragmenta-
tion, several methods and techniques have been
applied for investigation of early stages of polymer-
ization behavior and finding its relation to support
structure parameters.6–14 McDaniel15,16 reported that
porosity in Cr/Silica catalysts plays a major role in
determining the molecular weight (MW) and molec-
ular weight distribution, whereas pore diameter

determines the fragility of catalysts, which govern
the degree of fragmentation and the fragment size.
With increasing porosity, the rate of polymerization
increased, while pore diameter controls how easily
the polymer can escape from the interior of the frag-
ment. Also, he concluded that fragmentation is
required for activity but is not the rate controlling
step. Fink et al.17,18 studied the fragmentation of
metallocene catalyst supported on silica gel in pro-
pylene polymerization and correlated all discrimina-
tory steps of rate-time profile to different step of cat-
alyst fragmentations. Abboud et al.13,19 studied the
fragmentation of emulsion-based Ziegler-Natta cata-
lysts and reported that catalyst based on MgCl2
show a more particular fragmentation pattern and
form narrow particle fragments. Polymer growth
appeared to exist throughout the emulsion-based
catalyst particle just from the initiation of the poly-
merization although the surface area and porosity
were very low. Here, at the initial stages of polymer-
ization, catalyst particles broke up and catalyst frag-
ments emerged on the surface as plates between
which the polymer was growing.20

For polymer growth and fragmentation of catalyst,
depending upon above and others evidences, three

Correspondence to: H. Arabi (H. Arabi@ippi.ac.ir).

Journal ofAppliedPolymerScience,Vol. 118, 2216–2224 (2010)
VC 2010 Wiley Periodicals, Inc.



models have been proposed. Multigrain model that
result in immediate fragmentation of the catalyst
particle,21 is one of the most popular and simple
model for the particle growth in olefin polymeriza-
tion.22 According to this model, immediately when
the polymerization starts, the catalyst particles break
up into small fragments. In the core–shell model,
also known as the layer-by-layer model, the catalyst
particle does not break up at the beginning of the
polymerization process. The third model is the poly-
meric flow model. According to this model, it is also
assumed that the catalyst particles break up at the
beginning of the polymerization, but polymer and
catalyst fragments are taken into consideration as
one phase.23 The multigrain and polymeric flow
models are the most commonly used models to
explain the replication phenomena.24

Also various models for particle fragmentation
have been presented in the literature.25,26 One frag-
mentation model is a continuous bisection fragmen-
tation model, where the catalyst support succes-
sively fragments into finer and finer fragments. In
the case of shrinking core model, fragmentation pro-
ceeds from the surface to the center of the particle.
According to the studies of Hammawa and Wanke,27

the fragmentation mechanism of less fragile catalysts
is the shrinking core, whereas highly friable catalysts
follow the continuous bisection fragmentation
model. Time profile activity of this catalyst as an im-
portant feature is related to fragmentation of porous
supports as reported by Knoke et al.28 Although bet-
ter understanding of these behaviors would offer
significant support to catalyst design and develop-
ment, very little has been done to investigate and
constructing the relation between support-catalyst-
polymerization behavior and polymer properties.29,30

The ability of the support to fragment is an essential
requirement for an applicable catalyst system as
fragmentation down to the nanometer scale guaran-
tees a high activity and productivity. So, a series of
specific supports and corresponding catalysts were
prepared and polymerization behaviors are studied
with the aim of finding out quantitative relation
between catalyst/support- polymerization behavior
and polymer properties.

EXPERIMENTAL

Materials

Ethylene, hydrogen, and nitrogen gases (99.99%)
were, respectively, supplied by Messer Co. (Krefeld,
Germany) and Roham Gas Co., (Tehran, Iran), respec-
tively. All gases were further purified with filled col-
umns of molecular sieves that adsorb humidity, CO2,
and sulfur compounds. Silica gels (grades 644, 633),
dibutylmagnesium, tetraethoxy ortho silicate, and

SiCl4 were purchased from Alderich. TiCl4 from
Merck, triethylaluminum from Akzo Corp).

