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system. e I $ystem should have
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a spherica porggiameter. Finally, from

ey - Al
all the abavdf vestigations, a befler understanding of the §ngtallocene catalyst was

achieved and t}fe ctive ways of using tWatalyst in a certain condition were

T’Tﬁﬁl')ﬂﬂ‘ﬂiﬂﬁﬂﬂﬁ




Vi

ACKNOWLEDGEMENTS

The author would like to give special recognition to Associate Professor Dr.

1 frosity in providing guidance and sharing

% ays worthwhile and without him
this work could not be -

Sincere tha to t]' grad@d department of chemical

Bunjerd Jongsomyjit, my advisor,

his ideas on the interestin

engineering at Chu ;s-i-'j ot -,r iverty for<h®fmainiCialsupport of this work. And
many thanks are givega*f0 !. \¢ ' i ‘ (e ‘5m pany, Limited for ethylene gas
supply and MEKTEG . ri I Mion hailand) Limited for NMR

measurements. 4

AUINENINGINg
RIAINTUURIINGIAY



CONTENTS

CHAPTERII :
2.1. CHSsificgsfon T Winfay lc

polyehyienc (BLDPE)............... 4

2.2 Backgf®undgon We lloc aialyStsi) .................................. 5
' Froel Ol QAN N 5
2.2 crigfaiigfs of Victitiocge ... N W —— 8
2.2.3 Polymefization Mechamist AN 9
22.480cafllysts AL | Vo (R 13

2.3 Heterogengh :"er:.r _ "N S 16
......................................... 19

24 /tic and SPecific ProPerties .........eoovueevvuueevnvet forini 22

m‘ _ ol i | T 23

CHAPTER‘“}I EXPERIMENTAL. ..o e 25

3 esear tives.. 25

ﬂ3ﬁs h sc eﬁ.. 25

- q’l3. 5 LN 1141231 L3 ARt Nt R o o =t ek £ 1 NS 0 S-S S O 26

| 3.3.1 Chemicals........ ‘ ............................ My s u26
AWIANNIUURTIINEINE

q 334 ProCedures ...coooeieiiieieeeeeee e 32

3.3.5 Characterization of supports and catalyst.........ccecceeeveerieinniennueenne. 37
3.3.6 Characterization Method of Polymer...........ccccooviiniiiniiiiiennnnne 37



viii

CHAPTER IV RESULTS AND DISCUSSIONS ... 39

4.1 Effect of comonomer on the half-metallocene catalytic systems (Part 1) 39

1 "“«,_ BUPPOTLS ..oeeeveeeereeeireeene

atign of silica surface.......... 58

;v,—--,—:-r---<5--" upportel catalysts (Part 4) ............. 63

....................................................... 63

.................................... 63

i ‘) ......................... 64

‘ \J .......................... 65

..... 66

................................... 67
4.4. 4‘ cteristics of polymer ....................................................
AUL ’1 ﬂﬁﬂﬁaﬂﬂ Mg
4 5 Effect of support texture n copolymerlzatlon (Part 5) coeeeeeeeieeeee

ARTAR 3 #laf“ﬁWW YIE 18 B @J

5.2.1 The amount of catalyst and/or MMAO on the supports



X

4.5.2.2 Interaction between catalyst and MMAO on the support

................................................................................................. 76
4.5.3 CharacteriStiC QCtIVITY......eevueerieeiieriierieeieeeeeeieeereeteeereeseneenneens 78
4.5.3.1 Effect of preparation methods.........c.cccoevveevieniennnnn. 78

ﬂﬂﬂ’mﬂﬂ‘iwmﬂﬁ
mmmmummmaﬂ



LIST OF TABLES
Page
Table 2.1 Comonomer Content and Density RANGES. .......ccovvvriverieriienieninie e 4
Table 2.2 Representative Exa Al OCENES. ..o 6
Table 4.1 Activities of s concentrations ...........ccoceeueee. 39
Table 4.2 Comonome .................................... 42
Table 4.3 Triad distibi -NMR 43
Table 4.4 Polymerizati it ifferen i e 48
Table 4.5 Temper eitht 1055 FORVAMTOUS SyStEmS. ..o 50
Table 4.6 Binding e the surface of polymer
, . 51
Table 4.7 Charactgfsticgof golymerssfram ~ CANMRM .. . ..., 52
Table 4.8 Ca gtion with different
................ R RN 56
Table 4.9 Propérties @F thg y\ j h_ A 57
Table 4.11 The amg@lint @F titanil 1'*»':‘ ate (MMAO) investigated
by InductiveiCoupling:Plasma ! [0 = O 64
Table 4.12 Activity of copak Zation U atalysts from various preparation
methods....... r- " T / h . B e 65

Table 4.1 catalyst ol '_ .......................... 66

Table 4.14 Pe# pyaripus preparation
mettiads (no addition of MMAO) .......oeeremmner-..... — e 71

Table 4.15 *GMMR and DSC ana ysis of polymer............ ‘.Ml ................................ 72

Table 4.16 Physicgt Eertles of supports...... e 74

FHUSIRHNINY 0T,

Tabsll 18 Activity of copolymerl?ﬂon using different supported catalysts fro

q WARNT G4 WAIINYINY



Xi

LIST OF FIGURES

Page
Figure 2.1 Molecular structure of metalloCene ..........ccoovveiiiiiiiiie 5
Figure 2.2 Some of zwconocene ata y TEUCTUIE oo 6
Figure 2.3 Scheme of the diffeg ‘ \ [ﬁ mplex SLIUCEUIES . ..o 7
Figure 2.4 The general eture:ofha nocene) ................................ 8
Figure 2.5 Nonbridg q 4 n|c donor ligand ................ 8
Figure 2.6 Constrained 7 —_;F ....................................... 9
Figure 2.7 Cossee mecharisgaffor Ziedler=NaltagelPfpolymerization .................... 10
Figure 2.8 The«#fOpagafon, step dcCording\le that 10gesMECRBNISM ...........cccveeeeee. 11
Figure 2.9 Propag@tion gfeciagism impolymenizatiomh, . M. ... 11
Figure 2.11 Chain féinsfgr via f-CHaelnMationy. "% .. S ..o 12
Figure 2.12 Chgm tragSfegitoglunmmemms®. . 0% W% W% ..o, 12
Figure 2.13 Chaingfan RE Al ... B 13
Figure 2.14 C i, W\ W 13
Figure 2.15 Early flodélg forMAB /... R, Y 14
Figure 2.16 Represer}t ono 7..‘.';_\‘4 sh o L . 15
Figure 2.17 Structure’of c m. ........................................ 17
Figure 2.18 SpeC|es of alu niul ,.::} 1 sil - 2 - oS T 18
Figure 2.1 I o AR 19
Figure 2.20°\/aHouSImetodS O IO Za IO e e oo voveeesineesens 20

*

Figure 2.21°

_ /RO 23
Figure 3.1 InefJas SV o]0 WA A1 651 errrrerrerrrerrrerresss SNSRI M ................................ 28

Figure 3.2 Schlenktube ..............................................................................................
ﬁ ﬁﬂ\’q w mr% §Ow ﬂnq i I i ''''''''''
Flng4 1 Schematic representation of copolymerization mechanism ......................
Figure 4.2 Activity profile with va.:Jus 1-hexene concifigations.......................!
q w’i ﬁ:ﬂﬁﬁmgjm va ch nﬂ\ ;lagj
Figure 4.5 Conceptual model indicating the position of species composites. ............
Figure 4.6 TGA curves of polymers for different SyStems. .........cccceoevereririeneninnnnns 50

Figure 4.7 Morphologies of the polymers obtained from the different systems ........ 54



RN a4

Xii

Figure 4.8 Comparison of active site dispersion on the different surface areas......... 58
Figure 4.9 Conceptual model for impact of pore blockage on supports ................... 60
Figure 4.10 DSC endotherms of LLDPE synthesized with various SiO, ................ 61
Figure 4.10 Deactivation of catalyst on SiliCa.......c..ccoceeveriereriiinieieneneeeeee 68
Figure 4.11 Linkage between siligaSugpg@rt and catalyst through MMAO ............... 70
Figure 4.12 Structural modelhofeatalystfagd WMIMIA O on the support...........ccce.eee. 70
Figure 4.13 Morpholo )K ................... 71
Figure 4.15 Weight I0SSES . : 77 . 71
Figure 4.16 Derivati Homefitemperature ........................ 78

Figure 4.18 fctivhtio in differe ....................................... 81
Figure 4.19 M

Figure A-1 °C N\ gner at ratio 1:2........... 98
Figure A-2 ‘ lenic/1 . atratio 1:1.......... 98
Figure A-3 °C N . "ol ephyle ne/ | - N3 vssn er at ratio 2:1 ........... 99
Figure A-4 of et ok Srik :Hi --' er obtained from..........
s $y8 YN 99

Figure A-5 °C NMI} enele@polymer obtained from..........
.................................... 100

Figure A-6 °C NMR spectfii ylen copolymer obtained from..........
............................... 100

"“";" .
oy’ 5 &
Figure A- t ‘“"‘" spectrum-of ethylene/i-hexene-copolyi 1CT %tained from..........
A :

Figure A-8 ¢ NMR spectrum of cthylenc/T-hexene copoly&r obtained from
the rogeneous system with S&Ga AN 1107 010) 4 AR

AUSINININGINT

A-10 *C NMR spectrum of ethylene/ 1-hexene copolymer obtained from
silica ES- 70 repar b method B2 A ..................................

prepared by metho T A A O A

Figure A-12 >C NMR spectrum of ethylene/1-hexene copolymer obtained from
silica NN-15 prepared by method B2.........cccccoviiiiiiiiiiieeeee, 103



