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olyethy~ene with a $lsFiiy averagd molec-lar weight (m.,) as high as 3.42~106 
was synthesized. The M, increased w th monomer pressure, wn;le higher p0.y- 
merization temperature aecreased tne molecular weight of the resulting polymer. 

Tne method of polymen~ation involvea sluny Ls.ng morphologically improved bi- 
supported catalyst of spnerical SiO2,MgCI2frC ,. Triethyta1,minium (TEA) was used as 

:. a cocatalyst, and hydrogen served as the cnain transfer agent. The crystallinity of Ule 
60%. indtcattng semicrystall~ne polyethylene. 
in damage suffered by the catalyst particles 
the cocatalysr ar the ear y stages of tne 

he polymerzarion decayed with the n~ghest 
at t~ie beginntng of the po ymenzatior~ The behaviour also affected the 

morphology of the po.ymer particles which co~ld be due to me sudden fragmentation 
that resulted from fast-growing polymer panicles. The optimal activ ty was obta~ned at 
[A]:[Ti] = 770:l molar ratio at 60%. The polymerizat.on was first order with respect to 

tion acl~vity was stable between 5S°C ana 

..&: .; 8 .  

High molecular weight polymers polymer in controlled conditions. - - . .  

and their morphological develop- 
ment are the most important 
achievements of heterogeneous 
catalyst polymerization of the 
Ziegler-Natta type [I-61. MgC1, 
and SiOz are the most common bi- 
supports used to heterogenize 
olefin polymerization catalysts [7- 
101, and SiOz is also used to 
support metallocene and late 
transition metal catalysts [11,12]. 
The morphological development of 
the catalyst originally obtained 
from its suuuort could renlicate the 

- .  

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 rateltime' 
profiles are mainly a decay type 
with very high polymerization 
activity at the early stage of the1 
reaction. Therefore, the fast growth) 

I of the polymer into the pore, 
and channel of the catalvst could 



fragmentate the catalyst particles. To achieve a 
reasonable morphaiogy, the fragmentation must be 
controlled, since unconkolled fragmentation may 
produce fine particles. Using Si02 and MgClz 
components of a solid support not only raised the 
activity of the catalya but also improved its 
morphology, SiOz also improvd the me~hanical and 
thermal stability of the catalyst [9,15-171. 
Morphological development of supportrt catalyst and 
polymer is the major area of study nowadays. 

Ultra high molecular weight polyethylene 
(UHMWPE) has many desirable physical and 
mechanical chamcteristics comparable to some 
engineering plastics [1,18-2 11. 

In the present work, spherical MgClz and 
morphologically improved SiOZ were used as two 
components of a solid support for the preparation of 
the heterogeneous catalyst. The main feature of the 
article is some development in morphology of 
UHMWPE. UHNWPE was prepared, while its 
morphology was studied at different conditions. The 
catalyst showed high activify, good morphology of 
spherical particles and also thermal stability of 
ethylene polymerization bading to UHMWPE. 

Si02 (PQ3050) was acquired from PQ Corporation 
(USA). The compound was calcinated at about 400'C 
for nearly 5 h before use [22]. Spherical adducted 
MgCbnC2H50H were prepared according to 
literature /a Slurry polymerization of ethylene was 
ca*ried out in a 1 -L st&less-steel reactor of &chi 
@ds300), a semibatch type, equipped with a stirrer 
speed control, tempemture and pressure control. The 
reactor was purged with nitrogen A volume of 4OQ 
mL heptane vas  charged into the reactor and 
degassed at least three times. When the polyrneh- 
tion temperature reached the required temperature, 
the catalyst components were added in the following 
order; TEA, the solid catalyst, and hydrogen (ifany). 
All the reagents were added as a sluny in n-heptane 
or a gas. The pressure inside the reactor was main- 
tained constant with the monomer gas. Therefore, the 
required mount of the monomer to feed into the 
re%tor is equal to the conrmnption of the monomer. 
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At the end of the reaction time, main 
monomer feed was stopped The po 
terminated by d&ning the slurry po 
volume of acidified methanol. The 
was filtered md dried at 70°C 

The viscosity avemge mole 
the polymer was obtained wing Ubbel 
ed level dilution viscometer. The 
vi~cometry was maintained at 1 
chlotobnzene in the vapour jacket of 
The Ev wm calculated from the 
using the Mark-Howink Sakurada e 

where K and a are 6.77 x 10-4 and 0.6 
[23,24]. 

Other chemicals, p 
characterizations we 
[7,16,17,23]. 

Catalyst Preparatian 
The Si@&IgCI2/TiCb catalyst was 
the adducted sphwical Mg$lz.n 
ethanol was chemically removed duri 
prepamtion procedm. The calcinated 
and MgCl2.nC2H,OH (2.5 g) were. 
cat;iIyst preparation reactor containing 
heated with a jacket. The chemials w 
ia toluene (100 mL), and then TiCb 
added dropwise, while, the contents 
were stirred at 5% The temperaage 
115T in increments of 20°C, while s 
step for at least one hour. Tbe product 
and washed with n-heptane (100 
(100 mL) and TiCh (40 mL) w 
temperature was raised to 11 
befos. The final catalyst was filteredI 
n-heptane to completely remove 
dried. All the steps were carried out und 
phere of dried N2. 