Support preparation

Some silica gels were prepared by developing meth-
ods described elsewhere.31 In typical silica gel prep-
aration, about 200 g of (SiO2)�(Na2O)y (31 wt %) so-
lution in water was poured into a 1 L glass reactor
equipped with the stirrer and temperature control,
then it was diluted by additional 200 g of deionized
water and cool down to below 0�C. It was titrated
by H2SO4 (10 wt %) till pH keep hold of 5–6. The
temperature of silica gel prepared was increased to
90–100�C, and it was allowed to age for different
times. After aging, it was conducted to washing by
enough deionized water so that the residual Naþ

content reached below 5 ppm. To reduce surface ten-
sion and in turn shrinkage effect, before drying, the
water content of silica gel was replaced by a reagent
with lower surface tension like acetone.

Silica gels treatments

Treatment of silica supports at elevated tempera-
tures (200�C) drives off any moisture and rising to
higher temperatures (up to 600�C) brings two neigh-
boring hydroxyl groups to form a siloxane bridge [
ASiAOASiA ] by eliminating of one molecule of
water which adjust the surface [OH] groups. Here,
about 10 g of silica gel was poured into the quartz
glass tube within the heating zone. A preset pro-
gram stated to begin dehydration, using a Euro-
therm programmable temperature controller. A
ramp and soak profile are shown in Figure 1.

Catalyst preparation

All catalysts were prepared as follows:
About 5 g of thermal-treated silica gel was added

to 200 cc glass reactor containing 70 cc heptane. The
slurry was mixed and heated to 50�C. While stirring
in 200 rpm, dibutyl magnesium was added at a ratio
of 1.5 mmol Mg/g silica during 1 h and was allowed
to complete reaction for further 1 h. TEOS of
2.2 mmol was then added and stirred for 2 h, after
that about 10 mmol of SiCl4 was added and stirred
for 1 h, and finally 5 mmol TiCl4 was added and
mixed for 1 h. The catalyst precursor was washed
two times with pured hexane and dried at mild
condition under N2 purging.

Polymerization

All reagents were kept and operations carried out
under N2 blanketing. Polymerization reactions were
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carried out in a 1 dm3 buchi reactor. In a typical
experiment, n-hexane (solvent) and H2 (transfer
agent) were added to the reactor and after adjusting
the temperature, The cocatalyst and catalyst were
fed into the reactor by means of vessel connected to
reactor lid. Then, the reactor was pressurized by eth-
ylene and total pressure was maintained by ethylene
feed (rate profile) during polymerization. Table II
shows the polymerization conditions for different
catalysts.

Characterization

Surface area, pore volume, and pore size diameters
were determined by N2-BET and BJH analyzer meth-
ods. XRD was used to determine the crystal struc-
ture of SiO2, the instrument that used for the pow-
der X-ray diffraction measurements was a Bruker
AXS. The hydroxyl content of silicas dehydrated
was characterized by titration with TiCl4 in a hexane
solution. After washing and drying of titrated silica,
the titanium content of the treated silica (a measure
of the presence of hydroxyl groups in the silica) was

determined by spectrophotometric method. The ele-
mental analysis of laboratory prepared precursors
was determined by X-Ray fluorescence spectroscopy
(XRF) and Vario EL CHNOS elemental analyzer.
Infrared spectra were obtained using the diffuse re-
flectance sampling technique. A Nicolet 7199 FT-IR
spectrometer purged with dry air and equipped
with a narrow band mercury-cadmium-telluride de-
tector was used. Samples for analysis were prepared
in an inert atmosphere dry box by making a 10%
(w/w) dispersion of the sample in predried, ground
KCl. The melt flow index (MFI) and melt flow ratio
(MFR) of the produced polymer were determined by
modular melt flow 7026 CEAST according to ASTM
D 1238.
The frangibility of the support agglomerates is

characterized by the attrition quality index (AQI) as
defined by the following eq. (1):

ðAQIÞ ¼ Z� Y (1)

Z is the percentage of particles below 32 micron in
the starting samples and Y is the percentage of par-
ticles below 32 micron after milling.
For measuring AQI, 2 g of SiO2 dried at 200�C

and was analyzed by sieve to determine the Z, after
that, samples were milled at 450 rpm with 2 balls in
Retch miller for 5 min and reanalyzed to calculate Y
and AQI. All characteristic results are presented in
Table I.

