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CHAPTER|

INTRODUCTION

Since 1950, polymer materials have experienced a rapid development from cheap, low-
quality surrogates to materials that allow for new applications or replace established materials
such as metal, wood or glass because of their better properties.Otherwise the demands for the
plastics increase in huge quantities every year, [Soga-and Shiono, 1997]. Among synthetic
polymers, polyethylene is the mgjoi-polyimer and the largest of production in plastic industry
[Robinson, 2001]. Thus, it has«€hemical  stability and great range of physical properties,
polyethylene isthe large usage pelymer in many Kind of industry such as from the strong flexible
films and coating to rigid containers. it is the varigtri;on in molecular structure that results in this
range of physical properties. The first step of development occurred in the ability to control the
molecular weight in the commercCial scale of ethylene production’in 1930s [Bert et al., 1983]. In
1970s, the industry scale of linear low density polyethylene (LLDPE) was commercialized
[Staub, 1983]. The development of ‘indusitial |1 DPE has the largest going rate in all type of
polyethylene production until present [ Phitlip, 2001;,B'_uc,kalew and Schumacher, 2000].

Research and development of high-performance olefin polymerization catalysts has
contributed sgnificantly to the advancement of organometallic chemistry and polymer chemistry
and has made a dramatic impact ©n the polyolefin’/industry. More than 40 million tons of
polyolefins are produced every year using catalytic olefin polymerization. Historically, the
discovery of highly active catalysts resultsingthe commercialization of new,polyolefins. A recent
example is the discovery: af\group 4 metalocene catalysts, which display very high ethylene
polymerization activity [Sinn and Kaminsky, 1980; van der Heijden et al.1998; Shapiro et al.,
1994]. These high-performance ol efin polymerization catalysts have made poss ble the industrial
production of linear low-density polyethylene, isotactic and syndiotactic polypropylene,
syndiotactic polystyrene, etc.



Several studies comparing different group 4 metallocene structures in ethylene/a-ol€efin
copolymerization have been reported [Coevoet et al., 1996; Yang et al., 2005; Forlini et al., 2002;].
Neverthdess, the homogeneous catalyst systems based on metall ocene require high aluminum-
totrangtion metal molar ratios and extensive polymer washing, so as to remove resdual
aluminum. In addition, they are not suitable for industrial applications such as durry and gas
phase polymerization processes. Because most of the existing polymerizationplants use these
processes with heterogeneous catalyst systems, these soluble catalysts are unsuitable for the
production of polyolefins on an indusirial scale. To averceme this problem, metall ocenes can be
immobilized on inert or inorganic carriers such as aluminas, slicas and titanias,and zeolites
[Nishii et al., 2004; Kaminsky et al., 2001;.Soga et al., 1993]. These carriers have been extensvey
sudied for supported cocatalys fer years This approach should permit the replacement of
conventional Ziegler—Natta catalysts in ‘existing processes. Remarkably, usng immobilized
metallocenes should result in.the formation” of Uniform polymer particles with narrow size
digribution and high bulk dengty compared to t_hose provided by Ziegler—Natta-supported
catalysts [Hasan et al., 2002]. The heterogeneous metallocene system is necessary to produce
polymer particle of desired morphology to-aveid reactor. fouling with finely dispersed swelling of
polymers[JAMES et al., 1994]. :

In many inorganic supports, SIO; is perhaps the most attractive support so far. However,
the properties of dlica itsef may not be completely satisiied for al purposes based on the
polymerization activity and properties of the obtained polymers, [Greco et al., 2003] since some
intring ¢ undesirabl e properties, such as the'acidity ‘of various surface OH groups can lead to the
formation of the multiple active stes. Therefore, a modification of the support properties is

required.

In a previous study, the use of slane-modified slica-supported MAO with Et[Ind].ZrCl,
catalys for ethylene/oc-olefin copolymerization was investigated [Jongsomjit et al., 2004]. It
was found that slane modification resulted in increased activities for ethylene/1-hexene
copolymerization. In addition the copolymerization of ethylene/l-octene via zirconia

modification on the silica-supported metallocene catalyst was also studied [Jongsomyjit et al.,



2008]. It was found that the zirconia modification on the slica support apparently resulted in
increased polymerization activity. However, to the best of our knowledge only one study exists

regarding its use in combination with ol efin polymerization catalysts [Joao et al., 2008].

The objectives of this investigation was synthes's of various SiO,-based supports having
gallium with various weight ratios such as S0,-0% , Si0,-0.2% , SiO»-1% and investigate on
catalytic activities during the copolymerization of €thylene with 1-octene using various SIO—
based supported MMAO with zirconecene catal ysts

This thesis was divided into five chapters. Chapter | involved an overview of the use of
metallocene catalyst for the polyalefindndustry. | In Chapter 11, knowledge and open literature
dealing with metallocene catalys s‘for olefin polymerization were presented. The literature
review was accentuated metall o€eng Catal yst Systém used for copolymerization of ethylene with
1-octene. The experimental procedure as well as the instrument and techniques used for

characterizing the resulting polymers were al'so deﬁcrirbé'd in Chapter 111.

In Chapter 1V, the results on ethytene and il-ci:tene copolymerization usng gallium-
modified slica-supported zireonocene/dMMAQO ca'talryét's were presented. The influences of
introduction of gallium in the siica support on the catalytic activity and polymer properties were
investigated. The characteristics support and catalyst precursors usng N, physsorption, X-ray
diffraction (XRD), Thermogravimetric analyss (TGA), Raman spectroscopy, Scanning electron
microscopy (SEM), and,Energy-dispersive x-ray spectrometer (EDX)~and obtained copolymer

using Differential scanning calorimetry (DSC) and*® C-nuclear magnetic resonance (**C -NMR).

Finally, conclusionsof this work "and some recommendatirons for future research work

were provided in Chapter V.



CHAPTERI I

LITERATURE REVIEWS

2.1 Polymerization of olefins

Until 1950, processes for olefin polymerization were bases on a radical process at high
pressure and high temperature. Polymerization of ethylene under this condition (2000-3000 bars;
423-503 K) yields low-density polyethylene, a low melting, highly branched polyethylene,
containing both long and short chain branches (Smedberg et al., 2003). With propylene only
atactic, low molecular weight material gan be obtained. Ziegler found that ethylene could also be
polymerized using TiCl, and alkylal yrmini um. Theprocess yields linear polyethylene with a high
molecular weight. Natta proved thai the same type of catalysts also polymerized propylene
(Natta et al., 1995). The resulting palymer mixtufé s predominantly isotactic with addition
polymer fractions that are of a lower stereoregular'ii-fy' or atactic. Copolymerization of ethylene
with 1-hexene/1-octene with the titanium Ziegler c:étalji-/sts result in copolymers in which the
degree of incorporation of the alpha-olefin varies dQér' molecular weight digribution. Upon
reaction of a vanadium competnd, €g. V(acac)s (acac = acetylacetonato) or VCl,, with and
alkylaluminium cocatalysts a catalyst for the production of EP (copolymerization of ethylene and
propylene) and EPDM (ethylene-propylene-diene elastomer) are obtained [Gambarotta et al.,
2003]. The (homogeneous) system siows' high (initial) ‘activity, but is deactivated rapidly
[Milione et al., 2002]¢:An important advantage is that the comonomers are randomly
incorperated in.the, polymer, over-the.full range, of .the-molecular-weight, digribution. The
heterogeneity of Ziegler Naita system and' Phillip/Union Carbide type catalysts make them very
attractive for industrial application, and most polyolefin materials are still produced by means of
heterogeneous catalysts [Kashiwa et al., 2004]. These heterogeneous systems combine high
activity with an easy processability of the resulting product mixture and good polymer particle
morphology. The catalyst system contain various type of active stes with different geometries
and activities, which often leads to polymers with broad or polymodal molecular weight

digtribution or to mixtures of different type of polymers (e.g. mixture of atactic and isoatactic



propylene [Kissin et al., 2003]. Many improvements on the classical Ziegler Natta type catalysts
have been made over the lagt 30 years, and modern Ziegler Natta system allow a much better
control of polymer properties. Most of these improvements were achieved by empirical method
[Hlatky, 2002]. In 1957, the firgt article on homogeneous titanium-based olefin polymerization
were published by Brseow and Newburg, (1957) and by Natta and Pino (1957). When reacting
Cp.TiCl, with Et,AICI (DEAC) under conditions similar to those used with Ziegler Natta
system, a catalyst that polymerizes ethylene is obtal ned. The firss homogeneous system showed a
low activity, when compared to classical Ziegler NatlasSystem and was also not active in
polymerization of higher olefin. In eontrast to heterogeneous system, homogeneous catalysts
have a sngle type of well-defined aciive dies. Although heterogeneous catalysts are in general
industrially more practical, a higher conirol of \properties of the catalyst, and more detailed
kinetic and mechanistic studies areoss ble with well-defined molecular catalysts ("single site”
catalysts) [Krentsel, Nekhaeve and Russ, 19901,

2.2 Classification of polyethylene

Polyethylene (PE) is the mogt important material in plastic and polymer type. Normally,
polyethylene is classified to-three type according to its dendity-and ructure, high density
polyethylene (HDPE), low densty polyethylene (LDPE) and linear low density polyethylene
(LLDPE). The numerous studies show that the global market of L LDPE was increased in very
interesting rate about 10 % per anAum:[Richards, 1998].

Table 2.1 summarized the characteristic of three type of polyethylene. The different in structure
of polymer affects to-the, phys cal properties of polymer Je. density .of polymer and hence the
application of polymer. HDPE i the polymer that has very'less or-does 1ot have any branch in
the polyethylene backbone. From this microstructure HDPE has very high crystaline phase in
polymer morphology and highest density about 0.96 g/cm®. Polyethylenes which have many long
and short chains branching formed by radical process are LDPE. The amount of long chain
branching (LCB) and short chain branching (SCB) also affect the crystalline and others physical

propertiestoo.



Table 2.1 Dendty range, molecular dtructure, synthess, and applications of various type
polyethylenes [Richards, 1998].

Type of PE Density (g/cm’) Molecular structure Svnthesis Common uses
P V- Polymerization of ethylene on .

