CHAPTER II

THEORY AND LITERATURE REVIEWS

2.1 Introduction of Z/N Catalyst

Ziegler and co-workers developed the first generation of Z/N catalysts, a

combination of TiCl, and AI(C,H,),CL, fi olymerization in the early 1950s.
Later, Natta developed a widewaiicty @f the same general type, based
- ' - T—
on titanium and van ounds ‘.—-m for stereospecific olefin
polymerization. Traditior ified as Z/N catalysts.
Although, every Z/N ecata ation, some are specially
designed for this purpese. repared from a transition
metal compound and agforgange f m/ ompound such as bis(cyclopentadienyl)

%

titanium ichloride-dig igigm- 1 Zegh 10r1 " titanium tetraalkoxides-

alkylaluminiums, and vanadiui’acetylacetona alkylaluminium. Interaction of

these components in solution,:%}-w ¢ tramsition metal species, which remain

SOIUble in hydl'OC& ;""“nr aromatcs ot A‘A ANCS ';l' AUCHIE laSSical homogeneous

X

il?'a o capabl merization at -20 to 50 °C. They
C

catalysts. These cataly

are, however, not used in commercnal apphcatlon because of the superiority of

heterogeneousﬁsﬁ ﬂs@}%ﬁm W)H ﬁ?fﬂﬂe in inert solvents,

but their reactionl products are msoluble The most 1mportant of these are TiCl,-Al
RRTNINT A VITYHTR 8 7o
.H,),Cl catalyst found wide commercial application in HDPE synthesis in the late
1950s and 1960s, but was gradually replaced by more active heterogeneous catalyst.
In heterogeneous Z/N catalysts, they divided into non-supported and supported

catalysts.



2.1.1 Heterogeneous Non-Supported Catalystsls]

The discoveries by Ziegler were concerned with ethylene polymerization in the
presence of an in situ prepared catalyst. They were obtained as a precipitate from thc
reaction of a soluble transition metal halide, especially TiCl,, with a metal alkyl or

alkyl metal halide, primarily Al(C,H,), or Al(C,H;),Cl. The reaction was carried out at

the activator to a procatalyst molar ratio not much greater than unity and in an inert

a-TiCl,. Furthermore, it

o ,.r..l"fa'._},
few kilograms of polryithytene or pol" pr

were complicated and Qpensive and, b ieir cormexity, not very versatile.

Although the catalyst productivity could bgsmuch higher for ethylene than for

ponycs, - e do i ) b hald b o 0 e

quantities of Ti and Cl in the product t6 acceptable lgyels.
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2.1.2 Heterogeneous Supported Catalysts

The large-scale production of polyolefins has been enhanced by the
development of very high-activity supported Z/N catalysts. Higher catalyst activities
mean lower production cost owing to possibilities of eliminating some operations from
the production technology. Since Natta et al. decmonstrated that only a small
percentage of the Ti atoms in the non-supported catalysts (typically less than 1% in the
’,f olymerization. It was realized that
1y

ﬁist-generation catalysts) were ac{& ‘

for the active sites fromed by
J

much of the procatalyst mas

Depositing the agtiv could make significant
improvement whose residu be inert and not detrimental
to the properties of the polymer. 1 that higher catalyst activities
were likely to be achieved througi‘tggi:ﬁse : tion metal compounds supported on

ot "l i o
T /A

appropriate matrice%:farly attempts"ié w- t Tid on silica, alumina or

magnesia did not lead §0 a sufficient increase oductivity. The first useful

high-yield catalyst invd}ed Mg(OF ipport. Ovedﬂle years, a wide range of

support catalyst have b€emmsuccessfully déveloped and used for the industrial

polymerizatio% uyﬂeqnm meﬁywoﬂ;lﬂ i case of ethylene

polymerization, supported catalysts have been implemented in to pfactice relatively
csily Fhit b e bbbl ah okides bl A1, 510,
A1203.Si(q)2, MgO, ZnO, TiO,, ThO, Mg(OH)CI, Mg(OC,H,), and MgCl, have been
applied as catalyst supported. Organic polymers may also play the function of the
catalyst support. However, a variety of magnesium compounds have been used most
successfully as supports; pre-eminent among these is MgCl, or reaction mixtures that

can produce this compound, at least on the support surface. The massive increase in



activity of MgCl,-supported catalysts has been claimed to be due to an increase in the
percentage of Ti atoms forming active sites (approaching nearly !00%) and not to a
significant increase in reaction rate at the active site (intrinsic catalyst activity). This
was the third-generation catalyst system, and the discovery of magnesium chloride in
the active from, as an ideal support for the fixation of TiCl, and its derivatives, opened
a new era in the field of Z/N catalysed polymerization, from both industrial and
scientific points of view. During theyl W ive MgCl,-supported catalysts brought