RESULTS AND DISCUSSION

Silica gels with different average pore size diameter
from 60 to 300 Å according to methods earlier
described31 were prepared and characterized (Table I)
by different techniques. And no any distinguishable
peaks were observed, because of noncrystalline struc-
ture of silica gels as demonstrated in Figure 2.

Figure 1 Typical calcination program for SiO2 thermal
treatment.32

TABLE I
The Characteristics of Different Supports and Related Catalysts

Catalyst PSa (lm)
APDb

(g/cm3) APVc (Å)
SAg

(m2/g) (AQI%)e
[OH]

(mmol/grSi)

Catalyst elemental analysis%

Si Mg Cl Ti C H

S3(643) 35–70 1.15 150 300 10.2 0.63 42 1.4 4.3 3.7 3 0.8
S 4(633) 35–75 0.75 60 480 10.2 0.65 43 0.9 5.1 3.3 3.1 1
S 5(ES70W) 42 1.62 235 (330)d 276 13.1 0.58 40 1.4 5.2 5.1 4.3 1.1
S 6(Syn)f 32–64 1.4 184 (360)d 307 45 0.59 39 1.6 4.1 4.1 4 1.2
S 7(Syn) 32–64 1.5 210 286 21 0.60 41 1.7 4.6 4.9 4.6 0.8
S 8(Syn) 32–64 1.3 184 281 15 0.62 42 1.3 4.5 4.3 4 0.9

a Particle Size, Sieve analysis (micron).
b Average Pore Diameter, BJH method.
c Average Pore Volume, BET method.
d Mercury porosimetery.
e AQI: Attrition Quality Index.
f Synthesis.
g Specific Surface Area, BET method.
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Catalyst preparation was carried out by reaction
of these silica gels with MgR2 at 50�C and addition
of TEOS as a modifier/donor and subsequent
impregnation with TiCl4. Figure 3 indicates FTIR
spectrums of final catalyst and all intermediate
materials. As it was shown, the peaks at 470 and 810
cm�1 are ascribed to the SiAOASi bending vibration,
that at 1100 cm�1 to the SiAO stretching vibration
and that at 960 cm�1 to the SiAOH stretching vibra-
tion and a peaks at about 3400–3450 cm�1 are
ascribed to hydroxyl groups on the surface of the
silica, isolated hydroxyl groups in calcinated Silica
(adsorption peak at 3400 cm�1 in spectrum 1) after
reaction with dibutyl magnesium disappear and
new peaks in 2900 cm�1 as an indicative of CAH

bonds have been emerged. It was suggested that
dibutyl magnesium reacts with isolated and siloxane
bridges in calcined silica causing a ring-opening
reaction of siloxane bridge giving SiAOAMgBu
group and a SiABu group, when chlorinated with
SiCl4, MgCl2 is formed and SiAOH group is restored
(appearing peaks of 3400 cm�1) and finally by react-
ing with TiCl4 give more intensive peaks of 3400
cm�1 and 1640 cm�1.9

Polymerization of ethylene in the same conditions
by these catalysts and AlEt3 as a cocatalyst was car-
ried out.

Ethylene polymerization

Polymerization of ethylene at similar condition for
catalysts of S3 to S8 Table I and polymerization con-
dition reported in Table II was carried out. Figure 4
shows the activity profiles of these catalysts.

Figure 2 XRD spectrums of silica gels correspond to S3, S5, and S7 respectively.

Figure 3 FTIR Spectrums of 1 calcinated silica, 2 after
reaction with Mg(Bu)2, 3 TEOS, 4 SiCl4, and finally, 5
TiCl4, respectively.

TABLE II
Catalysts Polymerization Conditions

Catalyst

L0 ¼ PH2/PC2 L1 ¼ PH2/PC2 L2 ¼ PH2/PC2Num mg

S3 30 0 0.29 0.67
S4 32 0 0.5 0.85
S5 33 0 0.4 1.25
S6 31 0 0.67 1
S7 30 0 0.75 1.6
S8 32 0 0.6 0.98

Polymerization condition: Al/Ti ¼ 10 mol ratio, PE ¼ 6
bar, T ¼ 85�C, Mixing ¼ 600 rpm.
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By considering and comparing these profiles,
obviously, two or three distinguishable periods in
each profiles can be observed.

