CHAPTER 11

THEORY

To really understand the importance of the so-called “single-site” catalyst, it is
necessary to look at the difference between these catalysts and the “multi-sited”
Ziegler-Natta type catalysts. In the Ziegler-Natta catalysts, which are heterogeneous,

the active metal center occupies sition on the surface of the crystal.

Polymerization at the active site is i electronic and steric environment

of the crystal lattice. Becau

— J AR
sites, they tend to give prod tth a roa%eight distribution (MWD)

and also, for example r distribution in olefin

copolymer.

The example

endowed with a very ation. In the case of the

propylene polymerization, with a low stereospecificity

(40-50%).11

Bls(cyclopentg‘genyl)group v m*étal _ > currently introduced in

industry as a new g' : for the polymerization of
olefins. Ziegler-Natta cat lyéis apid po yme@ation of ethylene and -
olefins with the aid and in the.coordination sphere of a metal catalyst, operating at low

pressures (up tcﬁounﬁjaﬁa WEH}Q}@ 1@ 'Haﬂi%) The group IV

metallocene catalysts make polymer‘ss accessible Wthh cannot be produced by
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From 1984, when the stereoselective polymerization of propylene with
zirconocene catalysts was first reported, the synthetic, structural, mechanistic and
applied research on metallocene catalysts has been highly visible in organometallic
_chemistry. A central piece of work in zirconocene catalyzed polymerizations of ot
olefins was the elucidation of ligand effects, the correlation of the steric situation at
the Cp-ligand with the polymer parameters, such as molar mass, molar mass

distribution, comonomer insertion and distribution, and especially the tacticity. With



metallocene catalysts the polymer parameters can be tailored through a rational ligand

design at the transition metal center.

The zirconocene complexes are not catalytically active by themselves but
require the action of a cocatalyst. The cocatalyst is methylaluminoxape, élbbreviated
as MAO. The novelty of metallocene versus classical Ziegler-Natta catalysis is best
summarized in the word ‘single-site catalyst’. This means that the active catalytic
sites in the molecular zirconocene species are almost identical, whereas classical

Ziegler-Natta catalysts are hete o:;. € just by the phase (as solid state

nt environments at comers and

edges on the solid su llocdle Wre sometimes also termed

‘homogeneous’ referring ili eir single-site character.
Looking more i ' thy i tallocene based catalyst,

significant analogies bu n be identified with the

give rise to insertion

polymerization, that can be ifidd 2 d ionic reaction with the

al Ziegler-Natta and

metallocene catalysts can be summarized

R A i

charactgrized, both from the chemical and the structural pomt of view.
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more easily modified in the case of metallocene based catalyst.
4. The chain growth mechanism implies two coordination sites in the case of
metallocene based catalyst, while only one is available for the titanium

anchored on the MgCl, surface.



5. The homogeneity of the catalytic centers, in the case of metallocene based
catalyst (single-center catalysts), allows the preparation of polymers with

narrow molecular weight distribution and chemical composition!"’.

2.1 Metallocene based catalyst

Figure 2.1 Typical chemical structure of a metallocene catalyst.



The use of metallocene as homogeneous polymerization catalysts has
dramatically improved the understanding of mechanistic features such as the nature of
the active sites and the influence of ligand structure on the regio- and
stereoselectivity. One of the many advantages is the controlling of activity, molecular
weight, polydispersity and microstructure of the resulting polyolefins-by structurally

well-defined and on the molecular level modifiable metal complexes.