Xiii

Figure A-13 C NMR spectrum of ethylene/1-hexene copolymer obtained from

silica P-10 prepared by method Al .........ccocieiiiiiiiiiiieee, 104
Figure A-14 °C NMR spectrum of ethylene/1-hexene copolymer obtained from
silica P-10 prepared by method A2.........ccccveviieiiieniiiniieieceecrees 104
Figure A-15 °C NMR spectrum f} Gthylé g/ 1-hexene copolymer obtained from
P- 5" 3 105
Figure C-1 DSC curve obtained from
.................................... 110
Figure C-2 DSC grobtained from
ilica ES;#0X pfepared by methoM B2 ™. ........coovoveieieiee, 111
Figure C-3 d from
................................. 112
Figure C-4 DSC ¢ ined from
ili€a Q-§0 pepafed bYMCHOd B2 W% " ... Wl 113
Figure C-5 DSC ned from
i1i€a NNF1 5 fPrepared-by-methiod BAS W& N 114

ﬂUU’JVlEl?ﬁWEI']ﬂ‘i
QW']MT]?WNWYJWH']&EI



CHAPTER1

INTRODUCTION

First commercialize in_the F 7Qs by Union Carbide and Dow Chemical
[1], linear low-density poly sthyle © ' ; continued a fast grow rate in usage

from that time to the pugSgnts oS gL gih an cfficient way, the specific

Fir, SUuCll d )
comonomer conW onsidg arefully=Asiietallocene is one of the most

widely used catalys thus, many studies have been
conducted with this fCa U8 AR Qi guid with the general formula
(CsHs);M consi ptwo Speritadi ‘*1: \‘F‘"f W s CsHs") bound to a
metal center (M) ig#fhe gKid tigh " tate-He M ctal 10 subset of a broader class

of organometg ) S ed 'S ' ! 0 :'a,’ le M\The word “sandwich
\ 0 \,‘ andwich with the central
\ owever, there are some

\ | 1 A and then they are called a

half-sandwich or ha [ocene.—In- 1 cobstrained geometry catalysts
’ l W ‘ i'e ' | .
(CGCs) having the formula ‘?”-'f;:;t‘." 1)(R X2 (CGCMX;,; M =Ti, Zr, Hf; X =

Cl, Me) are sometimes cl

These met@ 1

due to havi

gne with the similar structures [5].
fs, the open structure
n leavis g he opposite side of
that ring large & ym}less hindrance [6]. It
is because ofm is reason that these metallocenes are appfopriate for producing

polymers with hlg @&)nomer content such plastomer (% comonomer = 25 %).

fUE TNENINYINT"

However the industrial application of metallocenes is usually processed in a

RASIRTINWA TG

and ZrO, were applied for the purpose of supported-metallocenes preparation. The
consequences of combination between the metallocene and the supporting material

then need to be considered carefully especially when conducting with the



metallocenes which have the distinctive properties such as the half-metallocene.
Hence, in this study, the half-metallocene was synthesized and then used in
copolymerization of ethylene and 1-hexene with modified methyl aluminoxane as a
cocatalyst. It was performed in both the homogeneous system and the heterogeneous

system. In the latter system, sinceytylia y/ dealt with the supporting materials, then

ntial and conducted in parallel with

the study of the half-meENOBERENS"
This thesis cg norereof o lowed.

2) A Co o kD 1li8a €Omposites synthesized by

. ‘ . . : \
In one aspe ner,0btained e Nelerogeneous system can be

comparable to polymx g% focusing on the composite’s

properties was also cnduc

3) Muadi
To .r' : stem, gallium was
brought fo' i =SUpport properties also
affects the acti‘urﬁj of the system. Thcterore, roles of galliumdl during the modification

step and copolym?zatlon were investi gated

Alg INUNINYINS

In preparation of supported catalyst, there are many important things to be
C ncerned for example to kee ﬂg efficiency of cat when it was 1mmoMed
TONNIMER TN
erefore, a variety o ods Tor preparation of supported catalyst were conducte

to examine their effects on the copolymerization.




5) Effect of support texture:
To choose the appropriate supports for using in the system is another

parameter that should be concerned as the textures of the supports can affect the

) the activities during polymerization to the
Wiety of supports were brought to
@ﬂs both before and after

c-obtamedepolyaners were determined by

system in many behaviors, rangi

properties of the obtained
use in this 1nvest1gat10

In all the 1

preparation stepw i

many techniques. ‘Thesctj 2iQns, were collected and were

further analy: ngvi aPove r I, _ , a Better understanding of

the metallocenegd jcved-and th sl Fectivre, W pf using this catalyst in

ﬂﬂﬂ’mﬂﬂ‘iwmﬂﬁ
mmmmummmaﬂ



CHAPTER 11

LITERATURE REVIEWS

2.1. Classification of Linea 151 ne (LLDPE)

Linear low dgnsity’ ol —___ﬁst commercialized in the late
1970s by Union D BMmical 2 first introduction, LLDPE
has seen the fastes#BTOWt { ge of ] s thiee lyethylene families low

density polyethylg x / A ypolycthylene (HDPE) and

long-chain branching? 2 [ BanaliSi p \ of ethylene and alpha-
olefins. ’ A

ity range of 0.915-0.940.

AR

Conventiona : :
Within that densi raﬂ also' ywer dex ity 18 \ es,there are common product

family subsets. TablegZ. fiten™@nd subsequent density ranges

for commercial LLDPE. ==

Table 2.1 Cet

iirbergial LLDPE Resins
[1]. i
=
Family omonomer, w}'ystalhmty, Den51t3y
name mol% % g/cm
Medium density © 4= MDPE 5545 0.940-0.926
w/ultra low densny VLDPE/ <30 <0.915

ULDEE

q W’Tﬁ?’ﬂ ﬂ“ﬁﬁmWﬂ NP8y

Whereas LDPE contains a mixture of long-chain branching and short-chain
branching, LLDPE contains only short-chain branching, but that branching is not
uniformly distributed through the molecular weight. LLDPE made using Ziegler—



Natta catalysts tends to have more comonomer in the lower molecular weight fraction
and less in the high molecular weight fraction [7]. The first commercially available
single-site-catalyzed polyethylenes were very low density resins called plastomers [8],
which had high levels of comonomer and were very homogeneous. Later, commercial
commodity grade mLLDPEs (p dd jby; metallocene catalyst) were not quite as

té sti ¢ homogeneous than LLDPE [9].

homogeneous as the plas\ /

2.2 Background o e
iadvealsinitiaters, Phillips type catalysts,

Polyolefins.e

Ziegler-Natta cataly. gr-Natta catalysts have been

‘--..\ »

most widely However, Ziegler-

Natta catalyst t distribution (MWD)

and composition di ¢ 10wl 1ple ., , ¢ \ "-,_u [10].
‘ iZ8Mthylene and c-olefins

commercially. catalysts can control

composition i ) incorperatio varioush onomers, MWD and
| = e . \

stereoregularity [ 11

2.2.1. Catalyst Strucfiife—

Metallocene is a ¢ ﬁ;: .. i ,  Which cyclopentadienyl or substituted

'Rmbidentate ligand)

ot
complexes canzhe edral with each n°-L
group (L=1 ) occupying a single co-ordination positio I s in Figure 2.1 [12].

ﬂug\gmw%’wmm

M =Zr, Hf, Ti

Q\W’]@@IW&IWWHH’]@H

Figure 2.1 Molecular structure of metallocene [12]

cyclopentadi stereochemistry of



Representative examples of each category of metallocenes and some of

zirconocene catalysts are shown in Table 2.2 and Figure 2.2, respectively.

Table 2.2 Representative Examples of Metallocenes [12]

Category of metallocencsh W\ f | Metallocene Catalysts
[A] Nonstereorigid metgdl TN O, M = Ti, Zr, Hf)
- 2) . - = Me, Ph, CHZPh, CHQSIM€3)
e
[B] Nonstereorigid-i 1) (N = Ti, Zr, Hf)
metallocenes 2)a0 (M 5
[C] Stereorigid 2
4 T
[D] Cationic e hy M =Ti, Zr)
(CeFs)a]
- v [C ,Bgli1)>:M]T (M =Co)
[E] Supported'metallifccnfs §f "v\ - ,ZrCl,
; 3 gC I
'02 ' T
a.
o
_ o
sy 2= o
: - A ; ]

cr~ K ‘ Q ci™ ._.jzr"‘"m
. ==

A
-

- l..-
szerl;{l}M 1 ff?a?‘*“z@ (Ind)y;ZrChy(d)

Figure 2.2 Some of zirconocene catalysts structure [13]



Composition and types of metallocene have several varieties. When the two
cyclopentadienyl (Cp) rings on either side of the transition metal are unbridged, the
metallocene is nonstereorigid and it is characterized by C,, symmetry. The Cp,M (M

= metal) fragment is bent back with the centroid-metal-centroid angle 6 about 140°

Jgonding ligands [14]. When the Cp rings

' / ay and connected together with
‘ )j i metallocene, so-called ansa-
metallocene, could . be ;!'Tq zed By eithet C, symmetry depending

upon the substw rings ands«l st

schematically illust

of the bridging unit as

ARIRINIHUNIINLIGE

is Cs-symmetric; Type 5 is C;-symmetric.



2.2.2 Derivatives of Metallocene

Metallocenes including just one facially-bound planar organic ligand instead
of two gives rise to a still larger family of half sandwich compounds (also called half-

metallocene). The general structure @f half-metallocene is shown in Figure 2.4.

