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Preparation of Ultra High Molecular Weight
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ABSTRACT

LTINS L. W e TR

olyelhy.ene with a wsoosuty average molec_.lar Welght (M,,} as high as 3.42x10¢
P was synthesized. The M, increased w th monomer pressure, wn.le higher po.y-

merization temperature oecreased tne molecular weight of the resulting polymer.
Tne method of polymenczation involvea slurry Ls.ng morphologically improved bi-
supported catalyst of spnerical Si0, MgCI/TiC 4. Triethylal.minium (TEA} was used as
a cocatalyst, and hydrogen scrved as the cnain transfer agent. The crystallinity of the
obtained polymer was between 50% and 60%, indicating semicrystalline polyethylene.
Morphological study reveals that the main damage suffered by the catalyst particles
was due to chemical interactions with the cocatalyst at the eary stages of tne
polymerization. The rateftime profile of the polymerzation decayed with the nighest
activity at tne beginning of the poymerization The behaviour also affected the
morphology of the po.ymer particles which could be due to the sudden fragmentation
that resulted from fast-growing polymer particles. The optimal activ ty was obtained af
[AL[Ti] = 770:1 molar ratio at 80°C. The polymerizat.on was first order with raspect to
the monomer concentration. Polymerization acuvity was stable between 55°C ana
TOPE:

INTRODUCTION
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High molecular weight polymers
and their morphological develop-
ment are the most important
achievements of heterogencous
catalyst polymerization of the
Ziegler-Natta type [1-6]. MgCl,
and SiQ, are the most common bi-
supports used to heterogenize
olefin polymerization catalysts [7-
10], and SiQ, is also used to
support metallocene and late
transition metal catalysts [11,12].
The morphological development of
the catalyst originally obtained
from ite sunbort could renlicate the

polymer in controlled conditions.
Heterogeneous catalyst particles
break up during the early stages of
the polymerization, possibly due to
the chemical reaction of the
catalyst component, mechanical’
stress and also polymer growth,
respectively [11,13,14]. In Ziegler-;
Natta polymerization, the rate/time’
profiles are mainly a decay type:
with very high polymerization.
activity at the early stage of the
reaction. Therefore, the fast growth;
of the polymer into the pore:
and channel of the catalvet could:
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flgure 1. Effect of [AlL:[Ti] molar ratic on average rate of
ymerization, temperature 60°C.

the optimum activity at [TEAJ[Ti] = 770:1
lar tatio (Figure 1) and reaction temperature of
(Figure 2). At low concentration of TEA it is
sible that the impurity of the system has affected
iresults and not-all active centres being activated,
ilst at higher concentration than the optimum value
er reduction of Ti** to Ti™2 eccurred which is
vactive for the polymerization. H, was used as
in transfer agents. Addition of H; decreased
uctivity of the catalyst. H, competes with
monomer in adsorption on active centres, which
lecreases the -productivity of the catalyst. This
viour could be due to increasing concentration of
monemer close fo the active centres and probably
frasmentation. of the catalyst particles during
folymerization [5,10,11,17,23).
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Figure 2, Effect of temperature on polymerization
behaviour, [Al]:[Ti] = 770:1.
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Figure 3. Effect of monomer pressure on polymerization
bshaviour. [AIl:{Ti] = 770:1, other conditions as ih Table 1.

The polymerization activity increases with
monotiier pressure and decreases with Hp
concentration (Figures 3 and 4). The rate/time profile
of the polymerization is a decay type without an
induction peried (Figure 5). The behaviours are
reported and described in references [23,25-28]. The
productivity of the catalyst has been almost stable
with temperature between 55°C and 70°C (Figure 2).
The thermal stability of the catalyst could be
affected by presence of $iO;5 supported in the catalyst
system [9,15-17], as an advantage of the prepared
catalyst.

Variation of log (R) (average rate of polymeriza-
tion) against log [M] reveals that the polymerization
is almost first order with respect to the monomer
concentration (Figure 6).
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Figure 4. Effect of H, concentration on polymerization,
[AIJ:[TT] = 770:1, temperature = 60°C.




Table 1. Effect of temperature and monomer pressure on polymerization behaviour.
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oLl se 1 ss 60 7000
Monomer pressure (bar) 2 2 2 2 2 3
M, 3.38x106 3.42x108 2.79x106 1.70x108 1.14x108 2.47x108 3.3x106
T (96) 145 144 144 135 142 =
Crystallinity (%) 52.2 60.9 52.3 51.1 49.4 .
9000 Table 2. Effect of polymerization time on the ﬁv.
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b " production of a semicrystalline polymer. Due to very
. high molecular weight polyethylene samples, lower
§ : . . . _ . percentage of the crystallinity was obtained in
¢ = 8 & % AW S comparison with normal HDPE. No regular
Time (min) behaviour of the crystallinity was observed with

Figure 5. Rateftime profile of the polymerization behaviour,
AT = 770:1, temperature = 60°C.

