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CHAPTER |

INTRODUCTION

Polyethylene is the major polymer and the largest of production in plastic
industry, because there are many properties that make polyethylene attractive, such as
excellent chemical resistance to solvents, acids and alkalis, high impact strength and
stiffness even at low temperatures (Boor, 1979; Chen et al., 2006). Ziegler-Natta
catalysts are used for produce polyethylene .more than forty years. Up to now,
commercial manufacture of polyethylene s still based on modifications and
improvements of the original_Ziegler-Natia system(Bhaduri, Mukhopadhyay, and
Kulkarni, 2006). Many=studies eoncerning the influenee of molecular weight on the
various properties of pelyethylene have bgen performed due to its scientific interest
and industrial importanee (Mori, 1999).il\r/loreover, the molecular weight (MW) of
polyethylene is also a cticial determinant of mechanical properties, although high
MW has superior physical properties which are difficult to process. Therefore,
requirement to control the MW plays an important role in both processability and
mechanical properties (Chen, 2006; Fukudé,,2603). Various methods for controlling
the MW and the molecular weight distribution (MWD) of polymers are available.
Control the MW of pelyethylene industrial production lines by using Ziegler-Natta
catalysts in the presence of some compounds (so-called-Lewis bases compound) like
water, alcohol, etc.; centaining active hydrogen, which'is capable of terminating a
Ziegler-Natta polymerization reaction.is, interest. (Ahn.et al.,.1998; Cho et al., 2000;
Singh and Merrill, 1971). Generally;the Lewis base-have'several functions, such as to
make a complex or to react with MgCl,, TiCls=and cocatalystjito stabilize MgCl,
crystallites, ‘and to' deactivate astereospecific polymerizationSitesS' or to convert
astereospecific sites to stereospecific ones, thus increasing the isotactic index (Ma et
al., 2005) for propylene polymerization. In addition, it has been also stated that these
compounds can be regarded to influence on the catalyst activity on both the directions
in activation and deactivation. Nevertheless, the capability of their compounds that
affect on the activity of catalyst and polymer properties have not been well
understood and also have been addressed by a few approaches for the ethylene

polymerization.
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The purpose of this study, we have compared the several Lewis bases

compounds, which added during ethylene polymerization in order to elucidate a

possible correlation of different kinds and the molecular structures of electron donor

on the catalytic activity and polymer properties. This investigation was carried out

with MgCl,-alcohol adduct/TiCls/external donors/AlEts, which is a typical Ziegler-
Natta catalyst in the slurry phase for ethylene polymerization.

AULINENINYINT
RN IUNRINYIAY



1.1 Objectives of the Thesis
The objective of this research is to investigate the effects of Lewis bases as
external electron donors which were added during polymerization of ethylene with

Ziegler-Natta catalyst, on the catalytic activities and polymer properties.

1.2 Scopes of the Thesis
1. Preparation of Ziegler-Natta catalysts by recrystallization method.
2. Characterization of support and catalysts using N physisorption, X-ray

diffraction (XRD), inductively coupled plasma«(ICP), thermogravimetric analysis
(TGA) and scanning electron'microscopy (SEM):

3. Synthesize polyethylene by using Ziegler-Naita catalyst in the presence of
external electron donors.stichsas alcohols, ketones, esters, and di-ethers groups which

were introduced into the system during pbl"ymerization of ethylene.

4. Study the effects of electron donors on catalyst activity and polymer properties

for the ethylene polymerization.

5. Characterization of po|yethylene-'f-proﬁperties using differential scanning
calorimetry (DSC), scanning electron microéeoﬁy (SEM) and u-tube viscometer.
1.3 Benefits
Catalytic activity of Ziegler-Natta catalyst -and molecular weight of

polyethylene can be controlled by external electron donors.



1.4 Research Methodology

The flow diagram research methodology is given in Figure 1.1.

Study the information of polyethylene

with Ziegler-Natta catalyst system

v
Synthesize MgCl, nEtOH/TiCl,

based, Ziegler-Naita catalyst

Characterization of support and catalysts
using N, physisorption, XRD,
ICP, TGA and SEM

\4

4
Ethylene polymerization
Al/Ti: 100, T: 80°C
polymerization by feeding ethylene gas
(6 psi consumption, total pressure 50 psi)

Adding several compounds as

alcohols, ketones; esters,

v

and di-ethers groups

!

Rolyethylene

Characterization_of polyethylene using
1T DSC, SEM,

and U-tube viscometer

\ 4

Discussion and conclusion

Figure 1.1 Flow diagram of research methodology
This thesis can be divided into five chapters. Chapter | provide the general

introduction to lead the objective and scope of this research. Chapter 1l knowledge
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and open literature dealing with Ziegler-Natta catalysis for olefin polymerization were
presented. The experimental procedure as well as the instrument and techniques used

for characterizing the resulting polymers were also described in Chapter III.

In Chapter 1V, the results on ethylene polymerization using Ziegler-Natta
catalyst with in the presence of different external electron donors were presented. The
influences of introduction of electron donors during the polymerization of ethylene on
the catalytic activity and polymer properties were investigated. The characteristics
support and catalyst using N, physisorptiony taductively coupled plasma (ICP), X-ray
diffraction (XRD), thermogravimetric analysis (TGA), and scanning electron
microscopy (SEM) and obtained polymer using differential scanning calorimetry
(DSC) and dilute solutionswiscesity by u-tube viscometer.

Finally, conclusioh of this ‘work and recommendations for future research

work were provided in Chapter V.



CHAPTER Il

LITERATURE REVIEWS

2.1 Catalysts and Polymerizations

Heterogeneous Ziegler-Natta catalysts for the synthesis of polyolefins have
been markedly improved through several generations of catalysts. The first-generation
catalysts, based on 3TiCls-AICl; and Al(CoHs)CI, gave polypropene (PP) containing
90 wt% of boiling heptane-insoluble fractions(isetactic index, 1) with a productivity
of only 5 kg per g of Ti=TFhentroduetion of a-l.ewis base into the catalyst system
gave rise to the second-generation catalysts which were more active and
stereospecific. However, ymosi” of the \titanium salt involved in the catalyst was
inactive and was left"as a polluting  residue in the polymer, which needed to be
removed. A drastic innovation \wvas achieved with the development of the third
generation of catalysts, essentially comp“os-ed of TiCl, supported on MgC1,, with
trialkylaluminum as a co-gatalyst and one dr' two Lewis bases as electron donors. The
new catalyst system has presented many',i‘advantages for the polyolefin industry.
Among these is an extremely high-catalyst p'-erflc';rmance (>2400 kg PP/g Ti, 11 > 98%)
which eliminates the.process of catalyst reh%'dv'a'l. Since the heterogeneous supported
catalysts are able to vepticate their morphotogy in the morphology of the produced
polymer particles, thé polymer can be made to be spherical with a controlled
diameter, particle-size distribution and compactness according to the specific
architectures of the catalySts.In addition;-a‘variety ‘of palymeric materials can be
obtained during the same polymerization process by replacing the initial monomer
with other monemers.

In the past*10 years (Soga ‘and'Shiono, 1997), highly active MgCl,-supported
catalysts have played a key role in the introduction of simplified polymerization
processes and also in the development of a broader range of tailor-made polyolefins.
A great deal of research effort has also been devoted to obtaining a better
understanding of the effects of MgCl,-supported catalysts and Lewis bases on the
activities and polymer properties of third-generation catalysts.



2.2 Heterogeneous Ziegler-Natta Catalysts
2.2.1 MgC1,- Supported Catalysts

Two crystalline modifications are known for MgCl,, the commercial a form
and the less stable B form. Similar to the y-TiCls, the a-form has a layer structure of
the CdCl, type and shows a cubic close-packed stacking (ABC...ABC...) of double
chlorine layers with interstitial Mg®* ions in six fold coordination (Bruni and Ferrari,
1925). The B-form, on the contrary, shows a hexagonal close packing like that of a-
TiCl; (Bassi et al., 1982). The layer: structure of o-MgCl, displays an X-ray
diffraction spectrum with a strong (104) reflegtion at d = 2.56 A as a result of the
cubic close-packed arrangement-of the Cl 1ons. The internal structures of hexagonal
layers in both cases aresalmosi-eguivalent since van der waals interaction between

layers is weak.

Figure2.1 Powder X-ray diffraction pattern of 5-MgCl,.

The key' ingredient“of the~catalysis Is the’ “activated” or 3-MgCl,, which
exhibits a disordered structure arising from the translation and rotation of the
structural CI-Mg-Cl'layers with respect.to one another that destroy: the crystal order in
the stacking direction (Giannini, 1981). In consequence, the X-ray spectrum shows a
gradual disappearance of the (104) reflection and its replacement by a broad “halo”
centered at d = 2.65 A. As shown in the Figure 2.1, the structurally disordered &-
MgCl, exhibited broad bands centered at 20 = 15, 32 and 50.5°. Moreover, it is
believed that the outstanding success of MgCl, is because 6-MgCl, and 5-TiCl; have
the same crystal structure and the nearly identical ionic radii and lattice distances (see

Table 2.1). Such a dramatic increase in activity was revealed to be caused by marked
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increases in the propagation rate constant (k) as well as the number of active species

[C*] (Giannini, 1981). The latter effect is easily understood in terms of a high

dispersion of the active titanium species on the large surface of MgCl,.

Table 2.1 Crystallographic data for 6-MgCl, and 6-TiCl3

6-MgC|2 5-T|C|3

hexagonal close packing of the Cl ions
a=b=23.63A a=b = 3.54A
c=5.93A C=586A
Cation coordination: octahedral
Mg-GI= #23A | « Ti=Cl'=1.25A
Mg#= 0%65A" | Ti* =068A

L Ti** = 0.76A

Experimental data suggest that pre"'ter.ential lateral cuts correspond to the (100)
and (110) planes (Giannini, 1981), arfd"; theoretical calculations of the lattice
electrostatic energies give a lower energ:);:vfogr.ﬂ the (110). The activation processes
(mechanical or chemical) of the MgCl, iﬁqrease the portion of (100) and (110)
surfaces on the MgCl, surface (Moore,"' 1996) Theseg two lateral cuts contain
coordinatively unsaturated Mg”* ions, with coordination number 4 on the (110) cut
and 5 on the (100) cut, as shown in Figure 2.2 (Albizzati, 1993). That is to say, the
magnesium atoms arer coordinated with 4 or 5 chlorrine atoms, as opposed to 6

chlorine atomsan the bulk ‘of the crystal:



100 cut

Figure 2.2 Model of MgCl, layer showing the (100) and (110) cuts.

The situation«"on «Crystal’ edges. and corners could present additional
differences, so that the‘presence on the. MgCl, surface of Lewis acidic sites with
different acid strength and steri¢ requiremerifs 1S likely to occur and actually has been
verified through interaction ‘with Lewis ‘bases of different strength and steric
hindrance. The “activated” MgClsssupport, as it exists in the catalyst, can thus be
envisaged as an agglomerate ofvery small c’ryé}calliteS (primary units) bearing on their
side surfaces a variety of exposed Mg~" ions with.different degrees of unsaturation,
Lewis acidic strength and-steric-hindrance,and-thus-petentially able to coordinate

with the other catalytic-components.

2.2.2 Catalyst €hemistry

It is well known that neither TiCl, nor the internal donor can be easily
removed, from the catalyst-unless severe thermal-treatments-or strongly coordinating
solvents are used. Thus, it seems that the ‘catalyst 'compaonents lose their identity and
become strongly linked together, forming new complexes. A considerably amount of
work has been aimed at elucidating the nature of this bonding mainly by means of
spectroscopic observations (IR, NMR) and thermogravimetric (TG) analyses carried
out on both the true catalyst and model combinations of its components (i.e.,
MgCI,/ID, TiCl4/ 1D, TiCly/MgCl,, TiCl4/ID/MgCI, complexes or comilled mixtures).
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A great deal of IR data is available for catalysts containing ethylbenzoate (EB)

as internal donor (Galli et al., 1981; Yano et al., 1988; Chien et al., 1983) for which a
shift of the C=0 stretching frequency from 1725 cm™ in the free ester to 1680 cm™ to
1700 cm™ is most commonly observed in both the catalyst and the comilled
EB/MgCI, mixtures. This result has been interpreted as an indication that a
complexation of EB through the carbonyl oxygen takes place to Mg and not to Ti. The
concomitant broadening of the C=O absorption band has been attributed to the
presence of a variety of coordination complexes with different bond strengths
(Albizzati et al., 1991).

Solid state CP MAS (eross polarizatiofi.with magic angle spinning) *C NMR
investigations on both the catalyst (Chien et al., 1990; Terano et al., 1992) and model
TiCl4EB complexes or EB/MgEl; comilled mixtures also led to the conclusion that
EB is prevailingly complexed.to./MgCl,. Passible structures for EB complexed to the
(100) and (110) faces of MgCly have been proposed by Chien et al. (Chien et al.,
1990) and are shown in Figure 2.3,

Cl Cl
I Cl Cl
¢ \| / \l 2 Cl /CI
/Mg\ /Mg Cl—Mg—ClI
Cl T Cl T Cl / \
N N
(A) (B)

Figure 2.3 Rossible-medelsfor EB ecoordination on-the-(100) (A)
and (110)(B) faces'of‘MgCl,:

According to some authors (Ewen et al., 1998; Guyot et al., 1986), however,
a slight difference can be noticed in the infrared C=0O absorption frequency of the
catalyst (~1680 cm™) and that of the EB/MgCl, mixture (~1690 cm™) and this would
suggest that in the former, EB is in some way complexed to both Mg and Ti. On the
other hand, from electron spin resonance (ESR) analysis of the catalyst after

interaction with TEA, some evidence for the presence of small amounts of EB or
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phthalates complexed to Ti*" has been reported as well (Sergeev et al., 1985; Chien

and Hu, 1989).