% f polyolefins compared with the

about revolutionary developmé&{v

first-and second-genera@talyds ction of the catalyst support
concept significantly M ( le;\thalyst construction but also

reduced the complexi i olymerization processes. The active

polymerization centres ¢ throughout the support surface, making
<

them all essentially accegSib omer. Since all the titanium
-

extraction procedures were nece%sggm OT -—..1- produce a viable commercial resin.
,.-"",-.-' k ___,.,[‘
Elimination of the d;cj:shmg part 1t of the mdustnm Fd obvious economic and

environmental advant

global plastic marketpl;l

Supports ,use differ_essentially from one
another. Some@‘ ij ﬁi‘ﬁ)ﬁﬁiﬁ rcﬁps (such as hydroxyl
groups _pr ec m contain such
reactlv%:ﬁ::iarifii ﬁﬁﬁiﬁﬁ Eiejnﬁﬂ erefore, the

term ‘supported catalyst’ is used in a very wide sense. Supported catalysts comprise not
only systems in which the transition metals compound are linked to the support by
means of a chemical covalent bond. But also systems in which the transition metal
atom may occupy a position in a lattice structure, or where complexation, absorption

or even occlusion may take place. The transition metal may also be anchored to the



support via a Lewis base; in such a case the metal complexes the base, which is

coordinatively fixed on the support surface. Supported precursors for Z/N catalysts
may be obtained in two ways depending on the kind of support. By treatment of the
support containing surface hydroxyl groups with a transition metal compound with
chemical covalent bond formation. And by the treatment of a magnesium alkoxides or

magnesium chloride support with a Lewis base and transition metal compound with

coordination bond formation. ‘ ,

The use of supports such as alumina, silica, Mg
(OH)CI, etc., for chemica metal compound has been
widespread since the e such supports can control the
number and type of surf; T the amount and distribution

of transition metal ato most commonly used Z/N
catalyst of this type is ob ursor yield from the reaction

of Mg(OH)CI support and

-Mg-OH + TiCl, 22
MgOH &/ A J

@iCl " /@lcb +HCl 55
Mg-OH o Mg-0

AUt INeNINeINg
malkyﬁfﬁbﬁ“é SISy,

follows



+AIR;
-Mg-OTiCl; > -Mg-OTiRCl,
-AlIR,Cl 2.4
+AIR;
—  -Mg-OTiCl, —  -Mg-OTiRCl
-R -AIR,Cl

Supporting the titani » been claimed to lesson the

tendency of titanium acti reduced wtor. Many of the catalysts

obtained from such prec ' kyla .‘ﬁ\* he activator exhibit high

polymerization of propy! ' O olefins, \ '

owever, useful for the

Behavior of catalyst ‘mean -‘, alyst activity, molecular weight of
resulted polymer and others. The ‘ scribed are related to the chemical structure
of the metal alkyl and the fal ' v

S —

-

2.3 The Metal Alkyl m

2.3.1 Gropp of Métat>
AT V] z.mmaw m@ —
many of the s atent relau 10 Z/N cataists Activ from the following metals

e s aana VHREE



Table 2.1 Metal group I to III for Z/N catalyst preparation

GroupI  Group I  Group III

Li Be Al
Na Mg Ga
K Zn

Aluminum alkyls hav

%ly used, and the reason for this

is partly scientific and p ch safer to use in solution

because, once properly diluted; tit -»\\\ n\ and not flammable unless

contacted with a combusti i ing techniques, using N, or Ar as

i W
an inert atmosphere =\ \

2.3.2 Ligands of Metal

Two types of ligands n all-hydrocarbon alkyl or an aryl,
such as ethyl or phenyl; and (2)" ;..;.:_. i a radical containing a heteroatom,
such as Cl or -OC, Hz»Bo 8 f Tig: - th potential of undergoing
exchange reactions q,- ::_'_:_; 't :i" hen the alkyl or arv!
group is exchanged, a t@sltion netal bond is form@as the active center. The
heteroatom should be exchanged for a ligand of the transition metal, an active center is

not formed becﬂ WEINE DI WD Fve. Howerer, e

electronic and sterlc environment of the metal atom js,altered. The chemical behavior

o el W e Gl ot i b e s o

llgands
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2.4 Transition Metal Salts
2.4.1 Choice of Transition Metal