Characterization

A viscosity average molecular weight M, as high as
3.42x10% was obtained; the value decreased with
increasing temperature, while, a higher pressure of
the monomer led to higher values of M, (Table 1).
The molecular weight of the polymer was not
significantly affected by the polymerization time
(Table 2). The crystallinity of the obtained polymer
was in the range of 50% to 61% indicating the
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Flgure 6. Variation of log R, versus log [M].

reaction temperature. The melting point of the
polymer was between 135°C and 145°C (Table 1).
The characteristics are comparable with high density
polyethylene (HDPE) [1].

Morphological Study

Scanning electron microscopy (SEM) of 8iO, shows
mainly spherical particles with some distribution in
size; however, some of the particles are broken
(Figure 7). The prepared spherical form of
MgCl,.nCoH;OH contained smaller particles than
SiO, (Figure 8). The prepared catalyst shows more

EHT=500kV WD=10mm

Figure 7. SEM micrograph of the Si0O, (PQ3050),
magnification 100x.
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igite! 8. SEM micrograph -of MgCl,.nCsHz0H,
nification 100x.

Bioken particles than the supports used (Figure 9).
lfe'spherical morphology of the support was dam-
ficd during the catalyst preparation, indicating a
enuous reaction between the supports and TiCly.
3M micrograph of the catalyst treated with TEA for
Oe minute without using monomer shows many bro-
ien particles. The result indicates a harsh reaction
fween the catalyst and TEA. The reaction is mainly
sponsible for losing the spherical morphology of the
alyst particles at an early stage of the reaction,
ecting the morphology of the obtaived pelymer
ticles via a replication phenomenon (Figure 10).
ilhe polymer ‘particles obtained after just one minute
Of polymerization show very few spherical patticles

EHT=500kV WD =15mm

Figure 9. SEM micrograph of SiO,/MgCl, (spherical)/TiCl,
catalyst, magnification 100x.
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Figure 10. SEM micrographs of: (a} Si0,/MgCl,
{(spherical)/TiCl, and (b) SiOy/MgCl, (spherical)/TICl,/TEA,
magniication 100x.

as well. A general view of the polymer particles is
mere likely to the particles of the catalyst treated with

Figure 11. SEM micrograph of the polyethylene obtained
using $i0,MgCly(sphefical/TICI/TEA catalyst system,
polymerization time = 1 min, magnification 100x.
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g EHT=500kV WD=16 mm
Figure 12. SEM micrograph of polyethylene, polymerization
at 60°C, monomer pressure = 2 bars, polymerization time =
1 h, magnification 100x.

TEA than the original particles of the catalyst (Figure
11). SEM micrograph of the polymer particles

il EHT=1000kV WD =10 mm

(a)

— EHT=500kV WD =16 mm

(b)

Figure 13. SEM micrographs of high magnification of two
different views (a and b) of the polyethylene, polymerization
conditions as in Figure 12, magnification 200x.
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Figure 14. SEM micrographs of the polyethylene producec
at monomer pressure of: (@) 2 bars and (b} 7 bars
magnification 200x.

obtained at 60°C and at a monomer pressure of 2 bars
shows large particles without any fine dusty polymer
but mainly with irregular shape and a small number o
spherical forms (Figure 12). High magnification of
the polymer particles shows porous particles (Figure
13). The polymers obtained at monomer pressures of
2 and 7 bars are shown in Figure 14. The particles
obtained under a monomer pressure of 7 bars were
larger that those obtained at 2 bars. The particles
polymerized for 2 h were also Jarger than the particles
obtained after 30 min of the polymerization (Figure
15). The behaviour indicates polymer growth with
time. The study indicates that there are many factors
that control the morphology of the polymers. The
factors include using support(s) with adequat
morphological and mechanical stability, catalyst
preparation method, polymerization procedure, and
reaction conditions. It is unsurprising that the
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Figure 15. SEM micrographs of polyethylene for polymer-

ization time of: {a) 2 h and (b} 30 min, magnification 100x

morphology was strongly influenced by the initial
reaction conditions [5,11].

CONCLUSION

Ultra high molecular weight polyethylene was
prepared using a morphologically improved catalyst
system of SiO,/MgCly(spherical)/TiCly. The bi-
supported catalyst showed a stable polymerizafion
The rate/time profile of the polymerization was a
decay type. Polymerization activity of the catalyst
was increased with increasing the monomer pressure,
while increasing hydrogen concentration decreases
the activity of the catalyst. Rate of the polymerization
was found to be first order with respect to the
monomer concentration. The initial stage of the poly-

merization, including the reaction of the catalyst with
the cocatalyst and the high polymerization activity,
broke up the catalyst particles into smaller particles of
irregular shape and size. The morphology of the poly-
mer particles was almost the same as that of the
catalyst, which reacted with the cocatalyst at the early
stage of the polymerization, ln addition, the
morphology of the particles may be affected by
polymerization conditions, such as temperature and
monomer pressure. However, the parameters of the
initial stages may also be critical.
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