The information concerning bifunctional donors (phthalates, diethers) is not as
abundant. For phthalic acid esters, however, IR observations show a shift of the C=0
stretching frequency from ~1730 cm™ in the free ester to 1685 cm™ to 1700 cm™ in
both the catalyst and the MgCl,/ester complex. Similarly, the C-O stretching
frequency of diethers (1113 cm™) is shifted to a doublet at 1059 cm™ and 1024 cm™ in
both the catalyst and the MgCl,/diether mixture, with no bands from the TiCl,-diether
complex being detectable in the former (Albizzati et al., 1995). The same indication is
provided by **C NMR observations on catalyst.eontaining either diethers (Albizzati et
al., 1995) or phthalates (Sormunen, Hjertberg, and liskola, 1995), though in the latter
case a considerable line_parrowing observed in binary ester/MgCl, mixture after
treatment with TiCl, would suggest, according to the authors (Sormunen et al., 1995),
that a separate crystalline phase is formed on the support surface.

From all the above, 1t'seems possible to conclude that both monofunctional
and bifunctional donors are essentially “c_omplexed to Mg rather than to Ti. The
structure of the complexes could, however,’l;bé'- different for the different donor types.
As a matter of fact, bifunctional Lewis baslél_é"cgpld form either 1:1 chelate complexes
with tetracoordinated Mg ions on the (100) fa'_ce;(AIbizzati etal., 1995).

As far as the"TiCl, bonding is conée'r-n}éd, the maost widely accepted models,
supported by energy calculations, are those based on epitaxial adsorption on the
different MgCl, faces. According to Corradint and his group (Busico et al., 1985;
Busico et al., 1986), for instance, the (100) cut is more basic than the (110) one as far
as TiCl, coordimation is concerned.-Also, Calculations suggest'that TiCl, coordination
as a Ti,Clg dimeér on the former face and as a monomer on the latter are energetically
favored:\Similarimodels were-praposed by Chien(Chien;Weber;and Hu, 1989) who,
however; assumed the presence of tetracoordinated rather than “hexacoordinated
monomeric species on the (110) face, both in clusters and in isolated form. As a
consequence of the presence of TiCl, to coordinate on the (100) face, the situation in
the catalyst, before and after reduction with the Al-alkyl, can be roughly represented
as in Figure 2.4, with the (100) face being prevailingly occupied by Ti,Clg dimers and
the (110) face by the Lewis base.
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Ti,Cli ]
Ti,Cl
TigClg ]
Ti,Cl; ]
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Tizclﬁ_

Before Titanation AfterTitanation

Figure 2.4 Schematic drawing.of the Lewis base-and Ti halide distribution on the
(110) and (100) cuts MgCl.: (left) = support, (right) = catalyst
activeted with the Al-alkyl.

However, recent sspectroscopic studies using FT-Raman have provided
evidence for strong adsorption of TiCl, on the (110) lateral cut of MgCl,, giving a
monomeric species with oc€tahedrally coordinated  titanium, which can be the
precursor for active and stereospecific sites (Brambilla et al., 2004; Brambilla et al.,
2007) as shown in Figure 2.5.

(100)

Figure 2.5 Epitaxial binding of TiCl, on to the surface of 6-MgCl,.
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2.2.3 Cocatalyst Chemistry

The cocatalysts used with MgCl,-supported catalysts are invariably Al-
trialkyls, triethyl aluminium (TEA) and triisobuthyl aluminium (TIBA) being by far
the most preferred ones. Al-alkyl-chlorides, in fact, afford a much poorer performance
and can be used only in combination with trialkyls (Barbé, Cecchin, and Noristi,
1986).

On the other hand, the external donor which can be used appears to be
dependent on the type of internal donor. If ID is an aromatic monoester (EB is the
most usual), esters of the same type are normally required, such as methyl-p-tolulate
(MPT), ethylanisate (EA); p-ethoxy-ethylbenzoate (PEEB) and the like, whereas
alkoxysilanes are required.with phthalates (or diethers). Hindered piperidines, such as
2,2,6,6-tetramethylpiperidine ATMP), on the other hand, seem to work well with
diethers, but not as welliwith monoesteré. \Whichever is the external donor, however,
owing to its basic naturg'and the acidic péture of the AIR3, a more or less complex
interaction between the two components takes place.

Most of the literature deals with the interaction between TEA or TIBA and
aromatic monoesters, whose chemistry has,_f_e_cently been reviewed by several authors.
According to most of the findings; the inte'fgs\"ct_"ion involves first the formation of an
acid-base complex through the carbonyl oxygen;.as demonstrated by the shift of the
infrared C=0 stretchihg frequency from ~1725 cm™ in the free ester to 1655 cm™ to
1670 cm™ in the AIR4/ED mixture. The complex is most-often assumed to exist in a
1:1 ratio, but on the basis of spectroscopic evidence (Spitz, Lacombe, Primet, 1984)
and calorimetric_studies“(Albizzati et al., £991), complexes involving two moles of
AlIR; per mole of¢{ED. also have heenchypathesized. Structures such as those
represented in Figure 2.6 have been proposed by Spitz et al. (Spitz et al., 1984),
while not very different structures were ‘assumed by C€hien and Wu (1982) and
Tashiro et al. (1984). The complex formation is very fast even at low temperature and

in dilute solutions.
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Figure 2.6 possible structures of 1:2 EB/TEA complexes.

As regards alkoxysilanes, the formation of'a 1:1 complex between TEA and
phenyltriethyoxysilane (PES)Has been indicated by means of *C NMR spectroscopy,
at least at relatively highsTEA" goncentrations (0.5 mol/L) (Vahésarja et al., 1987).
The complex seems t0 involve the O atom from only one OR group, irrespective of
the number of OR groups attached to Si. j‘ J

The above complexes: can unde“"r._gd a further reaction, especially in the
presence of excess AlRgz as is usual for ':pdiymerization. In the case of aromatic
monoesters, such as EB, a nucleophilic éﬁ:dc_lf_‘ of free AIR3 on the carbonyl group
complexed with AIR3 has been postulated. 'I_fhéflreaction leads finally to the formation
of two moles of dialkylaluminium alkoxidé".b_ér_ one mole of ester, according to the
Figure 2.7 (Barbé et al;;1986; Spitz et al., 1988; Jeong etal., 1991 ).

R R
(AIR) | TAIR; |
Ph—C—OEt -++——» Ph—C—OEt ——  » Ph—C—O0AIR, + R,AIOEt

O= AlR, QAIR;, R

Figure 2.7 The formation of EB and AIR; complexation.

Reduction of the C=0 group, rather than alkylation, prevails with TIBA with
the concomitant elimination of isobutene. The reaction rate is higher for TEA than
TIBA and is greatly enhanced in concentrated solutions. Even at the mild conditions
used in the polymerization and in the presence of the monomer, however, the reaction

proceeds to a considerable extent.
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Silyl ethers, in turn, can undergo an exchange reaction with the Al-alkyl, with

the formation of alkylated silylethers and dialkyl-Al-alkoxides. The reaction rate is
appreciable for silanes containing three or four OR groups and at high concentrations
of the Al-alkyl. Starting from PhSi(OMe)s and TEA, for instance, the reaction at 75°C
can proceed up to the formation of PhEt,SiOMe, according to the scheme of Figure
2.8 (Vahésarja et al., 1987).

FUAAIED), e
PhSi(OMe), = Ph(Me0),Si —O
AlEt
1
“Et,AIOMe
Me +1/2(AlEt3),
/ : - .
PhEt(MeO)Si —O Ph(MeO),Si—Et
X
4 AlEt, _ ,
Et,AIOMe
+1/2(AlEL)y Me
PhEt(MeO)Si —Et = PhEt,Si —O\
AlEt

5 6

Figure 2.8 Pathway of the reaction between TEA and PhSi(OMe)s.

Under "the “mueh more" diluted polymerization conditions, however, the
reaction is much slower and only 20% of PES, famexample, is converted in 1 hour at
70°C, with TEA =5\ mmoal/L and PES=.0.5 mmol/L (Albizzati, 1991).

The reaction is even slower, and sometimes absent for dialkoxysilanes and
practically absent at all for monoalkoxysilanes (Véahasarja et al., 1987). On the other
hand, in the case of trialkoxysilanes the main reaction product besides the Al-alkoxide
is a dialkoxy-Si derivative which, differently from the aromatic ester derivatives, still
behaves as a good stereoregulating agent.

In conclusion, it can be stated that all types of external donor easily form

complexes with the AIR3 cocatalyst. These complexes are rather stable for silanes,
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whereas in the case of aromatic esters, they further react, leading to the partial

destruction of the ester and its replacement with significantly less stereoregulating
products. The true cocatalyst is, in this case, a mixture including free AIRs,
unconverted AlRs/ester complex, and a mixture of Al-alkoxides of different bulkiness.

Some free ED also can be present if the AI/ED ratio is very low.

2.3 Catalyst Preparation Methods

The efficiency of olefin polymerization catalysts can be improved by several
methods. Since the excellent properties of Mg€Clasupported Ziegler-Natta catalysts for
production of polyolefins~were discovered, many studies on treating methods of
MgCl, have been carried.outin order to improve-the yield of catalysts through the
increase of the surface area and through'a better interaction between MgCl, and TiCl,.
These treatments have™ been /the ball-milling, the chemical reaction and the
recrystallization methods™ (Rarada, Rajméhkina, and Chirinos, 1999). Three main
industrially viable syntheiic routes have been followed to fulfill the requirements. A

short description is given below.

2.3.1 Ball milling $aZ il

The ball-milling methed- allows reducing.the size of MgCI2 crystallites
increasing, as a conseguence,—the-suiface—area—o0f-the catalyst and its activity.
Nevertheless, its major disadvantage Is a prevalent-difficulty in controlling the

polymer morphology (Parada et al., 1999).

2.3.2 Recrystallization

A further, development has beenjthe use of an‘alcoholate of:tMgCl,, allowing
the preparation of ‘spherically shaped support and hence Catalyst particles (European
Patent 0086288, 1983). This important advance resulted from the establishment of
catalyst particle replication during polymerization (Galli, 1981; Galli, Ciardelli, and
Giusti, 1981) which is an important consideration both for slurry and gas phase
commercial polymerization. The method consists of a chemical activation by reaction
of crystalline MgCl, with alcohol to form MgCl,-nROH adducts, followed by a
controlled regeneration of the active support through recrystallization by removing the

added compound (quick cooling, solvent evaporation or titanation). In consequence,
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the assemblies of spherically fined MgCl, crystallites with highly distort and high

number of uncoordinated magnesium sites is produced.

2.3.3 Chemical reaction

Catalysts prepared from the reaction between TiCl, and magnesium alkoxides
such as Mg(OEt), show a very high activity for the polymerization of ethylene and
propylene. Such catalysts were successfully developed for ethylene polymerization by
Hoechst AG (British Patent 1286867, 1968) and Solvay and Cie (Belgian Patent
743325, 1969) during the late 1960s and early.1970s. Further advances have been
achieved by the Toho Titanium Company-(U:S: Patent 4829037, 1989) in the
preparation of a high _aetivity catalyst for the polymerization of propylene.
Magnesium alkoxide compounds consist of crystals with layers of magnesium cations
and alkoxy anions withgloose layers of élkyl chains of the alkoxy groups in between
(Turowa et al., 1969). Solvent can pengf?ate into these loose layers. These layers
swell and the bonds arefweakened. During the reaction with TiCls, hydrocarbon
solvents are incorporated and @ reaction W_i_th__k_TiCI4 takes place in this layer to form
MgClI; and TiCls.n(OEt), Compounds: The |n petrol suspended magnesium ethoxide is
transformed into the MgCl; suppert and at the same time, TiCl, is absorbed. The
soluble TiClyq(OEt), compounds are removed by washing with petrol. A catalyst
particle with spherical shape, high porosity and high specific surface area is achieved.

2.4 Mechanisms of Olefin Polymerization

Usually;«Ziegler-Nattaccatalyst; eonsists: ofstwe-cemponents (i.e., a transition
metal salt such,.as a TiCl; or TiCl,"(catalyst) and main-group metal compounds
involving alkyl-Al (cocatalyst). It is generally ac€epted that the formation of active
sites on' Ziegler-Nattacatalystsifor elefin polymerization is' accomplished through
reduction and alkylation of surface Ti species by interaction of the catalyst with Al-

alkyl cocatalyst (Dusseault and Hsu, 1993).
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Figure 2.9 Monometallic polymerization mechanism.

The mechanisms of chain propagation can be divided into two groups (i.e.,
monometallic and bimetallic /mechanism) according to the role of the cocatalyst. In
monometallic mechanism gproposed by Cossee and Arlman (1964), the cocatalyst
generates the active spegies from the tranéi_tion metal but is not involved in the chain
growth reaction itself (Figure 2.9), The T| ‘atom is in an octahedral coordination
environment with one vacant site and an ad]fa[(':,elnt coordination site bonded to an alkyl
group of polymer chain. For MgClz-supported "(;:-atalysts this structure is created when
bound TiCl, reacts with alkyl-Al. The two'-'sféﬁmechanism for propagation involves
n-coordination of an incoming monomer by the Ti atom at its vacant coordination site,
followed by insertion, via a four-center transition state, into the Ti-polymer bond. An
insertion reaction takes place, shifting the vacant octahedral position. Then migration
of the polymer.ehain occurs to reestablish‘the‘vacant site ‘on the original position. The
weakness of this mechanism is that active Ti°" has only one outer shell electron
available far:thesformation-of=r back-bondingwhichuis,asrequirement for metal-olefin
n-bond formation (Cossee, 1964, Burfield, 1984).