HPDE 0.945-0.965 Philips, Ziegler-Nattaand |, rﬁ:: flpe';j‘; l%e“rsr ﬁﬁg"tag
— -~ mefallocene catalyst ope =
£ Free radical polymerization of

»S_',?'_’_‘{i i?: f{‘ gthylene at high temperature Packing film, bags. wire,
LDPE 0.800-0.940 ”*\_ § ~ and high pressure sheathing. pipes.
- ,(}‘“ i3 waterproof membrane
bW e
-
\ . Copolvmenzanen of ethylene .
(VLDPEULDPEy | 09100925 ol with o Olefins on Ziegler Natta | >'°PPIOg Pag. Setch wrap,
’ /J\\L J and metallocene catalysts er
i |

* A family of LLDPE with dengty of 0.87-0.915 g/cm3

Normally, long chain branching has the main effect on the polymer viscosity and melt
rheology due to the molecular size and shape. On the gther hands, short chain branching has the
influence to polymer morphology ‘and‘solid" state properties of polyethylene. LLDPE was
produced by the copolymerization of ethylene and-,&_-.’_glefins such as propylene, 1-butene, 1-
hexene and 1-octene. Mostly, gde chain in LLDPE distributed in_short chain branching type by
non-uniformly with linear microstructure of backbone polyethylene chain. The properties of
LLDPE such as, thermal, physieal and mechanical properties depend on the digtribution of short
chain in the copolymer_and polymeér microstructure (triad and dyad distribution). Thus, the
several LLDPE grades are classfied by the primarity result via microstructure of polymer and

molecular weight of polymer



2.3 Catalyst System for Olefin Polymerization

In 1953 Karl Ziegler, who succeeded in polymerizing ethylene into highdensty
polyethylene (HDPE) at standard pressure and room temperature, discovered of catalysts based
on titanium trichloride and diethylaluminum chloride as cocatalyst, at Max-Planck-Institute in
Mulheim. A little later, Natta, at the Polytechnical Ingtitute of Milan, was able to indicate that an
appropriate catalyst sysem was capable of polymerizing propene into semi-crysalline
polypropene. Ziegler and Natta shared a Nobd Prize for Chemigry in 1963 for their work
[Kaminsky and Laban, 2001] with this so-called Ziegler=Natta catalyst. Ziegler-Natta catalyst
has been widdy used in olefin pelymerization; the coordination polymerization allows the
catalyst geometry around the metal center to control the polymer structure. In homogeneous
polymerization, the ligands of a.eatalyst dargely controls the geometry of an active metal center
on which the polymerization reaction @ceurs: HoWe\/er, when used the conventional Ziegler
Natta catalysts, the molecular strugture of the polymers cannot be controlled well because these

catalysts have different nature types of catalytic stes., .

Metallocene catalysts show in contfast to Zir’e’gter-N aita systems, only one type of active
dte (sngle-site catalysts), which produces polymers:wit?h narrow molecular weight distribution
and chemical compostion distribution. The structural 'change of metallocene catalysts can
possible to control polymer miiCroStirtucture, comonomer incorporations and stereoregularity.
These catalysts brought the way to expand possibilities of new olefin polymerization and good

property of the resulting polyolefins[Yano et al., 1999].
2.3.1 Metallocene Catalyst

Metall ocene,catalystsshave beenused to-polymerize-cthylene and o-0lefins commercially.
The structural change 'of " metallocene “¢calalyds can™ contrel’ compostion distribution,
incorporation of various comonomers, molecular weight distribution and stereoregularity
[Sinclairand and Wilson, 1994]. One of the greatest challenges in organometallic complex is to
synthesi ze the metallocene complex and apply for new polymerization technology with transition
group 1V metals. Metallocene complexes are become an important class of polymerization
catalyst in the research and industrial area since it have many advantage in polymerization such
as[He mut and Koppl, 2000],



1. The homogeneous nature of catalysts provides the active dStes that have the great
number of activity in olefin polymerization. Comparison to conventional Ziegler-Natta catalyst
or Philips catalys, it was found that metallocene complex gave the higher activity about 100

times.

2. Metallocene catalysts have ability to control the stereoregularity (isotactic, atactic,
syndiotactic and hemitactic polypropylene) of the polymers produced from prochiral olefins,
such as propylene.

3. According from the narrew molecular welght distribution of polymer about 1-2, we
can call metallocene catalyst as snglesitecatalysis.

4. Their potential for producing pelyolefin with regularly distributed short and long chain
branches in the polymer chain. These parameters determine the properties of new materials for
applicationsi.e. LLDPE and thus generate new markets.

5. Heterogeneous catalyst providethe differén't active sites than those in solution and can
have an enormous effect on catalyst activity and the Pproperties of the produced polyolefinsin

term of molecular weights, branching and stereospecificity.

2.3.2 Structur e of M etallocene Catalyst

Metallocene catalysts are‘thesorganometalli¢.coordination compounds in which one or
two m-carbocyclic ligands such as cyclopentadienyl- ring, substituted eyclopentadienyl ring, or
derivative of cyclopentadienyl ring (such as:fluorenyl and indenyl etc.) are bonded to central
trangtion metal atom. The cyclopentadienyl ring of metallocene singly borded to the ring-metal
bond is not centered on any one of the five carbon atoms in the ring but equally on all of them
[Gupta, Satish and Bhardwaj, 1994]. The typical sructure of a metallocene catalyst is
represented by Figure 2.1



Figure 2.1 Typical chemical structure of a'metallocene catalyst [Natta, 1957].
Where M = Group 4, 5 or 6 trangtionmetal (e.g. Zr THOLR)
A = an optional bridging unit censisting of 1-3 atoms 1n the backbond
R= hydrocarbyl substitueats or.fused ring 's_ystem (Indenyl, fluorenyl, and
substituted derivatives) | |
X = chlorine or other halogens from group 7or an alkyl group

Compositions and types of metalfocene -':’-ha\(e several varieties. When the two
cyclopentadienyl (Cp) rings on either sde-of the transtlon metal are unbridged, the metallocene
is non-stereorigid and it is characterized by C2v- syr’ﬁhﬁ'ry. The Cp2M (M = metal) fragment is
bent back with the centroid-netal=centroid-angie-6-about-140° due to the interaction with the
other two o bonding ligands (Pasynkiewicz, 1990). When the Cprings are bridged (two Cp rings
arranged in the chiral array and connected together with chemical bonds by a bridging group),
the stereorigid metall oceneyicalled ansa:metall ocene; coul d be-characterized by either a C1, C2
or Cs symmetry depending upon the substitutions on two Cp rings and the sructure of the
bridging unit as schematically illustrated [ Gupta, 1994] in the Figur e 2.2.
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C2-Symmetric, Type3and T e‘ 4: "i mtric) (C, italic. It is better to

draw all the structuresin a similar way) [Gupt al., 1994].
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2.3.3 Cocatalysts

Aluminoxane, especially methylaluminoxane (MAO) plays the very important role to
activate metallocene catalyst. Before the MAO was discovered, in Ziegler- Natta catalyst
alkylaluminumchloride was used to activate Cp,TiCl, but it exhibited the very poor activity.
Using of MAO as cocatalyst can promote the productivity of polymerization by several order of
magnitude. Otherwise usin of MAO, the other auminoxanes such as, ethylaluminoxane (EAQO)
or iso-buthylaluminoxane (iBAO) or modified methylaluminoxane was employed to use as
cocatalyst too. (Structure of MAO, EAO; IBAO and MMAO was shown in Figure 2.3).

e IlEl

Ay o)

MAO EAQ

i-Bu ; Me i-Bu
BEVE! oty ) (1o
1IBAC MM AO

Figure 2.3 Several kinds of MAO [Pasynkiewicz, 1990; Chien, 1976].

A metallocene, catalyst precursor can be activated with organoaltimoxanes, especially
methylaluminoxane " (MAQO)," which providestmaximum factivity.. Methylaluminoxane is a
compound in which aluminum and oxygen atoms are arranged alternately and free valances are
saturated by methyl subgtitutions. It is prepared by carefully controlled partial hydrolyss of
trimethylaluminum (TMA) and according to investigations [Pédeutour et al., 2002]. The
hydrolyss of AIR; (R = Me, Et, iBu) has been shown to proceed via the formation of an
akylaluminum water complex shown in Equation 1 [Scheirs et al., 2000], which subsequently
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eliminates an alkane to form a dialkylaluminum hydroxide complex. This rapidly associates to
givedimersor larger oligomersin solution as shown in Equation 2.

AIRz+H,O0 —>  AIR3(H0) (1)

AIR3(H20) - 1/n[RAI(OH)]» + RH 2

The dructure of MAO congsts mainly of units of the basc structure [Al403Me6]4,
which contains four aluminum, three oxygen atoms and six methyl groups. Although very
extend ve research has been carried out in both academia.and industry, the exact composition and
sructure of MAO are ill not entirely clear or well understood. The proposed structures for
MAO in the open literature (Chen and Marks,  2000) shown in Figure 2.4 include (1) one-
dimensional linear chains, (2) cyclie rings which contain three-coordinate Al centers, (3) two-
dimensional structures, and (4) three-dimensional clusters is based on structural smilarities with
tert-butylaluminoxanes, which formiisolable and X-ray crystallographically characterizable cage
gructures (5) (Sinn, 1995). A

,Me Me Me
Me._ OTA Y AL Al
Me+Al-O1-AIM - Al A Al
+ h €2 o) /"E"I""'--.."..e o xo/l‘n.of N
/Af 8] 4 Me ™ Me
Me
1 2 3
\
Al
e ™
\m/o"‘/ AN O\N /- , Bu
—_— E: B O— 4
| A/ L u\"°""'| &
N-QErA Y-8 N cocy' Mg y 208y
N1 el ol GAHAL
Vil v rd b Buts R
! —~pl Al N Al =T
A u
4 5

Figure 2.4 The general proposed structure of MAO [Sinn, 1995].
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Depending on the nature of the hydrated salt (the H20 source) used for the MAO
synthes's and the exact MAO synthetic reaction conditions; MAO activated metallocenes may
exhibit widely differing activities in olefin polymerization. The MAO sructure can hardly be
elucidated directly because of the multiple equilibria present in MAO solutions, and resdual
trimethylaluminum in MAO solutions appears to participate in equilibria that interconvert
various MAO oligomers[Giannetti et al., 1985].