2.2 Half-metallocene ca@‘”////

It is well known

f the metallocene systems

generally associated w1t 1g and systems. However, they

lll tadieny
occasionally turn into a diS / e “

electronic and steric

1c and highly consistent
4\ gnly

tallocene unit has long been

recognized to cause substantiz | b g - etal-centered reaction site.

back” by a dimethylsilanediyl lmlg*gs ! - nger-type ansa-metallocene
complexes. In order to alleviate ths -'" onst inf of the metallocenes, one could
utilize, in place of two cyclopﬂ;:agﬁ_’eﬁyl’f : I8, one cyclopentadienyl ligand that
contains an additionalscpordinating site X or L tethered-te “the periphery of the five-

Y

membered ring via a bfidg c-electron, L and L are

two-electron ligands (usis g the neutral ligand formalism);-and Z is a covalent bridge

of appropriate length 2 Such “bidentate ligands may form chelate
M 111kt 170 1 Vo ok
L are both mterac%'lng with one metal genter.

ammnmummmaﬂ



The replaceme moiety in a bridged bis

(cyclopentadienyl) lig via a bridge Z, results in
ligand systems that form » sa-metallocenes and the
simple half-sandwich comp 7 1gure 2.3). The amido group is a
three-electron ligand, in con 6 the a f selectron L,X-type cyclopentadienyl

ligand.

ﬁmmmmnwmay

(a) (b) (©

Figure 2.3 Relationship between (a) ansa-metallocenes, (b) linked amido-

cyclopentadienyl, and (c) half-sandwich amido complexes.
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2.3 Non-metallocene catalyst

More recently, some new complexes with non-Cp ligands are also claimed as
the catalysts for olefin polymerization. The advances in the design and synthesis of
well-defined transition-metal complexes have spurred the rapid Qeveiopment of
highly active olefin polymerization catalysts. Thus, quite a few highly active olefin

polymerization catalysts based on both early- and late-transition-metal complexes

have been developed. Notable examples are nickel complexes with diimine ligands"

(121 iron N It GO xes with diimined-pyridine ligands

[15]

or phenoxy-imine ligands
‘4 phosphine-imide ligands

(31 titanium complexes

zirconium complexes wi% 1€ ’-ﬁgnoxy) -amine ligands"”, and
tantalum complexes with amig di if ‘-T--gg?omplexes display activities
comparable to those o em;NL ata ysts These complexes are
considered to have m atalyst for the monomer

coordination as compar e complexes may be thus

Early transition eta exes suc i€ catalysts are extensively
used for the coordinati i)o y -olﬁns such as ethylene and
propylene. These comple&es are difficult t handle and incompatible with polar

monomers due ﬂ Flﬁa %\‘ﬂ ﬂwdﬁlw m ﬂnﬁ‘ Recently, intensive

research activitiés have been focused on late transition metal complexes as
polyme ﬁtmomynﬁw ﬁ-r?q 8?«1 Jarrﬂze 1-olefins
due to @nﬁjﬁ onl'®

Some of the most readily accessible diamido/donor ligands are of the type
[(ArNCH,CH,),D]*, where D = O!"?% s% or NR (R = H or Me)*"*? and Ar is a
- sterically protected aryl such as 2,6-iPr2C6H3 or 2,4,6-Me;CgH,. Ligands in which D =

NMe are especially attractive in view of the greater steric protection that is exerted by
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the substituted central donor, the presence of one lone pair on the donor, and the

relative rigidity of the tridentate ligand framework.!®’

An important advance in late transition metal polymerization catalyst
technology was described by Brookhart and co-workers, who showed that Ni(II) and
Pd(II) complexes incorporating bulky o-diimine ligands are capable of polymerizing
ethylene and oc-olefins to high molar mass polymers.>*! Moreover, iron was used as

a polymerization active center due to its} ost and ready availability. There have

c
%ﬂﬁzaﬁon catalysts based on iron

32 The design of the Fe and

14-electron alkyl cation is

been reported study on highly
(II) and cobalt(II) bearing
Co catalyst systems is bas
commonly postulated as i acies. f - 0-olefi lymerization. An example
in the use of a Group 8 N

ligand.