Bimetallic mechanism proposed by Rodrigues and van Looy (1966), involves
initial = complexation of monomer to Ti atom that is bridged through alkyl groups to
an Al atom (Figure 2.10). This is followed by ionization of the transition metal-alkyl
bond, formation of a six-membered cyclic transition state, then insertion. In both
mechanisms, the polymer chain grows from the catalyst surface by successive
insertion reactions of complexed monomer, and the alkyl group originally present in

the cocatalyst ends up as one of the terminal group of the polymer chain.
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Figuire'2.10 Bimetallic polymerization.mechanism.

2.5 Modification of Ziegler-Natta catalysts by Lewis Bases

Various types of Lewis bases were employed as additives in the solid catalyst
(called “internal donor”) and alSo in thé"p‘o,lymerization system (called “external
donor”). Electron donors play a fundamental role in modern Ziegler-Natta catalyst

system for propylene.and ethylene polymeriza'ti’o'n which can be explained as follow.

2.5.1 Propylene Polymerization

Lewis base ore electron donorsg.are major component in propylene
polymerization catalysts; not only“is the enhancement of catalyst activity but also
control of the catalyst stereospecificity of great importance. A high stereospecificity is
required ' to. produces ‘the 'isotactic polypropylene. | The ' addition _of Lewis base
compounds often increased catalyst stereospecificity but was accompanied by a
significant decrease in catalyst activity. Surprisingly, some aromatic esters like ethyl
benzoate were found to increase not only catalyst stereospecificity but catalyst
activity as well (Luciani et al., 1977). Much effort has been expended so far in finding
better combinations of internal and external donors, and the combination of dialkyl
phthalate and alkoxysilane as internal and external donor, respectively, was found to
be most efficient (Parodi et al., 1981; Albizzati et al., 1987). More recently, some
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hindered diethers were claimed to function as excellent internal donors that do not

require any external donor (Giovani et al., 1990; Albizzati et al., 1990). General

formulas of internal and external donors were shown in Figure 2.11.

% R ’R R R L _R Ry /R
0 R1><0 7o _si0
. R A
Or R\ 9 Ry Or 2 O\R
0O R 40
Phthalate Diether Succinate Silane

Figure 2.11 General formulas of internal and external donors.

A number of papers have been p')ublished coneerning the role of Lewis bases
on propylene polymerization” (Pino and'-al'\'7liilhaupt, 1980; Barbé et al., 1987). The
complexity of the catalyst system, howélver, has hindered an understanding of the
precise mechanism of‘how to" control th‘eﬂcaatalyst stereospecificity. The generally
accepted explanations for'the roles.of interﬁ_a_l 'and external donors are summarized in

Table 2.2 as follows. il
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Table 2.2 The roles of internal and external donors

Role of internal donor

Role of external donor

1. To prevent the coagulation of MgC1,
particles during the milling process,
resulting in an enhancement of the

effective surface area.

1. To poison non-stereospecific sites

selectively.

2. To prevent the formation of non-
stereospecific sites by adsorbing on the
MgC1, surface, where TiCl, IS supporied

to form non-stereospecific sites:

2. To convert non-stereospecific sites into

pighty isospecific sites.

3. To take part in the formation of highly
isospecific sites.

3. To convert isospecific sites into more

highly isospecific sites.

4. To be replaced by external'donors,

resulting in the formation of more

4. To increase the reactivity of the

isaspecific sites.

isospecific sites.

2.5.2 Ethylene Polymerization

In the case L.ewis base effects for ethylene polymerization, not only the effect
of catalyst activity but also control of the molecular weight and molecular weight
distribution are of greatdmportance for the, processability and mechanical properties
of the polymer{(Chen et al., 2006; Seth and Ziegler,2003)

Puhakka et jal™ (1997) ‘studied  the ‘Coordination 'of| electron donors were
alcoholsy ketones, esters, and their model compounds to the various coordinatively
unsaturated magnesium sites of the MgCl, support. Examination of the interaction
energies indicated that the alcohols bind more strongly to the five-coordinated
magnesium atom on the (101) surface than to the four-coordinated magnesium atom
on the (110) surface. This stability on the (101) surface can be explained in terms of
hydrogen bonding between the complexed alcohol and a chloride ion of the surface.
Like the alcohols, the esters form the most stable complexes on the (101) surface. In
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contrast, the ketones coordinate preferably to the (110) surface. The coordination

geometries of the ketones and esters do not depend on the number of electron donors
on the same magnesium atom, unlike the situation for the alcohols.

Liu et a.l. (2004) had investigated the effects of alkyl-Al co-catalysts on
MWD with SiO,-supported Ziegler-Natta catalyst for ethylene polymerization. The
catalysts modified by various alkyl-Al cocatalysts were studied such as TEA, DEAC,
EADC, DEAB and DEAI. The differences in molecular weight MW and MWD of the
polymers obtained depending on the type of co-catalyst used caused by different
states of active sites. The results showed that TEA was observed a broad and multi-
modal MWD (MW=900,000; Mw/Mn=30)-while for DEAC, the MWD of PE was
demonstrated to be vary narrow and unimodal (MW=1,400; Mw/Mn=1.6). Therefore,
the catalyst system using FEA-produced various types of active sites, while using
DEAC has uniform type aetive sites.

Chen et al. (2006) investigated the molecular weight and molecular weight
distribution of ethylene polymerization By MgCl,-supported/external electron donor
(diphenyldimethoxysilane, DDS)/ TiCly, | based Ziegler-Natta catalyst. Addition of
external donor was affected on the MW ‘and MWD. It was found that the
polydispersity index of polyethyiene decrééééq__ with increasing of external donor/Ti
molar ratio, on the contrary, the MW increased with increasing of external donor/Ti
molar ratio. The addition of external donor dld ﬁot changethe number of active center
types, but changed the distribution of Flory components in the whole MWD curve. In
addition, the catalyst activity decreased, because nonstereospecific sites on catalyst
are selectively poisoned by DDS as external, donor.

However, these fundamental 'matters  concerning” theactivation/deactivation
behaviors of ethylene polymerization have not yet been fully elucidated and still open
for discussion<as 2y cansequenceof the ccomplexities) of the, catalytic system. No
detailed studies have so far been carried out to investigate the kinds of electron donor

relating to the activity of catalyst and their polymer properties.

2.6 Roles of Electron donors
2.6.1 Aromatic monoesters

Busico et al. (1986) proposed a plausible model for the active sites on the
MgCl, crystal surfaces (Figure 2.12); i.e. Ti*" atoms located on the (1 0 0) cuts of
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MgCl, produce isotactic polymer, whereas isolated Ti** atoms on the (1 0 0) and (1 1

0) cuts give atactic polymer. They also proposed that internal ethyl benzoate (EB)
predominantly adsorbs on more acidic sites, the (1 1 0) faces, to prevent TiCl, from
forming non-stereospecific site-111, while the external EB prevents the extraction of
internal EB as well as deactivates the non-stereospecific site-I selectively.

Kashiwa and Yoshitake (1988, 1983) investigated the effect of external EB on
the polymerization activity and molecular weight of PP by using the TiCls/MgCl,-
AlEt; catalyst system. Based on the results obtained, they suggested that addition of
an appropriate amount of external EB can Kill the non-stereospecific sites and also
causes an increase in the propagation rate constant of isotactic polymerization.

By using a temperature raising fractionation technique, Kakugo et al. (1988)
fractionated isotactic PP preduced with the TiCl./MgCl,-AlEt; catalyst system in the
absence or presence of imethyl p-toluate (MT) (Figure 2.13). Each fraction was
characterized by DSC and™@ NMR, the results of which indicated that addition of
MT produces a more-highly isotactic PP, Similar results have also been reported by
other researchers (Sacchi, Trittg and Locafelli, 1988) However, it is not clear whether
such highly isospecific gites originate fro‘lr;n""isospecific sites or non-stereospecific
sites. One of the factors whieh hinder our Umvrj‘d'eﬁrlstanding of the precise role of a Lewis
base arises from the fact that the MgCIz-suppor-fed TiCl, catalyst gives about 20 wt%

of isotactic PP without any electron donor.
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Figure 2.12 Plausible agtive’ Ti*f Species on the MgC1l, surfaces as proposed by
Busico et al. (1986).

Utilizing the information proposéld;: by Busico et al. (1986), i.e. the
mononuclear Ti** species are non-stereos:ﬁéej_"fic, we prepared an absolutely non-
stereospecific catalyst by loading a far smaller.amount of TiC1; on MgC1, (Shiono,
Uchino, and Soga, 1989). The catalyst seleéti-vely gave' boiling-heptane-soluble PP
with a considerably-high activity. It was demonstrated that'addition of external EB to
the non-stereospecific catalyst affords to produce boiling-heptane-insoluble PP up to
94 wt%. The isotactic pentad (mmmm) of ;boiling-heptane-insoluble polymer was
found to reach approximately 95% (Table 2.3). These results strongly suggest that the
EB molecule directly takes part in the formation of a highly isospecific site. From the
results’together wit) some additional @bservations, we proposed:-a model as shown in
Schemel. The roles of internal and external donors might be explained in terms of
the following mechanism. The internal EB coordinates also on the (1 0 0) surface of
MgCl, to form the highly isospecific site-le, which has only one vacant site. As a
consequence, the formation of bi- or multinuclear Ti species, which easily transform
to non-stereospecific sites by the migration of a bridged CI ligand, is inhibited.
However, the trialkylaluminum (Lewis acid) left in the polymerization system

extracts the internal EB result in reforming the non-stereospecific site-1. A large
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amount of external EB is necessary to prevent the internal EB from such an

extraction. Several researchers also reported that internal EB is easily replaced with
external MT (Norisuti, 1991; Sacchi, 1991) suggesting the Lewis bases dynamically
participate in the formation of active sites owing to the presence of acidic
alkylaluminums as co-catalysts.
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Figure 2.13 Cumulative and differential fractionation curves and the melting

temperatures of isotactic PP (Kakugo, 1988). Catalyst system: O, MgC1,-supported
Ti catalyst-AlEt;; , MgC1,-supported Ti catalyst-AlEts/methyl p-toluene.
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Table 2.3 Effects of aromatic esters and PES on propylene polymerization with
TiC13/MgC1,-AlEt; catalyst system (Shiono et al., 1989; Soga et al., 1990;

Soga et al., 1992)

Electron ED/AI Activity
) 1T (Wt%) mmmmi (%)
donor* (mol/mol) (kg PP/g Ti h)
- - 20.1 0 34.7
EB 0.02 23.0 2 -
0.05 154 24 -
0.10 9.5 78 -
0.20 7.6 86 95.58
0.30 6.1 94 93.2§
DBP 02/ f/] 88 32 -
0:05 45 65 -
0.10 2.9 62 -
0.20 1 58 -
PES 0402 | 8.1 29 -
0.05 i, 46 -
0.10 7/ 61 -
0.20 0.9 n.d.z -

Polymerization conditions: Ti = 0.005 mmol, heptane = 100 ml, AlEt; = 1.0 mmol,

propylene pressure = 1 atm;“at 40°C, 1 h.

*EB, DBP | and« PES ¢ denote | ethyl | benzoate,
phenyltriethoxysilane, respectively.

TWeight fraction of\boiling-heptane-insaluble part,
flsotactic pentad determined by *C NMR.
8Boiling-heptane-insoluble part.

nNot determined owing to very low yields.

dibutyl

phthalate and
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2.6.2 Dialkyl phthalates and Alkoxysilanes

Investigations were exiended to ?';hé catalyst systems containing a dialkyl
phthalate (DP) and an arylalkoxysilane as-'ii'nt(érnal and external donors. The biggest
difference between EB and DP as an external donor is observed when the
polymerization of propylene is conducted mthe absence of external donor (Soga et
al., 1988; Barbé, Norisuti, and Baruzzi, 1992). The .isospecificity of the EB-
containing catalyst is-generatty tower than that of the DF-containing catalyst, and the
isotacticity of PP obtained with the former catalyst decréases to a greater extent upon
increasing either the polymerization time (Busico et al., 1985) or the concentration of
a trialkylaluminum. Such a“decrease in'the catalyst isospecificity is attributed to the
extraction of internal EB with an alkylaluminum (Soga et al., 1988, Keii et al., 1982).
Norisuti.et.al: (1991) reported.that DR, is also.extracted by an.alkylaluminum. Taking
these facts into ‘eonsideration,” DP “might improve ‘the isospecificity indirectly,
probably by converting the active Ti species from a mononuclear type to more
clathrates.

Sacchi et al. (1991) investigated the stereochemistry of both the first inserted
monomer and the main chain of isotactic PP obtained with the MgC1,/TiCl,,
MgC1,/EB/TiC1, and MgCl,/DP/TiC1, catalysts in the absence and presence of some
external donors such as EB, tetramethylpiperidine (TMPip) and phenyltriethoxysilane

(PES). They found that the stereospecificity of the isospecific sites increases in the
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order MgCl,/TiC1, < MgC1,/DP/TiC14 < MgC1,/EB/TiC1,4, when the polymerization

is conducted without using any external donor. The result suggests that there are
different kinds of isospecific sites, depending on the catalyst system. It was also
observed that the stereospecificity of isospecific sites in the MgCIl,/EB/ TiC1, catalyst
increases more or less upon adding any type of external donor although the
productivity of isotactic PP depends upon the external donor, whereas the
stereospecificity of isospecific sites in the MgC1,/DP/TiC1, catalyst is markedly
increased only when PES is used as external donor. They also reported that the
internal DP promotes the adsorption of /assilane compound on the solid catalyst
accompanied by the adsorptiens of DP, when=an alkylaluminum is present in the
system (Norisuti et al., 1991; Sacchi et al., 1991; Sacchi et al., 1992).