YDEW S : 4 transition metal

4

Recently® noghrid@e 300
;7*. opentadicyl croup; M= Ti, Zr, Hf; L =

complexes of the tyi€, Cff

L)

anionic ligand such as @Ar, I\ LN CR3, etCl B = halogen, alkyl etc., Figure

new'efficient catalysts for precise

olefin polymerization [12},— described below, thatthis type of
b= AN

complex ys ited unic s, espeeially for ethylene

(co)polymdsizetio gmersthat _have 1 bvoed been prepared by
' J/pe [21-24].

conventiond

| . @ S/ & o
q e 2. bridg -nictdtlofent cortainthg dhi nor tigand'[ 1
Another kind ot well-known metallocene is the linked amido-cyclopentadienyl

titanium complex catalysts, so called “constrained geometry catalyst (CGC)”. It



showed efficient comonomer incorporation (Figure 2.6) [16-18]. This complex was
designed according to the analogous scandium complex reported by Bercaw et al. [19],
and the reason for better comonomer incorporation has been explained as that the

bridge constrains more open Cp-Ti-N bond angle offering better comonomer

incorporation by allowing 1mp sibility for (rather) bulky alpha-olefin
comonomers [16,18]. \ j/
‘ 3;

"-;
N, e I
A i

. Mesil T

N
| Dow, Exxon
- 'Bu

¢ (CGC) [16]

early understood. However,
alkylation and reduct on of¥the’ alyst (generally alkyl aluminum or
alkyl aluminoxane) is belicyedts - lgnic active catalyst species.

Firstip the it S rteﬂvith formation of
cationic spgoi 3S Cal =

J
{

A

)

Initiation

ﬂﬂﬁf’mﬁ‘ﬁﬁﬂ gng

Propagatlon proceeds by c?rdmatlon and insertion of new monomer un1t in

RIS URTINE Y

forms a complex with the vacant coordination site at the active catalyst center. Then

through a four-centered transition state, bond between monomer and metal center and



10

between monomer and polymer chain are formed, increasing the length of the

polymer chain by one monomer unit and generating another vacant site.

:"'r\ : polymerization [20].

\
\

‘ \ . .
gsed h\ he"polymerization of a-olefin

with Ziegler-Natta cafalystSpf2ld t§ mechanism, two monomers
. Sy e dd (Hagure

interact with one active catalyfteseenter ansition state. A second monomer is

required to form a_new® lex with th alyst-monomer complex, thus

trigger a chaitptopa; gation step. No va isymodel. The trigger

mechanismh ect observed when

AUINENINGINg
QRIAINTUNRINEIAY
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Active speret—
”I.':l ﬂ:) 4 ww
r ’__;.n’

#
L&

Flgure 2.9 Propagation mechamsm in polymerization [

% Iﬂ chén transfer
ehmlna 10n, ain transfer via p-Me ellmmatlon 3) chain transfer to

alummum 4) chain transfer to mo‘mer and 5) chaingmansfer to hydrogen ( Eigh

"'!Wm‘l RANTUHNTINGARE




isomers

+ C 35 isomers
(minor)

+ C 3,1 isomers

+ M—CH,

3n-1 1somers

(minor)

re 2.11 Chain transfe ig B-CHj3 elimination [12]

ﬂﬂﬂ’)ﬂ&lﬂ‘iwmﬂi

Figure 2.12 Chain transfer to aluminum [12]
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sfer. dfogen [12]

2.24 Cocatalysts
Metallocene gé g 1ave to be gcatalyst, The most common
types of %, ot lysts are alkylaluminu hyta inoxane (MAO),
'__ OB Jlaluminum (TIBA)

and cation forrﬂT g agen and B:ﬁ&)g [22].

Amon; hese MAO is a very effective cocatalyst for

trimethylal

etallocene. However,

due tq the diffic 1®d costs_involved 1nu synthe51s of MAO there has been

ra 10 st coa mercially availa sas gmﬁcantiactlon of

TMA (about 10-30%) [23]. This WA in MAO coul substantlally ehmln

qRIRNIS mmumma g

for an efficient activation are mainly due to the poor knowledge of the MAO
composition and structure. Several types of macromolecular arrangements, involving

linear chains, monocycles and/or various three-dimensional structures have been



14

successively postulated. These are shown in Figure 2.15. In recent work, a more
detailed image of MAO was proposed as a cage molecule, with a general formula
MeemAlimOsm (m equal to 3 or 4) [24].

In the of

thus allowing mrc‘uﬁ;oordmatlon site avafllle for olefin that presented in Figure

ﬁUU’JVI&IﬂﬁWEﬂﬂ‘i
QW’]MﬂiﬁMNW]'JWJ']&EJ

€ epﬂted methyl ligands do

not yield any 1ﬁcat10n in the structure and reactivity o MAO counter-anion,
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7
ﬂ— Al racEt(Ind),ZrX, 00— Al
Cage Cage \
Structure Structure /
Al\

e ~§\\w /
Figure 2.16-Represt n onIAO owWite bstitution of one bridging
*Fé’r -
meth gand c ] A1a ZrCl, (X = Cl, NMe,,

present in MAO by a
; ysing 'H-NMR. Their
: ha flating agent and that MAO
-2 his belicved that MAO is

Cam
observation 1

the key cocatalyst i lymerizations vir ‘ ene catalysts. The role of
MAO included 1)#lkyldti : etalloc us ¢ ‘-~_ catalyst active species, 2)
scavenging impuritie‘ . ‘ bilizing, the ¢ Tecnter by ion-pair interaction and 4)

preventing bimetallic deact1v fion-of the-a 'Species.

The homogene ; aot be activated by common
trialkylalu@ ~only. However, Soga NG }duce polyethylene
with modiflgdf F @alkylaluminum in the
presence of Sl@ig)g : . op’ﬂ;lm yield aging of the
catalyst and ST H;);OH mixture for four hours is required.*However, MWD of the

roduced polyme ﬁmodal although the ymers obtained in the presence of

AUBINININENA. ..

homogeneous Cp2ZrCl, with d1f@ent cocatalysts s as MAO and mlx

qRIANTIEI UNIINYIRY

molecular weights.
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2.3 Heterogeneous System

The new metallocene/MAO systems offer more possibilities in olefin
polymerization compared to conventional Ziegler-Natta catalysts, such as narrow
stereoregularity, molecular weight and chemical composition distributions (CCDs)

jerpgeneous catalysts can be practically used

eti@ation processes. Without using a
;ﬁ size distribution of polymer
éporting catalysts include
or f ling,sloWessdl/metal mole ratios required to
‘ regelimigation of the use of MAO, and

., o
oh"slowgisdeactivation by bimolecular

through ligand design. However

for the existing gas phasewg

Wi8tallocene catalysts, that
Shbecame one of the main
o H‘\,Ij of polypropylene made
sgan! 'nlec on microscopy (SEM).
Op the outer surface of catalyst

polymerization continued, the

in it _ As (e
. ' ...-l"" Iiard ) .
whole particle was ith po ‘ getragmentation pattern depended on

the type of supported metal _,6

R4

'é_f.;.\rnorphology, catalyst
stability and a”:lt ity, and the chafa cs of the polynt% produced. However,

structure and che?lstr of the active sites upported catalysts are not clearly

FLU ganansnens -

, deactivation of catalyst durlng supporting procedure, and mass transfer

resistance may contribute to decrea ed catalyst act1v1t}A

j /ﬁ r(%t e ra e fe m Hent Isnﬂ'lﬂ
procedure, and type of diluénts on reaction” kinetics™ an physical properties 0

polymer produced although the activities of supported catalysts are much lower
compared to homogeneous systems. The activity of catalysts increased slightly when

o-dichlorobenzene was introduced in toluene
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The catalytic activities of supported catalyst depended on the percentage of the
incorporated metallocene was reported by Quijada et al. [31]. However, in the case of
metallocenes supported on MAO pretreated silica, depending on how the surface
bound MAO complex with the catalyst, the activity can be as high as that of

homogeneous system. Accordin Jexperiment by Chein et al. [32], if a single
MAO is attached to silica, e ' /i zirconocene and lowers its activity.
On the other hand, if mg \ ;f: % surface silanol, the supported
zirconocene will not bE Turthe ‘_1 w@we activity.