Cryoscopy MAO molecular weight decrease after AIMes addition according to a linear
relationship, which is caused by disproportionaie reaetions [Tritto, 1997]. However, recent in-
gtu FTIR spectroscopy investigations do not indicate any obvious reaction between TMA and
MAO. Nevertheless, in light of its complicated, unresolved structural features, MAO is usually
represented for the sake of simplicityas having linear chain or cyclic ring sructures
[-Al(Me)-O-], , containing threecoordinate auminum centers [Chen et al., 2000]. However,
conventional MAO has very low soltubility in“aliphatic solvents as well as poor storage stability
in solution. To solve theseslimitss MAO can be modified. Commercial modified
methylaluminoxanes (MMAO), which “prepared by controlled hydrolysis of mixture of
trimethylaluminum and triisobutylalumingm; exhibi:t"improved solution storage sability and
improved solubility in aliphatic solvents ang can be prodraced at lower cost while providing good
polymerization efficiency [Chen et al., 2000]. Recm'tiy,' the modification by evacuated MAO
was studied. Dried methylaluminoxane (MAO) which was free ofMesAl, was more active than
the standard MAO system, resulting in a steady polymerization rate and giving higher Mw
polypropylenes. Additive effects of trialkylaluminum on the dried MAO system showed that the
polymer yield was increased by ‘the addition of i-Bu3Aland Oct; Al and-decrease by Me;Al and
EtsAl [1oku, 2002].

Cam and-Giannini [1992].investigated,the, role, of TMA spresent-insMAO by a direct
analyss of CpZrClo/MAO solution’in“totuene-d8 using 1H-NMR: Their observation indicated
that TMA might be the major alkylating agent and that MAO acted mainly as a polarization
agent. However, in general it is believed that MAO is the key cocatalyst in polymerizations
involving metallocene catalysts. The role of MAO included 1) alkylation of misallocate, thus
forming catalyst active species, 2) scavenging impurities, 3) stabilizing the cationic center by

ion-pair interaction and 4) preventing bimetallic deactivation of the active species. Ethylene/a-
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olefins copolymers with bimodal CCD were produced with homogeneous CpZrCl, with
different co catalysts such as MAO and mixture of TEA/borate or TIBA/borate. It seemed that
the active species generated with different co catalysts have different activities and produce
polymers with different molecular weights. Haricot et al. [2004] have investigated the
relationship between the supporting effects of MMAO in the living polymerization of propylene,
and invedtigated the additive effect of trialkylaluminiums in the [ArN(CH2)sNAr]TiMe;
metal oxide supported MMAO systems. It was found thet.the activity and the molecular weight
values in the presence of trialkylaluminiums were slightly.smaller than that of the corresponding
MMAO/SO, sysem due to the induction period. Because of a smal amount of
trialkylaluminium hindered the initiaiion.reaction. On the one hand, not only the aluminoxane
has effect to the polymerization behavior but the trialkylaluminum has the influence too. Shiono,
T. et al. [2000] have studied on the éffect of trialkylaluminum type to the characteristic of
polymerization. For example, the addition of Oct3Al and Et3Al increased the propagation rate of
living polymerization with [t-BuNS MeFlu| TiM e /_B(C6F5)3 system at 223 K.

On the one hand, not only the aluminoxane has effect to the polymerization behavior but
the trialkylaluminum has the influence, too. Liu et al. [2006] have studied on the effect of
trialkylaluminum type to the characteristic of pol;}méization, are investigated for ethylene
polymerization without MAO.or. PhsCB (CsFs)a. The effects of alkylaluminums, Al/Zr molar
ratio, polymerization temperaiure and time as well as the comonomer 1-hexene on
polymerization performance are examined. In appropriate range of Al/Zr molar ratio,the catalyst
system big(phenoxy-imine)Zr complex/trialkylaluminum shows high activity for ethylene
polymerization, which{approximates to bis(phenoxy-imine)Zr) complex'MAO system. Their
catal ytic activities depend on not only the nature, but al so the amount, of the trialkylaluminum.
Both the molecular, weights, and .the polydispersities(Mw/Mn) (of polyethylene produced by
bi s(phenoxy-iming)Zr ‘complex with' Et3Al, HesAl,"or MesAl are ‘higher than-those with MAO.
The nature, rather than the amount, of alkylaluminum determines the Mw and the polydispersity
of polymer in polymerization with the same complex. Unexpectedly, Mw of the polyethylenes
produced with big(phenoxyimine) Zr complex/triethylaluminum increases with polymerization
time. The catalyst system bi 5(phenoxy-imine)Zr complex/trialkylaluminum has low capacity of

copolymerization.
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2.4 M etallocene Catalysts
2.4.1 Classification of metallocene catalyst systems

Polymeri zation with metallocene catalyst can be arranged to 2 major types, the supported
system and non-supported system. For the non-supported system, the cocatalyst was a mobile
phase in the polymerization medium. On the other hands, the supported metallocene catalyst
system, the co-catalyst mostly was immobilized onthe©rganic or inorganic support. In the early
category, the activity was very highand easy to control the'molecular weight. These systems till
can divide to 2 subcategories, aluminoxane system and cationic metallocene system. To study
the metallocene catalyst behavior by‘Changing the substituie bridge or effect of activator are very
famous to pick the homogenous metaliogene catalyst system to Study, because it did not have
effect of interaction between inorganic support (silica or alumina) and metallocene catalyst
sysems.

2.4.2 Homogeneous metallocene catalyst Wlth aluminoxane systems

At the firg generation.of this system, metall ocene catalyst-was a smple model which
assembled from the cyclopentadienyl or substituted cyclopentadieny! ligands were n-bonded to
the central metal atom. The devel opment of metallocene catalyst was going on the synthess of
metallocene compounds. Bredow and Newbreg were the first researchers who apply the
metallocene catalyst for polymerization [Newburg ‘et’ al., “1957]~They used the soluble
bi5(cyclopentadienyltitanium derivative and alkylaluminum for ethylene polymerization.
However, it was-found that-the preductivity ofithese, catalyst system was-verylow and the low
molecular weight .of polymer to0. Moreover, these Catalysts systems did not show activity when
propylene was chosen to be a monomer for olefin polymerization. The breakthrough step of this
typical metallocene occurred when Kaminsky and co-workers observed that the addition of water
to trialkylaluminum in molar ratio 1:1 during the polymerization of ethylene could improve the
productivity rate in significance [Sinn et al., 1980]. It was known that the improved activity in

the event above came from the reaction between water and trialkylaluminum to produce
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akylaluminoxane in the sysem. Thus, Kaminsky and his group decided to use the
akylaluminoxane as the cocatalyst coupling with the metallocene compound. From this

combination, the next generation of metallocene catalyst was born.

It brought to the development in olefins polymerization  because
Metallocene/aluminoxane system showed the activity higher than conventional Ziegler-Natta
catalys. In addition, the produced polymer from metallocene sysem gave the narrower polymer
distribution than the traditional system:

2.4.3 Heter ogeneous M etalloeene Catalysts

Since Kaminsky discovered'the high activity Cp,ZrClo/MAO ethylene polymerization
system, metallocene catalysts have s owly evolved as procedures push to commercialize the
technology. In order to achieve the high activities, _the metallocene catalyst required excessve
molar Al to trandtion metal ratio (Al:‘M) of between 1000- 15000 : 1. Such ratio are
commercially unacceptable in terms of the cost and fhe amount of residues | eft in the polymer. A
sggnificant effort has been put into reducing the amount Bf MAO required and this has led to the
development of many systems with nonaluminum Cobétalysts. Significant effort has also gone
into heterogenizing the catalyst System by supporting the metallocene and cocatalyst onto an
inorganic support such as slica, alumina, magnesum chloride, starch, zeolite, cyclodextrin and
polymers [Chu et al., 2000]. Therefore, heterogeneous catalysts offer several additional
advantages important ta4ndustry, they improved product morphology and the ability to be used
in gas and/or durry phase synthess methods more than their corresponding homogeneous
metallocene systems:'Te overecome .the~preparation ~complexities of traditionally supported
metallocene catalysts,” metallocene can be supported in dtu,” which eiminates the need for a
supporting step before polymerization. These systems have a good catalytic activity, produce
polymers with a good morphology and high bulk density and do not cause reactor fouling
[Chuetal., 1997].
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2.5 Heter ogeneous System
2.5.1 Supported metallocene catalyst

Metallocene catalystsin dissolved form are in most cases unsuitable for the application in
an industrial scale. In order to use them in existing technical processes (drop-in technology) by
exchanging the conventional Ziegler-Naita catalysts,. metallocenes have to be supported.
Different methods are possible by usng MAO as cocafalyst (Kaminsky and Winkelbach, 1999;
Kaminsky and Laban, 2001).

(1) In the method of direct.helerogenization, the metallocene or a mixture of the
metallocene and MAO is anchoredaia.physsorption or chemisorption onto the support. In the
first case, the metall ocene must be activated by external MAO.

(2) The metallocene can'be spported by covalent bonding of its ligand environment to
the support followed by activation with external MAO The metallocene can be syntheszed
gradually as a covalent bonded spegies direct on the supporting material.

(3) Initial impregnation of - MAG onio 'f"t’_'m,é'_  Support followed by adsorption and
smultaneous activation of the metallocene (indirecff: heterogenization). In analogy to the
homogeneous metallocene catalysis, the bonding betweénthe active species [Cp,ZrCH3] * and
the supported MAO is ionic.-When performing the method ofrindirect heterogenization, no
further MAO hasto be added.
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Figur e 2.5 Supporting methods of metaliocenes: (1) direct heterogenization, (2) covalent
bonding on the support,(3) indirect heterogenization [ Kaminsky and Laban, 2001]

Metallocenes supported according to the method of direct heterogenization have been
known to produce polymers withs higher molecular weight than those afforded by the
homogeneous catalysts. ‘However, direct heteragenization has also been known to change the
polymerization characteristics of the metallocene, possibly by the interaction with surface
hydroxyl groups, Sacchi et ai. [1995] Carried out propylene poly merization,in the presence of the
isospecific Et[Ind}.ZrCl, and the aspecific [Ind]»ZrCl, complexes in solution and anchored to
SiO; and SIO./MAOQO supports. From the stereochemical analysis of the polypropylene samples
obtained it can be deduced that the same active species is formed when a metallocene is in
solution and when it is anchored to the SIO,/MAO support and a completely different active
species is formed when the metallocene is anchored to the slica. Difficulties can aso be

encountered in the covalent bonding of metallocene complexes. If they are successively
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synthesized on the support, chemically non- uniform anchor groups, such asvicinal and geminal
dlanol group, can lead to a mixture of different active species. The most promising method of
supporting isindirect heterogenization as the chemical nature of the metalloceneis changed, if at
all, only to a small degree. The polymers obtained by the method of indirect heterogenization are
very smilar to those obtained by the homogeneous system. Each metallocene on the support
forms an active center and the darting point for the growth of a polymer chain. The
improvements a supported catalyst needs to achieve in order to be accepted in existing
manufacturing facilities are the following (Chien, 1988):

(@) The supported catalyst system should have activity approaching those of the
homogeneous catalysts.