The availability of TiCl, as an inexpensive material in the 1950 * s undoubtedly
promoted considerable research aimed at industrial applications. It is not surprising
that many papers and patents have appeared that use TiCl, or a derivative, especially

TiCl, and TiCl,’s of varying compositions and crystal structures. As a result, many

Active catalysts ofig polymerization have been made from transition

metal salts bearing ligandsfof variéd/s es. These ligands include the groupings as

shown in table 2.2.

Table 2.2 Ligand of trabsitiofi frctal
(it -

=

-CL.Br, 1 ,-

-

-OR(R = alidl

SRR = alkydsuch as Bu, Me 0-CORR® = CH,)
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Ethylene can be polymerized to highly linear products with catalysts containing

the largest array of transition metal salts, that is, those having different ligand
structures. Economics and the balance of properties shown by the polyethylene
probably dictate the choice of the salt. The variation in ligand structure is great,
including sulfides, oxides, oxychlorides dialkylamine, alkoxy, acetylacetonate, arene,

cyclopentadienyl, halide (= Cl, Br, F, or I), phosphate, sulfate, and so on. Because in

many of these catalysts the transition mets g;l the metal alkyl undergo exchange

st is sensitive to the molecular

ratio of the two components. Tn add ‘: | structure of the active center may

Although a two-step olving monomer coordination and

enchainment by the Vins P i e Coordinat gonofiier (Equation 2.5) is

commonly accepted fes‘olefin ¢ 4" ﬂ" catalysts, there is no

general uniform mechﬂsm that might operate in all p(ﬂmenzatlon systems and

under all iﬁﬁ“ﬂ"ﬁ% %5 'W EJ . ﬂ ‘j P
RTINS

25

/\/
Mt
Mt ///\\\///\/ -

1
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As already mentioned, even questions concerning the rate controlling steps
have yet to be resolved. However, for most common poleerizations under common
conditions, the insertion of the coordinated monomer is assumed to be the rate-
determining step.

Although conflicting conclusions have also been drawn from investigations
using ab initio molecular orbital methods in combination with molecular mechanics
’i step is the rate controlling one. The
%energetically favorable spatial

) and coordinated monomer

methods, most studies agree that theti
insertion of coordinated ol

arrangement of ligands,

7 idd
IFI_,_.-‘ P -y -

olefin double bond has been proved.con

= ..""ﬂ-'.-" I'=
polymerization and dfﬁttminihg tﬁg" ¢ﬁamf ,. : e polymers formed. For

formed in the polymerigion of ¢ propenc with heterogeneous Z/N catalysts.

Such in Equation 2.6, a polymer structure results/ from the monomer cis-insertion.

‘l{ mamwmm‘

S)._1(®
Mt—P 4 Dlitsy: C—C i GHe

99 AN 35 Nﬂ?’mmﬂﬁl

2.6

Mt Pn

®R)
DH"""C—C"'"”CH3

1|

H H



13

L] ,Mt(R) CH
Mt==P 4 \C— C== :
// :Il‘l \\H
H
2.7
"‘ Pn

E ’(R) '
L ”"llCH

ﬂuﬂqwsﬂ§WHwﬁﬁﬂ

Slmllarly, in the polymerizatiofi of cis 1,2,3,3:3-penta-1- ¢ H)-propene run with

e b\ 00102 ELANL] bl ud Ghehive oy

(pentadeutero—propylene) of erythro-diisotactic structure is formed, which confirms the
insertion to be of the cis type.

On the other hand, the polymerization of trans-l-(zH)-propene with

heterogeneous Z/N catalysts leads to the formation of the respective polymer of threo-

diisotactic structure [Equation 2.8], which proves the cis-insertion of the monomer
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D H Mt=-=~Pn

N @B / " LSS
Mt—Pn 4 /C—C — D|||||n-C———C~ull||H

o
/

H CH ! H CH3

2.8

or trans isomer) and

perdeuteropropene in the pess ce . yanac - Z/N catalysts showed
. IEL !
syndiospecific propagation to wolve:a monomer insertion of the cis type.