Interaction between MA®©

One h3

10 be g lyst is the interactions
between specieggffked gfi the s c(eatalyst'e ®)ud the surface because
their structures andgffre gths oraffe ty activit » system into which
they are introd ed. | \ |

Silica or siffconfdioKide iggthicy 2 Jpuridiforming with silicon and

oxygen. In ge ofal, thiere ";' di "".\ pupSton the silica surface as
shown in Figure . Mhey are '@ r-_ , ) g¢ inall and (IIT) vicinal. Besides

these types, when siliglf is ae vicinals will be formed to

¥ f
surface siloxane (or siliyl cHier;

Figure 2.17 Structure of chemical groups on silica surface [33]
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The variation of functional groups also affects reaction of silica. When silica is
brought to use as a support in a heterogeneous reaction system, it has to improve some
properties prior to using. In general, it was calcinated in an air or an inert atmosphere
or sometimes in vacuum in order to evacuate water and reduce the amount of

hydroxyl groups on the surface in,addifigh this can improve some physical properties

such as pore sizes, pore voluilm i, ' ever, the hydroxyl groups also exist

- hOw bt / heated to. They are about 1-5
W{oir: 4, so 3eref intera of silica through hydroxyl
e — -

groups per nanomete

groups need to W

Bartram et al

as shown in of aluminium bonded

B
I
f/
A

with 3-coordinati i ighly readtive L cWis, ac dsiihich has the ability to
draw substitution he cataly ,=n ; ':.,.__. active sites suitable for

polymerizatio

Me
Al
. e Me JMe
CHG ol wojs ie I o s o e % A""’Eo

[
‘

e 2.18 Species of alu m on silica surface [33]

A ULIANUNINYINT .

atlons are generated by trlmethyl aluminum (TMAL) composed in MAO

Q\W’IMﬂ‘iﬂJﬂJWWHH’mE}
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Me. Me _Si0O;
Me AI. /O
SAL U Me g sio;

(T} L on silica surface [33]

There a#abafl 3} cnt o4l ifl prebaration (immobilization) the

supported catalyst f poly

R R T i

ﬂﬂﬂ’mﬂﬂ‘iwmﬂﬁ
qmmnmummmaﬂ
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Route A

Route B

Route C

for immobilization [33]

It is
All method
described betow,

-
Method A M
Welborn [ii‘] and Takahashi [38] fou %\at contacting silica with MAO and

th cene |
EL!J PANUNINYINT.
momer insertion. _
Razav1 39] and Gautheir [40] found that whéfeflux_silica_and MA@sfh
R AT REARE
activity and yield, and also” found “that the efficienCy of catalyst related

temperatures used in immobilization step.

i thf?‘ suitable for using.

any researchers as

Jacobsen et al. [41] studied immobilization of MAO onto silica by contacting

silica with MAO which had been dried in vacuum prior to heating to 100-200 °C for 2
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h, and then washing and drying. It was found that the high amount of MAO existed on

the silica.
Method B

solvent to mix with metallocene before
heating it up and then introdi : d t : rization of ethylene and propylene.
It was found that th¢ge ained | 7 V%’ & a narrow molecular weight
distribution and a f i iZes—TH as an effort to bring this

- ———— - —J*

method erformW e withigsomesmetallocenes that is onl
reactive for a hon_l_o ; ‘as Me>(2 hInd),ZrCl, and Me,(2-Me-

‘ \

4-(Napth)Ind)3
Fraajie Wiback by extension the

contacting time u vifhoutcxposingy foylight. was found that the activity

Method C
As directing ¢g catalys 8a surfage, the studies of this method

then often involved ¢ or help silica suitable for reacting

with the complicated stujofOx : ne Mostly, the modifications are
w*’;.—*!-ﬁ e :
performed wd : L\
1) Redn g A5 )

2) Prov é—% '\J
3) Add fuﬁional group 1nto . '-M'

4) Change the.clectromc properties of s111

AU ANYNINGINT

intr c1ng into polymerization. It was found that a hlgh temperature decreased the

QR TAEAR e

weight. They also discovered that structures of catalysts also influenced the activity o

this system with the central metal atoms increasing the activity as followed Ti < Hf <

Zr whereas the ligand group not significantly influencing the activity of the ethylene
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polymerization. However, effect of ligand group was observed in copolymerization of
ethylene and 1-hexene [46].

Modification of silica by silane

Besides non-uniformity of silica created by a variety of functional groups on

2

1 attraction) is also one of the advantages to
atalysts which can be decomposed
ause the damage of catalyst.

1 groups such as aryl alkyl

the surface, the hydrophilic prop

silica. This is because if sil
by water, the remain
Therefore, treating : Toe-

and silane can overe i

Silane is one Ky Treliis, the main element of silica.
Therefore, wi ' i gamodiliCation is very favor to

=,

many researche y AN
Jongsomyjit 4 dsed-telaChloresilahe (Si€l,) in silica modification.
Zdtion between ethylene

and 1-hexene but gular weighisly b taified Polymers similar to those of

Schrekker egil. ) otra J . " W methylaluminum (AlMe3)

and trichloroborane ( inrthesmodif; B, ordell to conduct in polymerization
of ethylene. It was found tha ~the
that of the unmodified os ﬁ"' i the

catalyst lir@ q

BCl,) then @

modified silicas were higher than
ouling in the system because the

ade. (:SiCls, -AIM d
_._9 iCls, e, an

N

-
-

I
2.4 Catalytic and specific properties
2.4.1 Effed ofsubstituted ligand

AUHINR TN m;f;:;

[15]. ¥or example, as shown in Flg'fe 2.21, both substltuents on cyclopentadle

AWTRVTITNA RTINETAY
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I
Ti..,
'CE " NICI el CI AN "CI
o~ '\ 07 g 0 \ 0”7 N
{2220} (258) 215}
Activity in

kg-polymerimol-Tj
- yst (AIB/TI = 500/1(1), ethylene 4 atm, &0 °C, 1h.

“#%’\f#

2 .-“IC ) - : m l‘ ‘-.‘ E = 7 ,."’" .'Cl u
o PR Y :.- e
(369) (25
‘ % (AIITi = 1000), ethylene 4 atm, 60 °C, 1h.
Alids Tipolymerization [15].

-
w

ies, and the activity by
,,‘»-.,\ CpR>>1,3-Bu,CsH; > 1,3-
g \. bservation for syndiospecific

Cp’TiCI2(0-2,¢
M62C5H3, tBuC5

styrene polymerizatioi i f Cp 'i(OMB); complexes [50] , and the

-f-{ - .
similar explanation tHat th§ A 5'! ' ive site by more electron-donating
substituents is 1mportant 0 _{f) ? -;,-; acti @illbe thus assumed. On the other hand,
as also showmyin e steric and gontaining substituents
in the 2,6 posttion=should=beVerymimpottait-for-crtibiting=the high activity. We

assumed th

species under ‘H polymerization cond cocatalyst (to protect

€ presencel

#ed ~the” catalytically active

the probable acc?qpamed reaction with Al alkyls dissociation of the aryloxide)

FAULINNINGINT

In copolymerization, one particular aspect in which should be considered is

the 1ncorporat10n of comonomer 1& the obtained polyifiér. The comonomer c8ilnis

VIR U R A

Al-Malaika and Peng [51] have found that the amount of comonomer have a
significant influence on the polymer melt thermo-oxidative behaviour. At low to

intermediate processing temperatures, all m-LLDPE polymers exhibited similar
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behaviour with crosslinking reactions dominating their thermal oxidation. By contrast,
at higher processing temperatures, the behaviour of the metallocene polymers
changed depending on the level of comonomer content: higher SCB gave rise to

predominantly chain scission reactions whereas polymers with lower level of SCB

Van Grieken et al.w] tudi ' ic system (nBuCp),ZrCl,/MAO

immobilized over SiO»Alk et pfic-1-hexene copolymerizations

NMR, GPC, v ,. 10 1t ! important amorphous

regions in the gig . Ins ST Sedtiation increases.
Hong et al omer (type and concentration)
to copolymerig#tion ghnd gphysi DropeTtics \of \LL.DR &8ins. CGC metallocene

gh,

was used to prépare

technology, under SUre (i trial reaction condition),
L .

=|\ BRE B polymers containing 1-

show \ ) Molecular weight with narrow

hexene, 1-octene, ait 1

molecular weight and @ompaositit “distrit s, \ prative catalyst activities, and

a1

similar comonomer effects’¥&

For investigating Ak ;3‘:;"' . ,,r the system of copolymerization ,
Biatek an"Saj % and gSupported systems in
copolymeriga e T g catalysts L,ZrCl,/

L

MAO (L Py ! y','_ nd that metallocene

structure also Hc}l termined comonomcr  mcorporation, botﬂ_l'kor homogeneous and

supported catalytlisystems When a catalyst i 1 anchored on a support, it becomes less

ﬁrfummwmm o
swm ANNTUNAIINYIAY



CHAPTER 111

EXPERIMENTAL

3.1 Research objectives

1) To synthesize half-meta

2)

3)
4)
3.2 Research scopes

A halfmeta Dce ‘=" { ; .
(N ) te L que: v -- to synthesize LLDPE by

characterized by nuclear

magnetlc resonan C

copolymerization of g MO as a cocatalyst. The study

o Effect of co - the hal
e A . D : - | esized by different

. Modiﬁﬁ“ . 'ﬂ
o Effect ®#¥method for preparation of supported catalys1

o Effect of sﬁﬂexture

AN NanT

microscopy (SEM) Inductive cm‘le plasma-optical glssmn spectroscopy ICP-

RIS ISR U8y

(*C NMR) and X-ray photoelectron spectroscopy (XPS).

atalytic systems

3.2 Research methodology
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Preparation of half-metallocene catalyst

A 4

Characterization of catalyst ("H-NMR)

A 4

Homogeneous system -

v
Impregnation methods

-In situ

-Ex situ

Y —

LLDPEs

ﬂUEl’JV]El

A
=
N

A 4

Heterogeneous system

y

' By cparation methods
AO -> Catalyst
IMMAO + Catalyst P-10
Catalyst > MMAO

Textures of

supports

ES-70X
0-50
) NN-15

’\ "

NI
it

Chal’vuguerization of LLDPE
GPC, SEM/EDX, TEM, DSC and *C-NMR)

T 1Lak

Iﬂ ssi@n @nd cofiglusion

q mm TSI Y

3.3.1 Chemicals

The chemicals will be used in these experiments are analytical grade, but only

major materials are specified as follows:
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e Ethylene gas (99.96%) was devoted from National Petrochemical Co., Ltd.,
Thailand and used as received.
e I-hexene (99+%) was purchased from Aldrich Chemical Company, Inc. and

purified by distilling over sodium under argon atmosphere before use.