(b) The supported system needs i0 be more stable.

(c) The amount of methylal umi noxane haste be greatly reduced for economic viability of
the supported catalysts. _

(d) The supported catalyst should praduce hi gher Mw polymers at high temperature of
polymeri zation compared to those produced by homogeneous system.

(e) Polyolefins obtained in homogeneous processes have a very low particle size, as well
as a broad size distribution and low bulk density. Suppofied catalysts must be able to control the
polymer morphology. P

(f) The supported systems should have the capability of producing polymers having
desired broad or bimodal MWD for good rheological and physcal properties.

(g) Some supported metallocenes catalysts have been reported to cause fouling of gas-
phase reactors. Corrective measures must' be found.

(h) The steric comtrol of metallocene catalysts is determined by molecular structure. It
would be advantageous if:this can be controll ed-or even-altered by the support:
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2.5.2 Supporting M ethods

In the case of carriers like dlica or other inorganic compounds with OH group on the
aurface, the resulting catalyst displayed very poor activities even combined with MAO. The
reaction of metallocene complexes with the Si-OH groups might cause the decompostion of
active species. Such decomposition could be suppressed by fixing MAO on the silica surface and
then reacting with metallocenes [Ferreira et al., 2000]. Therefore, slica must be pretreated
before the interaction with metallocene, to reduce ihe.©H concentration and to prepare an
adequate surface for metall ocene adsorption and reaction in"a non-deactivating way [Ferreira et
al., 2000]. Metall ocene immobilization methods can be divided in to three main groups. The
first method is the direct support givcatal ysi onto an Inert support. The second method involves
the pretreatment of the inert supportwith MAO or other alkylaluminum followed by metall ocene
supporting. The third method, .the gatalyst is chemically anchored to the support, which often
involves in-gtu catalyst syntheds. These methods produce catalysts with distinct activities,
comonomer reactivity ratios, and stereaspecificities | -

2.5.2.1 Direct Supporting of tnert M ater;ial

[Collins et al., ~1992] reported that Et(Ind)2ZrCls; when supported on partially
dehydrated glica, reacted with surface hydroxyl groups during adsorption to form inactive
catalyst precursors and free ligands (Figur e 2.6). Therefore, the activity islower compared to the
case of using dehydrated;silica. Figure 2/7 shows the proposed structure Et(Ind),ZrCl, supported
on alumina. For the caseiof alumina, the activity of catalyst supported on dehydrated aluminain
lower than therene supported con-partially ; dehydrated alumina; The highs Lewis acidity of
aluminum sites on dehydrated alumi na facilitates the formatron of Al-Cl'bonds-and Zr-O bonded
species when the metallocene compound is adsorbed on these sites. However, the metal stesin

this case remain inactive even after MAO addition.



21

THE

" S S +
0 e g

Figure 2.6 Structure g a[Shan et al., 2002]

Figure 2.7 Structure ogﬂEt(l nd).ZrCl zsupported onaumina[Shanet al., 2002]
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stages. Firgt, the metallocene reacts with OH groups of the silica as shown in Figure 2.8.
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Figure 2.8 Reaction of dlica and-meialiocene during catalyst supporting [Kaminsky et al.,
1994], where L isaligand (Cp, Ind).

The second step is the alkylation by M AO,as shownin Figure 2.9

G | CH,
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-048i-0-ZiL,  +  CLALO-

g & I

Figure 2.9 Alkylati on of supported metallocene by MAO [Kaminsky et al., 1994]

The third 'step'is the 'dissociation-of 'the—SiO,-O-Zr- bond to'an ion/pair to form the
cation active center (SiO)-(Zr)*. The polydispersity of polymers produced with these supported
metallocenes are reported to be relatively high (5 = 8) due to different eectronic and steric
interactions between the slica surface and the metal active stes. The immobilization of the
zirconocene on silica inhibits bimolecular deactivation processes because the active dtes are
separated from each other. As a consequence less use of MAO is required, increased molecular
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weights are achieved due to the reduction of B-hydrogen transfer by a second zirconocene center,
and polypropylene of higher isotacticity and melting point is formed.

2.5.2.2 Supporting Catalyst on Materials Treated with Alkylaluminum

When glicais pretreated with MAO, the supporting mechanism is different. The
zirconocene is complexed to MAO supported on silica, which will make the catalyst similarly to
a homogeneous system. The polymersproduced in thisway-have lower molecular weights.
[Hiatky and Upton 2000] reported that supporting of the aluminum-alkyl free catalysts can
formed 2 complexes as shown in Figure2.10, (a) deactivation through coordination of Lewis-
basic surface oxides to the eectrophilie metal center or (b) reaction of the ionic complex with

resdual surface hydroxyl groups.

Cp,MR ¥
A
A r (a)
Cp M
I . RH
Cp,MR" + OH LI L0 4
it i (b)

Figure 2.10 Effect of surface hydroxyl groups on ionic metallocene catalysts

However, highly active supported ionic metall ocene catalyds for olefin polymerization
can be prepared by pretreating the support with scavengeriit is assumed that pretreatment of the
support with a ‘Scavenger ‘serves ta activate the suppart @and compatibilize it with the ionic
metallocene complex [Lee et al., 1995] used TMA pretreated-slica as the support for
metall ocene catalysts. The activity of supported catalysts showed dependency to H,O content in
glica, H;O/TMA ratio, metallocene, and cocatalyst. The supported catalyst was also able to
polymerize ethylene in the absence of MAO when common akyl aluminum was used as the
cocatalyst. The surface aluminum and metallocene loading was studied by [Santos et al., 1997].
About 7 wt% of MAO can be supported on silica when the initial amount of MAO in mixture of
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dlica was ca. 10 wt%. Depending on slica types, saturation of MAO supported on silica can
occur at lower MAO contents. [Harrison et al., 1998] compared a variety of slica and alumina
supports with different degrees of surface hydroxylation as the supports. It was shown that asthe
concentration of OH groups on the surface of the support increased, more MAO could be
impregnated and thus catalyst with more metallocene content could be produced. The most
obvious benefit of supported catalyst with more metall ocene was increased activities compared
to catalysts with lower concentration of surface hydroxyl groups (increased activities both in kg
PE/mol Zr/hr and kg PE /gsupport/ h). However, at-tugh.pol ymerization temperatures, leaching
of catalyst from the support was observed. In [ower polymerization temperatures, leaching was
less significant, however, the morphelogy and bulk density of the polymer formed were till
unsuitable for use in gas-phase pelymerization.| For the case of propylene polymerization, a
decrease in syndiotacticity was observed by [ Xu etal., 2000} when the metallocene catalyst was
supported on pretreated slica

2.5.2.3 Chemically Anchoring Catalyst on Support

[Soga et al., 1994] described a method té support zirconocenes more rigidly on
Si0,. The supporting steps are, as follows: 1) Silica was treated with SiCl, to substitute the OH
groups with chlorine atoms. 2)-The resuiting sitica was filtered and washed with tetrahydrofuran
(THF). 3) The solid was re-suspended in THE and a lithium salt of indene, dissolved in THF,
was added drop-wise. 4) The resulting solid was filtered and washed again with THF. And to re-
suspended solid in THE;! ZrCl4 2THF dissolved lin<THE was added.~The final solid part was
separated by filtration, washed with THF and diethyl ether, and dried under vacuum. The
supported catalyst preduced-inthis, way.-showed ihigher 4sogpecificity thansthe corresponding
homogenous system for propylene polymerization. MAO or ordinary alkylauminums were used
as cocatalysts. The yield was higher when MAO was used as the cocatalys, but the molecular
weight of the polypropylene was half of the molecular weight obtained when TIBA was used as
the cocatalyst (3.4x10° g/mol and 7.2x10° g/mol, respectively). Figure 2.11 shows the structure
of the slica supported metall ocenes.
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molecules[Lee et al., 1995].
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By distancing the active site from the silica surface, higher catalytic activities but lower
polymer molecular weights were obtained in comparison with analogous slica-supported
catalysts without spacer between silica and CplndZrCl,. [liskola et al., 1997] treated the surface
of partially dehydroxylated slica with a slane coupling agents, Cp(CH.)3SI(OCH,CH3)s, and
then immobilized CpZrCl; onto cyclopentadienyl surface formed on the silica to obtain a highly
active catalyst (Figure 2.13) for ethylene polymerization in the presence of MAO. Depending on
the calcination temperature and the modification methods, the catalysts show different activities
and produced polymers with different molecular-weghts. In general, when compared to
homogeneous Cp,ZrCl, systems, all"the supported catalysts showed lower activities, but the
polymers produced had higher molecular weights. On the other hand, when compared to
homogeneous Cp,ZrCl, systems, .ihe aciivities of the supported catalysts were smilar but
molecular weights of polymer pioduced ‘were" lower and depended on the slica surface

modiification method used. Thepol ydispersity index of the polymers ranged from 2.2 t0 2.8.
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et

i .-/'iu.-’ . F .
;3,.\':' ’lm:{.l SHOED L)Y, N\
5i” : /S0,
A ; e
A ra—
r o ' o i o
=" ~ AR o g i
Si—OH + Si(OEN,(CH, ) [ i ﬁs‘.-,r'ta'- SHDEL,(CH,); <f |
7 e 4 h
A on LoD ==
- —_— s . e =
i v A, SHIDBEER ~—1{ |
4 ™o . 4 S il
) : -
e
- =" BuLi/ THF . ]
i om L ; | oy | ~
Asi—0— 8O, (OH)—( 2 i Bu ) 50— sioeycny— 4 O
y M ) F 3 i \Il_\_ . ra
/) -2 7 gy
Asi—OEt 8ot o’ S
0 — sitoEICHI— T Ui - Si— Q. — Si{DEL),(CH,)— ] 3«
WOELERENAL CH.2rC), ' SRS w‘:;:i'!-\ai’/ '
_,f,';"-\- . 1 b i = | .
./0“‘-5;[1351};.;(1&];—((—:[_” LY Si,,-’Ux SHOECCH, )+ (f:?/ Cp
f\i}/ L o =