2.4  Nitrogen-based I

_’,,l‘.rl‘_,a,a' ._,,}  fla '.‘

The attendant :ligands inJ | complexes have four

important roles:

| i ﬂ
a. Control olr the metal coordination numbe

, SIS

o Sterlc protection of the active site, and influences over (stereo)
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By way of example, consider the series of active zirconium procatalysts A-C
(Figure 2.4). The choice of chelating dianonic diamide ligands allows zirconium(IV)
dichloro fragments to be stabilized either in a pseudo-tetrahedral environment for A or
“in distorted trigonal-bipyramidal environments for B and C. Moreover, the choice of
an ether or pyridyl bridge influences the relative dispositions of the metal-attached

atoms. In the case of B thereis a trigonal arrangement of the N,O,N atoms of the
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ligand with the oxygen occupying the axial site of the trigonal bipyramid, while in the
case of C the N,N,N tridentate chelating ligand binds in a planar arrangement, thereby
leaving the chloro ligands to occupy the equatorial sites,of the trigonal bipyramid. The
ligands present in A, B and C may be represented as [N',N7], trig-[N,O,N’], and
planar-[N"N,N], respectively.

|
Ar N
\Ar
A [N NT] planar-[N " ,N,N ]
Figure 2.4 Exa to illustrate the ligand
24.1 Amide llgands 53 ‘_;,,i v
A formal low u-..-m-;:;_‘;:;:;.:';z::;x‘ tron species; compared
with 14-electrons for [Cp Or& electrophilic and therefore

J

potentially more active eatalyst fragment.

N VT DRI (Y —

featuring either %methylsﬂyl or- bg.lky aryl substltuents on mar‘ggen Moderate

- WIS £ ER 11 L

cocatal he various catalyst precursors are shown in Figure 2.5.
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Figure 2.5 Group N7, N'] ligands.?%
Olefin polymerization ned with these complexes vary
significantly and decrkﬁq in the are very low to low in

with the biphenyl derivaE/e 0. : oyﬁ moderate activities (50 g

mmol'h'bar™"); no polym‘mI'iézlition activity gﬁ}a has been given for the titanium
analogue. Com u&tﬂgn% Elc?fllﬁlwm ﬂﬁ to be considerably
more active (IOiﬂ mmol 'h'bar”) than its carbon backbone analogue 7. A lowering
e R Se da
believed to be the or this™sili cts”. he-dia plex 2, no
activity da?a on ethylene polymerization is disclosed, but o-olefin polymerization

results indicate very high activity.

For the titanium complexes, living polymerization of 1-hexene has been
reported. The silicon-bridged diamide complexes 3 also form highly active ethylene
polymerization catalysts (990 g m mol'h'bar™"). Polymerization activity and kinetic

profile are dramatically influenced by the chelate ring size. Both systems contain
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bulky aryl substituents on the nitrogen donors which probably provide steric
protection to avoid attack of the cocatalyst (MAO) on the amide ligand. Such an

attack may cause catalyst deactivation either by complete loss of the ligand.

2.4.2 Combination of an amide ligand with other ligands

2.4.2.1 With additior W Y, N7

Three different syst ec?B re ate of a group IV bis(amido)

complex with an additio pyridyl, or ether donor —

incorporated in the liga

Figure 2.6) developed b ' : r and planar-[N", O, N'] (complex
13) developed by Boch ) wor | moderate activities in the
polymerization of eth 40(g ! respectively). The ethylene-

bridged [N!, O, N"'] sy
X = Me) as well as the t

ethylene polymerization ha jengiven. T - analogous aryl-bridged ligand rrig-
[N, O, N''] (11) has shown m(lv —act 100 g mmol'h'bar™). Interestingly,
an additional pyrldyl donor bﬁtwéentha ords very high activities

activities for the polymjzation of e bly du%) reduction to titanium. A

recent example of a ZlI‘COplEl complex con@ymng a [N', N, N"] type ligand (14),

synthesized byﬁr%ﬂaq %%{' ‘ﬁj w EJ ﬁ}\ﬂ fj be inactive in the

polymerization of!1-hexene, leading ‘tp the concluswn that the donor group should