There is no doubt _that silane compounds used as external donors function as
deactivators of non-sterc@spegific sites and also as promoters for generating highly
isospecific sites (Soga et al., 1988; Sacchi‘et al., 1991; Barbé et al., 1992; Sacchi et
al., 1992; Proto et al.,1990).

However, we have stillvery: poorinformation concerning the mechanism of
how such highly isospecific Sites are form'ed-. The present authors investigated the
effects of phenyltriethoxysilane and dibu't’qu phthalate as external donors with the
absolutely nonstereospecific catalyst and found‘:that the change in isotactic PP caused
by the addition of thase donors is far less cdfﬁpared with that caused by EB (Table
2.3) (Soga et al., 1992). Such bidentate ligands are supposed to function only as
deactivators. Accordingly, it may be plausible to consider that the silane compounds
used as external donors act as modifiers of the originally isospecific sites, i.e. bi- or
multinuclear Tespecies. (site-11), by preventing the migration of the bridged chloride
atom (Soga et al., 1988).

2.7 New:Electron Donors

As described above, the complexity of MgC1,-supported catalyst is derived
from the chemical interactions between the Lewis acids (MgC1l,, TiCly,
alkylaluminum) and bases (internal and external donors), mostly from the high
reactivity of alkylaluminums towards Lewis bases used as internal and external
donors. Recently, it was found that some hindered diethers like 2,2-diisobutyl-1,3-
dimethoxypropane (DBDMP) and 2,2-dimethoxypropane (DMP) used as internal
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donor can improve the catalyst isospecificity to a great extent even without using any

external donor. liskola et al. reported an interesting experimental result on this special
catalyst system that DBDMP contained in the MgCl,-supported catalyst is hardly
removed by the treatment with a triethylaluminum (liskola et al., 1933). The influence
of the addition of DMP to the MgC1,-supported catalyst including DP was also
reported (Gupta et al., 1992). The data indicate that an increase of the DMP/AI molar
ratio up to 0.10 results in a marked improvement in the isotactic index. Further

increases in the ratio merely decreased the polymer yield.

2.8 Effects of Electron Donors
2.8.1 Isotactic crystallinity

Different donors ogsreactants show their affect on isotactic crystallinity in
propylene and 1-butebe .polymerization. For propylene and higher a-olefins,
crystallinity or someproperty related to crystallinity was measured. The more
crystalline a polymer, the higher wasits tensile strength, the higher were the insoluble
fractions in boiling heptane, the lower was the xylene soluble fraction, and higher was
the flexural modulus. Electran doners usuallytincreased the isotactic-regulating ability
of a catalyst, but not always. =

2.8.2 Activity

Most frequently a claim is made that the activity of catalyst is increased. A
variety of reactants or donors have been reported. Organic nitro compounds
(CeHsNOy) increased the activity of the catalysts- AlL,Et;Cls-VOCI;, VO (OBu); or
V(acac); for the polymerization of, ethylene or copolymerization of ethylene and
propylene £Siliconfydrides added;to the AIEt:/TiCl catalyst incrzased its activity for
polymerization of ethylene. The activity of the CHj3TiCls-TiCl; catalyst for
polymerizing propylene was increased by n-BusN. The presence of ethylorthosilicate
in a catalyst prepared by reduction of TiCl4 with AIEtCl, and activated with AIEtCI,
was reported to increase its activity, and a highly crystalline polypropylene having a
high bulk density was formed. More active catalysts for ethylene were formed when
transition metal salts were complexed with amines and then combined with Al-i-

Bu,Cl. Similarly, complexes with CrCl; with ammines, alcohols and ketones were
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said to lead to a more active catalyst for ethylene when combined with AIEt,CI. A salt

made by reacting vanadium oxides and phenyl phosphonic acid at 80 °C was
combined with AIEt,Cl to make an active catalyst for polymerization of ethylene.
Dienes were very effective in lowering the activity of the AlEt;-aTiCls catalyst for
the polymerization of ethylene; for example, butadiene > isoprene > styrene >
isobutylene > methyl styrene. Higher rates were claimed for polymerization of

propylene when peroxides were added to AlEts-TiCl,.

2.8.3 Molecular Weight

As early as 1956, Dost-and co-workers(1960) recognized that electron donor
can increase or lower_melecular weights of formed polyethylene when added to
Ziegler-Natta catalysts;«#for example, aldehyde, esters, and amines were added to the
AIRs-TiCl, catalysts. Since them, many other examples have been reported for olefins
and diolefins. Typically; the electron dohbr increases the molecular weight of the
formed polymer. Claims have alse been made that the molecular weight distribution
can be altered by presence of donors. A narrowing was reported by Erofeev in the
“width” of the molecular weight distribution by the presence of anisole in the
AIEt,CI-TiCl, catalyst. Kicheva-and co-workers noted that the polyethylene product
had a narrower molecular weight distribution when Ti(OR), (where R= Et, i-Pr, or
Bu) or alcohols were added to the AIELCI-TICl, catalyst. Hirooka and co-workers,
however, did not Significantly affect the molecular weight distribution of
polypropylene by addition donors (pyridine, hexamethydphosphoramide, CS,, etc.) to
AlEt;-TiClsH, AIEL,CI-TiCizAA, and AIEtCI-TiClsAA catalysts (Boor, 1979)

Relative | to- heterogenequs.. catalyst, ' soluble 'catalysts produce polymers
consisting of chains whose molecular weights are-not significantly different from one
anothery They have'a narrow molecular weight distribution. While the gel permeation
chromatography (GPC) has been used to measure molecular weight distribution, most
of their literature refers to the ratio Q=Mw/Mn as a measure of dispersity of molecular
weights (Mw and Mn are the weight average and number average molecular weights,
respectively). For soluble Ziegler-Natta catalysts, Q values in the range of 2 to 4 have
been reported for polyethylene. In contrast, heterogeneous catalysts produce polymers
that have much wider molecular weight distribution, for example, Q>4 to 20 or
higher. Beyond recognizing that soluble catalysts led to narrower molecular weight
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distribution than obtained with heterogeneous catalyst, not much else of significant

importance has been reported on the control of molecular weight distribution.
Workers have, however, recognized that changes in molecular weight distribution

take place during polymerization (Puhakka et al., 1997).

2.9 Polyethylene

The explosion in the dynamic development of polyethylene (PE) started
mainly in the 1970s which has the highest production volumes of all synthetic
polymers. Polyethylene (PE) is the most important material in plastic and polymer
type. Normally, polyethylene can be divided inie three categories according to its
density and structure; high-densiiy polyethylene (HDPE), low density polyethylene
(LDPE) and linear low density‘polyethylene (LLDPE) as shown in Table 2.4.
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Table 2.4 Density range, molecular structure, synthesis, and applications of several

types of polyethylene (Richards, 1998).

Type of Density Molecular ] Application
polyethylene (glem?) structure Synthesis S
o~ T Polymerization Gas pipe,
HDPE 0.945-0.965 of polyethylene car gas
—
on Philips, tanks, bottles
Ziegler-Natta rope and
and fertilizer bag
metallocene
catalyst
Free radical Packing
LDPE 0.89-0.94 j,;,m\é pYa polymerization film, bag,
f{(_ BJ‘ _r;\ of ethylene at wire
Y 5 - high sheathing,
temperature and pipes,
high pressure waterproof
membrane
Copolymerizati Shopping
LLDPE 0.91-0.925 on of ethylene | bag, strech
(VLDPE,ULD )ij with o-olefins wrap,
PE)* /\J on Ziegler- greenhouse
Natta and film
metallocene
catalysts

*A family of LLDPE with density of 0.87-0.915 g/cm’

From Table 2.4 summarized the characteristic of three type of polyethylene.

The different in structure of polymer affects to the physical properties of polymer

such as density of polymer and hence the application of polymer. HDPE is the

polymer that has very less or does not have any branch in the polyethylene backbone.
From this microstructure HDPE has very high crystalline phase in polymer

morphology and highest density about 0.96 g/cm®. This microstructure results in
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better packing of polymer chains in solid state, as a result, HDPE is a rigid

thermoplastic which is more useful as a structural material due to its rigidity.
Applications of HDPE include formed packaging (such as milk bottles), pipe, and
molded pieces such as kitchenware and toys. In addition, the considerable industrial
interest in HDPE is due to the economics allowed by the low pressure production
processes as to its suitability in field where it can be replaced conventional LDPE.

In most cases, normal LDPE is made by a free-radical polymerization process.
As a result, LDPE contains short-chain branches, as well as long-chain branches in
the polymer chains. LDPE refers to the polyethylene of density between 0.89 g/cm? to
0.940 g/cm?; it has flexible and high impact strength (Xie et al., 1994; Suphchokchai,
1990) The characteristics determining the advantages of LDPE for some particular
use are excellent processability at relatively low temperatures, excellent optical
characteristics, impact and‘tearing resistance, and flexibility. These are the properties
which lead to the utilization of LDPE in industrial packaging films.

In case of, linear dow-density polyethylene (LLDPE) known as branched
polyethylene is mainly produced. by ethylene copolymerization with o-olefin
comonomer, such as 1-bugene, 1-hexene, and 1-octene: The properties of LLDPE such
as, thermal, physical and mechanical proﬁérﬁg_s depend on the distribution of short
chain in the copolymer and polymer mic;rost}ucture (triad and dyad distribution).
Thus, the several "LLDPE grades are cléééified by the primarily result via
microstructure of polymer and molecular weight of palymer. LLDPE seems to fit
these requirements as a polymer suitable for several fields (Zhanxia et al., 2006).

The knowledge of jpalyethylene properties are percent crystallinity, average
molecular welght,; and 'molecular. weight; distribution playsan important role in
processability and mechanical properties (Boor, 1979). There are six properties that
make polyethyleneattractive: (1) toughness;y(2), excellent chemieal resistance to
solvents;; acids, and alkalis, (3) good barrier t0 gases, (4) outstanding dielectric
characteristics, (5) adaptability to various fabrication techniques, and (6) facile
adjustment of properties by tailoring branching and molecular weight and by
incorporating additives.

Generally, polyethylene has a wide molecular weight distribution are easier to
process, which is important in molding and extrusion processes. In contrast, polymers
that have a narrow molecular weight distribution have a higher impact resistance,

better low temperature toughness, and better resistance to environmental stress
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cracking. In case of the high molecular weight polyethylenes have better properties

than do low molecular weight polymers, such as greater impact resistance (toughness)
and chemical resistance. Processing, however, becomes more difficult as their

molecular weight increase [20].

2.10 Molecular Weight and Molecular Weight Distribution Control

Many studies concerning the influence of molecular weight (MW) and the
molecular weight distribution (MWD) on the various properties of polyethylene have
been performed. Various methods for contrelling the MW and MWD for ethylene
polymerization can be summarized as below (Ahn et al., 1998; Cho et al., 2000;
Singh et al., 1971).

(i) Physical blending.of.the polymers with different average MW, however,
this method contains high gellevels result in miscibility problems can arise.

(if) Cascade reactor progess and uéing composite of different transition metal
catalysts in a single reacter polymerization process which can be produced polymers
with different Mw ranges but this method more or less has some defects such as
gelation, high cost, and complex manipulati_@r_].

(iii) Using a series of reactors, each Qf';.which supports polymerization under
different conditions such as temperature, pressure, and hydrogen partial pressure, etc.

(iv) The presence of some compounds (so-called Lewis bases compound) like
water, alcohol, etc.; eontaining active hydrogen Is capable of terminating a Ziegler-
Natta polymerization-reaction. It has been widely employedto control the Mw of
polyethylene industrial production lines by‘using Ziegler-Natta catalysts (Chen et al.,
2006; Seth, 2003)

2.11Average Molecular Weight Technique

Measurement of average molecular weight using the dilute-solution viscosity of
polymer solutions provides one of the most easily obtained and widely used items of
information about the molecular structure of the samples. Since the dilute-solution
viscosity of a given sample depends upon the type of solvent used and the temperature
of the measurement, it is necessary that both these be specified (and the concentration
also unless the intrinsic viscosity is calculated) for all measurements. Provided that it
is known that the polymer is linear rather than branched, empirical correlations can be
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developed between the intrinsic viscosity and the molecular weight of the sample. The

Ubbelodhe viscometer utilized in this experiment operates independent of the total
volume of solution over a considerable range. It is therefore useful as a dilution
viscometer, in which solutions having several different concentrations can be
prepared and measured in situ. This facility results from its construction in which the
solution emerging from the lower end of the capillary flows down the walls of bulb A
in a manner which is independent of the liquid level in the main reservoir B. This

mode of action is referred to as a suspended level.

We lot the polymer solution flow throogh
a tobe bke this, and we record the time it
takes the level of the fiuid to drop frem
this line to this line

Figure 2.14 Measurement of efflux time of U-tube viscometer

The simplicity? of~they measurement cando theusefulness of the viscosity-
molecular weight correlation” are “so great. Several matheématical equations are
available in.the literature. for.determining.the intrinsic.viscosity” [n] of a polymer
solution, by graphical extrapolation. lthis 'study{ intrinsic viscosity-was determined

from Kraemer Equation (1938)

e[kl 1)
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where k™ is constant, nr is relative viscosity, ¢ is concentration in g/dl and [n] is

determined from [(In nr)/c]c=0. According to the Mark-Houwink-Sakurada relation,
the correlation between intrinsic viscosity and molecular weight, the value of intrinsic

viscosity changes with the molecular weight of the polymer in a solvent as:

[7]=K'M* (2-2)

type of polymer, solvent and tempe
N

w
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CHAPTER I

EXPERIMENTAL

In this chapter, the materials and chemicals, equipments, catalyst preparation,

polymerization procedure, characterization instruments will be explained.