# o
o Lk

Since olefin insertion into-ik 4 has been established to be of the cis

mechanism involving the

type, it has been cuj.w‘
formation of a fours \ ious models of active
centres and of the inseEon mechan ave been proposed for olefin polymerization
systems with coordinatior catalysts. L
AUEINUNTNYINT
U

2.6 Polymerization with Heterogen&us Z/N Catalysis""

W AN DA UAIANUNA Y e v

postulated. The diversity of these models arises from the multitude of products found
that to be formed or believed to be formed in the reaction of the catalyst precursor with
the activator. The proposed active centres fall into either of two general categories:

those containing monometallic species with the central transition metal atom (e.g. Ti),
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and those containing bimetallic species with the central transition metal atom linked
via bridges with the metal atom originating from the activator (e.g. Al).

The most widely accepted olefin polymerization mechanism that has been
postulated to operate in systems with monometallic active centres is that proposed by
Cossee. According to this proposal, concerning polymerization with catalysts based on

layered violet titanium trichloride (0-TiCl,), the active centres are located on lateral

surfaces and formed by the replacem en singly bonded non-bridging Cl atom
protruding from the titaniu ‘ alkyl group from the activator
(Equation 2.1). Hence, the"active contres ont@om surrounded by four Cl
atoms from the crystal latti id 0. other Ti-atoms), an alkyl group, which
forms an active Ti-C bo i ctal, and a coord ination vacancy ( [0). The Ti
atom in such a site, Cl “ yctahedral ‘conﬁguration when the
coordination vacancy bec pic ¥ ordin wa olefin molecule, namely
Cl, Ti(olefin)R. The olefin i % ‘10 belic ok =-\‘ at the vacant site with the

\
&

double bond parallel to an o ralia i Tt polymerization of olefin according to

o
| ﬂumww{ﬂgaﬂ )
ammﬂimumwmé@
e ﬁ]\\\\mc‘: IH3 ] »H C T R

CI/ II l | C|—1~;°\\C_ID =

" ’ CI/
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The metal-carbon (Ti-R) bond at the uncomplexed Cl, Ti([J) R active centre is
relatively stable. The coordination of the olefin molecule at this centre, due to  bond
formation (Figure 2.2), leads to lowering of the energy in the resultant ™ complex,
Cl, Ti(olefin)R. The molecular orbital originating from the mixing of 3d, orbitals from
titanium with 7 orbitals from the olefin is sufficiently lower in energy with respect to

the original 3d, titanium orbitals for an electron easily to be transferred into it from the

excited Ti-C active bond.

metal

Hence, the resultant all rad attaches itself to & nearest carbon atom of

the coordinated olefin a Coficerted way, invwﬁ a f(ﬁﬁ%ed transition state.
Therefore, Co m’uﬂ;ﬂmsﬂ]nﬁ, in rﬂ i nstep, the growing
polymer chain migrated to the ositiofpreviousl;]c;ﬁpied zihe codrdinating olefin

e T A LS IUALE TR

mechanism. The cis-migration of the chain to the m-alkene ligand, with n-o

rearrangement, gives a new coordinatively unsaturated species that is able to
coordinate another olefin molecule. However, in the last stage of the insertion, a back
skip of the chain has been postulated by Cossee to take place in order to fulfil

stereochemical requirements of a-olefin isospecific polymerization that the growing
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chain always occupies the same position when a new monomer molecule is
coordinated (Equation 2.9).

It should be emphasized that strong support has been provided for this
mechanism of o-olefin polymerization, involving sites located on lateral o-TiCl,
faces, from molecular orbital calculation. Analogous model sites, but located on layers
in relief with respect to lateral faces of layered TiCl, structures, as well as for catalysts