CRNTANT TUNHIINYIRY
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24.22°W

J— — 1‘
An important ¢lass ¢ AlySts has been developed at

Dow and Exxon, by combining Cp ligands with an amide functionality [N’, Cs] to
form a hybrid zﬂﬁ atalysts”(CGC; 185,
Figure 2.7). Thﬁ ﬁeﬁ ﬂwmﬁﬁ:ﬁ ﬁol 'h"'bar) and are
under development for commercial exploitation. The,titanium complex 15 (M = Ti, X

e Then Gaad) N A, ] bl bmbiof ot 1-hexene

comonom J

Teuben and Green have used a carbon linkage instead of silicon (16), and
Okuda investigated a series of different Cp analogues (17). The copolymerization of
- ethylene and styrene has also been reported. Like metallocene, these constrained-

geometry catalysts have been the subject of several theoretical studies.
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Figure 2.7 Group IV procat ich amide [N, Cs7] ligands."”

An amidinate liga . ->- ionfe six-ele » ligand, can formally be
regarded as a combin idp and an'ir = donor. Only a few examples
have been studied, eitherwi nethyl sut i O M\ backbone and cyclohexyl
: backbone and SiMes groups at

nitrogen (18, Figure 2.8). T 3 ‘:’_:=. y ferate activities have been obtained.

Polymerization of styrene with th cse complexes,has also been reported. The imine
moiety of the amidinate, lig also be part matic system, for example a

sands (19). The complexes

ow agijvity.
} ﬂuggﬁﬂﬂswa@gg
QR un i Tisde

R =Me, R =Cy \ /

R = CgHs, p-CH;CgHy, R’ = SiMes

pyridine or pyrimidi y_
containing these li gandsﬁowe ve

18 [N, N, ] 19 [NN " NN ]

Figure 2.8 Group IV bis(amidinate) procatalysts.”"
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2.4.4 Combinations of an amidinate ligand with other ligands

Electronically related to the constrained-geometry catalyst combinations of
amidinate ligands with. other ancillary ligands (20-22, Figure 2.9) have been studied.
Moderate activities have been obtained, using either the dihalide precursor 20 in

combination with MAO or the dimethyl precursor with B(CgFs);. Polymerization

results for propylene and 1-butene show
Complex 22 shows moderat | mmol 'h'bar’) for ethylene

r; arkably high activities using catalyst 21.
.M'« -

polymerization, whereas the ZIrc i Plex was reported to give very
- T —

low activity.

20 [Ny'.Cs] 2ENNNEK. 22[N; X ]

ATRTT ‘
St el 5 ; 3
Figure 2.9 Group Iyamonn(i&ﬁi’m'm) ex r ancillary ligands.””!
k : ‘

2.4.5 B—Diketiﬂate ligands [N, ]
In 1993 i o = thesisiof-cationic d° group IV
metal alkyl cﬁp‘gﬂ iﬂﬂﬂﬂ:ﬁiﬁ ﬂ:]cmligands and their
applicati lefin_pol iZ 'cﬂ ysts. s? iketi sﬁﬂ regarded as
higher hﬁnmgrazﬁﬁaﬁl ijs%?:je irﬁ ﬂjl \ ngZr complex
23 is aboﬁt 30 times less active than CpZrCl,, thereby falling in the category of

moderately active catalysts. Well-defined cationic complexes of type 24 have been

reported to exhibit only very low activity for the polymerization of ethylene.
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E%Zr@ /Zr\-—R
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AN AN
23 [N, ,Ny] 24 [N, ,N;7]

W

iketimate) li gands.Bo]
———

Py

propagation, a narrow r'm cu

The fir ‘ﬁ Vi )f in jwith i chain length was
disclosed by Dﬁﬂi,ﬂno mﬂm emﬂjcnﬁnof V(acac); (acac =
acetylaceto | nd Al(C,Hs),Cl 'at émperatures below —65°C for thé polymerization
ML o R E it i aiak [T TAF WA
react wi:ln additives such as I, and CO to give terminally functionalized
polypropylenes. In addition, this new type of living polymerization has been applied
to the synthesis of well-defined block copolymers such as polypropylene-
. polyethylene, polypropylene-polystyrene, polypropylene-poly(methyl methacrylate).

