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Abstract

A MgCI,/AICI;-supported Ziegler—Natta catalyst is prepared and low isotactic polypropylene is synthesized using this catalyst in the paper.
The results indicate that the polymerization activity of the M@&ICI ;-supported Ziegler—Natta catalyst is much higher than that of the pMgCl
supported Ziegler—Natta catalyst. And the attenuation curves of the polymerization rate of different Al/Ti molar ratios suggest the double metal
active center is more stable than the single metal active center. Also the effects of th@ICIL molar ratio, polymerization temperature and
external electron donor on the polymerization activity and isotactic index of the products are studied in detail.
© 2005 Published by Elsevier B.V.
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1. Introduction tactic ong[12]. Based on this mechanism, it may be expected
that low isotactic polypropylene is mainly produced by highly
Low isotactic polypropylene (LIPP), once regarded as a disdispersed Ti-based cataly$is3]. Therefore, the improvement
posal problem in polypropylene industry, now receives moreof the polymerization activity of per-gram catalyst depends on
and more attention and is widely used as adhesives, sealants ahé high specific surface area of the support.
coatings, additives for building top grade high way and so on Usually MgChb is activated through being ball milled under
[1,2]. It has been reported that the atactic polypropylene coulaitrogen atmosphere in industry. After Mgieing ball milled
be synthesized with some metallocene compoUBdg], but  for a certain time, longer milling time leads to little further
metallocene catalytic system needs a great quantity of expeimprovement in crystallite size reduction and in crystal lat-
sive methylaluminoxane (MAQ) as cocatalyst and the existingice destroy and hence the polymerization activity goes to a
equipment and technological process also must be changdided value[14]. It has been reported that Algtould pro-
if using these metallocene catalystic system. Therefore mucimote the destroy of the crystal lattice of TiQlvhen TiCk
effort [8—11] has been put on the development and research and AICk are being co-milled15]. Due to the similar crys-
economical MgCGl-supported Ziegler—Natta catalyst to producetal lattice structure between Tigand MgCp, the crystal lat-
LIPP. tice destroy of MgG may be improved when Mggland
Using this heterogeneous catalysts the isolated donor-fre&lCl3 are being co-milled. Therefore, Tigtan be dispersed
Tid* species having two chlorine vacancies gave low isotactienore uniformly and fixed more firmly on the support of the
polypropylene while bi- or multinuclear 31 species gave iso- MgCl,/AICI3-supported Ziegler—Natta catalyst than that of the
MgCly-supported Ziegler—Natta catalyst.
In the paper, a MgGIAICI 3-supported Ziegler—Natta cata-
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Scheme 1. Preparation of the Mg@\ICl3-supported and low Ti-loaded catalyst with a one-pot ball milling mef{i6§

studied in detail.

2. Experimental
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Fig. 4. The equilibrium between the single metal active center (1) and double metal active cefitérl(Z)

2.2. Propylene polymerization and the determination of the
isotactic index of polypropylene

Propylene polymerization experiments were carried out in _
a 100 mL, three-necked glass reactor equipped with a magnenck
stirrer. Required amounts of hexane, AJ&nd the catalyst were
introduced sequentially. The pressure of propylene was kept at‘l

1 atm. Polymerization reactions continued for 30 min and the %
products were precipitated by the addition of acidified alcohol. %
The resultant polymer was filtered off and dried in vacuum to <

constant weight.
The isotactic index of the resultant polypropylene was deter-
mined by the conventional solvent extraction method. The sol-
vent used here was hexane and extraction time was 24 h. The
insoluble fraction in heptane was defined as the isotactic index
of the resultant polypropylene.
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Fig. 6. The attenuation curves of the polymerization rate of different Al/Ti
molar ratios (AIC4/MgCl, molar ratio of the catalyst adopted 0.11; catalyst

concentration 40 mg Cat./50 ml hexane; Ti-content of the catalyst 0.8 wt.%; the

3. Results and discussion

3.1. Effect of the AICI3/MgCl> molar ratio on the propylene
polymerization

polymerization temperature 4QC).

decrease. The comparison of the polymerization activity of the

MgCl,/AICI 3-supported Ziegler—Natta catalyst and that of the

Fig. 1 shows that the effect of the AlgZMgCl, molar ratio

MgCl,-supported Ziegler—Natta catalyst indicates the addition

on the propylene polymerization activity and isotactic indexof a little amount of AIC} in the process of the ball milling
of polypropylene. The polymerization activity increases whenpromotes the crystal lattice destroy of MgCWhich can be
the AICI3/MgCl, molar ratio varies from 0 to 0.11 and then explained as follows. Due to the lower lattice energy of AICI
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Fig. 5. Effect of the Al/Ti molar ratio on the polymerization activity and the iso- tactic index of polypropylene (AIGIMgCIl, molar ratio of the catalyst adopted
tactic index of polypropylene (AlGIMgCl> molar ratio of the catalyst adopted 0.11; catalyst concentration 40 mg Cat./50 ml hexane; Ti-content of the cata-
0.11; catalyst concentration 40 mg Cat./50 ml hexane; Ti-content of the catalysyst 0.8 wt.%; the Al/Ti molar ratio 120; the polymerization temperature@o