3.1 Materials and Chemicals

The chemicals used in these experiments;Cairied out at the Center of Excellence

on Catalysis and Catalytie:Reaction Engineering; were specified as follows:

1.

N g A

10.
11.
12.
13.
14.
15.

Polymerization-grade ethylene (C,H,) was used as received from PTT
Chemical Plc. (Thailand)

Ultra high purity argon (99,999%) was purchased from Thai Industrial Gas
Co., Ltd. (TIG) and was further purified by passing through the column
packed with malecular Sieve BA,“’ BASE Catalyst R3-11G (copper catalyst),
sodium hydroxide: (NaOH) and ph'oéphorus pentoxide (P20s) in order to
remove traces of oxygen ahd moistU‘Ee‘.N )

Anhydrous magnesium chioride (Mgélz, >98%) was donated from Tosoh
Finechem, Japan and was vacuum dried at 120°C for 6 h before use.

Ethanol (C,HsOH>99%) Was purchased from Merck Ltd.

Titanium tetrachloride (TICly, > 99%) was purchased from Merck Ltd.

Diethyl aluminum chloride (DEAC) was donated from Tosoh Finechem, Japan
Triethylaluminum {(AKC:,Hs)3) [in“hexane: solution, ‘was donated from PTT
ChemicaliPlc., (Thailand).

n-Butanel (EH3(CH,)sOH->99,5%) was,purchased, from Merek,Ltd.

n-Octanol (CH3(CH3);0H>99.5%) was purchased-from Merck-Ltd.

t-Butanol (C4H100 >99%) was purchased from Fluka Ltd.

Dibutyl ketone (CH3;COCH3; >99.8%) was purchased from Merck Ltd.

Heptyl acetate (CH3COOC;Hs >99.5%) was purchased from Sigma.

Dibutyl ether (CgH150 >99%) was purchased from Merck Ltd.

Dipentyl ether ((CH3(CH>)4).0>99%) was purchased from Sigma.

Dihexyl ether (CH3(CH,)sO(CH,)sCH3>97%) was purchased from Sigma.
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16. Polymerization-grade n-hexane (C¢Hi4) was donated from Exxon chemical

Thailand Ltd. It was dried over dehydrated CaCl, and was purified by
refluxing over sodium/benzophenone under argon atmosphere prior to use.

17. n-Heptane (C7Hy4, 99.84%) was supplied from Carlo Erba. It was dried over
dehydrated CaCl, and was purified by refluxing over sodium/benzophenone
under argon atmosphere prior to use.

18. Toluene was donated from EXXON Chemical Ltd., Thailand. This solvent
was dried over dehydrated CaCl, and distilled over sodium/benzophenone
under argon atmosphere before use:

19. Benzophenone (purum 99.0%) was.ebtained from Fluka Chemie A.G.
Switzerland.

20. Sodium (lump in_kerosene, 99.0%) was supplied from Aldrich chemical
Company, Inc.

21. Calcium chloride (Dehydrated) was manufactured from Fluka Chemie A.G.
Switzerland.

22. Xylene (99.8%)waspurchased from Merck.

23. Commercial-grade methanol was purbhésed from SR lab.

24. Hydrochloric acid (Fuming 36.7%) Was supplied from Sigma-Aldrich Inc.

3.2 Equipments

Due to the Ziegler-Natta system Is extremely sensitive to the oxygen and
moisture. Thus, the special equipments were required ta-handle while the preparation
and polymerization process=All of the equipments used in this experiment are listed

as below.

3.2d Gas Purification System

Argon (UHP) was further purified by passing through the column packed with
molecular sieve 3A, BASF Catalyst R3-11G, sodium hydroxide (NaOH) and
phosphorus pentoxide (P2Os) in order to remove traces of oxygen and moisture prior
to use. The BASF catalyst was treated with mixed Ar/H, (H, 3%) at 300°C overnight
in order to regenerate the catalyst. The inert gas purification system is given in Figure
3.1.
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o

Figure.3,2 Glove box

3.2.3 Vacuum Rump

The vacuum pump model’ 195 from Labconco Corporation was used. A

pressure of 10™ to 10° mmHg was adequate"'fdrﬁ--the vacuum supply to the vacuum line
in the Schlenk line. The vacuum pump is shown in Figure 3.3.

Figure 3.3 Vacuum pump

3.2.4 Schlenk Line

A dual manifold design model of Schlenk line as illustrated in Figure 3.4.,

which is consisted of one manifold for vacuum and another for inert gas, is used as a
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workhouse item for the manipulation of air-sensitive materials. The argon line is

connected with mercury bubbler at which a manometer tube is contained enough

mercury to provide a seal from the atmosphere when argon line is evacuated.

non-return gf‘m
valve \

) H exhaust line to
exhaust line fume-cupboard
to fume- p

H H

\ amcrcury bubbler
rotary pump ) N ﬂ

Figure 3:4 Schlenk line

3.2.5 Schlenk:Tube g

A tube witha«ground glass joint and side arm, which is three-way glass valve
as illustrated in Figure 8.5. It permits the user to pull a vacuum on the tube or to fill it
with an inert atmosphere.sSizes of Schlenk/tubes are 50, 100 and 200 ml used to

prepare catalyst and.store materials which are sensitive to/oxygen and moisture.

Figure 3.5 Schlenk tube.
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3.2.6 Cooling system

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

3.2.7 Magnetic stirrer and heater

The magnetic stirrer and heater model RTC basis from IKA Labortechnik

were used.

3.2.8 Reactor

A 100 ml stainless.steel autoclave was used.as the polymerization reactor for

high pressure systems.
'1

3.2.9 Polymerization ling

The polymerizationine consists Eﬁ‘ ethylene gas, pressure regulator, and valve
: 5
system. It use for pelymer synthesis;: control pressure and type of gas for

polymerization. The polymerizafibnf Jine |ssbown in Figure 3.6.
akd vl

5T ; Gas starage tube
Il iDlagnetedrmen stirrer
WIE | Ivlass flover meter

PRI Presaure requlator
FR2 ; Pressure regulator for

ethylene consmrnption

Figure 3.6 diagram of system in slurry phase polymerization
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3.2.10 Syringe, Needle and Septum

The syringes were used in the experiment had a volume of 50, 20 and 10 ml
and the needle were No. 17, 18 and 20, respectively. The septum was a silicone rod. It
was used to prevent the surrounding air from entering into glass bottle by blocking at
the needle end. The solvent, catalyst and cocatalyst were transferred to a glass reactor

by using needles.

3.2.11 Digital Hot Plate Stirrer

A Cole-Parmer digital hot plate stirrer was used for blending the polymers.
The hot plate stirrer is proegrammable. All fupetions-ean be set from digital panel and
display their status on LCD: JFhe plate temperature, stirrer speed and time are

controllable.

3.3 Catalyst Preparation
3.3.1 Catalyst A

Catalyst A was carried out accordvi'né to the reported procedure by Mitsui
Petrochemical Industries Ltd (U.S. Patenf.:4011674, 1978) by the recrystallization
method. Anhydrous magnesium dichloride 2 g+(0.0210 moles) was suspended in 100
ml of heptane and 0.1259 moles of ethanol Waé added dropwise at room temperature.
After the end of addition, the solution was stirred for.2 h. Then, 28 moles of
aluminum compound was introduced dropwise and heated up to 90°C for 2 h.
Thereafter, 0.0255 moles of titanium tetrachloride was added and the mixture was

stirred for 2 h.'Finally, the obtained catalyst was washed with heptane for several times.

3.3.2 Caralyst'E

Catalyst B is commercial catalyst.

3.4 Ethylene Polymerizations

The ethylene polymerization reaction was carried out in a 100 mL semi-batch
stainless steel autoclave reactor equipped with magnetic stirrer. First, the required
amounts of hexane (30 ml), TEA (Al/Ti molar ratio = 100) and follow by adding
amount of electron donors/Ti molar ratio of 0.1 by a syringe technique. Thereafter, a
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given amount of catalyst was charged into the reactor. The reactor was then immersed

in liquid nitrogen. After that, the autoclave was evacuated to remove the argon. Then,
the reactor was adjusted to the polymerization temperatures (80 °C). Polymerization
was started by feeding ethylene gas (total pressure 50 psi) at 0.018 mol (6 psi was
observed from pressure gaute). Ethylene pressure and temperature were kept constant
during the polymerization, and the consumption rate of ethylene was monitored by
mass flow meter. Polymerization was terminated with acidic methanol. The polymers
obtained were precipitated in acidic methanol, filtered, adequately washed with

methanol, and finally dried under vacuum at.60.°C for 6 h.

3.5 Characterizations Instruments
3.5.1 X-ray diffraction (XRD)

XRD was performed to determine the bulk crystalline phases of sample. It was
conducted using a SIEMENS D-5000 X?ray diffractometer with CuKy(A = 1.54439
A). The spectra were scanned at a range of J-2.4° min™ in the range 20 = 10-80°. The
paraffin film was used to protect-of sampleé from air.

¥

3.5.2 N, physisorption

Measurement iof BET surface areé of catalysts was determined by N
physisorption using-aMicromeritics ASAP 2000 automated system.

3.5.3 Thermogravimetric Analysis (TGA)

TGA was perfarmediusing TA Instruments.SDT Q 600 analyzer. The samples
of 10-20 mg and a temperature ramping from 40-to 800°C at 10°C/min were used in

the operation. The/carrier/gas was No UHP.

3.5.4 Scanning electron microscope (SEM)

SEM observation with a JEOL mode JSM-6400 will be employed to
investigate the morphology of catalyst precursor and polymer. The polymer samples
for SEM analysis were coated with gold particles by ion sputtering device to provide

electrical contact to the specimen.
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3.5.5 Differential Scanning Calorimetry (DSC)

The melting temperature (T,) and crystallinity (X;) of ethylene polymer
products will be determined with a Perkin-Elmer diamond DSC from MEKTEC, at
the Center of Excellence on Catalysis and Catalytic Reaction Engineering,
Department of Chemical Engineering, Chulalongkorn University as shown in Figure
3.7. The analyses were performed at the heating rate of 10°C min™ in the temperature
range of 50-200 °C. The heating cycle was run twice. In the first scan, samples were
heated and the cooled to room temperatu‘re}. In the second, samples were reheated at
the same rate, but only the results of the Sé{@ﬁdfscan were reported because the first

scan was influenced by the mechanlcaL and-thermal history of samples. The overall

77/
£/ %= HulH, (3D

L

crystallinity was calculated.from the heert of fusionwvalues using the formula

—

Where Hp is the enthalpy-of thg&te'sted samples and Hp, the enthalpy of a
totally crystalline PE,"was a s_qm_e:d tdffa_g 293 Jlg (Welsh, 1996; Brandrup and

i

Immergut, 1989). orrr | N

Figure 3.7 Perkin-Elmer Diamond DSC

3.5.6 U-tube viscometer

One of the most widely used methods for the routine determination of
molecular weight (Mw) was solution viscosity. Samples were dissolved in 1,2,4-
trichlorobenzene as the solvent at initial concentration of approximately 2g/l and

measured at 150 °C by u-tube viscometer are given in Figure 3.8. The efflux time
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was recorded. The data used for viscosity calculations and converted to average

molecular weight.

Wo lot the polymuer solution flowthrough
a tube like this, and we record the time it
takes the level of the fluid to drop frem

Figure3.8 ; ux time of U-tube
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CHAPTER IV

RESULTS AND DISCUSSION

The main topic of this study is to investigate and characterize effect of various
external electron donors which were introduced into the system during ethylene
polymerization on the catalytic activity and polymer properties with Ziegler-Natta

catalysts.

4.1 Characterization-efsupports and catalysts

In this part, there are two catelysts were used; catalyst A was prepared
according to a reported proeedure by Mitsui Petrochemical Industries Ltd (U.S. Patent
4071674, 1978) and cammercial catalyst;B, name as, cat-A and cat-B, respectively.
All of catalysts were then characterized uSmg ICP, N3 physisorption, XRD, TGA and
SEM. '

4.1.1 Titanium contentwith induéti\'}'ély coupled plasma (ICP)

In Table 4 Ihexhibits the results in terms 6f thé titanium content of both
catalysts. The titanium content of cat-A was 3.6 %wt and. 4.6 %wt for cat-B. It was
observed that commercial catalyst (cat-B) i1s higher titanium content than synthesized

catalyst (cat-A).

4.1.2 BET specific surface area with N, physisorption

The 'BET /Specific surface 'areas were characterized by N; physisorption
method is given in Table 4.1. Both of catalysts showed a similar tendency of specific

surface areas which cat-A was 124 m?/g and cat-B was 122 m%/g respectively.