Figure 2.13 Maodification of slicawith Cp(CH2)sSi(OCH,>CH3)3 and preparation of
supported metall ocene catalysts[liskolaet al., 1997].
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2.5.2.4. Supporting on other supports

The metalocene n-BuCp,ZrCl, was grafted on partialy dehydroxilated
commercial dlica Grace 948 whose surface had been chemically modified by wet impregnation
of an organosilane PhsSICI, Me;SICl, or Me;SIHCl.aiming at supported catalyst systems with
wdl spaced a-olefin polymerization active centers. These catalyst systems produced
polyethylenes with narrow molecular weight distribution when methylaluminoxane was used as
cocatalyst, with twice the activity of nBuCp,ZrCl, supporied on bare SiO,. [Joao et al., 2000]

The effect of different  catalyst support ftreatments in the 1-hexene/ethylene
copolymerization with supported metalloeene catalyst was investigated by [Soares et al., 2004].
The catalystsin the study were supperied eatalysts containing SiO,, commercial MAO supported
on silica (SMAO) and MAQ preireated silica (MAO/slica) with CpHfCl,, Et(Ind),HfCl,
Cp2ZrCl, and Et(Ind)2ZrCl,. Al the'investigated supported catalysts showed good activities for
the ethylene polymerization. |

The silica-supported MAO wasin Stu- and ex situ immebilized with zirconocene catalyst
to produce ethylene copolymers [Jongsonjit et al 2@04]. The in Stu catalytic system exhibited
higher activities compared with the ex St one The etﬁylene/l-hexene (EH) copolymerization
showed the highest activities for both catalytic systems. In additions the in situ system resulted in
narrowmolar mass distributions (MMD) for all copolymers indicating a uniform catalytic ste
present.

Li et al. [1999] invedtigated nano-sized and micro-sized slica particles. The particles
were used to support CpuoZiClIMAO catalyst Tor ethylene polymerization. Nano-sized catalyst
exhibited much better ethiylene polymerization activity than micro-sized catalyst. At the optimum
temperature of 60°€xnano-sized eatalyst™s adtivity awas 4.35 times the-miero-sized catalyst’s
activity, which was attributed to the'large specific external“surface-area, the absence of internal

diffuson res stance, and the better active site dispersion for the nano-sized catalyst.

Jongsomjit et al. [2005] were investigated role of titania in TiO,-SiO, mixed oxides-
supported metallocene catalyst during ethylene/1-octene copolymerization. This study showed

enhanced activities of ethylene/l-octene copolymerization via TiO~SIO, mixed oxides
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supported MAO with a zirconocene catalys. It was proposed that titania was decorated on silica
aurface and acted as a spacer to anchor MAO to the dlica support resulting in less geric

hindrance and |ess interaction on the support surface.

The catalytic system methylaluminoxane (MAO) and (n-BuCp),ZrCl, was immobilized
on commercial slica, dlica—alumina and aluminophosphate calcined at different temperatureq
Grieken et al., 2007]. Catalysts supported on silica=alumina exhibited higher polymerization
activity than those supported on slica and auminophosphate. Besdes, the activity of
MAO/(nBuCp),ZrCl, catalytic system supported on slica~aumina and auminophosphate
decreased strongly with support cal cimatien temperaiure, while remained amost constant when
dlicawas employed as support. Allthese experimental feaiures suggest a role of the support acid

properties and hydroxyl group populéti @n inthe generation of active polymerization species.

The use of dlica and zirgonia as a SUpport for zirconocene/MAO catalyst for
copolymerization of ethylene/1-oléfin (1-hexene, 1-octene, and 1-decene) was investigated
[Jongsomjit et al., 2008]. It was found thai the use of zirconia support showed promising
activities compared to those of the slica Inereased acti\;ities can be attributed to higher amount
of [Allmao present on the-zirconia support coupléd with dreng interaction between the

Osupport—Alcocatalyst linkage:
2.5.2.5 Effect of gallium maodified supports

Petre et al. [2002] investigated the effect of boria, gallia and india loadings on the
surface acidities-of pAlOs—Mo0s (M=B, .Gay; In): knythe case of Al.Os-Ga03, they were also
found that the addition of 'Ga,O3; on alumina-caused a decrease inthe acidity ‘of alumina and did
not affect markedly the basicity, while depositing indium oxide on alumina decreased both the
acidity and bagcity. Moreover, alumina-supported Ga,O3 and 1n,0O3 samples displayed a well-
preserved amphoteric character.
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Mathew et al. [2005] synthesized GaxOs-Al,O; mixed oxides by sol-gel method on
catalytic performances for sseam reforming of dimethyl ether (DME). They suggested that Ga,O3
sgnificantly affected the catalytic performance with respect to the DME converson and H;
yield. In addition, the catalytic activity increased with the gallium concentration in Ga,O3-Al,03
mixed oxides. It was very interesting that without the aid of an additional transition metal
component, Ga,0O; and Ga0s-Al, O3 mixed oxide system exhibited good activity in the

reforming reaction.

Takahashi et al. [2006] ‘syntheszed GaOz-Al505 solid solutions with aluminum
isopropoxide and gallium acetylacetonate as precursor usng glycothermal method. They were
found that the reaction with a higher Al/(Ge+Al) charged ratio yielded the glycol derivative of
boehmite as a by-product and increasing in.the Al content in the solid solution increased the
surface area and the thermal#Sahility of the Solid solution. The oxides system exhibited
extremely high catalytic activity for salective catalytic reduction of NOx with methane as a

reducing agent. Moreover, the solidsolution showed high durability under steaming conditions.



CHAPTER 111

EXPERIMENTAL

3.1 Objectivesof the Thesis

The objective of this research is to investigate the effect of gallium-modified slica
supported metallocene catalyst for ethylene/1-octene copelymerization was investigated. Besides
the influence of Ga modification, the alternati ve methodfor in situ impregnation of MMAO on

the modified support was also cenducted: The comparaiive study between the conventional (ex

Stu) and in Stu impregnation is furtiher di scussed.

3.2 Scopes of the Thesis
1. Preparation of Ga-modified'silica supports with various weight ratio (0.2, 1%)

2. Preparation of modified-S Oz (L P) supports by i mpregnation with dried
methylaluminoxane (dMMAO).

3. Study and characterization for the effects of V;Gga- modification and impregnation method
with zirconocene catalyst on catalytic and polymer properties during ethylene and ethylene/1-octene
polymerization.

4. Study and characterization for the effects of Ga modification and different pore szes
support via in Situ impregnation® method with zirconocene catalyst on catalytic and polymer

properties
3.3 Resear ch M ethodology

The flow diagram research methodology is shown in Figure 3.1.

All reactions were conducted under argon atmosphere using schlenk techniques and

glove box.
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Part 1 Effect of Ga modification Part 2 Effect of Ga modification and
and impregnation method with different pore sizes with varied Ga
varied Galoading usng SiO, (LP) loading using SiIO, (LP) and SO, (SP)
\ 4 \ 4
Prepared SiO, (LP) suports Prepared SiO, (LP) and SiO; (SP) suports
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I Characterized with !
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Figure 3.1 Flow diagram of research methodol ogy
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3.4 Experimental
3.4.1 Chemicals

The chemicals used in these experiments were analytical grade, but only major
materials are specified as follows:

1. Silica gd from Fuji Silysa Chemical Ltd., Japan (Cariact Q-50) was calcined at
400 °C for 6 hours under vacuum.

2. Silica gd from Fuji Silysia Chemical Lid., Japan (Cariact P-10) was calcined at
400 °C for 6 hours under vacuum.,

3. Aluminium nitrate was'purehased from Aldrich Chemical Company, Inc. and use as
received

4. Polyethylene glycol (average mol wi. :ébO) was purchased from Aldrich Chemical
Company, Inc. and use asreceived

5. Modified Methylaluminoxane (MMAQ) 5.6% wt in hexane was donated from Tosoh
Akso, Japan and used without further purification. =+

6. rac-Ethylenebis(indenyl)zircemium dichloride (Et(Ind),ZrCl,) was supplied from
Aldrich Chemical Company, Inc. and used. without fuk_th,er purification.

7. Trimethylaluminum' [AI(CHs)s] 20 M in toluene ‘was supplied from Nippon
Aluminum AlkylsLtd., Japanand used without further purification:

8. Ethylene gas (99.96%) was devoted from National Petrochemical Co., Ltd., Thailand
and used asreceived.

9. Ultra high purity.argon gas (99.999%) was purchased from:Thai Indugtrial Gas Co.,
Ltd., and further purified by passing throughcolumns packed with molecular seve 3 A, BASF
Catalyst R3-11G, sodium hydroxide (NaOH) and phosphorus pentaoxide (-P.Os ) to remove
traces of oxygen and moisture.

10. Toluene was devoted from EXXON Chemical Ltd., Thailand. This solvent was dried
over dehydrated CaCl, and ditilled over sodium/benzophenone under argon atmosphere before
use.

11. 1-Hexene (99%) was purchased from Aldrich Chemical Company, Inc. and purified

by digtilling over sodium under argon atmosphere before use.
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12. 1-Octene (98%) was purchased from Aldrich Chemical Company, Inc. and used as
received.

13. Hydrochloric acid (Fuming 36.7%) was supplied from Sigma.
14. Methanol (Commercial grade) was purchased from SR lab.

3.4.2 Equipments

Due to the metallocene system IS extremely senditive to the oxygen and moisture. Thus,
the special equipments were requited-to handle while the preparation and polymerization
process. For example, glove box: eguipped with the oxygen and moisture protection system was

used to produce the inert atmosphere. Schlenk technigues (Vacuum and Purge with inert gas) are
the others set of the equipment used tahandle air-sensitive product.

3.4.2.1 Cooling system

The cooling system was i the solvent distillation in order to condense the freshly

evaporated solvent.

3.4.2.2 Inert gassupply.

The inert'gas (argon) was passed through columns of BASF catalyst R3-11G as
oxygen scavenger, molecular seve 3x10.°.m to remove moisture. The BASF catalyst was
regenerated by treatment with hydrogen at 300°C overnight before flowing the argon gas through

all the above columns. Theinert gas supply systemis shownin Figure 3.2.
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3.4.2.3 Magnetic stirrer

The magnetic stirrer and heater , ‘basisfrom IKA Labortechnik were used.