\ ofl | ldrich Chemical Company, Inc. and
’ atmosphere before use.
hem1e A.G. Switzerland. and

phere before use.

pany, Inc. and purified by

Ptd,, Thailand. This solvent

odium/benzophenone

-
w

i toltene was donated from

\..

n pas supplied from Nippon

gd witho er purification.
e Hydrochloric Fuming 36.7¢ Sspsupplicd from Sigma and used as
received. ' -

ed from SR lab and used as

as I'ece]ﬂ/'

o Benzoﬁzone (99%) was purchased from Fluka mie A.G. Switzerland
and used 4 r“ed
ﬂ ﬂlﬂir@ %vﬂ% % w H%lﬂ?ﬁvltmrland
S recelve

. Ultra high purity argon gas 09 999%) was pur ed from Thai Industr

AWIRNNIWANN NN

phosphorus pentaoxide (P,Os) to remove traces of oxygen and moisture.
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3.3.2 Equipments
Because of the metallocene system is extremely sensitive to the oxygen and
moisture. Therefore, the special equipments will be required to handle while the

preparation and polymerization process. For example, glove box: equipped with the

Vent (excess ineat gas)

ARIANNTAUNRIINYAE
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e Cooling system
The cooling system is in the solvent distillation in order to condense the
freshly evaporated solvent.
e Schlenk tube

A tube with a ground glass,j jin ide arm, which is three-way glass valve.

Sizes of Schlenk tubes a (

Aotk ihes. The vacuum line will be
equipped with the; ; bump, tespeelively. The argon line will
be connected with t . ange bblerdthat is a manometer tube and

contains enough mercury to=provids e atmosphere when argon line will

B

el 0
ST T | ":“

E'i;
i) Ll i ﬂhﬂ‘i
ammmwmmmw
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e Magnetic stirrer and heater

The magnetic stirrer and heater model RTC basis from IKA Labortechnik will
be used.

e Reactor

A 100 ml glass flask will'b ed with 3-ways valve will be used as the

stem and a 100 ml stainless steel
or high pressure systems.
i

%Gas storage tube
:Ilagnet-ditven stirrer

Lilass flowr meter
11TE ﬁ ator
— i lator for

., ofsurnption

Il
2

l {

‘Jlgure 3.4 Diagram of system in slurry phase polymerization.

1} tJVl JNTNYINT

e Scanning electron mlcr‘copy (SEM) angdsenergy dispersive &gF

AR 1A NEIAY

WDX at Scientific Technological Research Equipment Center, Chulalongkorn

S —

University will be employed to investigate the morphology of catalyst precursor and

polymer. The polymer samples for SEM analysis will be coated with gold particles
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by ion sputtering device to provide electrical contact to the specimen. EDX will be

performed using Link Isis series 300 program.

an be performed for examination both

e Nuclear magnetic resonance (NMR)
H-NMR will be used to determine

With 2 modes of operatigg,
catalyst and the obtained pal ) f
ized cataly e, C-NMR will be used to

investigate the amount 0T CO1 ornet:onte@_13 C-NMR spectra will be

recorded at 100 °Cg LO 500 Opeiating=at 125 MHz. Copolymer

solutions will be pr : Jicl 28 50 lvent and benzene-ds for

determined with g Jiamo 5 TEC, at the Center of
Excellence on .'ataly Catalytic Reaetic gincefing, Department of Chemical
Engineering, Chulgion niversity. ’ e \ -;-5 ill be performed at the
empétatuc range of 50-150 °C. The heating
cycle will run twice. "In the ,_;;,__,;:?.7 ar 1 be heated and the cooled to room

temperature. In the seco .i"»_}“ hples wil ed at the same rate, but only the

results oft@ e ; a‘ﬁ‘@jll be influenced by
the mechan‘: 3 _, ;_ J

ot ]
e Gel PeMeation Chromatography (GPC) ‘.Ml
Molecular.'w ht and molecular e ht distribution of the produced

efjc enzene as
ﬁﬂiﬁ :afmmm Eﬁﬂfi
y Limited. The GPC ingtrument will be equlpped with a PL-GPC 220
ential refgact i
q AR A R

columns will be calibrated with standard narrow molar mass dlstrlbutlon polystyrenes

and linear low density polyethylene and polystyrene.
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e Transmission electron microscopy (TEM)

TEM will be used to determine the shape and size of the obtained polymer.
The sample will be dispersed in ethanol before using TEM (JEOL JEM-2010) at

Scientific Technological Research Equipment Center, Chulalongkorn University for

microstructural characterlzatm\\“ ’ ///

3.34 Procedu

- Preparati

Half-me catalyst) was prepared

according to the e : N\ ytheges, were carried out under
Ar, by using standag ¢ ni \: X (On.O Wi-BuNHSiMe,C3Hy (4.51
g, 15.3 mmol)## hexg 40 L)+was-added =B B f a 1.55M solution in

at /8 § war, O\BoOm, tehaperature, the mixture was

[t-BuNSiMe,Flu]. A

hexane) by syring
stirred for 3 H*and er,l, e @Qen g
solution of the gflithy Balt i3]
TiCl3.3THF (5.38 g4 5§ ﬁ

for one night and Marng@d toﬁ st

added solid PbCl, (4.88 g»£53-mmo . rcstil ‘ng mixture was stirred for 2

added to a suspension of

il ) a "v £C. The mixture was stirred

patLire o\ anepusly. To the mixture was

h.12 The solvent was rem_ was extracted with toluene (3 x50

yas evaporated to give a crude

Q@) The extract was
_. 4k red solid.
=

There wer‘S erent parts of investig@tibn in this study, then the preparation

H7hbya) HNINHINT

The catalyst was 1ntroduce?1nto the system in 11qu1d form and theref €_no

AWTANTTITH UN1INYIAY

Part 2: A Comparative study on LLDPE/ silica composites synthesized by different

mL). Then the extrac

product. T cku
then ﬁltere{a

-
-

I
- Prepasdtion of catalyst precursor

copolymerization systems.

Two immobilization (impregnation) methods were used.
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1) In situ impregnation method: silica (0.1 g ) was allowed in contact with 4
mmol of MMAO for at least 2 h in a reactor with magnetic stirring, and then the
slurry of MMAOY/ support was obtained [56].

was reacted with the desired amount of

2) Ex situ impregnation:

MMAO in 20 ml of tolugne® % r 30 min. The solvent was then
removed from the m ture by-ei ‘ e was done only once with
R —— il

toluene (20 ml W

dried under vacuuga ol .l te powdes, of supported cocatalyst

Then, the solid part was

_h Ml Therefore, there were

e —————

The Ga modlﬁcatlo : the-silice it was prepared by the conventional

incipient-wetpess i . the procedure described
previously £ 7). The Ga source in the present case v 03 Ga was impregnated
onto silica 8

( &_ pport was dried in
ovenat110°C 12 h and

90 °C forﬂ‘
ﬂﬁpﬁr@% B¥iSNINS

Part 4: Effect of method for prepaﬁlon of supported

ARIANNIUHN MNHIGY

- calcinated silica at 400 °C

- 1 gofsilica suspended in 20 ml of toluene

- added 0.328 g of SiCly .
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- stirred for 1 h

- removed solvent

- washed by toluene 3 times and 1 time with pentane
- dried under vacuum

then brought to immobjli

,IIIA_M\’_
Pa4 WY

v

{23 1hct
-[t-Bu e Flu] T1Mez

(0.04 M) 5 ml

NHIAY

-Dried under vacumm
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Method B2

O .S

\ \‘; //uN&MezFlu]ﬂMez (0.04 M) 5 ml
L- \ solvent

Method C1

i It f .' 0 ;
/ F
i ,l Y 5
; o " 4 \
Ly f L I B
F J
K - ’ i i
Il A 2 k
] 4 i
§ J : - A
F e
% . \
- 1 N ¥ 1
r - C 3 o \
. \
4 | . !
y ~
’ g7 g \
' - \
1 - 4 1
" -
§° 2 = gl 0
ES— ARl L% h | o
B s
F = .
- y_

-Silic@

-[t-BuN$i

i
-Removedisolvent l!

-Washed 3 tiI‘S ﬂ toluene

Q

ANYNINYNT
RIAINTUNRIINY AL
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Method C2

v

-Silica - -Silica/ Catalyst

bl -MAO (1.48 M) 0.9 ml

| -- Removed solvent

"

‘ \“ W ashed 3 times with toluene

L. ="Pried under vacuum

Part 5: Effect8T supgOrt ‘- re.

The immaoltliza on, etho ﬂ, b Shvaskes & same as those in part 4.
."” o |

The ethylene d : Copol; Btion tedction was carried out in a 100

- Copoly p za bn
ml semi-batch stainless ste€t cquipped with magnetic stirrer. The

autoclave and magnetic baf iy it 0 °C for 30 minutes and will be

purged wnt og 0 fore us @za‘uon of ethylene

and l-oleﬁl. _ j’ted MMAO in the

heterogeneouzfjte -ﬁ;ne along with toluene
1
to make the t I volume of 30 ml will be put into the reacto I he desired amount of

half-metallocene ‘[ (or supported cataly the heterogeneous system) was put

ﬂzml NYNINHINT

heat up to polymerization temp?ature (70°C). To start reaction, 0.018 my le of

ARIANNIUA Fiaigh iviiabadd

acidic methanol (10% HCI in methanol) and stirred for 30 minutes. After filtration,
the obtained copolymer (white powder) will be washed with methanol and dried at

room temperature.
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3.3.5 Characterization of supports and catalyst
"H-NMR spectroscopy
'"H NMR spectroscopy was used to determine chemical structure of the

obtained catalyst. The spectra were recorded in C¢Dg at 25 °C using BRUKER A400.

i’ -
ace n// pore diameter and pore size

N, physisorption

Measurement @

ie phases of sample. It was
conducted using g JS ¥ D=5000" ray, “di frac gmeter with CuK,(A =

min in the range 20 =

SEM was used s8llhc SEM of JEOL mode JSM-

6400 was applied.