48
Table 4.1 Ti contentand BET specific surface areas of catalysts.

Name Ti content (% wt)? BET surface area (m?/g)°
Cat-A 3.6 124
Cat-B 4.6 122

®Ti content (%wt) were determined by I€P

®specific surface area (m’q) were determined by N, physisorption

4.1.3 Crystalling'phases with X-ray diffraction (XRD)

Many researchers/have reported ?(RD patterns of anhydrous MgCl, crystal
structure has a cubic close packing (ccp) s"t__r.ugture, which gives strong XRD patterns
at 20 = 15° (0 0 3 plane), 30° (0 0 6 plane),_35° (0 0 4 plane) and 50° (1 1 0 plane)
(Cho and Lee, 2003; Kashiwa, 2004). 2

As shown in Figure 4.1 show XRD ﬁat_tern of both catalysts after treatment of
MgCl, with TiCl,. lt'can be seen that both of catalysts exhibited the similar XRD
patterns. The peak ntensity of XRD patterns of the recrystallized MgCl, decreased,
while remained unchanged patterns with anhydrous MgCl, (Cho and Lee, 2003;

Kashiwa, 2004).
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Figure 41 XRD pattérns of two catalysts

)
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4.1.4 Weight loss with Thermoézﬁé\}imetric analysis (TGA)
¥ K

In this study, TiCls was dispersed by treatment onto the support in order to
identify the interaction of TiCMon:support;;*i_hal TGA measurement was performed to
prove the degree of Interaction between the support a_nfj_the catalyst (TiCls). The

TGA provide information on the degree of interaction for TiCl, bound to the supports
in term of weight loss-and removal temperature. The TGA profiles of cat-A and cat-B
are shown in Figure 4.2:0n the previous study (Kashiwa and Yoshitake, 1984),
based on TGA patterns, theaweight_loss was around.213 9C, which is attributed to the
removal of TiCl, from the crystalline MgCl, matrix. It was observed that the weight
loss ofeTiCly present ‘on cat-A higher than cat:B.. This indicated:that TiCl, of cat-B
had the stronger interaction on supports than cat-A at 213 °C.
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Figure 4.3 SEM micrograph of catalysts morphologies obtained; (a) cat- A (b) cat-B
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4.2 External electron donor effecting on ethylene polymerization

4.2.1 The effects of external electron donor on the catalytic activity

This study was intended to evaluate effects of Lewis bases as external electron
donor which were added during ethylene polymerization on the catalytic activity with
Ziegler-Natta catalysts. From the results, it was observed that the properties of donors

are remarkably affected on the catalyst activity which can be divided into 4 parts:

(1) Effect of different kinds of donor.on‘the catalytic activity

Our study was condueted.in an attempt to siudy: the effects of several kinds of
donor having differing«in functional groups on the catalytic activity for ethylene
polymerization. This siudy .nvestigated four different functional groups of donor,
such as alcohol, ketong; ester; and di-etﬁ'er while the number of carbon in their
molecular structure is essentially the 'same.“In fact, n-octanol, dibutyl ketone, heptyl
acetate and dibutyl ether, respectively, are rep_,tesented for each functional groups. All
of compounds were introduced into system_@t__donors/Ti molar ratio 0.1. It can be seen

molecular structures in Figure 4.4

NP S o A~ CHy

(a) n-octanol (b) dibutyl ketone
o
H.CG
3 \‘AN‘OJKCHS Hsc/\/\o/\v/\cm
(c) heptyl acetate (d)-dibutylether

Figure 4.4 Molecular structure of different kinds of donor: alcohol, ketone, ester
and di-ether (a) n-octanol (b) dibutyl ketone (c) heptyl acetate (d) dibutyl ether
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Table 4.2 Catalytic activities at different kinds of donor

) Polymer  Polymerization Activity®
Catalsyts Materials® _ ) _ _
yield (g) time(s) (kg PE/mol Ti-h)
none 0.4157 145 1,638
n-octanol 0.4924 215 1,309
Cat-A dibutyl ketone 0.2656 127 1,195
heptyl acetate 0.4998 208 1,373
dibutyl ether 0.4739 103 2,629
none 0.4228 119 2,030
n-octanol 0.4492 173 1,484
Cat-B dibutyl ketone 0.4850 284 976
heptyl acetate 0.4897 « 186 1,504
dibutylether 0743474 112 2,216

8Addition of donor to a Poison/Ti mole fraction of 0.1

*The polymer yield was fixed [limited by ethyléne fed used (0.018 mole equally)]
“Slurry ethylene polymerization was carriedvoutkwith catalyst 10 mg, cocatalyst : TEA
,AI/Ti (mol/mol) = 100 in hexane, temperaturesof polymerization : 80 °C, [ethylene]
=0.018 mole o

The result of catalytic activity of cat-A and cat-B obtained with several kinds
of donor which differing-in.functional groups as shown in Table 4.2. It was obvious
that the activity of cat-B showed -higher than'cat-A in;the absent any donor. The
interaction between support and TiCl, active species seems to play an important role
in the formatiomof thefactivesspecies.tis possible, cat-B'hadithe stronger interaction
that exhibit high polymerization activity than cat-A.

The effect on the activity in the presence of n-octanol, dibutyl ketone and
heptyl acetate as external donors exhibited lower activity than the absence of these
compounds. Conversely, the introduction of dibutyl ether was found the highest value
of catalyst activity with both catalysts.

In order to give a better understanding, the effect of di-ether in polymerization
activity can be proposed based on the work reported by Costa et al. (1998). They

revealed that the use of dibutyl ether as internal donor in propylene polymerization
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remarkably improves the activity of catalyst than the catalyst synthesized without

dibutyl ether due to it produced 3-TiCls, which is described in the literature as a
mixed system (cubic and hexagonal) and consequently presents a higher number of
crystalline defects than the other crystalline structures (o-, p- and y-TiCls). Therefore,
8- TiCls is considered to be more active. That could support the reason for the activity
of dibutyl ether higher than in the absence or presence of any external donor. It can
also be said that, the addition of dibutyl ether helps to increase hexagonal crystalline
of catalyst. Moreover, it is found that,.when dibutyl ether is used as external donor in
cat-A the catalyst activity is higher than cai=B: Erom this result, it can be considered
that interaction of TiCl, on support which-ndicated that TiCl, of cat-A had the
weaker interaction on supporis-than cét-B, 1s the key factor caused dibutyl ether
strongly influenced in aciivity.of cai-A'than in cat-B. In addition, it can be said that,
using dibutyl ether cansimprove the catalyst active sites of cat-A is synthesized
catalyst than commercial‘caialyst (cat-B).""'A possible reason is that cat-A contains
more sites that are not active, but alsox‘;activated after promoted by dibutyl ether
external donor. ‘ 4

Conversely, in the presence of n-ocﬁaﬁbl, dibutyl ketone and heptyl acetate as
external donors produced a Stronger deacti\_zéjtio_n effect on the catalyst activity. From
our results, deactivation of catalyst activityj(_:_a_n_ alter in the following order: ester <
alcohol < ketone and also followed the same frend as in both cat-A and cat-B. The use
of these compounds.as external donors could poison effects on the active center

through the decrease in catalyst activity.
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(2) Effect of number and bulkiness of alcohols carbon on the catalytic

activity

In this part, we have compared the influences of alcohol group in order to
discuss the effect of molecular structure aspect on number and bulkiness of alcohol
carbon on catalytic performance for ethylene polymerization. The represent of alcohol
compounds such as ethanol, n-butanol, n-octanol and t-butanol were investigated.

Their molecular structures are shown in Figure 4.5.

'AOH MOH
(a) ethanol (b) n-butanol
. OH
NN A
(c) n-octanol _ (d) t —butanol

Figure 4.5 Molecular strugture of alcohols (&) ethanol (b) n-butanol (c) n- octanol
(d) t-butanol

The results 'of ethylene polymerization of alcohol compounds differing in
number and bulkiness structures of carbon can be observed from Table 4.3. It can be
seen that, all compounds produced an evident deactivation effect on the catalyst
activity comparing with the absence of these compounds.” From our results, it can be
noticed that, the use of high number of linear alcohol carbon as external electron
donor has led toysubstantial advancesinjactivity of catalyst. Comparison these results
with ethanol and n-butanol have shown that n-octanol which has the highest number
of carbon give the highest values activity. Puhakka et at. (1997) explained that the
small alcohol is able to produce a stronger evident deactivation of catalyst activity
than other alcohol complex because the stability of the alcohol depends on O-H bond
length. The small alcohol gives O-H bond length longer than other alcohol complexs
which is able to produce a stronger evident deactivation of catalyst activity. In this
case, ethanol is smallest alcohol structure which produced the lowest activity of

catalyst. Moreover, by comparison of different structure of carbon bearing bulkiness,
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it became clear that t-butanol produced an evident deactivation effect lower than n-

butanol. It indicated that the stability of the complexes increased with steric bulkiness
of alcohol (Puhakka et at., 1997).

Beside, it can be seen that catalytic activity of cat-A has a resistance on small
alcohol compounds better than in cat-B. From this result is also consistent with the
evidence of the interaction of TiCl, on support which indicated that TiCl, of cat-B had
the stronger interaction on supports than cat-A resulted into the influence of small
structure of alcohol on the catalyst deactivation of cat-B higher than cat-A. Therefore,
it is obvious that, the interaction weakness between TiCl, and support in cat-A could

be decreasing the deactivation effects on the.eatalyst activity from small alcohols.

Table 4.3 Catalytic actiwities at different in number and bulkiness of alcohol

carbon

) Polymer « Polymerization Activity®
Catalsyts Materials® _ 0 _ _
yield (g)* 4 time(s) (kg PE/mol Ti-h)
none 0.4157 145 1,638
ethanol 03410 =24, 170 1,146
Cat-A n-butanol 0.4230 0. 200 1,209
n-octanol 0.4924 246 1,309
t-butanol 0.5000 206 1,386
none 0.4228 119 2,030
ethanol 0.4023 581 396
Cat-B n:hutanol 0.3848 410 536
n-octanol 0:4492 173 1,484
t-butanal 0.4566 223 1,170

Addition of donor to a Poison/Ti mole fraction of 0.1

*The polymer yield was fixed [limited by ethylene fed used (0.018 mole equally)]
‘Slurry ethylene polymerization was carried out with catalyst 10 mg, cocatalyst : TEA
,AI/Ti (mol/mol) = 100 in hexane, temperature of polymerization : 80 °C, [ethylene]
=0.018 mole
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(3) Effect of molecular structure of di-ether carbon on the catalytic

activity

On the basis of first section, di-ether group has attracted a great deal of
attention on the activity of catalyst. From this point of view, molecular structure types
of di-ether carbon should be also taken into consideration in order to elucidate a
possible correlation between molecular structures and catalytic performance. For
comparison, there are three types of di-ethers structure to evaluate more obvious, such
as dibutyl ether, dipentyl ether and dihexyl ether which differing in number of carbon,

molecular structures are shown in Figure 4.6

0
H SC/V\Q/V\CH A Hsc/\/\/ ‘\/\/\CH3
(a) dibutyl ether ' (b) dipentyl ether
HIC L i 04 A4~ CH;

(c)-dihexyl ether

Figure 4.6 Molecular structure of diethers as'pdisoning material (a) dibutyl ether (b)

dipentyl ether (c) dihexyl ether

The correlation-of ‘molecular structures and catalytic activity are summarized
in Table 4.4. Comparing their molecular structure in Figure 4.6, the structure of
electronmy donor-plays, ancimportant rolecand makes itcmore effective in catalytic
activity. JIt can be observed that, dibutyl ether exhibited the highest activity while
dipentyl and dihexly ether rendered lower activity with both cat-A and cat-B. It is
apparent that dibutyl ether is small enough to place adjacent to the catalyst, has a
strong electron-donating ability, and exhibited effective influence to the activation
more active sites lead to the following increase the catalyst activity.
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Table 4.4 Catalytic activities at different molecular structure of di-ether carbon

Polymer  Polymerization Activity®
Catalsyts Materials® _ ) _ _
yield (g) time(s) (kg PE/mol Ti-h)
none 0.4157 145 1,638
Cat-A dibutyl ether 0.4739 103 2,629
dipentyl ether 0.4440 157 1,602
dihexyl ether 048357 165 1,509
none 0.4228 119 2,030
Cat-B dibutyl ether 0.4344 112 2,216
dipentylether . 0.4296 136 1,805
dihexyl ether 0.4520 ¥ 1,885

“Addition of donor to aPoisen/Timole fraction of 0.1

*The polymer yield wasdfixed [limited by ethylene fed used (0.018 mole equally)]
“Slurry ethylene polymerization was carried out with catalyst 10 mg, cocatalyst : TEA
,AI/Ti (mol/mol) = 100 in hexane, temperature of pelymerization : 80 °C, [ethylene]
=0.018 mole '

¥

(4) Effects of dibutyl-ether/Ti molar ratio on the catalytic activity

According te.many researchers mentioned that di-ethers is excellent internal
donor for propylene polymerization, which'is able to improve stereospecific and also
enhance the activity of catalyst (Andoni et als, 2008; Boor, 1979; Soga, 1997). In this
part, we have also_éextended the study to.evaluation of dibutyl ether as especially
external donors” by varying the .molar ratio of dibutyl ether/Ti for ethylene
polymerization. | The «data 'iSshown™in “Table® 4.5/ /indicating~the. polymer vyield,
polymerization time and polymerization activity obtained from different dibutyl
ether/Ti molar ratio, such as 0, 0.05, 0.1, 0.2 and 10. It was obvious that, the highest
value of activity was achieved at dibutyl ether/Ti of 0.1 in both cat-A and cat-B.
Further increasing the molar ratio, a gradual decreasing in activity of catalysts could
be observed. It is possible that, when dibutyl ether/Ti molar ratio increases to an
optimal ratio, it is able to promote the activation of active sites on the solid catalyst

and enhancement the catalyst activity. Still increasing dibutyl ether/Ti molar ratio, the
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stable active site is also replaced by donor caused the decrease of the number of active

site, the catalytic activity reduces. In addition, one possible point to explain the effect
of using a suitable amount of dibutyl ether as external donor with regard to produced

hexagonal crystalline highly active, as describe before.