“'.-'.‘f.-t‘g

Y
3.4.2.4 Reactor m

A 100 ml Wﬁﬂ%%ﬂﬁw as the copolymerization

reactor for atmospheric al]essure system and.a 100 ml stai Iess Sted aut e was used as the

copolymerlzatltﬂeﬂoqoaba m&&mfnq ﬂ E.lq a EJ
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3.4.2.5 Schlenk line

Schlenk line conssts of vacuum and argon lines. The vacuum line was equipped
with the solvent trap and vacuum pump, respectively. The argon line was connected with the
trap and the mercury bubbler that was a manometer tube and contains enough mercury to provide

a seal from the atmosphere when argon line was evacuated. The Schlenk line was shown in

Figure 3.3.

Figure 3.3 Schlenk line

3.4.2.6 Schlenk tube

A tube with a ground glass jointsand side armgwhich was three-way glass valve as
shown in Figure3.4. "Sizes of Schlenk tubes were 50, 100'and200 ml used'to prepare catalyst

and store material's which were sensitive to oxygen and moisture.
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Figure 3.5 Diagram of system in durry phase polymerization
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3.4.3 Supporting Procedure
3.4.3.1 Prepar ation of gallium-modified silica supports

The gallium modification on the slica supports were prepared by the incipient-
wetness impregnation method according to the procedure described previoudy [Jongsomjit et al.,
2008]. The Ga source in this case was Ga(NO3) . Gallium was impregnated into slica gd
(Cariact Q-50, P-10) with 0.2 and 1 wt % of Ga. The support was dried in oven at 110°C for 12 h
and calcined in air at 500°C for 2 h.

3.4.3.2 Prepar ation of drigd=MMAO (dMMAO)

Removal of TMA fromMMA O was carried out according to the reported procedure
[Hagimoto et al. 2004]. The toluenesolation of MIMAO was dried under vacuum for 6 h at room
temperature to evaporate the selvent, FMA, and Al(iBu)s (TIBA). Then, continue to dissolve
with 100 ml of heptane and the selution was evaporafed under vacuum to remove the remaining
TMA and TIBA. This procedure was repeated 6-8 timés and the white powder of dried MMAO
(dMMAO) was obtai ned. i

3.4.3.3 Prepar ation of WMAO/Modified support

1. Exsitu impregnation method

MMAO-madified slica was prepared by impregnating 0.1g of thermally
treated silica (LP) (at 400°C under vacuum far 4/ h) with the desired amount of dAMMAO in
10 ml toluene at room temperature for 30 min. The solid part was separated and washed
once with 20 ml of toluene.and 3 times with 20 ml hexang, followed by drying in vacuum at
room temperature. The white powder of supported cocatalyst (dMMAO/support) was then
obtained.
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2. Insituimpregnation method and polymerization

0.2 g of the Ga-modified glica supportsis allowed to contact with 1.14 ml
of MMAO for 30 min, in reactor with magnetic siring. After this period of time, the
suspension was mixed with desired amount of zirconocene and TMA ([Alltma/[Zr]cat =

1135). Then toluene (to make a total volume of 30 ml) was introduced in to reactor. The

reactor was frozen in liquid nitrogen to stop reaction and then 0.018 mol of 1-octene was
injected into the reactor. The reactor was evactiated.to remove argon. Then, it was heated up
to polymerization temperature (70°C) and the polymerization was started by feeding ethylene
gas (total pressure 50 psi in the reactor) until the consumption of ethyleneat 0.018 mol (6 ps
was observed from the pressuregaude) was reached. The reaction of polymerization was
completely terminated by addiiion of acidic methanol. The time of reaction was recorded for
purpose of calculating the activity. /T he precipitated polymer was washed with methanol and
dried at room temperature. {

3.4.4 Polymerization on the stipport with E;{iéi;y impregnation

The ethylene/1-octene copolyimerization reactl on'was performed in a 100 ml semi-batch
gtainless sted autoclave reactor equipped with magnetic dirrer. in the glove box, the desired
amounts of rac-Et[Ind].ZrCl, and TMA were mixed and stizred for 5 min for aging. Then,
toluene (to make a total volume of 30 ml) and 0.2 g of dMIMAO/support were introduced
into the reactor. After that, the fixture of, rac-Etfnd]ZrClo( 5.x10°> M) and TMA (3.75 x
10" mole correspondingto [Al]tua/[Zr]eat = 1185) wasmixed and&tirred for 5 min aging at
room temperature, separately, then were injected into the reactor. Afterithis point, the similar

procedure asimentionedyin 2 was conducted.
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3.4.5 Char acterization of supports and catalyst precur sor
3.4.5.1 N, physisor ption

Measurement of BET surface area, average pore diameter and pore Sze
digtribution of dlica support were determined by N, physisorption usng a Micromeritics ASAP
2000 automated system.

3.4.5.2 X-ray diffraction(XRD)

XRD was performed te determine the bulk crystalline phases of sample. It was
conducted using a SIEMENS D<5000 X-ray diffractometer with CuKq (2 = 1.54439x10™%° m).
The spectra were scanned at aratg2.4degree/min i;n:the range 20 = 20-80 degrees.

3.4.5.3 Scanning electron microscopy (SEM) and energy dispersive X-ray
spectr oscopy (EDX) 2%

SEM and EDX weré used to determinesthe morphologies and e emental
digtribution throughout the Sampie-granutes,fespeciively.—The SEM of JEOL mode JSM-6400
was applied. The EDX was performed using Link |sis series 300 program.

3.4.5.4 Thermogravimetric analysis (T GA)

TGA was performed to determine the interaction force of the.supported dMMAO.
It was conductediusng TA Inhstruments SDT @.600 analyzer. The samples of 10-20 mg and a
temperature ramping from 25 to 600°C at 2 °C /min were used in the operation. The carrier gas
was N, UHP.
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3.4.6.2 °C NMR spectroscopy (°C NMR)

13C NMR spectroscapy was ued to detenmine the a-blefin incorporation and
copolymer microstructure. Chemical shift were referenced internaly to, the benzene-d6 and
calculated according to the method deseribed by Randall [80]. Sample saiution was prepared by
dissolving 50 mgj of copolymer in 1,2 4-trichlorobenzene and benzene-dé. *C NMR spectra
were taken at 60°C usng BRUKER A400 operating at 100 MHz with an acquisition time of 1.5
sand adelay timeof 4 s.



CHAPTER IV

RESULTS AND DISCUSSIONS

PART 1. Effect of Ga modification and impregnation method on SO, (L P)-supported

metallocene catalyst during ethylene/1-octene copelymerization

In this part, the catalytic activity during ethylene/1-octene copolymerization of Gar
modified SO, (LP)-supported metallocene catalyst was investigated. In fact, the large pore SO,
support was prepared, and then sequentially modified with Ga having approximately 0.2 and 1.0
wt% of Ga in the support, named ag SiOz-Ga-OI?Z% and SiO»-Ga-1.0% respectively. The Ga-
modified SIO, supports were thencharacterized usijé N2 physorption, XRD and SEM/EDX.

4.1 Char acterization of supporis and supporied dMMAO

#

4.1.1 Char acterization of supporiswith Nz p_hy5|sor ption

The Ga- modified silica sdpports havihé&fferent surface areas, such as SiO, and
slica modified with Ga (Si02-Ga-0.2%, SiO,-Ga-1.0%) were characteri zed before impregnation
with dMMAQO. It was observed that the SO, support dencted as SiO, having the surface area of
70.9 m?/g was obtained as seen in Table 4.1. However, the surface area of Ga-modified silica
supports is in the range of68-70 m?/g/as showh Tn Table 4.1. It|¢an be observed that after

modification with Ga, wé&obtained only little decrease of surface area.
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Table4.1 BET surface areas of Ga-modified slica supports with different Galoading

Support BET surface area Pore voslume
(m?g) cm’)
SO, 70.9 0.26
S0, -Ga -0.2% 70.6 0.25
S0, -Ga-1.0% (?8.8 0.23

4.1.2 Characterizationsof stipports and catalyst precursors with x-ray diffraction
(XRD) A

The supports withsvarous weght rat_lo of gallium were characterized before
impregnation with dMMAO. The XRD paiterns of thé’sél_'supports are shown in Figure 4.1. It can
be seen that all supports exhibited the similar XF;D_;patterns indicating only a board peak
between 20-30° as seen typically for the conventional amorphous &lica. After modification with
0.2, 1.0 wt% of gallium, the-aupport till exhibited the similar XRD patterns as seen for the
unmodified one. It indicated that gallium was in the highly dispersed form or low amount of
galium, which was invisible by XRD:
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Figure 4.1 XRD patterns of different Ga-madified silica supportswith different Ga loading

4.1.3 Characterization of suppOris and suripo:r:ted dMMAO with scanning electron
microscope (SEM) and ener gy dispersive x-r ay spectroscopy (EDX)

In order to detesmine the morphol ogies of the supporis and e emental distributions
of the supports after impregnation, SEM and EDX were performed, respectively. The SEM
micrographs of various Ga-modified silica supports: before impregnation with dMMAO are
shown in Figure 4.2. The EDX mapping of the supports can'provide mare information about the
digribution of elements‘on each supports and also used to determine the concentrations of
[Allavmao present on supperts after ‘Tmpregnation. ' The ‘EDX' spectrum-~obtained is shown in
Figure 4.3 indicating good distribution of dAMMAO. It was found that the average amount of
[Allagvumao on were SiIO, , SO, -Ga -0.2% and SO, -Ga -1.0% are 13.1 ,15.2 and 17.7%,
respectively as shown in Figure 4.4. The largest amount of [Al]lgumao present in the SiO,-Ga-
1.0% can be probably attributed to increased adsorption ability of dMMAO with Ga
modification.
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Figure 4.2 SEM mi crﬂgraph of Ga-modified sili ca.ajpports before AIMMA O impregnation;
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Figure 4.3 SEM/EDX mapping for Al'distribution on'Ga-madified silica supports with ex situ
impregnation method (@) SO, (b) SO, -Ga-0.2% (c) SO, -Ga-1.0%
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4.1.4 Characterization of supports and supported dMMAO with ther mogravimetric
analysis (TGA)

In order to identify the interaction of [Al]ammao ONn various modified supports.
The TGA measurement was performed to prove the degree of interaction between the support
and the cocatalyst (dMMAQO). The TGA provide information on the degree of interaction for
dMMAO bound to the supports in term of, weight loss and removal temperature. The TGA
profiles of [Al]laumao ON various supports are shownsinsFigure 4.5. It was observed that the
weight loss of [Al]aumao present onwvarious supports-were in the order of SiO,-Ga -1.0% >
S0, -Ga -0.2% >S O, . This indieated that [Allgumao pPresent on SiO, had the strongest
interaction among other supports#The.decomposition temperatures at 10% weight loss (Ty4 10%)
were 420, 205 and 178 °C for SiQ5, Si0,-Ga-0.2% and SiO»-Ga-1.0%.