-

T hermogra i -)

il

TGA v:j pcrt ¥etion—force of the supported
dMMAO. It conducted using TA Instruments SDT Q 6' analyzer. The samples
of 10-20 mg and ‘t rature ramping fro 0 600°C at 2 °C /min were used in

thﬁummmwmm

3 3.6 Characterization Me?od of Polymer

IRTEININURIINYIG Y

analysis measurement. It was performed using a Perkin-Elmer DSC P7 calorimeter.
The DSC measurements reported here were recorded during the second

heating/cooling cycle with the rate of 20°C min™. This procedure ensured that the
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previous thermal history was erased and provided comparable conditions for all

samples. Approximately 10 mg of sample was used for each DSC measurement.

3¢ NMR spectroscopy (13C NMR)

BC NMR spectroscopy was ogdetermine the a-olefin incorporation and
‘o M

copolymer microstructure. Chomucalishift ferenced internally to the benzene-

d6 and calculated accoxdin t 5 It )d Randall. Sample solution was
prepared by dissolving S0 SENE robenzene and benzene-d6.

13C NMR spectW : R=A400 operating at 100 MHz

X-ray photoele Sp'tr cgp (

XPS >anal 55 wak D r ;ﬁ L A i otoelectron spectrometer
equipped witl Mgs A i, o ity ¢ foh, antilly KRATOS VISION2
software. XPS ele ‘ ?\ energy step at a pass
energy of 75 ¢ .

Inductive couple plas optl al e ‘:’ oscopyMICP-OES)
ICP-OES wa$ perftrined ing’ Imer model PLASMA-1000 to

determine the amount of. a‘ Al 'j : E prt. About 50 ug of a sample was
digested by Stilfuzi : b}@ized water.

o
o

Benefits ;1 : 'ﬂ‘

|
e LLDPE%will be possibly synthesized with an good "a€tivity in the system of
half-metal‘cﬂi MMAO catalyst

Produce international artlcl‘based on this rese

a»mmnmummmaﬂ



CHAPTER 1V

RESULTS AND DISCUSSIONS

4.1 Effect of comonomer on the hali-

The differences of ini ' ;. 0 { ¢ dntroduced into the homogeneous
systems to investigate /ﬂ r contents, the activity of the

ocene catalytic systems (Part 1)

Sigare shown in Table 4.1. Tt
can be seen thajyl igho fatdlyti ;f,. it ‘.: @uBicd with only 1-hexene
as monomer (ent ] forct —,_- Y\ . ) » he system that used only
ethylene as 4 ‘ . § ‘ f sugggsts » '\ - ocene catalyst ([t-
BuNsiMe:Flu] TigE)) i adfive tor el olyméiizatlon, but not for 1-hexene
polymerization.. is gesulf’ agreed {inding ""a‘_-.; et al. [58], who
! A ization under the specified
condition. It has bee r.' -that ethy e maslireactive olefin [33], so it can
react with itself for olym ‘-ﬂf--'::;_,_u;;i ¢ of any comonomer. Although 1-
hexene was not reactive i ;{}? ,' ' it can be reacted in the system of

copolymerizatio - e e clarified in this
e |
finding thaty wiay safroduced together in

&)

ntry 5.

the system, evq;n, fﬁ
.II

Table 4.1 Actwmf stem with various m@ner concentrations

Al m‘J NEINBIN Iz
E ‘ dkg.polymer/
o gUlld ¥ | 2]} mol Ti .h)

1“ 0.0 0.6 475 7 — -.
AW “murwrn ‘.
: ) Gl

=1

4 248 ~ 1.4030 " 2037

5 0.6 1.2 326 1.9241 2125

“Ethylene addition into the system
°Copolymerization condition: Ti = 10 [mol, AI/Ti = 400, temperature = 343 K, 349 kPa (50 psi) of
ethylene pressure was applied




40

The mechanism of polymerization by metallocene catalyst system is reviewed
here to explain the result. There are three main steps for completing the
copolymerization (excluding chain transfer step), as shown in Figure 4.1 [33]. The

first step is the ‘activation’ of metallocene catalyst typically achieving via contact

with an appropriate cocatalyst spe@ie | AO in this case). The second is the
‘initiation’ of the polymerizatio . f ult of the displacement of the anion
and coordination of t i plex. In our study, this step

seems to be a problell

@zaﬁon, since the ion-pairs

v O " I
still stay in their ¢ i . Th eref g reactive monomer like

make coordi i 9t factivic ‘sife Stép, can generate an available

coordination si gfalfcg ~whichy pi efiouch space for a large

monomer and 1-he he om onémes pfot imsertio b\ t fwing chain of polymer.
; f ¥ .
K
- - III.' ~.
]
::g'ﬁ \f:\‘}\_/;

e, ; M A
a— .
“prime‘ﬂli ion-pair L ,I,
Actlvvlo ' igtio Propagation
4 1 Schematlc presentatlon of co erlzatlon mechan

‘ q ! escribe above, for t!lS ca!alytlc system if ethylene was not miro!uceﬂ

into the system first, 1-hexene would not be reactive for this half-metallocene catalyst

even open structure. However, in many cases, 1-hexene can perform polymerization
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by itself with some metallocenes such as iPr(Cp)(Flu)ZrCl, and En(Ind),ZrCl, [59]

indicating that reactivities of a-olefin also depend on the catalyst structure [60].

4.1.2 Effect of the amount of 1-hexene on catalytic activity

In entry 3-5, introducin ' -hexene into copolymerization enhanced

catalytic activity higher thafiH out 1-hexene (entry 2). When the

/ ities were also increased. They
=1 as raised from 0.3 to 0.6

\:'Eﬁ'l thegamount of 1-hexene was raised

amounts of l-hexene
increased pronounced]
mol/l. However, t

activities is also shown in

two times again fro L C

Figure 4.2.

F“@ctivity (kg Polymer/mol Ti.hr)

LY B

1.0 1.2 1.4

ntration (m l

Flgwe 4.2 Activity profile w1th agjous 1-hexene concentrations.

AU INYNINLYINT....

effe copolymerization behavior [61] The chain structure of 1-hexene can increase
the gap between the catlomc act1 e species and_cof® anion more separaw in
ATl e TR

raised leading to enhancing the activity o olymerization. However, at /1

I-hexene concentration (entry 5), the anticipated activity can not be attained. This is

because high excess of 1-hexene obstructed active sites of catalyst from reacting with

ethylene monomer, and consequently reduce rate of ethylene insertion into the chain
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of growing polymer. The explanation can be supported by polymerization time of
entry 5, which was longer than that of entry 4. The longer polymerization time
suggests that, in entry 5, the rate of ethylene consumption for polymerization was
slower than that of entry 4. Although the rate of ethylene consumption in entry 4 was

faster, activity or productivity 40 5 was higher. This is because initial

concentration of 1-hexene Qfi8 then it can produce more product

than entry 4 did resultin cat Vi pific system.

1 this copolymerization
ept ethylene pressure
ene can be increased by
_ \ of 1-hexene or two,
e a, 0 1] able 4.2 that reactivities
\ oncentration of 1-hexene in
“\ [1ght l increased. So, it can be
gxenc i the system have more effect
on the reactivity of e yle lse of 1-hexene reactivity enables it
to still incorporate continy :_;]:_j.;‘ r:ﬁ T‘
The open
retains hig ;m; meRQITIET incorporation. As
compared w y 1th~\'0rmal metallocene, it

4
has been fthl that with the samec 1nitial como%

copolymerlzatlon‘the obtained copolymer fr hose studies exhibited much lower

Fm"ﬁ'? MININYINS

2 Comonomer 1ncorp0rat10n and the react1v1ty ratios

hain even at high concentration.

: e‘@‘ortant factors that

er concentration in

43.7 56.3 0.797 0.738

23.0 77.0 0.621 0.784

*Relative comonomer reactivities (rE for ethylene and rH for 1-hexene)
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On account of the fact that the uniform comonomer incorporation is the key
feature for producing lowdensity plastomer, which exhibited plastic and elastomeric
behavior [64], the distribution of comonomer in the copolymers needs to be
concerned in order to obtain plastomers with desired specification. The triad

3C.NMR is shown in Table 4.3 Triad

/ les having 1-hexene incorporation
ﬁ 'gure 4.3, which showed 13C-
@ween 39.5 and 42 ppm

agUShysitigthese@polymer from entry 4 and
C ed directly from the area
Mot pronounced in the

4 than entry 5 did not

EHE EHH HHH

0.172 0.144 0.000

0.185 0.339 0.039

0.154 0.424 0.192

ﬂﬂ&l’)ﬂ&lﬂﬁﬂﬂ’m‘i
ammn'mummmw
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HFM'-} B e LU
T T T T T T 1
40 15 [epm]
gure 4.3 °C-N tra of copolymers
The Pesen triad ¢ distgfBution of comonomer
throughout the copelymer-chain-was-interrupted-at-hig O ghrdtion of comonomer.