Table 4.5 Influence of dibutyl ether/Ti mole ratio on the catalytic activities.

dibutyl ether/Ti  Polymer Polymerization Activity”
Catalsyts
molar ratio yield (g)? time(s) (kg PE/mol Ti-h)
0 0.4157 145 1,638
Cat-A 0.05 0.3900 120 1,857
0.4 0.4739 103 2,629
0.2 0.4002 130 1,759
10 0:3629 128 1,620
0 0,4228% 119 2,030
Cat-B 0.05 0.4660, 214 1,244
0.1 0.4344 112 2,216
0.2 0. 4279258 230 1,063
10 0.4344 {2 i 158 1529

*The polymer yield was fixed [limited by ethylene fed tised(0.018 mole equally)]
®Slurry ethylene polyfmerization was carried out with catalyst 10 mg, cocatalyst : TEA
AI/Ti (mol/mol) = 100'in hexane, temperature of polymerization : 80 °C, [ethylene]
=0.018 mole

4.2.2 The effects of extermal electronsdonor on theecharacteristics of
polymer

Many researchers have reported that a given amount of Lewis bases
compounds are remarkably affected on catalyst activity and also polymer properties
(Andoni et al., 2008; Boor, 1979; Chirinos et al., 2005; Singh and Merrill, 1971). In
order to confirm this presumption, all of polymers obtained were characterized using
U-tube viscometer, SEM and DSC.
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(1) Solution viscosity of polyethylene

Molecular weight of polyethylene was determined by solution viscosity
instead of gel permeation chromatography (GPC) because of the difficulty in
dissolving these high molecular weight polymers. We obtained the viscosity by using
u-tube viscometer and interpreted intrinsic viscosity data to obtain the average-
molecular weight (MW). There are many mathematical equations are available in the
literature for determining the correlation between intrinsic viscosity [n] and molecular
weight of a polymer solution. In this research Kraemer Equation and Mark-Houwink-
Sakurada relations (Fred, 1984) were used«to.evaluate the valuation of intrinsic

viscosity [n]and molecularweight (MW), which are summarized in Table 6.

Table 4.6 Molecular weighi*(MW) and viscosity (i) obtained with the solution

viscosity®.
Catalysts Entry Materials [n] Mw(x10™)
1 pone 2.867 49.83
2 R-octanol— 2.455 18.16
cat-A 3 dibutyl ketone = 2:347 13.54
4 heptyl acetate 2.470 18.89
5 dibutyl ether 2.987 65.14
6 none 2.666 31.05
cat-B
7 dibutyl ether 2.684 32.40

8Solvent : 1,2,4 trichlorobenzene, measured at 150 °C.

In general, ethylene polymerization synthesized with the absent external donor
has the molecular weight varies inversely to the catalyst activity (Chirinos et al.,
2005). In this work their molecular weight are shown in Table 4.6. It was
demonstrated that, polymer molecular weight from cat-A (entry 1) are higher than the
one obtained with cat-B (entry 3) consistent with the fact that catalyst activity of cat-
A are also lower than cat-B. In contrast, the introduction of dibutyl ether as external

donor led not only to higher proportions of catalyst activity, but also to the increased
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polymer molecular weight, showed a similar tendency both cat-A and cat-B. These

results accompanied with the observation from previous studies (Chen et al., 2006)
that the presence of external donor (diphenyldimethoxysilane, DDS or
tetrahydrofuran, THF) were influenced on the increase of MW. From these results, it
is of interest that the catalyst activity and polymer molecular weight from cat-A,
containing dibutyl ether (entry 5) was found to be apparently higher than cat-B (entry
7). Because of using dibutyl ether is directly correlated with activation or/and
increasing of active sites in cat-A, as can be seen the polymer molecular weight from
that one is higher value with inereasing catalyst activity. Including, the deactivation
effects from ethylene consumption profile_(see in appendix D) exhibited the
deactivation rate from cat-A s lower than cat-B. This result can be explain why the
cat-A is more active and mere pelymer molecular weight than the cat-B.

On the other hand; insthe presence of n-octanol, dibutyl ketone and heptyl
acetate produced a stronger deactivation effect on the catalytic activity. Because of
these compounds could peison effects on the active sites through the decrease in
catalyst activity, which.are remarkably aff_ected on decreasing of polymer molecular
weight (entry 2-4). It is obvious .that, dgéc"r-easing of polymer molecular weight
followed the same trend as in catalyst actinfy'ip__the following order: ester < alcohol <
ketone. -

(2) Morphologies of polymers

All of polymers‘obtained with the addition of electron donors during ethylene
polymerization were determined by SEM®ds shown in Figures 4.7 to 4.10. The
polyethylenes produced by Ziegler-Natta catalyst which was introduced with electron
donors display morphologies with well-defined particles. In addition, it can be seen
that, the polymers obtained with cat-B had smaller particle morphelogy than polymers
from cat-A.
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(1) obtained with cat-A (2) obtained with cat-B

Figure 4.7 SEM micrographs of polyethylene particles obtained with cat-A and B
prepared with different kinds of donor (a) none (b) octanol
(c) dibutyl ketone (d) heptyl acetate (e) dibutyl ether
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(1) obtained with cat-A

Y (2) obtained with cat-B
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prepared with differing in number and bulkiness of alcohol carbon
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64

] . o/ . . )
AN RETHS ™
Figure 4.9 S@Il/l micrographs of polyethylene @ticles obtaine@ith cat-A and B

3 WHR AR e W T IV TR

q (a) dibutyl ether (b) dipentyl ether (c) dihexyl ether



65

(a)

(b)

(©)

(d)

i "'w .-',
‘

#.A i'..:&‘ uﬁ_i ﬁ:‘.‘ *

R TR

(1) obtained with cat-A (2) obtained with cat-B

Figure 4.10 SEM micrographs of polyethylene particles obtained with cat-A and B
prepared with with at different dibutyl ether /Ti molar ratio

(a) [0] (b) [0.05] (c) [0.1] (d) [0.2] (e) [10]
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(3) Thermal properties

The melting temperatures (T) and percent of crystallinity of polymer were
evaluated by the differential scanning calorimeter (DSC). The melting temperature
(Tm) of polymers obtained with cat-A is in the range 129-134 °C and 130-134 °C for
polymer obtained with cat-B. The degree of crystallinity was calculated by
comparison with heat of fusion (AHs) of a perfectly crystalline polyethylene, i.e., 293
J/g. Percent crystallinity of polyethylene are summarized in Table 4.7. DSC curves of
the polymer are also shown in Appendix A.

It is believed that polymers havingsthe highest molecular weight; higher
entanglement of the polymer chains occurs i pelymers showed lower crystallinity.
Boor (1979) and Chirings.et-al. (2005), they demenstrated that there was a striking
difference in the crystallinity.of the polymers obtained with external electron donor.
They mentioned that the‘presence of extérnal donor was influenced on the increase of
MW, but did not show,the dowest degrgé; of crystallinity when compared with the
absence of donor. This is also'consistent with the consequence of this work that all of
polymers obtained with external donors '-shgwed the higher crystallinity than the
absent one. It has stronger tendency o be n];c_)[e MW (compared with none and dibutyl
ether compound) as already /mentioned Vln “part of solution viscosity. As the
crystallization increased (Boor, 1979) (decreasing the degree of branching), it is
possible for the follewing properties to increase, such ‘as rigidity, tensile strength,
hardness, chemical resistance and opacity. However, there is some different point of
polymer obtained from' the higher of dibutyl ether/Ti-molar ratio up to 0.2 and 10
showed minimum value® efscrystallinity thanh absent donor. Therefore, it might be
presumed that the lamount of external donor Increases can contribute to decreasing
crystallinity. Morover, Chirinos (2005) stated that polymer crystalline might have
some relation to adifferent PDI (palydispersity  index) of polymers formed with

respect to having electron donors and absent one.
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Table 4.7 Melting temperatures and percent crystallinity of polymer obtained

different external electron donors compound

Systems Materials Tm(°C)? P
none 129 59.00

ethanol 130 60.25

n-butanol 129 60.29

n-octanol 132 61.32

t-butano! 130 61.66

Cat-A dibutyl ketone 132 60.84
heptyl acetate 131 60.40

dibuty! ether 132 59.56

dipentyl ether 132 60.77

dihexyl ether 131 60.71

dihityl ether [0.05]° 132 59.81

dibityl'ether [0.2]° 131 58.67

dibityl. ether [10]° 133 58.20

nonel 4 133 59.73

ethanol. 132 60.13

_n-butanol, 4 133 60.26

n-octanal’, 130 60.58

Cat-B t-butanoks, 133 60.66
dibutyl ketone 132 60.86

heptyl acetate - 132 61.00

~~dibutyl ether =~ 131 59.81

dipentyl ether 131 60.66

dihexyl ether 131 60.49

dibityl ether [0.05]° 131 60.46

dibityl ether [0.2]° - 130 59.48

dibityl ether [10]° 132 58.93

T and-erystallinity wére determinéd by, DSC:

bcalculated from heat of crystalline formatioh based on HDPE.
° [dibuty! ether/Ti],=.0.05
I['dibutylether/Ti] =°0.2

°[ dibutyl ether/Ti] = 10
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4.3 Discussion

In this research, investigate the effects and roles of external electron donors
for the ethylene polymerization on the catalytic activity and polymer properties with
Ziegler-Natta catalysts. Two catalysts were performed to determine the effects of
external donors. The characteristics of both catalysts showed commercial catalyst
(cat-B) is higher titanium content which corresponds to the stronger with support
interaction than synthesized catalyst (cat-A).

Effects of different external electron donors, having differing in functional
groups were study on the catalytic activity: In_the absent any donor it demonstrates
that the activity of cat-B higher than cat-A. This-ean be rationalized by the fact that,
cat-B contains more sites.which are active than-eat-A. In the presence of external
donors an activation andsdeaciivation effect on the catalyst activity are observed. It is
found that, the use of dibutylether has led to substantial advances in catalyst activity
for both catalysts. Catalytic/activity of céf-A after promoted with dibutyl ether are
shown higher than promated €ai-B. 1t can be said that, dibutyl ether can improve the
active sites of cat-A than cat-B. A possible reason why catalytic activity of cat-A is
higher than cat-B is, cat-A contains more Sites that are not active, and have be easier
to promoted by dibutyl ether as:external denor. From these results, it is consequently
demonstrated that the activation effect are remarkably affected on cat-A which has
TiCl, and support weaker interaction than cat-B.

On the contrary, in the presence of n-octanol, dibutyl ketone and heptyl acetate
as external donors, a-deactivation effect on the catalyst activity are observed. The
catalytic activity is influeneed by the nature of functional group in the following
order: ester < alcohol <'ketone. This suggests that, these compounds can poison on
the active center of catalyst. It cansbe seen that, heptyl acetate,shows the catalytic
activityshigher than dibutyl Ketone: These results support the recagnition from the
previous study (Tangjituabun, 2008) stated that, ethyl acetate, ethyl benzoate (EB)
like structure, could give rise to the electron density of cationic metal center and make
the catalytic sites kinetically more stable and active comparing to acetone. In the case
of alcohol, is accepted that, TiCl, is readily reacted with alcohol to produce alkoxide
complex which is inactive polymerization and HCI (Garoff et al., 1987). In addition,
HCI must react with cocatalyst to reduce its activation power and the titanium

chloride alkoxides produced on the catalyst surface might have some negative effects
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on the catalyst activity. Furthermore, Puhakka (1997) explained that stability of the

alcohols depends on the possibility of forming hydrogen bonding between the
complexes alcohol and a chloride ion. As a result, it was found the catalyst activity of
n-octanol higher than dibutyl ketone but lower than heptyl acetate. The results
obviously demonstrated that the effectiveness of the catalytic activity depends on kind
of external electron donors and nature of functional groups. The interaction

mechanism of electron donor on the catalyst surface is shown in Figure 4.11.

0
ClL,Ti” > +HCl
—OH
MgCl,
TiCl, .
0 TiCl,
)J\ /40 oé\
7 =8 i
MgCl, MgCl,
0 .
TiCl,
/[ko/\ 40—40 O%o\\
MgCl,
TiCl,
AN = T
_ > O
[ m7

Figure 4,11 Purposed mechanism ofi the interaction between'solid catalyst and

electron donors.

To compared the effect of external donors with observed differences in
number and bulkiness of alcohols carbon. High number of alkyl chain of alcohol lead
to substantial advances in catalyst activity. By comparison of different structure of

carbon, it reveals that, more bulkiness produced an evident deactivation effect lower
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than linear structures in comparison with the same numbers of carbon in molecule.

Furthermore, catalyst deactivation of cat-B are higher than cat-A. It may propose that
the deactivation or poison effect have influence on cat-B than cat-A due to stronger
interaction of TiCl, and support of cat-B.

The di-ethers structures of electron donor play an important role and make it
more effective in catalytic activity. Dibutyl ether exhibited the most effective
influence on active sites. Due to it has a strong electron-donating ability, and
exhibited effective influence to the activation more active sites leading to increasing
the catalyst activity. In addition, the effect'of using a suitable amount of dibutyl ether
are important to produced hexagonal crystallinieswhich is believe to be active sites. It
was obvious that, the highest value of activity was achieved at molar ratio of dibutyl
ether/Ti equal to 0.1 in both-cat-A and cat-B.

Moreover, the intredugtion of dibutyl ether as external donor leads not only to
high catalytic activity, but also/increases polymer molecular weight for both cat-A
and cat-B. On the contrany, n-octanol, dibutyl ketone and heptyl acetate exhibit a
deactivation effect onsthe  catalytic acfivity, which are remarkably affected on
decreasing of polymer molecular weight. A’[I bolymers obtained with external donors
showed the higher crystallinity thafn the abéléhlﬁl‘_one. In contradiction, the crystallinity
changes in opposite direction as external dqnor.;



CHAPTER V

CONCLUSIONS AND RECOMMENDATION

5.1 Conclusions

Effects of external electron donors into the ethylene polymerization are
investigated. The results indicate that external electron donors remarkably affecte on
the catalytic activity not only improvement, but also deactivation depend on the
different kinds of each functional group. #Fhe.molecular weight of polyethylene
changes in the same direection of catalytic activity=The activity of catalysts is in the
following order: di-ether >_none > ester > alcohol > ketone, the same numbers of
carbon in their molecular strucitre, It is'found that dibutyl ether which is represented
of di-ether group exhibits apparently highest catalyst activity in both cat-A and cat-B.
The presences of heptyl acetate, n-octanol gnd dibutyl ketone, respectively, become
gradually lower than the absent of these fj_onors. In addition, molecular structures of
alcohol carbon are interpreted in terms of'-"n('jmber and bulkiness of alcohol on the
catalytic activity. It is demanstrated-that iﬁér‘easing the number of alcohol carbon of
linear structure reducing the ability in catalyst J&eactivation. In addition, the bulkiness
molecule with the same carbon atom shost lower deactivation effect. It can be seen
that dibutyl ether can-improve catalyst activity at - molar-ratio dibutyl ether/Ti molar
ratio up to 0.1.