Profile of catalyst S4 shows the lowest activity and
gradually increasing activity trend. Given this pro-
file, there are two identifiable stages, which in first
stage, catalyst activity reaches initial maximum
value in a short time, � 20 min, and then take a
short steady state and after that again gradually and
linearly increases, and finally a decay trend starts
appearing as a conventional catalyst. In the case of
catalyst S3, a two stages period observed too, but
with a discrepancy in first step which has a more
increasing accelerating activity and reaches a higher
initial activity than catalyst S4, second stage in con-
trast to its corresponding S4 stage shows a diminish-
ing behavior.

For other catalysts, S5 to S8, parallel trends in ac-
tivity profiles can be observed, but with higher ac-
tivity in comparison with S3 and S4.

In general, it can be concluded that, catalyst with
similar surface area, by increasing pore volume or
pore size diameters, catalyst activity increases and
the shape of rate-time profiles changes noticeably.

Approximately, for catalysts with pore value big-
ger than 1 mL/g and 100 Å pore diameters, the
trend of activity profile tends to be similar, but
higher pore volume give higher activity especially in
early stages of polymerization.

Conclusively,we can say that;

1. First stages of activity profiles have similar
trend but by increasing pore volume, higher ac-
tivity were achieved.

2. In second stage of polymerization, by increas-
ing pore volume, the upward trend from low
value of activity altered to downward trend
from high value.

3. Activity behavior after 1.5 h of polymerization
tends to make the same rends for all catalysts
which it means, they are independent of sup-
port specifications.

Hydrogen responsibility

Hydrogen is commonly used as a chain transfer
agent to adjust the MW, and thereby, the process-
ability of polymers. To investigate the effect of H2

on performance of S3 to S8 catalysts of Table I, poly-
merizations of ethylene with two different levels of
H2 concentration were carried out. In Figure 5, the
effect of H2 on activity profiles have been illustrated.
Here, the investigation was carried out to find out
the relationship between catalyst support structure
and H2 responsibility with the aim of reducing the
lessening activity effect of hydrogen and to increase
catalyst H2 responsibility. It was already mentioned
that catalyst based on SiO2/MgCl2 shows higher
responsibility and less decreasing effect on activity.
The reason why SiO2 based Ziegler-Natta catalysts
have such an effect, it is not obvious. Here, we try
to analyze the structure parameters in SiO2 which
affect on H2 responsibility. It requires determination
of catalyst H2 responsibility as a quantitative value.
Keii et al.33 used following relations, eq. (2) for

low H2 concentration and eq. (3) for high H2 concen-
tration, for fitting Rp data which present the effect of
H2 concentration on reduction of Rp

Rp ¼ R0

1þ 0:082 H2½ �0:5 (2)

Rp ¼ R0 � 44:3 H2½ �0:5 (3)

where R0 is the rate of polymerization in the absence
of hydrogen.
Wanke and coworkers34 used linear combination

of above relations for fitting Rp dependence on [H2]
as shown in eq. (4).

Rp ¼ R0 ð1� k1 H2½ �0:5Þ þ 1

1þ k2 H2½ �0:5
 !( )

(4)

Rp data of our work show a more complex trend as
it was illustrated in Figures 4 and 5.
As, it was shown in Figure 4, differences in sup-

ports properties made differences in polymerization
behaviors. Here, with the aim of quantitative com-
paring of these results, efforts was made to fit Rp

data with conventional kinetics relations and there-
fore to derive the kinetic parameters. As it can be
seen from Figures 4 and 5, because of presence of
diffusion limitations and fragmentation phenomena

Figure 4 Rate-time profiles correspond to catalysts of
Table I.
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in the growing particle during polymerization, the
activity profiles gave more complex nature and it
was impossible to fit Rp data with conventional pre-
sented equations. The main reason of these behav-
iors is the variety in support structure properties,
which leads catalysts behavior altered during poly-
merization time due to the different fragmentation
mechanisms.