Although the .0p0 ati ' ontain the block of
comonomer, t@l are still not the BIOCK Copolymer. It czﬁ}ye observed from the

product of reactlw ratio (rErH), which is e of the parameters that can identify

! UHINYNS NN

rnatlng copolymers havmg the rErH value being lower than 1. Once the

a‘tematm copolymers were obtal ed it means the ﬁ)nomers in thelr chyar

backbone sequence length or rys alllzat1on an! therefore low crysta 1n1ty, mcludmg

low density, would be gained. Thus, with these properties, the obtained copolymers

are in closing proximately to be low-density plastomer. However, these copolymers
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might not meet all properties required for the use in plastic industry because they
probably lost completely the thermal properties.
As a result of the fact that disadvantages of alternating copolymer, which have

been found by Hung et al. [65] that the polymer with a highly alternating sequence

highly alternating copglym ottire 7 P erefore, they might lose the
melting behavior at_I fe el inc STaLi n. To prove that, melting

temperatures OW eatigated. by differential scanning

calorimetry (DSC). Eze I gati _ felind, that only the sample from
entry 2, whic , el santple) has, the Melting Tehperature (130°C) and
the remaining ‘ 1 es. Thus, the losses of

thermal properties istgd i | - g-, od' oc Mers%ewen the one that had low

in Figure 4.4 when the

1-hexene was i d igito. geciallyatithie high level of incorporation.

of amorphous material.

Therefore, it accord ' A : : -NMR and DSC that the obtained

. . Y / \
With this structurelf l" the ¢k

ﬂLlEl’JﬂEWIﬁWMﬂﬁ
qmmnmumfmmw
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. hwarious 1-hexene contents

0%

42 A Compa : on LLE j .«" - ‘ es Synthesized by different
copolymerizatigh sy { | '
In one aspec f eterogeneous system can be

T . - : .
comparable to polynier colpOsItes, -and study focusing on the composite’s

properties was also condu ‘.1:;,1 -W.

4.2 | ,a)

M,

There ob{atning LLDPE in this

¥ 0
comparison. T@ﬁrst was the homogencous systeni (HON@), where all materials:
catalyst, MMAO, ‘omonomer and solvent wyn liquid phase (excluding ethylene

AU YINENINYINT

51110 solid phase was also introduced into the system as a support. The different

tween HTRO-ex s§stem and H”&O m s stem iS tlan HTRO- -ex sxstemue

qu zﬁ t10 of w ﬂ
system the in situ 1mpregnat10n was used instead: ThE ex sifu was performed

impregnating MMAO onto silica, and then, washing and drying for 3 times before
introducing it into the system during copolymerization. The in situ was performed

simply by impregnating MMAO onto silica for a certain time after that introducing it
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into the system during copolymerization without washing and drying. To ensure that
that all MMAO used in the in situ impregnation was completely impregnated onto the
support, a pretest for finding the proper amount of MMAO and the proper time in

impregnation was performed as the method described by Wannaborworn [56].

because, in this method,

MMAO will never loi ing 17'  7 barocessllike ex situ impregnation, then
the ratio of Al/Ti being cOdstant ntil th I copolymerization. The additional

liquid MMAO is needlee ;:J ’ _'
Table 4.4.

i e
800 kgyo/(molfy/lir). This means (A

low activity, had ?en improved by addition qu1d MMAQO as expected (HTRO-

ﬁumw NSNS

intr cmg it into the system, 1nclud1ng decrease in reactor fouling and improvement

_in stability of the catalyst [6 en com arlng bet\a both of the hetero Mus ‘
wste S a ﬁ:ﬂ atlo Mwas oun: t eﬂlem I« s
impregnation ( 0-in) gave a s 1gh higher activity than the system with ex sifu

impregnation (HTRO-ex). The differences between two impregnation methods are

1ta‘t§cene catalyst were

; and then listed in

‘ r'é_-'f}aghly similar at about

cterogeneous systdis, which usually give a

the amount of MMAO on the surface of silica supports during copolymerization and
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the strength of interaction between MMAO and the silica surface. Hence, these two

factors should be concerned in order to clarify the results.

Table 4.4 Polymerization activities for different systems

Yields Activity *
System
(g) kgpol/ (mOITi/ h)
HOMO 757
HTRO-ex 786
HTRO-in 885

*Copolymerization g =3 43 K, 50 psi of ethylene

pressure was appiicd

As me t1on Fearlic Wn f’ ; f terdeneous system is that
the species on thé supgort urfac witl § erate (Ve x with a low propagation
rate. Therefore, with#the §a il Mo :, b QVera .'-‘\ sites, which system has
more active sites off the IP SL 7 . .- liqu w\a. e will give a lower activity

than the others. HowgVer,; ;,’ hese two natf@ll methods, it was the in situ
impregnation method (HTE ' posses more active species on the
surface because thergwe

reduced 11{% A

amount of lc

this method. Therefore, it
€ Viding the higher

J{ situ impregnation

method (HTR j ) ysteﬂas contacted with the
same amount & MMAO, gave the finished support exhi‘ d only about 60% of
MMAO on it as 1r‘ented by ICP-OES tecHiiigli

AUBANURTHENG -

support surface, the less the actlvw for the system reover, in situ 1mpre@on

q Wﬂﬂﬂrﬂ IUNRIINYIGY

surface should substitute for the first one to further explain about the deviation.
The stronger interaction of MMAO and support will cause lower activity for

the system because with this strong interaction, MMAO 1is susceptible not to react
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with metallocene catalyst during an activation step [68] (the position of each species
can be seen in Figure 4.5). This interaction would occur more in ex sifu impregnation
as a result of the fact that with this method, MMAO bound to the support had to
involve in washing and drying processes that making some lose during these

processes, and then only some wi tly strong interaction to the support could

e
exist until the end of the pr. 7//'

ﬁrur GA measurement,

which normallm dlcate e used indicate the degree of

interaction in polyi:ers and then used to trace back to the interaction of MMAO and

ined from
th llﬁ ind ﬁ toghe normal
profuof LLDPE. The temperatures at 5% and 10 % Welght loss are shown in Table

4.5. The highest temperatures at“’o and 10% weiglfigloss were observed it

AIRS At NI naIRY

polymers with the same type of filler (support) and also with nearly the same amount
(about 7 %w) could differ in thermal stability due to the variation of internal

interactions. The better thermal stability may derive from the support particles
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interacting to polymer stronger through a tighten bond of MMAO and silica.
Therefore, the polymer obtained from HTRO-ex system showed the better thermal
stability than HTRO-in system because the first one has stronger interaction between

silica and MMAO.

100 ——— HOMO
HTRO-ex
} —— HTRO-in
a0 S |
om
E G0
=
=
40 4
=
=
20 4
04
00
Table 4.5

ot
ature at weiﬂﬂ} loss

System QJ/ (°O)

AuEINY
qR1A9N
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An XPS characterization is one of the methods that can reveal the chemical
linkage between the support particles and the polymers [69], so it can be used to
further investigate the interaction being discussed. With regard to binding energy
values of Si in Table 4.6 among two heterogeneous systems, the strong interaction

would belong to HTRO-ex system d higher binding energy (B.E.) of Si. As a

AN

Lewis acidity (eleet

[ 25

hand, it could incre vhen 1nteracts with Si through

-] \igaintesaction [70]. On the other
'\ .

MAO in HTRO-ex

Table 4.6 Binding ind - element; ibution n the surface of polymer
measured by XPS

C/O C/Si

. 1. c

90.4 9.4 -

HTRO-ex | J103.1 | 534.0 | 286.5 96.9 416 | 1292

87.5 7.8 71.7

In addition, Table 4.6 also ?ows the amount of ome elements in the p

9 NINIUARIINYINY

systems can reflect the differences of mechanisms for producing the obtained polymer.
The close C/O ratios of HOMO and HTRO-ex system indicated that two systems had

the similar mechanism for growing polymer which differed considerably from that of
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HTRO-in system observed from a huge difference of C/O ratio. This appears
reasonable because the additional MMAO in HTRO-ex system may behaved like in
HOMO system then, driving the heterogeneous system vaguely resembling the

homogeneous system. When considering C/Si ratios, it was found that HTRO-ex

of silica with the highegg# nt tha | ; tem. Therefore, the bare silica

particles without polyieT forme woutd” ore in HTRO-ex system
S —

and consequentW - ~preseated=espccially on the surface of

investigated by Be Y \f o From Table found that the 1-hexene
ba and HTRO-in) were

incorporations 461

significantly higheg#ftha f r goenecous em. This is due to good

distribution of active jites idfHIEnce ' ’ sili particles enhancing 1-hexene

r‘f* e

accessibility and depressio omet in supported system [71].

HC de
Entry
(%omol) | (°C)
12.6 112
240 1Y 27.0 126
0. 159 O 108 0 003 | 0.754 1 208 25.6 122

ARhIalINENAT

¢ Melting temperature
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The ethylene reactivities showed in Table 4.7 agree with the suggestion as
seen that these values of both heterogeneous systems were less than that of the
homogeneous system. The product of reactivity ratio (rgry) is one of the parameters
which can identify types of copolymer with: a value rErH > 1 indicating a block
copolymer structure, rErH < 1 in' cé njalternating copolymer structure and rErH
= 1 indicating a random cogl \ " 1 W/ refore, the obtained polymers from

r propertles whereas the one

1ted lwhly golymer properties. Melting

ined fromshoth=efitheshetcrogeneous systems were

from homogeneous
temperatures (Ty,).ef:
, | ! ! mogeneous system even
higher 1-hex ' s/ fThis) is\D HaBys1liCa” particles acted as a
nucleating ageniy I eqnen hyy, Sudlicrease the crystallinity
of polymer and t i the 1 ik Y CTa of delymer [61,72] for both of
the heterogen: it'¢an’Be concl "«_‘: thelic results that synthesis
: ¢ ic 1-hexene incorporation,
the molecular s# melting temperaiure of '\:x'a ed polymer whereas the
\
&d from cnning electron microscope
ed that the polymer obtained from
HOMO system look to n”'" G ,1;: ' 5 a of the heterogeneous systems.
However, th&jpo tefre also exhibited a
small differf e T ént interaction of the

L
»' 9
'Slﬂaund in the polymct

of particles i

C I ‘more agglomeration

obtained from HT@-I” system. The low

silica partlc

interaction betwe? MMAO (polymer part) ilica particles in HTRO-in system

ﬂeuﬂﬁﬂ mq Sweans
swm ANNTUNAIINYIAY
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LI A\
,.'!f; he polymers ob *\ cd¥from the different systems
Y77 7 b)F M c): HTRO-in

AUEAINENINEIN
IR TN INYIAE
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4.3 Modification of supports by gallium (Part 3)
To improve the supports for performing in the catalytic system, gallium was

brought for this purpose. Gallium that affected directly the support properties also

affects the activity of the system. Therefore, roles of gallium during the modification

! e of pores.