0.8 wt.%); the polymerization temperature4l) polymerization time 30 min).

polymerization time 30 min).
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Fig. 8. Models for the active centers on supported Ti catalyst and the effect of an electron dr@ryécancy[18].

lattice than that of MgGl lattice, the lattice defects of AIgl  the AIEt; may make T¥* further be reduced to 31, which is
lattice is more prone to be formed than those of Mglattice  inactive to propylene monomers, and in turn the polymeriza-
(Reaction (1) and (2)Fig. 2. The chlorine vacancies formed tion activity decreases. Meanwhile, as we know, single metal
because of the defects of Allattice may attract the chlorine active center (structure Eig. 4) is prone to produce the atactic
atoms of MgC# lattice and in turn the attraction promotes the polypropylene and double metal active center tends to pro-
formation of the defects of Mgglcrystal lattice (Reaction duce the highly isotactic polypropylerj&7]. Therefore with
(3), Fig. 2. Therefore, TiC4 can be dispersed more uniformly the increase of the Al/Ti molar ratio, the isotactic index of
and fixed more firmly on the support of AKIMQCly-  the resultant polypropylene increases because the conversion
supported catalyst than that of the Mg@&upported of structures 1-2 ifrig. 4.
catalyst. As shown inFig. 6, the speed of deactivation of the lower
However, the excess amount of A{Jeads to the decrease Al/Ti molar ratio is faster than that of the higher Al/Ti molar
of the polymerization activity. This can be explained that AICI ratio. The results indicate that double metal active center (struc-

is not an ideal support as Mg£l ture 2,Fig. 4) is more stable than single metal active center
Also fromFig. 1, the addition of AIC§ of AICI3/MgClz sup-  (structure 1Fig. 4).

ported catalyst have little influence on the isotactic index of

polypropylene in comparison with Mgg&supported catalyst.
3.4. Effect of the external donor on the propylene

3.2. Effect of the polymerization temperature on the polymerization

I l izati o . . .
propytene potlymertzation Addition of external donor, phenyltriethoxysilane, in the

Effect of the polymerization temperature on the polymerizapolymerization system has an adverse influence on the polymer-

tion activity and the isotactic index of polypropylene were shownfj]it'lag ggtthgbiftjgt%\;V:aLz:gét?h Qscfv(\)/(r)dli?r? d?o?ggggg]r;te s
in Fig. 3. As we know, the increase of the polymerization temper- } . i AR
g poly P mely structures 1 and 3Hig. 8. As shown irFig. 8 the addi-

ature not only makes the polymerization rate constant increadt fh ' ld ; ¢ i ¢
but also decreases the solubility of propylene gas in the solvenO" Of the external donor may convert nonstereospecitic center

Just because the contrary influence of polymerization tempe?;9 the high ISospe cific one (structure 2.) and _the low isotactic
ature on the two aspects, the maximum of the polymerizatio enter to an inactive orj&8]. Therefore with the increase of the

activity occurs at 25C in Fig. 3. The increase of the isotactic VAl molar ratio, the isotactic index of the resultant polypropy-

index of the resultant polypropylene can be explained as: highé?ne increases. And further increase of the Si/Al molar ratio may

polymerization temperature may convert the single metal activéesu“ in the reduction of the polymerization activity to a great

center (structure Eig. 4) to double metal active center and dou- $0MeNt
ble metal active center (structurefg. 4) is liable to produce

high isotactic polypropylene. 4. Conclusions
3.3. Effect of the Al/Ti molar ratio on the propylene Alow Ti-loading AICI3/MgCl,-supported Ziegler—Natta cat-
polymerization alyst is prepared and low isotactic polypropylene is synthe-

sized using this catalyst in the paper. The results indicate
AsFig. 5is shown, with the increase of the Al/Ti molar ratio, that the polymerization activity of the AlgIMgCl,-supported
the polymerization activity firstly increases and then decrease&iegler—Natta catalyst is much higher than that of the MgCI
and the isotactic index of polypropylene increases all the whilesupported Ziegler—Natta catalyst. And the attenuation curves of
The reason is that with the increase of the Al/Ti molar ratio,the polymerization rate of different Al/Ti molar ratios suggest
the Ti** is firstly reduced to T* which possesses the polymer- the double metal active center is more stable than the single
ization activity to propylene monomers. However, the excess ofnetal active center.
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