Almost all researcher believe that fragmentations
phenomena is essential for maintaining a sufficiently
fast access of the monomer to active catalyst sites
originally located within the pores of the support
that affects the activity profiles and as mentioned
before, has widely been studied in literatures and
different models were proposed. A lot of investiga-
tions propose shrinkage model, also known layer-
by-layer model. With respect to these experimental
profiles, it was easy to bring to a close shrinkage
model. Shrinkage fragmentation which depends on
support physico-mechanical properties follows cer-
tain patterns. The major effect of fragmentation on
activity profiles is the potential centers of catalyst
which become available as function of time. Kinetic
parameters of following relation which are derived
on the base of conventional Ziegler-Natta mecha-
nism, initiation, propagation and termination mod-
eled by Kissin35–37 are considered as a function of
time.

RP ¼ R� ½expð�kd:tÞ � expð�ka:tÞ�

R ¼ Ro � expð�t=tRÞ

Kd ¼ kdo � expð�t=tdÞ (5)

Ka ¼ kao � expð�t=taÞ

where Rp is experimental rate of monomer consump-
tion at constant pressure, R, kd, and Ka relates to av-
erage productivity, deactivation, and activation time
functions, respectively.
To study, the effect of H2 concentration on ki-

netic parameters and product properties, polymer-
ization of ethylene was carried out in two levels of
H2 (PH2/PC2), L1 and L2, as reported in Table III
with catalysts of Table I. The Rp data of Figure 4
were fitted by eq. (5) using CfTool subprogram
MATLAB software and parameters of eq. (5) were
derived and listed in Table III and as shown in
Figure 6.
In Figure 6, the variations in R, Kd, Ka as a func-

tion of polymerization time are illustrated.
As, it is demonstrated in Figure 6 (column 1, L0 ¼

PH2/PC2 ¼ 0), for catalyst S4, R has a maximum
value at whole time of polymerization, and other
catalysts to be found in next steps according to
increase in their pore volume diameter.

Figure 5 The effect of PH2/PC2 ratio on activity profiles of studied catalyst. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]
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Figure 6 shows bigger kd for catalyst with lower
pore volume diameter (PVD) that means, in same
condition of polymerization, this catalyst have lon-
ger life time. Lower Rp and equal productivity can
also be seen.

With regarding to Figure 6, it was observed that ka
for catalyst with higher pore volume is bigger than
ka of catalysts with lower pore volume especially for
initial 15 min of polymerization, and generally, the

presence of H2 decreases ka. On the other hand, the
activation time of catalyst (t ¼ ta) is increased.
It was noticed that R ¼ exp (�t/tR) shows average

productivity of catalysts.
Attention to these catalyst profile, it was con-

cluded that by increasing average pore size diame-
ters, the shape of profiles start changing from build-
up to decay form, and with regard to this fact parti-
cle growth and fragmentation mechanism are

TABLE III
Kinetic Parameters of Studied Catalyst by Fitting Activity Profile

According to Equation 5

Constant S7 S5 S4 S3 S8 S6

R1 4.17Eþ03 4.23Eþ03 5.73Eþ03 5.81Eþ03 6.06Eþ03 4.49Eþ03
R2 5.92Eþ03 3.86Eþ03 1.89Eþ03 3.19Eþ03 4.29Eþ03 5.89Eþ03
R3 2.76Eþ03 1.96Eþ03 1.98Eþ03 2.98Eþ03 3.26Eþ03 857.0833
td1 0.3989 0.2956 0.5623 0.3388 0.42 0.6031
td2 0.5329 0.2844 0.9176 0.2427 0.2402 0.5215
td3 0.5428 0.1534 0.8637 0.2816 0.2208 0.2695
ta1 1.0286 0.9085 0.6143 0.9136 0.7272 1.2356
ta2 0.5509 0.308 2.0781 0.2621 0.2765 0.5258
ta3 0.5708 0.1603 1.6296 0.2726 0.2349 0.3313
tr1 0.7652 0.766 3.7044 0.6096 0.6642 1.1513
tr2 1.7173 1.0131 2.1743 1.4476 1.425 1.8881
tr3 0.5708 0.1603 1.6296 0.2726 0.2349 0.3313
kd0 7.552 12.5234 6.2874 14.867 8.9844 6.8627
ka0 11.607 23.56 7.0156 19.7535 10.4512 10.4403