100
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05 F % -— Si0-Ga-0.2%
") BRI & S0 -Gar 1%
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& Wr ':\
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it - .
2 L 2
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Figure 4.5 TGA profiles of supported dAMMAO on different supports
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4.2 Char acteristics and catalytic properties of ethylene/1-octene copolymerization

4.2.1 The effect of Ga modification on the catalytic activity

Table 4.2 Catalytic activities of Ga modification and impregnation method during ethylene/1-
octene copol ymeri zation

Impregnation  Polymerization - Relymerization Catalytic Activity”

Samples

method 2 yield (g) times (s) (kg of pol /mol Zr h)

Homogeneous n.a 1.436 130 27,433°

n.a & TR 123 29,803"

SO, El i.225 ; 184 15,978°

I rass 8 40,405

S0, -Ga -0.2% El +:298 176 17,700°

I 1666 ¢ WmsQ 44,426"

S0, -Ga-1.0% El 1.375 162 20,370°

I 1.756 76 55,329"

aEl: Ex dtu, I1: in situ

P Activities were measured at pol ymerization temperature of 70°C, [ethylene] = 0.018 mole,
[1-octene] = 0.018 mole, [Allmmao /[Zr]ca = 1135, [Al]tma /[Zr]ca = 2500, in toluene with
total volume =30 ml and [Zr]cx = 5x10° M.

¢with dMMAO ¢with MMAO
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The effect of Ga modification on ethylene/1-octene copolymerization was investigated.
Both in situ and ex dtu impregnation were observed to exhibit increases in activity with Ga
modification and impregnation method increased amount of Ga as shown in Table 4.2. It was
proposed that Ga possibly acts as a spacer group to anchor metallocene catalyst and support and
limit the disadvantages of highly attachment. Moreover, an addition of Ga into support can
increase Lewis acid centers in the system, which can interact with zirconocene. As a result there
are more active species for polymerization. In order to give a better understanding, the effect of
Ga in polymerization activity can be proposed based on the work reported by Joao et al. [2008].
They revealed that the introduction of Ga, even'in small amounts, strongly improves the ability
of these supports to immobilize metaliocene catalysts. The interaction between zirconocene and
the Lewis acid centers derived from thedntroduction of Ga in the support seems to play an
important role in the formation of the active species and the optimization of Ga of the MCM-41
support. It is possble to prepare heterogeneous. metallocene catalysts that exhibit high

polymerization activity.

4.2.2 The effect of impregnation method on the;catalytic activity

Table 4.2 presents the Impregnation methed “for each support and the
corresponding polymerization-activities. It can be seen that for thein situ impregnation method
of Ga-modified slica support, the activity Is higher than that of the ex situ method. This can be
explained as the following; (i) for'the.ex situ method,partial MMAO can reach into the pore of
support and lead to loss of .active species; Thus, the 1-octene co manomer cannot adsorp on
active gte present in the pore, and (ii) for thein stu method, MMAO can be present in the bulk,
which differs fram the ex situ onejthat i's only present inside the support. Fhismakes, thein situ
impregnation smilar to homogeneous system, and hence enhances the polymerization activity.
Moreover, by comparison of different systems for the in situ method, the heterogeneous gives
better activity than the homogeneous one due to the following reasons; (i) the heterogeneous
system exhibits higher bulk density than homogeneous system. Good bulk density can improve
digtribution of active ste. In addition, it can reduce reactor fouling, which is resulted from the

adhesion polymer to the reactor [Koltzenburg et al., 1997]., and (ii) the SiO, support might
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prohibit the formation of ZrCH,CH,Zr species, which is formed via bimolecular process and
minimize steric hindrance effect of the sysem. Therefore, ethylene/1-octene cans adsorp on

active Steeager.

4.2.3 The effect of various supportson the melting temper atur es of copolymers

The meting temperatures (T) Of eopolymer evaluated by the differential
scanning calorimeter (DSC) are shown in Table 4.8, DSC curves of the copolymer are also

shown in Appendix B.

Table4.3 Médting temperatures of copolymers obtal ned different SIO,-based supports

System 'm'?;:?h”;“on “Tm(e) . Crystallinity (%)

Homogeneous &l . n.o. n.o.
1 -r-1.o. n.o.

SO, El “no. n.o.

I1 Rl /5 n.o.

SO, -Ga-0.2% El n.o. n.o.
b n.o. n.o.

SO, -Ga- 1.0% El n:0. n.o.
I n.o. n.o.

n.o! refersto not observe

From the characterization of copolymer in Table 4.3, it revealed that no medting
temperature was found indicating non-crystalline polymer produced in this specified
polymerization system. The non-crystalline polymers were attributed to the high degree of

1-octene insertion, which can be confirmed by **C NMR.
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The quantitative analyss of triad distribution for all copolymers was conducted

on the basis assgnment of the *C NMR spectra of ethylene/1-octene (EO) copolymer and
calculated according to the method of Randall et al. [1989]. The characteristics of **C NMR
gpectra (as shown in appendix C) for all copolymers were smilar indicating the copolymer of
ethylene/1-octene. The triad distribution of all polymers is shown in Table 4.4. Ethylene

incorporation in all systems gave copolymers with similartriad distribution. No triblock of OOO

in the copolymers was found. Only-the random copolyimers can be produced in all sysems. It

showed that Ga modification trendedto dightly increase % octene incorporation.

Table 4.4 3C NMR analysis of ethyl mdl—p&me copolymer

. Triad distribution of copolymer 1-octene
I mpregnation v . .
System hod : insertion
metho 000/ EQO EOQF EEE OEO OEE  (mol %)
Homogeneous El 0.000 "6:100 O.i-46f" 0.481 0.045 0.228 25
I 0000 0237 ' 0077 01463/ 0092 0.126 31
SO, El 0.000 0.025 0.107 0.700~ 0.012 0.156 14
I 0.020 0214 0.034 0486 0118 0.128 27
SO, -Ga-0.2% El 0/000 ©/0.1134/10:1364] 0051944 06:053  0.179 25
[l 0.022 0238 0.031 0408 0145 0.156 29
SO, -Ga-1.0% El 0.000 1 0.105° K 0435 0.488 - 0.041 ~0.236 24
I 0.000 0195 0.019 0477 0218 0.091 21

E refersto ethylene monomer and O refersto 1-octene comonomer
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PART 2: The effect of Ga-modified silica-supported zirconocene /MM AQO catalyst via in

situ impregnation on the different por e sizes of silica supports

In this part, the catalytic activity during ethylene/1-octene copolymerization of Ga-
modified slica-supported zirconocene /IMMAOQ catalyst via in situ impregnation on the different
pore sizes of dlica supports was investigated. Infact, the silica supports employed were in both
large pore and small pore, then sequentially Ga having approximatey 0.2 and 1.0 wt% of Ga in
the support was produced, named as SIO»(LP) , SIO5(L-P)-Ga-0.2% and SiO,(LP)-Ga-1.0% for
large pore silica and SIO2(SP) , SO2(SP)<Ga-0.2% and SIO,(SP)-Ga-1% for small pore slica,
respectively. The Ga-modified siliea supports were, then characterized using N, physisorption,
XRD and SEM.

4.3 Char acterization of supports

4.3.1 Char acterization of supparts with Nz physisorption

The Ga-modified silica supports havingdifferent surface areas, such as SiO, (LP),
SO, (SP) and slica modified with gall it were chérééterized. It was observed that SIO, (LP)
having the surface of 70.9 n/g was obtained as seen in Table 4.5._In the same way, SIO, (SP)
exhibited the surface of 216.8 #¥/g.-As-seen-BEL surface areas of SO, (LP) supports were
smaller than SIO, (SP) support: However, the surface area of Ga-modified slica supports for

both large and small pore slicadecreased upon increas ng the amounts of Galoading.
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Table4.5 BET surface areas of Ga-modified slica supports with different Galoading

Support BET surface area (mW
SO, (LP) 70.9
SO, (LP) - Ga-0.2% 70.6
SO, (LP) -Ga-1.0% 68.8
S0, (SP) 216.8
S0, (SP) @& 0:2% 176.7
SO, (SP) -Ga- L0% I. 169.7

4.3.2 Char acterization of supportswith X=ray diffraction (XRD)

The various supports with-different péfé!]jétructure were characterized. The XRD
patterns of supports with different pore structure aifé"éh'oWn in Figure 4.6 and 4.7. With Ga
modification, the slica supparts-fer-bethtarge pore-and-smali-pore exhibited the smilar of XRD
peaks between 20-30°. The characteristic peaks associated with"Ga were not found due to low
amount of Ga or Ga was highly dispersed on silica.
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S0,-Ga-1.0%
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Si0,-Ga-0.2%
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Figure 4.6 XRD patterns of different Ga-maodified silica (LP) supports with different Ga loading

SI0,-Ga-1.0%

intensitylau.)