with the MgCl,/TiCl, precursor, h ”} considered in molecular mechanics

studies. :
Although it is ap@or 1§Bspewnzanon the polymer chain

must skip back to the origi ratory cis-insertion in order

to maintain sterically identi

weakness of Cossee’s m i “on > itt it has been hypothesized

Monometallic centers as in-ihe- posed by Cossee have been widely
LTINS

accepted, though thxs:inodel doés ot tﬂ:é ‘ iC ragf?n the presence of an

activator or products formed fro g Etéms. Bimetallic models

give plausible answers gncemin g vators a@ are in closer agreement

with many experimental involying. The most ggmmonly known olefin polymerization

mechanism mvﬂ b BiMicalle AE dckis s ok st by odriguez and Van

Looy. Accordmg to this mechanism,swhich is based on Cossee’ sgmechanism. A

moccufe i adeabonbf he s devatio gl AT, 15 ihpiercd

the transaion metal (Ti) via the Cl bridge; the chain propagation, however, is

monometallic. Equation 2.10 shows this mechanism.
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R R—AIR
2
cl. | \\\Cl i, Cl | WU ArCl Cl_| | N
g R TiwliCl  ————
ST |
C1/| g ARSI o = I\l
Cl Cl €l
R /CH3
s \C\(R) ',AIRZ 2.10
R—AIR CH ,
a_ ! N B e
c1(/T1\., il
o o
Cl =~ T
H:C
Variation in mo ic ctallic mechanisms has been proposed. The
monometallic mechanis ¥ inherently ler than bimetallic mechanisms
except for requiring a m bimetallic mechanisms that
consider the presence of ghe ion system can be more

The most extensi ed at shoy _ hi trivalent and tetravalent

titanium centers are aetiv 5),CI-TiCl, catalysts

when used for polymerimlg ethylene, was reported by Schindler. He used deuterium

gas (D,) as a pr m The polyethylene
that was fomeﬂﬁﬁsﬁ:ﬂ Eﬁ 'EI;Tﬁ 2 groups present
accordi ent jl?'ﬂ@ﬁ ﬁ readily
explainamrﬁﬁfmm lﬁ

cat-CH,CH,CH,R + D, >  catD + DCH,-CH,CH,R 2.11

cat-CH,CH,CH,R + D, >  cat-CH,CHDCHR + HD 2.12
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The CHD and CD, groups were explained by an exchange reaction involving
D, and the labile B-hydrogen, as shown in Equation 2.12. Because he did not observe
this exchange reaction with catalysts that ;avere free of Ti(IV), such as AI(C,H,),Cl +
TiCl,, he concluded that the active center produced these results contained Ti(IV).
This assessment was based on the earlier findings of Bestain and Clauss that the £ -
hydrogen of a polyethylene chain which is attached to a Ti(IV) center is very labile. A
double exchange would give CD,. . nostic probe, Schindler examined in
detail several catalysts preparg ' &s for the relative contents of Ti

ethod by which the Mn and

Mw values of two polyet ) and Ti(IV) centers were

determined (Table 2.4). il ation of CH, or CHD group

distributions in fractionated /o nér a \ absence or presence of

deuterium, respectively. Ingddditi o LL ) ahd Ti(D nters, inactive Ti-H centers
i N

M%‘; 7

Table 2.3 The effect of catalyst :"'7 " i
AR I

were proposed.

bution of titanium valence states

in different-gata

AVTi F— Cam Y]
ratio  (C,H,),AUTICI, (C,H,),AVTIC!, AICUTICI,  (C,H,),AICUTIiCL,
Low IV+II € o I
Medium ﬂUEJ’J'VIEm‘i'WEJ N9 -
High Yn o I v oom
| Ve
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Table 2.4 Molecular weight calculated from the evaluation of fractionation data
from polymer growth on Ti(III) and Ti(IV) sites, Molecular weight in

unit of 1,000

Polymer Wt% polymer Total polymer Polymer from Polymer from

number derived from Ti(IID) sites Ti(IV) sites

Ti(IV) sites ~ Mw Mn Mn Mw Mn

Mw
1 40.1 //2 07 418 294 69
2 38.9 / 393 456 65
3 454 ST 323 391 53
4 39.9 L 0SNIZT 634 67
5 38.4 642 391 5.1
6 409 277 40
7 16.0 22 44
8 60.1 506 6.0
9 81.8 9%66 1501 156
10 79.0 920 92

2.8 Kinetic-Mechanisthspecs of Polymerization with B‘I Catalystsm

Chemical kine ﬁ i t? , including, all.factors influencing
this rate, and wﬁ;lu maﬁ A% uﬁ ﬂs»lrl]eiction mechanism.
Kinetic studies of olefin polymeri iofl with.Z ? ‘ 9q=§ﬂ cially useful
in the 1%ﬁnaﬁﬁzﬁfm ' eﬂ'\jo ;)YL s but* \Etontributed

relatively little to the understanding of the polymerization mechanism. Such a situation

arises from the very complex mature of Z/N catalysts, especially those heterogeneous
catalysts in which active species display widely different activities and geometric
location. Changes in the number and structure of active sites can take place with

changing polymerization temperature and time. Therefore, the time dependence of the
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catalyst intrinsic activity, of the overall polymerization and of the operating diffusion

processes complicates the kinetic behavior of such polymerization systems. Moreover,
monomer a(;sonption (coordination) as well as adsorption of the activator
(complexation), byproducts formed during procatalyst alkylation and the Lewis basc
(Internal and external) in the case of heterogeneous Z/N catalysts often make the

polymerization kinetics too complicated.