Figure 6 The comparison of the effects of PH2/PC2 on kinetic parameters. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]
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responsible for the profile activity shape, it can be
proposed that progressive fragmentation occurs
because of mechanical stresses which is created by
polymer production for catalysts with small pore
size (60 Å) and it can be described by layer-by-layer
model fragmentation as suggested earlier.7 In the
case of a high pore volume catalyst, the monomer
transports into the pores of the catalyst are more
easier, and the polymer grows throughout the whole
particle. The result is an immediate fragmentation of
the catalyst particle known as the multigrain mode.8

For polymerizations which carried out in H2 level
1 (column 2, PH2/PC2 ¼ L1), in Figure 7, it was
observed that R for S4 catalyst in comparison with
the state without H2 (column 1), considerably dis-
play a low value. While for other catalysts, with
higher pore volume, R confirms no main reduction
effect and even in some cases gives higher value.
For polymerizations performed in the presence of
much higher H2 concentration, level 2, (column 3), it
gave no further lowering effect on S4 catalyst, but
for others considerable reducing effect was observed
in assessment with Columns 1 and 2. As a conclu-
sion of above discussions, we can say that, there are
complex relationships between physico-chemical
properties of supports (porosity, pore volume diam-
eter, AQI,), polymerization conditions and activity
profile of polymerization, and also strong interac-
tions can be proved. For example, with increasing
PH2/PC2 ratio approximately to Level 1(column 2),
the rate of polymerization for catalysts with high

pore volume (pore volume diameter equal to about
200 Å) attest that the hydrogen give positive effect,
although without H2, catalysts with pore volume
diameter <100 Å performs better performance.
In Table IV, changes in MFI and MFR of produced

polymers with variation in PH2/PC2 are illustrated. It
is believed that MFI and MFR are indications of
MW, and molecular weight distribution as major
determinants of polymer properties. The results
showed that for high pore volume catalysts, the
responsibility of catalysts in increasing MFI are
superior in contrast with catalysts with lower pore

Figure 7 The comparison of [H2] effects on R in different catalysts. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]

TABLE IV
MFI Variation by Changing PH2/PC2 Ratio

Catalyst (PH2/PC2)
a

MFI
(g/10 min)
(2.16 kg)

MFI
(g/10 min)

(5 kg)
MFR

(5/2.19)

S3 L1 ¼ 0.29 1.2 4.9 4
L2 ¼ 0.67 11 33.7 3

S4 L1 ¼ 0.5 1.4 4.1 2.9
L2 ¼ 0.86 3.1 9.6 3

S5 L1 ¼ 0.4 4.2 11.3 2.7
L2 ¼ 1.25 27.9 81 2.9

S6 L1 ¼ 0.67 1.3 4 3
L2 ¼ 1 7.7 22.5 2.9

S7 L1 ¼ 0.75 2.2 7 3.2
L2 ¼ 1.6 18.9 56.9 3

S8 L1¼ 0.6 7 21.5 3
L2 ¼ 0.98 29.1 84.6 2.9

a For all catalysts, L0 ¼ PH2/PC2 ¼ 0 MFIs in similar con-
dition were not measurable.
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volume. Also in the same polymerization conditions,
by increasing in pore volume diameter (PVD) of
catalyst support the higher MFI can be obtained.
Investigation of the MFR with variation in support
specification and hydrogen concentration show
interestingly no major change in their value, as
shown in Figure 8.

CONCLUSIONS

A series of catalyst different in support specification
was prepared and it was subjected to polymerization
of ethylene.

The difference in structures of the used support
showed a large influence on activity profiles and H2

responsibility which suggests that the support char-
acteristic change particle growth and mechanism of
fragmentation during polymerization. It seems that
among different factors, the pore size diameter of
support have main effect on activity as well as
kinetics profile and H2 responsibility. It can be con-
cluded that increasing pore diameters change frag-
mentation pattern from shrinking core to bisection
mode and also give higher MFI and no major effect
on MFR.
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