Moreover, in the, presence of external donor, it can contribute to polymer
molecular weight“cantral: In“this ‘research, dibutyl €etheryis-of interesting external
donor that notgonly enhancement catalyst activity and also increase polyethylene
molecular sweight.-On. the, contrary, sn-octanel, -dibutyl, ketone-.and, heptyl acetate
exhibit a deactivation effect on the catalyst activity, which-are remarkably affected on
decreasing of polymer molecular weight. Therefore, the obtained polymer molecular

weight after external electron donors is added depending on the catalytic activity.
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5.2 Recommendations

1. For the case of external electron donor effect explanation, more detailed
study on the polymer properties including the distribution of polyethylene should be
further investigated in order to answer the question what and how active sites have
been altered by external electron donor to confirm whether such compounds could
poison the active site.

2. It is difficult to clarify the polymers properties obtained with external
electron donor additive, because there is problems the difficulty in dissolving these
high molecular weight polymers. The presence: of hydrogen in the polymerization
system as an approach to-evercome that problems to control molecular weight or
terminating polymerization.reaction in arder t0 measure polymer properties by GPC.

3. The results shewed«nierestingly for the case of addition ketone which has
an influence on the lowest of catalyst activity. Maore detail study on the result should

be further investigated.
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B.1 Calculation of crystallinity for polymer

The crystallinities of polymers were determined by differential scanning

calorimeter. % Crystallinity of polymer is calculated from equation (Liu et al., 1997).

2 (%) = AAM 100

AH®m

Where 1y (%) = %crystallinity
AHmM = the heat of fusion of.sg
AH®°m = the heat of fusion ¢
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C-1 The Experimental Data
C-1.1 Polystyrene (PS) Standard-100,000

Initial concentration : 0.1g/50 ml

Solvent : 1,2,4 Trichlorobenzene

Temperature : 150 °C

Table C-1 The experimental data of 100,000-polystyrene standard

99

Conc.

No. (9/100m1) Time (sec)
1 2 3 average

0 0.000 58.78 58:81 58.88 58.82

2 0.025 62.60 62.66 62.41 62.56

3 0.050 63.19 63.15 63.15 63.17

4 0.100 65.47, 65.50 65.31 65.43

5 0.200 65.91 65.72 65.91 65.82
No. conc. 0 =U%  wemn  0e=(ndme  Inge ()l pslc

(9/100ml ) : A r i P

0 0.000 1.000 1.284" 0.000 0.000 - -
2 0.025 1.063 1.366/% 0.063 0.062 2461 254
3 0.050 1.074 1.379° 4 1 0.074 0071 1426  1.48
4 0.100 1.112 1428 =, 0.112 0.106 1.064  1.12
5 0.200 1.119 1437 " me.119 0.112 0562  0.59




C-1.2 Polystyrene (PS) Standard -700,000

Initial concentration : 0.1g/50 ml

Solvent : 1,2,4 Trichlorobenzene

Temperature : 150 °C

Table C-2 The experimental data of 700,000-polystyrene standard

100

Conc. )
No. (9/100ml) Time (sec)
1 2 3 average
0 0.000 58.78 58.81 58.88 58.82
2 0.025 63.53 63.66 63.47 63.55
3 0.050 65.37 £65.66 65.82 65.62
4 0.100 68.87 68.72 68.69 68.76
5 0.200 69.22 69.15 69.22 69.20
No.  COMC i f=im M=o Inne N mefc
(9/100ml ) i AN r r P
0 0.000 14000 1.284 0.000 0.000 - -
2 0.025 1.080 1°.388% % 0.080 0.077  3.094 3.22
3 0.050 1415 1.433/., 0.115 0.109  2.186 2.31
4 0.100 1.169 1501 & " 0.169 0.156 1.561 1.69
5 0.200 1.176 1555 0.176 0.162  0.812 0.88



C-1.3 Polyetylene obtained from catalyst A

Initial concentration : 0.1g/50 ml

Solvent : 1,2,4 Trichlorobenzene

Temperature : 150 °C

Table C-3 The experimental data of polyethylene from catalyst A

101

Conc.

No. (9/100ml) Time (sec)
1 2 3 average
0 0.000 58.78 58,81 58.88 58.82
2 0.025 62.91 62.78 62.78 62.85
3 0.050 67.59 67.2 67.00 67.26
4 0.100 74.47 74.16 74.28 74.30
5 0.200 83.57 83.50 83.50 83.52
No. conc. VE L =non me=@noe  Inne In(mdle mgpl
(g/100ml) o [ 4% r r P
0 0.000 1.000 / 1.284 0.000 0.000 - -
2 0.025 10688 #1372 0.068 0.066 2645 2735
3 0.050 1148 L1469 Ju 0443 0.134 2682  2.870
4 0.100 1.263 /1°-4.622- 4 0.263 0.234 2336  2.632
5 0.200 1.420 -~ 1.824 0.420 0.351 1.753  2.100




C-1.4 Polyetylene from catalyst A with n-octanol additive

Initial concentration : 0.1g/50 ml

Solvent : 1,2,4 Trichlorobenzene

Temperature : 150 °C

102

Table C-4 The experimental data of polyethylene from catalyst A with n-octanol

additive
Conc. ,
No. (g/100mI ) Time (sec)
1 2 3 average
0 0.000 58.78 58'81 58.88 58.82
2 0.025 62.53 62.56 62.56 62.55
3 0.050 66.41 66:28 66.47 66.39
4 0.100 74.31) 74.38 74.31 74.33
5 0.200 9354, . 9353 93.56 93.54
No. conc. A=ty nEnme =Moo Inme Nl gl
(g/100ml) Ar 8 " r »
0 0.000 #0009 11,2840 1,0.000 0.000 - -
2 0.025 1.063 413664, ' 0.063 0.061 2457 2534
3 0.050 112985551 42928 0.129 0121 2419 2572
4 0.100 1.264:2 571623 s, 0.264 0234 2340  2.637
5 0.200 1590 2042 0590 0464 2319  2.951
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C-1.5 Polyetylene from catalyst A with dibutyl ketone additive

Initial concentration : 0.1g/50 ml

Solvent : 1,2,4 Trichlorobenzene

Temperature : 150 °C

Table C-5 The experimental data of polyethylene from catalyst A with dibutyl ketone

additive
Conc. .
No. (g/100mI ) Time (sec)
) 2 3 average
0 0.000 58.78 5881 58.88 58.82
2 0.025 62.22 62:41 62.55 62.39
3 0.050 64.22 64.63 64.44 64.43
4 0.100 68.47, 68.56 68.35 68.46
5 0.200 72.59. 70.19 70.44 71.07
No. conc. A=ty n=noe Np=MM)Me  Inne InMmle ngle
(g/200ml) A 8 N r r »
0 0.000 #000 “ "1.284° "  10.000 0000 - -
2 0.025 1.061 5132586, Q.061 0059 2357  2.428
3 0.050 1095425517407 8 0.095 0091 1821  1.906
4 0.100 11642 11,495/ s 0.164 0152 1517  1.638
5 0.200 1208 1552  0.208 0189 0946  1.041




Table C-6 The experimental data of polyethylene from catalyst A with heptyl acetate

C-1.6 Polyetylene from catalyst A with heptyl acetate additive

Initial concentration : 0.1g/50 ml

Solvent : 1,2,4 Trichlorobenzene

Temperature : 150 °C

104

additive
Conc. .
No. (g/100mI ) Time (sec)
) 2 3 average
0 0.000 58.78 5881 58.88 58.82
2 0.025 62.35 62.93 62.35 62.54
3 0.050 66.25 66:22 66.25 66.24
4 0.100 73.57) 73.78 73.12 73.49
5 0.200 89.34. 89.91 89.91 89.72
No. conc. A=ty n=noe Np=MM)Me  Inne InMmle ngle
(g/200ml) A 8 N r r »
0 0.000 #000 “ "1.284° "  10.000 0000 - -
2 0.025 1.063 9136644, ' 0.063 0.061 2453  2.530
3 0.050 1126455514268  0.126 0119 2375 2522
4 0.100 1249~ 1,605 s 0.249 0223 2226  2.493
5 0.200 1525 1959 0525 0422 2111  2.626




C-1.7 Polyetylene from catalyst A with dibutyl ether additive

Initial concentration : 0.1g/50 ml

Solvent : 1,2,4 Trichlorobenzene

Temperature : 150 °C
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Table C-7 The experimental data of polyethylene from catalyst A with dibutyl ether

additive
Conc. .
No. (g/100mI ) Time (sec)
) 2 3 average
0 0.000 58.78 5881 58.88 58.82
2 0.025 63.28 63.13 63.03 63.15
3 0.050 67.09 67:25 67.65 67.33
4 0.100 73.85) 735 73.09 73.48
5 0.200 82.50. 82.32 82.72 82.51
No. conc. A=ty n=noe Np=MM)Me  Inne InMmle ngle
(g/200ml) A 8 N r r »
0 0.000 #000 “ "1.284° "  10.000 0000 - -
2 0.025 1003 51379586, Q.073 0071 2837  2.940
3 0.050 1145455514708 0.145 0135 2701  2.892
4 0.100 1249~ 1,604 . 0.249 0222 2225  2.492
5 0.200 1403 1802 0403 0338 1.692  2.014




C-1.8 Polyetylene obtained from catalyst B

Initial concentration : 0.1g/50 ml

Solvent : 1,2,4 Trichlorobenzene

Temperature : 150 °C

Table C-8 The experimental data of polyethylene from catalyst B
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Conc.

No. (g/100mI ) Time (sec)
1 2 3 average
0 0.000 58.78 58.81 58.88 58.82
2 0.025 62.47 62.87 62.81 62.72
3 0.050 66.62 £6.28 66.72 66.54
4 0.100 /4.81 74.72 74.00 74,51
5 0.200 86.50 36.53 86.53 86.52
No. Conc, =t n=1Mr Mp=mMMo)no  Inmr  In(mp)/c Nsp/C
(gllooml ) F r Sp r r sp
0 0.000 1.000 1.2844 0.000 0.000 - -
2 0.025 14066 1. 369 0.066 0.064 2.564 2.647
3 0.050 1.131 L4533k 0.131 0.123  2.465 2.624
4 0.100 1.267 1:62%:7 0.267 0.236  2.364 2.667
5 0.200 1.471 1.889 0.471 0.386  1.929 2.354




C-1.9 Polyetylene from catalyst B with dibutyl ether additive

Initial concentration : 0.1g/50 ml

Solvent : 1,2,4 Trichlorobenzene

Temperature : 150 °C
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Table C-9 The experimental data of polyethylene from catalyst B with dibutyl ether

additive
Conc. ,
No. (g/100mI ) Time (sec)
1 2 3 average
0 0.000 58.78 58'81 58.88 58.82
2 0.025 62.78 62.69 62.72 62.73
3 0.050 66.25 66.6 66.71 66.52
4 0.100 73.00, 73.85 73.66 73.34
5 0.200 83.88. . 83.69 83.66 83.74
No. conc. A=ty nEnal N =MA)Me Inne Inm)lc gl
(g/100ml) Ar & % " r »
0 0.000 W00 12847 " 1,0.000 0.000 - -
2 0.025 1.066 <41.370°%%, ' 0.066 0.064 2572  2.657
3 0.050 1131955514522  0.131 0123 2459  2.617
4 0.100 1.247:2 51,601 00, 0.247 0221 2205  2.467
5 0.200 1424 1828  0.424 0353 1766  2.118




C-2 Graph information

C-2.1 Polystyrene (PS) Standard-100,000
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Figure C-2 Intrinsic viscosity of polystyrene-700,000
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C-2.3 Polyetylene obtained from cat-A
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Figure C-4 Intrinsic viscosity of polyetylene obtained from cat-A with n-octanol

additive
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C-2.5 Polyetylene from cat-A with dibutyl ketone additive
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Figure C-6 Intrinsic viscosity of polyetylene obtained from cat-A with heptyl acetate
additive
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C-2.7 Polyetylene from cat-A with dibutyl ether additive
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Figure C-8 Intrinsic viscosity of polyetylene obtained from cat-B
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C-2.9 Polyetylene from cat-B with dibutyl ether additive
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Figure C-9 Intrinsic vi , etylene obt om cat-B with dibutyl ether

C-3 Calculation of m

In this study, intrinsic. visCosity. - determined from Kraemer equation
(1938)

p— k) ww%’wmm

nris relative viscosity

GO o ';lm fy}ﬂ@ concentation

[9] 1s determined from the extrapolation
From plotting between [(In nr)/c] and c, the [n] value was determined and shown

below:



Table C-10 Intrinsic viscosity and
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average molecular weight of resulting

polyethylene
Sample ] Mw
PS 100,000 2.240 100,000
PS 700,000 3.020 700,000
Cat-A_none NN 498,275
Cat-A_n-octanoi. 181,586
Cat-A_dibuty! Ketone 135,432
Cat-A_hen/ 188,934
Cat-A_d 651,381
Cat-B_n 310,506

324,023
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Rate of ethylene consumption (mol

ethylene mol Ti-1h-1)
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Rate of ethylene consumption (mol ethylene
mol Ti-1h-1)
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