However, the activity of the catalyst was relatively low for the synthesis of living

polypropylene.
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The living polymerization of an aliphatic o-olefin at room temperature is

achieved by complexes of the type [RN(CH;);NR]TiMe; (R = 2,6-iPr2C6H3; R =2,6-

Me,C¢H3), when activated with borane cocatalyst.

R R .
O
Ti —— 1)
VY + B(Cg¢F5)3 —m8 ——
Me Me 23°C Ly X

1a,b

(a) R = 2,6-'Pr,CH

<b>R=z,6—Me2:7
The measurem: . ‘: i the polymerization of 1-hexene

with the catalyst system §1in.a S mixture of toluene/1-hexene (Figure
2.11) gives a linear rel » e, indicating that the system is
living. A significant increasing in | 50 y, a & e dec ihing monomer to catalyst
ratio are likely responsible for this obsérvati additional monomer and solvent are

crease (>500,000) with no

added periodically, the wiafs! jatinue Lo

| Figure 2.11 Time dependence on M, for the polymerization of 1-hexene with 1b/B
(CeFs)s.
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Moreover, the zirconium complexes with  2,2’-ethylenebis(N,N’-
(triisopropylsilyl)anilinido) ligand conducted the living polymerization of 1-hexene at
~10°C, [1: 1’ - tert — butyl (dimethylfluorenylsilyl) amido] — dimethyl - titanium ([t-
BuNSiMe,Flu]TiMe,) also conducted living polymerization of propylene and 1-
hexene combined with tris(pentafluorophenyl)borane (B(CgFs)3) at =50°C in a highly

regiospecific manner®”,

Hagira et al. ) ysed I ﬁlyst to polymerize syndiotactic
polypropylene, when they | 2y st and lowered the reaction
on \ d. Polypropylene with Mn =

90 kg PP/mol Tih were
mer/mol Ti.h), M, = 26,000

temperature to —50°C, t
20,000 g/mol, MWD
reported. For poly(1-h
g/mol and MWD = 1.10

Scollard and McCo reported the living polymerization of a-olefins by
| ated by MAO, the catalysts
xene. Replacing MAO with a

chelating diamide compl
showed high activities in t
borate anion resulted in the livii a-olefins at room temperature.
Fairly high ~;;;;;1;:;:’*":"--’*"*-.E":--:-:-r:-r Gp/to 160,000 and narrow

e ————————— -
P
MWD (1.05 to 1.09)‘ 4 . ’

ﬂummamwmm

@ﬁa@ﬂmw%méﬁm .

|
R
R/= n-Hex
R= 2,6-iPl‘2C6H3
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Baumann e al.® reported on the Ti and Zr complexes that contain the
tridentate ligand : [NON]ZrMe,. These catalyst complexes can be activated by B
(C6Fs)s and used for ethylene polymerization (activity 800,000 g mol'h?) and 1-
hexene (activity 200,000 g mol'h™). Molecular weight for the poly(1-hexene) is

reported to be around 45,000 g/mol and the MWD =1.2.

tBu —N\ /N— tBu

‘htll_

CHy—C—NH
D;C

#1JHJ‘- :

' .n:"‘f

e and hexene polymerization.