RESULTS AND DISCUSSION 

Polymerization of ethylene using th 
Si02&IgC12(spherical)/TiC14/TEA ca 



SOP 4W 5W 800 700 800 900 1WO 11OP 

[A~!JT~ P - U ~  ( b ~ )  

meet of [Al]:m molar ratio on average rate of Figure 3. Effect of monomer pressure on polymerization 
tion, temperature 60%. behawour. [Al]:p] = 770:l. other condihons as in Table 1. 

optimum activity at [TEA]:[Ti] = 770:l The polymerization activity increases with 
o (Figure I) and reaction temperature of monomer pressure and decreases with Hz 

2). At low concentration of TEA it is concentration (Figures 3 and 4). The rateltime profile 
that the impurity of the system has affected of the polymerization is a &cay type without an 

Its and not all active centres being activated, induction period (Figure 5). The behaviours are 
higher concentration than the optimum value reported and demibed in references [23,25-281. The 

reduction of Ti+4 to Ti+2 occurred which is productivity of the catalyst has been almost stable 
for the polymerization. Hz was used as with temperature between 55-C and 70°C (Figure 2). 

agents. Addition of Hz decreased The thermal stability of the catalyst could he 
of the catalyst. H p  competes with affected by presence of Si02 supported in the catalyst 

in adsorption on active centres, which system [9,15-171, as an advantage of the prepared 

es the productivity of the catalyst. This catalyst. 
could be due to increasing concentration of Viriation of log (Rp) (average rate of polymeriza- 

omer close to the active centres and probably tion) against log [MI reveals that the plymerization 
entation of the catalyst particles during is almost first order with respect to the monomer 
erization [5,10,11,17,23]. concentration (Figure 6). 

100 120 

Temperature (T,) Hz wwnbaDon (mL] 

urn 2. Effect of temperature on polymerization Figure 4. Effect of H2 concentration on polymerization, 
avlour, [Alpm] = 770:l. [Al]:m = 770:1, temperature = 60°G. 



Monomer pressure (bar) 

production of a semicrystalline polymer. Due to vety 

'IWO high molecular weight polyethylene samples, lower 
percentage of the crystallinity was obtained in 

mme (min) behaviour of the crystallinity was observed with 
reaction temperature. The melting point of the 

Figure 5. Ratehime profile of the polymerization behaviour. was beween 135°C and 145°C (Table 1). 
[~:FI] I= 770:1, temperature = 60°C. The characteristics are comparable with high density 

polyethyletle (HDPE) [I]. 
Characterization 
A viscosity average molecular weight as high as Morp~ological study 
3 . 4 2 ~ 1 0 ~  was obtained; the value decreased with Scanning electron microscopy (SEM) of SiOz shows 
increasing temperature, while, a bigher pressure of spherical particles with some distribution in 
the monomer led to higher values of a,, (Table 1). size; however, some of the particles are broken 
The molecular weight of the polymer was not (Figure 7). The prepared spherical form of 
significantly affected by the polymerization time MgC12nC2H50H contained smaller particles than 
U b l e  2). The wstallinity of the obtained polymer Si02 (Figure 8). The prepared catalyst shows more 
was in the range of 50% to 61% indicating the 
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Figure 7. SEM micrograph of the Si02 (PQ3050), 
Figure 6. Variation of log Up versus log [MI. magnification 100x. 
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Fi T 8. SEM micrograph of MgC12.nC,H50H, 

than the supports used (Figure 9). 
1 morphology of the support was dam- 
the catalyst preparation, indicating a 
ction between the supports and T i c k  

graph of the catalyst treated with TEA for 
ut using monomer shows many hro- 
e result indicates a harsh reaction 

catalyst and TEA. The reaction is mainly 
losing the spherical morpho1og.y of the 

at an early stage of the reaction, 
rphology of the obtained polymer 
plication phenomenon (Figure 10). 

er particles obtained after just one minute 
zation show very few spherical particles 

(b) 
Figure 10. SEM micrographs of: (a) SiOZMgCI, 
(spherical)frih and (b) SiO2/MgCI2 (sphericaI)rnCl4/TEA, 
magnfication 100x 

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

Figure 11. SEM m~cmgraph of the polyethylene obtained 
using S~O~lMgCl~(spherical)TTiCl~TTEA catalyst system, 
polymerrzatlon tlm = 1 min, magnfieation 1011~. 
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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 

I Figure 14. SEM micrographs of the polyethylene producec 
at monomer pressure of: (a) 2 ban and (b) 7 bars 1 magnification 200x. 

obtained at 60°C and at a monomer pressure of 2 ban 
shows large particles without any fme dusty polymer: 

I but mainly with irregular shape and a small number ot 

I spherical forms (Figure 12). High magnification ot 
the polymer particles shows porous particles (Figure 
13). The polymers obtained at monomer pressures ot 
2 and 7 bars are shown in Figure 14. The particla 
obtained under a monomer pressure of 7 bars were 
larger that those obtained at 2 bars. The particles 
polymerized for 2 h were also larger than the particles 
obtained after 30 min of the polymerization (Figure 
15). The hehaviow 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 adequate 

Figure 13. SEM micrographs of high magnification of two morphological and mechanical stability, catalyst 
different views (a and b) of the polyethylene, polymerization preparation method, polymerization procedure, and 
conditions as in Figure 12, magnification 200x. reaction conditions. It is unsurprising that the 



merization, including the reaction of the catalyst with 
the cocatalyst and the high polymerization activity, 
broke up the catalyst particles into smallerparticles 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. In 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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