S0,-Ga-0.2%

10 20 30 40 50 &0 Fa 20 50
Degrees (2-theta)

Figure 4.7 XRD patterns of different Ga-modified silica (SP) supports with different Galoading



55

4.3.3 Char acterization of supports with scanning electron microscope (SEM)

Scanning electron microscopy was also used to determine the morphology of
SiO,. Figure 4.8 is the SEM micrograph of large pore SO, and Figure 4.9 is the SEM
micrograph of small pore S O,. The image reveal s that the SO, (SP) particles have the sphroidae
sructure.

m F1 LB8is
A 16mm |

Figure 4.8 SEM micrograph of Ga-modified slica (LP) supports with different Ga loading;

(8 SIO2 (LP), (b) SO, (LP) - Ga- 0.2%, (c) SO (LP) - Ga- 1.0%
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K308 16mm

Figure 4.9 SEM micrograph of Ga-modified silica (SP) supports with different Ga loading;

(8 SO (SP), (b) SO, (SP) -Ga- 0.2%, (c) SO, (SP) -Ga-1.0%

56



57

4.4 Char acteristics and catalytic properties of ethylene/1-octene copolymerization

4.4.1 The effect of Ga-modified silica supports with the different pore sizes via in

situ impregnation method on the catalytic activity

Table 4.6 Catalytic activities of various slica-supported zirconocene MMAO catalyst viain Stu
impregnation method

samples Polymerization ® Polymerization Catalytic Activiy °

Yadd (d) times (9) (kg of pol /molZr h)
Homogeneous 1534 N 123 29,803
SO, (LP) 14493 "\ 88 40,405
SO, (LP) -Ga-0.2% 14666 | " oo 44,426
SIO; (LP) -Ga- 1.0% 1.756 = 76 55,329
SO, (SP) 1.798 T 0 53,411
SO, (SP) -Ga- 0.2% 1.989 74 64,708
SiO; (SP) -Ga- 1.0% 2:036 74 66,214

@ The polymer yield was fixed [limited by ethylene fed and«d-octene used (0.018 mole equally)].

P Activities were measured at polymerization temperature of 70 °C , [ethylene]= 0.018 mole,
[1-octene]= 0.018 mole, [Al]lmmac/[Zr] = 1135, [Al]tma/[Zr] = 2500, in toluene with total
volume = 30 ml,and [Zr]= 5x10° M
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The ethylene/1-octene copolymerization with rac-Et[Ind].ZrCl.catalyst was performed
for a comparative study of the catalytic activities derived from different supports. The activities
of catalyst usng various supports are listed in Table 4.6. It was obvious that, for the support with
both large and small pore, the presence of Ga increased the catalytic activity as already
mentioned in 4.2.1. For the Ga-modified slica (LP) support, the polymerization activities were
lower than Ga-modified slica (SP) support because MMAO cocatalyst can reach into its pore
leading to lower MMAO present in bulk and lesser.of active species. Therefore, catalytic
activity decreased. On the contrary, MMAO can exiend«nto the pore in lower content when
usng silica small pore. This makes MMAO remain highly in the bulk and hence enhance the
activity of polymerization. Consdeting,.the polymerization activity of supported metallocene
system, it was higher than homogeneous system as explained in 4.2.2. This result was due to

higher bulk density and more distri buti on of ‘active sites in heterogeneous system.
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4.4.2 The effect of various supportson the melting temper atur es of copolymers

The mdting temperatures (T,) of copolymer evaluated by the differentia
scanning calorimeter (DSC) are shown in Table 4.7. DSC curves of the copolymer are also

shown in Appendix B.

Table4.7 Mdting temperatures of copolymers obtained different SiO,-based supports

System Tm(°C) Crystallinity (%)
Homogenegus nlo. n.o.
SO, (LP) n:0. 4 n.o.
SO, (LP) =0.2% 4 ho.
SO, (LP) —1.0% L0244 n.o.
S0, (SP) o o no.
S0z (SP)-0.2% NgOx =" n.o.
SO, (SP) = 1.0% n.o. plo.

n.o. refersto.nat ehsarve

From the characterization of copolymer in Table 4.7, it revealed that no meting
temperature was, found, indicating <~nen:crystallinepolymen (produced ¢in this specified
polymerization system. The non-crydalline polymers were attributed to the high degree of

1-octeneinsertion, which can be confirmed by *C NMR.



4.4.3 The effect of various supportson the incor por ation of copolymers

The quantitative analysis of triad digtribution for al copolymers was conducted on the
basis assignment of the *C NMR spectra of ethylene/1-octene (EO) copolymer and calculated
according to the method of Randall et al. [1989]. The characteristics of *C NMR spectra (as
shown in appendix C) for all copolymers were similar indicating the copolymer of ethylene/1-
It revealed that Ga
modification did not cause specific effects over 1l-octene insertion via in Stu impregnation

octene. The triad digtribution of all polymers is shown in Table 4.8.

method. Moreover, by comparison of-different pore sizes, arge pore SO, gaves higher insertion

than small pore SO, due to 1-octeneean extend into the porein higher content when using silica

large pore and minimize steric hindranee effect [ Shan et al., 2002].

Table 4.8 *C NMR andlysis of fethylené/1-octene copolymer

System Triad distributi_é_n of copolymer 1-octene

—— insertion

000 EOO ~EOE EEE OEO OEE  (mol %)
Homogeneous 0.000 0237 -0.077 ' 0.2168 0.092 0.126 31
SO (LP) 0020 0214 0034 048 0118 0.128 27
SO, (LP)-02% 0022 0238 0031 0408 0145 0.156 29
SO (LP)-1.0% (2] 0.000 ' 0.195 ~0.019 0477 0218 0.091 21
S0 (SP) 0.000 0203 ‘0.034 0.482- 0.180 _0.101 24
S0:(SP)-02% 0000 0197 0036 0452 0216 0.099 23
SO,(SP)-1.0% 0000 0180 0.026 0516 0.192 0.086 21

E refersto ethylene monomer and O refers to 1-octene comonomer



CHAPTER V

CONCLUSIONS & RECOMMENDATIONS

5.1 CONCLUSIONS

The ethylene/1-octene copolymerization using silica supports with Ga modification was
sudied and divided into two parts. part 1 studied the effect of Ga modification and i mpregnation
method on silica supported metall ocene catalyst during ethylene/1-octene copolymerization with
varied Ga loading and part 2 investigated the effect of Ga modification on slica-supported
metall ocene catalyst viain situ impregnation on the different pore sizes of silica supports and the

amounts of Ga loading were also varied.

For the first part, thisresearch’ snowed that the activities for both in situ and ex stu
impregnation increased with Ga madification. It was proposed that an addition of Ga into
support can increase Lewis acid centersin the systeﬁj', which can interact with zirconocene. Asa
result, there are more active species for polymeri-‘zf}a'ti‘on. Ethylene/1-octene copolymerization
under the in situ impregnation exhibited more catalyti.c éétivity than the ex situ method. This was
due to the in situ method has good bulk density and hb'rédh&ei on.of polymer to the reactor.

In the second part, the capol ymerization of Ga-modified SiO, support having small pore
and large pore as the supports via in situ impregnation method was investigated. 1t was found
that the catalytic activity. of, the small pore slica was higher than'that-of the large pore system
due to MMAO can extend into the pore in lower content when using dlica small pore. This
makes MMAO,~temain~highlysin-the- external, surface -and shence~enhanee the activity of

polymerization.

RECOMMENDATIONS
e Invedigation of other supports should be further sudied.
e Invedigation of other modifier should be further studied.
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(CALCULATION OF SUPPORT PREPARATION)
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A.1 Calculation of support composition (Ga-M odified SO,)
Calculation of gallium loading
Preparation of 0.2%Ga-modified SO, by the incipient wetness impregnation method are shown

asfollows:

Reagent: - Gallium (I11) nitrate hydrate Ga(NOs)3

Molecular weight - =
- Support: - lar

Based on 100 g of catalyst used, Il beasfollows:

Gallium =0.2g

Silica =100-0
For 1 g of SiO, support
Gallium required = 1x(0.2/99.

Gallium 0.002 g was prepared fro O4
Ga(NOs)srequired = o “, f e O3)3x gallium required
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Preparation of 1%Ga-modified SiO, by the incipient wetness impregnation method are shown as

follows

Reagent: - Gallium (I11) nitrate hydrate Ga(NOz)3
Molecular weight = 255.74 g/mol
- Support: - large pore SIO;, small pore SO

!

Based on 100 g of catalyst used, the cor %s will beasfollows:

Gallium =1.0g : S—
Silica = 100-1.% ——

For 1 g of SiO, support

Gallium required = 1x(1/99 _ \

Gallium 0.010 g was prepared fro : " W \ eight of Gais69.72
Ga(NOg)srequired = MW Ge &,ﬁ gallium required

MW of Ga
= 0.0367¢g
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Figure B-6 3C NMR spectrum of ethylene/1-octene copolymer produces with SiO, (LP) via

in situ impregnation
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Figure C-1 DSC curve of ethylene/1-octene copolymer produce with homogenous via

ex situ impregnation
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D-1 Calculation of polymer microstructure

Polymer microstructure and also triad distribution of monomer can be
calculated according to the Galland ef al. [1996] in the list of reference. The detail of

calculation for ethylene/a-olefin copolymer was interpreted as follow.

1-Octene

n the specify range are listed.

The integral area of *C-NMR spe

Triad distribution
0.-,0;;
k[EOO. J

W
k[EOE
[EOE]

A ey
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Table D-1.1 Reactivity ratios of ethylene and 1-octene monomers (partl)

system method comonomer rEr'c
EIl 0.90
Homogeneous 1-octene
11 0.92
) El 0.92
Si10, 1-octene
I 2.58

1.20
Si0,-Ga-0.2%
1.87
. 1.06
SlOz -Ga-1
/ I 2.51
Table D-1.2 Reacti ios-of lene and 1-octene monomers via in situ
impregnation method (part2
Samples rgr'c
Homogeneous i 0.92
SiO, (LP) __  Lodt 2.58
SiO; (LP) -Ga-0 ~ l-octe S 187
SiO;, (LP) ’;r‘ 2.51
SiO, (sﬁ 2.26
2.65
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All copolymer was calculated for the relative comonomer reactivity (rg for
ethylene and rc for the comonomer) and monomer insertion by using the general

formula below.

rg=2[EE]/([EC]X) rc = 2[CC]X/[EC]
where 1g = ethylene reactivity ratio
rc = comonomer (o -olefin) reactivity ratio
[EE] =
[EC] = CE]+ 0.5[ECC]
[CC] ,
X feed = CO ation of ethylene (mol/L) /
(mol/L) in the feed.
%E
%C
D.2 Calculation of crystalli 1ylene opolymer
The crystallinities polymers wi ermined by differential scanning
calorimeter. %crystallinity of copolymers i: ated from equation [Liu et al.,
LB

1997].

T Y]

4
Pl AR BRI 7] T

Where y (%) = %crystallinity
“AHm, = the heat of fusmn of perfectly crystalline polyethylene
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