I Jlj
2.6 Cocatalyst anJmitiating step in polymerizati

Cocatalﬁﬁ&le’ﬁ %ﬁm ﬂ cene. They can be
and boron compou

classified into 2 fhain groups; alummu n cocatalysts

ARIANIRI A INENAE

Methylaluminoxane (MAO) is the famous cocatalyst in this group. It is the
product of a careful reaction between trimethylaluminum and water (from a hydrated
inorganic salt; Al;SO4.16H,0, CuSO4.5H,0, FeS04.7H,0). From many different
analytical investigations, cryoscopic measurements, GPC and NMR analysis, one can
hypothesize that the MAO structure is composed of a mixture of linear or cyclic

oligomers of MeAlO units or a metallocene in a host-guest complex as in Figure 2.12.
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{-All-O- } Me{A|l-O }AlMeQ
n

m

Figure -

on of the halogenated metallocene

onds, and an excess of MAO leads

The first function of the MAD is the :
complex. Monomethylation tak J rﬁ;w ;‘g:

to dialkylated species;

cl Viou = ’ef‘ | Me
= AAC
szlv<Cl - — = szN(Me 3)

Me

‘a /
It is geneﬁluﬂtgﬂr;hﬂ&] joﬂwﬂ‘r’lmo d with a molecular

weight between lﬂOO and 1,500 g/mol. It would appear as if the MAO complex can
seize a rﬂhw&q:’ﬁ Qf ﬂ zﬁ Ca}rgd % Qtaomeﬁlo%a z%_l«\lL‘{ anion
which can 'distribute the electron over the whole cage, thus stabilizing the charged

system:
Me

Me Me -
CP2W<M e CP2N<M Ao =7 CPZT/ . _—~Ahuo (4)
e e e

The forfned cationic LyM(Me)" is generally regarded as the active center in
g

olefin polymerization.
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2.6.2 Boron compound cocatalyst

Other bulky anionic complexes which show weak co-ordination, such as
borane {B(CgFs);} and borates ([Ph;C][B(CeFs)s], [PhNMe,H][B(CgFs)4]), play an
increasing role too. This is evidenced by the formation of highly metallocene catalysts
when using anionic counterions such as tetraphenyl borate (C6H5)4B;, carborane or

fluorinated borate. Typically cation metallocene complexes can be formed by

reactions of perfluorinated triphenylborane  {B(CgFs)3} or trityltetrakis

(pentaﬂuorophenyl)borate([Ph3C][W’f?//

C))

, j )
A further funct'i active complexes formed

by hydrogen transfer reactions. In solution, the combination of MAO and metallocene
leads to fast complexati fﬁ lati § velution of methane and
a catalytically @nﬁ 2Y]ﬁm( mﬂpﬂnﬁl with MAO to form
Zr-CH;" and Al- Ciﬁ -Al structure Which ﬁplamﬂw ﬁ a la;gle excess of MAO is

caund] WTANTI 3N

2.7 The active site

It is generally agreed that the catalytically active species in olefin
~ polymerization is a coordinatively unsaturated cationic alkyl complex [L,MR]*. To
generate such species several methods can be employed; three different routes (A, B

and C) are shown in Scheme 2.2.



24

Scheme 2.2 Three différe > catz acitive species [L,MR]"

i at unsaturation.

Route A mvo es abatinetioid igand (e.g. a halide) and its

—

dfion. Common reagents are

¢BF, ﬁAgOSOZCR (AgOTY) for

substitution for a “non€oord
Na[B{3,5-(CF3),CoH; }g or siive

the late transition metals. ¢

o M EADEN TWEIN T

anion. Reagents used for these ‘iliaJnds areg=for exam E(Ie APh;C][B(C¢Fs)4],

e IO el 33 Crocaio ] & BT hwnereas e

trityl reag'!mt is an abstracting agent, the anilinium salt and the acid remove the alkyl
ligand by protonation. In the case of B(C¢Fs); the alkyl ligand is only partly abstracted

leading to “cation-like” catalytic species.

Route C is a combined alkylation and abstraction process, which can be
achieved by treating a dihalide procatalyst first with an alkylating species and then

with one of the aforementioned alkyl-abstracting agents, for example a
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trialkylaluminum compound followed by B(CsFs); . Some reagents can perform both

processes, for example, alkylaluminoxane (MAO).