No precise information about lymerization mechanism has been
obtained of kinetic measuremer v rogeneous catalyst; analysis of
kinetic data has not yet iste ons either concerning monomer

adsorption on the catal /concerning existence of two stops, i.c.

cteristic of a particular

catalyst or catalyst-mom'ner system. A number of different type of kinetic rate-time

profiles are encountered i studies of Z/N c ists and some ﬁ)ical examples are

presented in Fi uuﬂell (Q neEeLm i qcf]l ) and Figure 2.4
(heteroaeneous supported catalysts). ¢

RABGIUURIANYIAY
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Figure 2.3 Variati

te of &olymenzauon with time: A,

TiCL,-Al(C,H,), catalyst; B, i HY.CL

-
-

T Y]
Figure 2.4 ” 1;‘ v 'r’f' on in the presence of the

MgCL/TiCl,-Al(I-Bu), | " lyst with time: A 'ethylene' B,p 0 pylene

It can b@yﬁﬂn gglng] that tg use oﬂ‘ rR] activator produces a
more ﬁ m mytﬁ ,T? Aﬁ activator.
Polymeaa presence o catalysts show an accele lon or settling)

period, the rate of which increase to reach maximum (TiCl,-AlIR, catalyst) or to reach
a more or less steady value (TiCl,-AIR,ClI catalyst). The nature of this acceleration
period is connected with an increase in the catalyst surface area. Spaces between
loosely linked primary crystallites of TiCl, (of 0.03-0.07 um size in the case of 8-
TiCl,), which form agglomerates (of 20-40 um size in the case of 8-TiCl,), are quickly
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filled with the polymer formed during the initial polymerization period. Under the
mechanical forces exerted by the growing polymer chains, the agglomerates undergo
disintegration into the pn’mziiy crystallites, which results in an increasing number of
active sites and thus in a higher polymerization rate.

Curves presented in Figure 2.4 testify to the large specificity of supported Z/N

catalysts regarding the kind of monomer. Some centers can polymerize ethylene do not

polymerize propylene (or higher\ | vf/ hich may also be differentiated by

particular catalyst centres, depending on i f the a-olefins, e.g. branched as
;

in 3-methyl-1-butene ;y;h %ﬂ& about the monomer

reactivity can be obtain merization rates without

simultaneous estimation offt
Many supported i aly vior similar to case B in

Figure 2.4; the polymeri < ma  dlso maximum value and then

- a4
b <

decrease more or less rapid
some homogeneous catalyst lymetization systems show no acceleration

nS almost constant with time; this is a

o

period but have a polymerizationfi:aﬁg-iat

e AN T N .
WA o .
rare case and relateshr}lr instance, to 4-méthLl-_>1£g‘nenzatlon with MgCl,-

 to cthylene polymerization

supported catalysts cor ning phthalate ester
with the szTiCIZ-[Al((Q3)o]X catalys

case). L U | _

Ethylenﬂnurgpl'lzl mﬂmigenﬂt;lfe]eﬁs Z/N catalyst are
characterized _byqajrather large distribufion of molecutar weights. The Mw/Mn ratio is
VAN DU AN DR EL e e

homogeneous metallocene catalyst display a much lower polydispersity; the Mw/Mn

om a short@ttling period in the latter

ratio usually does not significantly exceed a value of 2. Using of soluble vanadium-
base Z/N catalysts at low temperature polymerized propylene. Very narrow MWD of

the polypropylene has been found (the Mw/Mn ratio usually reaches valves of 1.15-



24

1.25) and a linear increase in its Mn with time has been observed, indicating a

noticeable living character of the polymerization.