2.8 Possible chain propagation and transfer pathways in polymérization

2.8.1 Propagation step

These mechanism are:
1. The direct insertion"mechanism pro >d by Cossee and Arlman.
nd Rooney.

posed by Brookhart and

2. The metathesis i
3. The modified

Green.

ﬂuﬂﬁwsﬂﬁwaWﬁﬁ
ATAASAIUURAINIIA o
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H H P+ olefin H P
M}-C-P M=C. =—=  C]
R R | R
olefin H,C=CH,

M gh "
A «
— .
.
.
: ~
LN
~

i “
A

e ,‘.1- 73

+ C=C

ﬂ‘HEl”JVIEWﬁW Eﬂ'ljﬂ\'i

QWWMW%@JNWI"JWEJ%EI

Figure 2.15 Modified Green-Rooney mechanism
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2.8.2 Chain transfer and termination steps

Scheme 2.3 shows the polymerization mechanism, that is , the chain propagation

and the possible chain-transfer pathways.

f?H transfer to metal (B)

(©
LM

wﬂuﬂfmﬁmsw mm: o

ammm Vi e
N i

¥

¥-

B-H transfer to metal (C)

B-H transfer to monomer (D)

Scheme 2.3 Possible chain propagation and transfer pathways.
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In pathway A, a Cossee-type propagation mechanism is assumed, involving
migratory insertion of ethylene into a metal alkyl bond, whereby the rate has a first-

order dependence upon the ethylene concentration.

Four different chain-transfer pathways can be distinguished. Two involve
kinetically distinct B-H transfer to metal processes (B and C), a third f-H transfer to

monomer (D), and a fourth chain transf

pjuminum (E).
1s a c@ain-transfer process, especially
. —

e action is unimolecular, that

B-H transfer to met

for late transition metal cat

is, independent of mon t the subsequent step, the

associative displacement er, is fast and therefore is

If this is not thes€a S CI 1= CI' Proce ecomes a -H transfer to

metal of type C, which is | from (-H transfer to monomer -

(D). These chain-transfer olecular, that is, first order in

oen, pos

monomer, and the latter (D) héa__s;m

B = -.(ﬁ .
l.:;l_ '

reviously for certain metallocene

catalysts.

The fourth, lessgmmoh' C action i@hain transfer to aluminum

(E). This process has alsp, been observed ,for Ziegler-Natta systems, group 4

metallozenes, ﬂiuagnﬁge% B%ﬁeﬂaﬂ’q;ﬂ ‘ﬁ\e alkyl aluminum

concentration. THis pathway involve%, formation of an alkyl-bridged M--Al species,

which Q\Wﬂ mmrﬂ be]ﬁtwﬂw é”eﬂalkyl group,

while a vagant site is still available at the metal center.

In general, S-H-transfer reactions, to the metal (B and C) or the monomer (D),
give one unsaturated chain end per polymer chain (vinyl end groups), whereas chain

* transfer to aluminum (E) results in fully saturated polymer chains.
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2.9 Catalyst activities

Catalyst activities are highly dependent upon the precise reaction conditions,
including stirring rate and the configuration of the reactor. Also, often little or no
information is given about the kinetic profile or lifetime of the catalyst. Information
about the catalyst’s kinetic profile is very useful in allowing the most appropriate
operating conditions to be chosen. For example, solution-phase catalysts generally

require shorter reactor residence time than for a supported gas-phase catalyst.
The activity available i / units of g mmol'h'bar™” and the
rating of activity ranging f a shown in Table 1.
g o g‘l’" ———
Table 1. Ratin ity | \

\)
Rating l l l ‘P ﬂ:‘f;,ﬁ{‘% ol "h'bar]

very low

low
moderate
high
very - than 1000

I

100-1000
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