The change in polyolefin molecular weight with time in polymerizations run
with heterogeneous Z/N catalysts may be, in principle, of two types: the molecular
weight increases for an initial period of time and then reaches a constant (e.g. the a-

TiCl,-Al(C,H,), catalyst) or the molecular weight continues to increase throughout the
duration of polymerization althou h\ | increase diminishes with time (e.g.
the &-TiCl,-Al(C,H;),Cl catal atter can be explained in terms of the

failure to reach a ?‘ zat;on system. Although the

polymerization rate inc e, ethylene and a-olefin
polymerizations in the arried out at moderately

elevated temperature, us : . is due to destabilization of

Katzen, S. _;.' et al.” studied nivim catalysts. The mixed

chromium catalyst m 1s invention consists different Qlca-supported chromium
catalyst compo eij f me by at least 0.3
ml/g. The pore@ ﬂ t§ ﬂ Elﬁ ﬁzj piﬁﬁn mponent is greater
than 1.0 or Eﬂ ﬁ ilica support
used fo@ ﬁc{jﬂ{ﬁﬂi il:ﬁ ﬁl?ﬁﬂgl d second
catalyst components present at a weight ratio from 5:1 to 1:5 and each containing from
0.1 to 2.0 weight percent chromium. The most useful experiment is mixing of
chromium catalyst supported on silica with 2.3 and 1.6 ml/g pore volume, which was

modified by zirconium. After polymerization of ethylene, the resulting polymer shows

MFR around 375.
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Benham, E.A., and Mcdaniel, M.P. T studied processing of making bimodal
polyolefins using two independent particulate catalysts. Chromium and titanium
composed in catalyst mixture. They found that 1:1 of 'i:i:Cr catalyst can be used for
ethylene polymerization and the resulting polymer shows MFR around 165.

Abn, T.O., and et al. i investigated 2 steps polymerization by two types of
catalyst. They used titanium-vanadium catalyst with TEA (Ti-V/TEA) for first step

and dichlorodinitropentadienylzi hylaluminoxane (CpZ/MAO) for

second step. The resulting H an HDPE from each catalyst.
—

Table 2.5 shows this result. ifferent hydrogen sensitivity

of catalyst.
Table 2.5 Results of eth : i by sequenti dition of CpZ/MAO and
Ti-V/TEA cata ation times
Catalyst Mw/Mn
Cpz 4 29
CpZ -> Ti-V+- ) 7.3
;. —
CpZ->Ti-V 30 30 75
v,
CpZ - ~ = | ﬂ §5.0
Ti-v i.ui Hq:] a Io'E I I § I EE | 5.1
]

ARSI ANIANENAY

studied mixed catalyst comprising a chromium catalyst and
Z/N catalyst and it gives significantly broader MWD polymers when used in the
polymerization of ethylene, to particularly HDPE homopolymer and HDPE
copolymers of ethylene and higher olefins. The chromium catalyst comprises a
chromium compound on an inert support as silica and Z/N catalyst comprises an

aluminium component and a titanium component on a magnesium oxide support in
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which the weight ratio of chromium catalyst to Z/N catalyst is from 3:1 to 15:1 for

maximum compatibility. Table 2.6 shows result of this study.

Table 2.6 HDPE MFI, and melt flow index ratio (MFR) with chromium and Z/N

catalyst ratio
(Cr) /(Z/N) MFI, MFL, MFR | Density
weight ratio | (gx10 mini), | | in") (gxml™)
‘ N | 112 | 0952
3.13 37260 120 | 0970
10.5 . ' RGNl 83 0.958
103 L (/) 3 50 5 st | 0952
106 LA o0 T 145\ s | 09ss
ﬁiﬁfz, \"‘._

Fereres, M.G., and ¢f a Méﬂ: ’ ] ; ‘ olefin polymerization using
supported and non-support ¢ ﬂ ‘J/:‘ it titanium complexes. This
investigation found that the form; ot gt ecular weight polymers was found
. AT
in the heterogeneous syst ugrparent for polyethylene
and polypropylene. But1 3 ' flonomer.

Bosowska, K., andiqNowakowska, M., = o studied effect of catalyst composition

o oyt o S BL 3N I TSRS ot roveti

properties depen&d on Mg:Ti molar gmo For Ti: M =0.1, tltamuuhjltalyst shows

i TP VP Y Bn

Table 2.7'shows the results from this investigation.



Table 2.7 The influence of the catalyst composition on its activity and properties of

obtained PE
Ti:Mg Catalyst activity Tm
(mol/mol) (kg PEx g'l Tixh") | CC)
0.1 70.0 138.8
0.5 66.2 141.0
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