Large pores
80 A and small pores
170 A. Besides using

9, 216.8, 68.8 and 169.7

\ RD"atterns (not shown) for
Beftveen 20° and 30°, as seen

1} ,ﬁ..:

typically for the >COI}V tionalfamotphou lga. NOBXRD peaks of gallium were
observed after impre natio ;:;f_ s i sed form.

&L" A
4.3. Z________ ' ‘C)

F ) L.l L JIECL OLPDOre SL2e O SLLLCU SUDDOILS Y ‘

QMstigate the effect of

OFeopoly merizatio |' t can be seen that the

In Table
B

support pore sbifp on cata
large pore silica ?try 2) exhibited higher catalytic activity than that of the small

el

frorrq,e effect of pore size of the silica support which still existed in this comparison.

To grasp the effect of pore 512‘ the internal diffifign resistance needs Gl

RSN IUHNBN TRhe

diffusion resistance [73], contrasting with the supports with large pore size which are
able to diminish the diffusion resistance by their large pores. Then, copolymerization

conducted along with large pore size support can give higher catalytic activity than
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that with small pore size support. Another parameter, which provides compelling
evidence that the diffusion resistance was exist in the system, is the copolymerization
time of the systems. From Table 4.8, it can be obviously seen that copolymerization
time of the large pore silica system (entry 2 and 4) was shorter than that of the small

pore silica system (entry 1 and 3), irlglif afing that propagation rate of system with the

Fapdl comonomer being able to reach to

)&( e the pores. In addition, silica
‘ u _gtivities probably due to the

scribed by Silveria et al.

ization with different

supports.

dalg|ytic Activity’
olymer/ mol Ti .h)

1341

1682
1920
1893

*Time when-g

"
=

h 2
‘l‘:ﬁ}.ZQ Effect o on ofsilzc@frface

To 1nvest1?te an effect of gallium as modifying agent for silica support,

BRI L Tkl g

atlon can increase catalytic activity in both types of silica. It has been known

that addmg gallium into silica su‘ace normally incufa8gs acidic sites to thMca

JRIRNIMARIANE IR

acidic property, such as Al,O; and MgCl, have been used as support for this purpose
[75]. For silica, directly using as a support for metallocene catalysts preparation

resulted in inactive catalysts formation [76]. However, in this method, MMAO took
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charge of main activating agent as usual in metallocene catalyst system and gallium
can assist in the activation by increase Lewis acidity in support as mentioned.
Furthermore, gallium can be anchored on the surface of silica, thus lower interaction

between active sites and support. The result of higher catalytic activity by gallium

do Campos et al. [77], which found that
E the ability of the supports to
fic act1V1ty of the systems.

11um modification on both

modification accorded with the

that of the large pore
)c surface properties of
in higher surface area
albodification, the small

f y large pore silica due to

inve tigated by '>C NMR is also
er (HHH) was not detected for all

= F oy
The triad distributie v;_."!:.:'_f. Av.r,_:
shown in Table 4.9. The: E;g' < i“:"

samples. T : at the good mogGmer throughout the

copolymer g Y HE T e e 7y e e e 2 e A et B g of reactivity (I'EI'H)

of some samp gii . 0 ",' fom copolymers (rgry
>1), and the rer them showed

nc typical alternating copojﬁper character (rgry < 1).

% H
0.000 | 0.605 0.969 | 32.2
102 : 0,000, 197 | 0.873 | 323
-
) i alls | 30.6
hwmwwa.mm s [ 108
Si0,/ (LP-Ga) | 0.422 | 0.280 | 0.039 | 0.159 | 0.099 | 0.000 | 0.724 | 1.019 | 0.737 | 25.8
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4.3.3.1 Effect of pore size of silica supports
It can be observed from Table 4.9 that both pore size silicas produced
copolymers with nearly the same incorporations of 1-hexene (Entry 1 and 2). In

general, the large pore silica should supply more comonomer for propagating the

pores. However, another | { jhfluence on the incorporation of
comonomers is the sug garding to surface area, the
support with large v ce copolymers with high
incorporation OW Ebetween active sites dispersed

Figure 4.8. ¢ area would probably

result in high refore, from the result
that showed a rou ount of on Oiner incorporation for two
different text ‘ icdd ifdi d the ; ‘ ellsize and surface area)

have a profound i | ne. f vel the\theordration of 1-hexene in the
J ’-f il I’ L h

| L]
[

1

]

/, h

- i
- |
H Il
i

High surface area Small surface area

ﬂUﬂz’m&W@ﬁN g3

Flgure 4.8 Comparison of tive site d1spers1on on the different surface areas

9" awmuwwnm A

Comparing between entry 1 and 3 alongside entry 2 and 4, we found that

when modifying surface of silica support with gallium, the 1-hexene incorporations

were decreased in both types of silica. This can be explained by the effect of surface
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area. Since both silicas had lower surface area through modifying procedure by
gallium as follow; in large pore 70.9 to 68.8 m*/g and in small pore 216.8 to 169.7
m?/g. Although incipient-wetness impregnation used in the modification is the easiest

method of introducing a metal precursor, it results in the precipitation of small
particles of the salt onto the suppdrt| Frf ce [78]. Therefore, the decrease in the
surface area may be due to the'partial ¥ of pore by excess gallium nitrate. As
seen from Figure 4. \ Y#A riously affect the decrease in
surface area of the siy 7 Ore= ] h 4 gica because the small pores
can be blockede ' mp: edwaizith=the large pore. Then, after

@esurface area occurred in the

_ ——
small pore si stifg A in}the, Jatg Spo egsilica, which only the slight
. ‘ "“\.._\ o

decrease occurr

: I '_1 ‘ \\\1\\ \l‘\..
The decreagé’in JFheKee aé ation ‘i fhie c
_— %

opblymer obtained from both

silicas after mo@dfTicatiion b¥ gfllliu r.‘ -c\ 6, theydecredse in surface area. The

. I .. .

significant decreasgfwagfobsgerved for, thellerot Poke 'silicadistead. The reason for this
4 ' ‘T ] 1 1 .

can be explainedl as sfcn il Figure-4.9 “lle activeksites, with high enough space for

high 1-hexene incogporag bn Were o e Byl an empty filled square (0)
while a blackened sq* > (m) 1-";: Sd-the e sit ith insufficient space for high
1-hexene incorporation. It G besSeen-tha yace sites (O0) in the large pore silica

were decreased noticeablysafterumodifica cas the number of the high space

-r:'#-‘?” £

sites in the SMiall pi mained th pacefSites in the small pore

silica always Joeated-ouiside-the-poress-and-thereiorestheyeairdt be affected by the
il

deposit of e oa And ¥ the large pore silica,

these sites SOIIJIHE mes located msid¢ the pores then the dep@t on the wall of pores

can hinder them ?m being reached by a lagge_size molecules especially 1-hexene
o (%

co omer Ji o crj ' 1 a f=-1h the large
po liﬁ:gde S gl Maf m rtfwas mpdificde@y gallium
as omrved in the results.

In addition, this proposed mModel (Figure 4.9) émexplain the Frevious Fedlils

q (Insufficient space site, m) were more pre§/a ent at s! ort 'p‘olymeriza 1on times [79].

can be seen from the model that the said sites usually located inside the pore, so
therefore at initial time of polymerization it still had an impact in polymerization.

After the long period of polymerization the supports were covered by the growing
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chain of polymer and then, hindered the (co)monomer to reach inside of pores, thus

decreasing the impact of the sites located inside the pores in polymerization. So if the

polymerization time was longer, it would found the fraction of polymer producing

from sites with no or low 1-hexene incorporation rates lower. However, the important

point one has to keep in mind whg

Large pore

Large pore

' : Low space ate e

'i' : High space acijv:

@ : Gallium nitrate

SLET1C

Flguliuj 9 Conceptua

gested_that

different or sizes.

A UEINYNINYINT...-

ent in these catalysts, accordlng to the findings of Kumkaew et al. [79] which

ore sizes can 1 uence the ty e (Atal ic
S 1tes W N\f% environine
indrance as seen in the mod n

§ this model is that the multigrain model [80]

cles to have hydraulic force

, and '} :‘;_' ultiqinm -
- ] ‘ Al

reasonable for use.

W
g
¢

7
G

7

o
;
W
o

S

Small pore

-
7
'

//

%/Mﬁ

i

O

D iy

A

Small pore

7

A\ N\

act of pore bldﬂage on supports with

sites present yche

drance is not just to the monomer io

attack the site but also to MMAO in forming cocatalysts-counterion fit and salvation

which play a significant role in the structures and energetics of the ion pairing hence,

catalytic activities and selectivities as proposed by Lanz et al. [81]. Therefore, the
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alteration of selectivities by different pore sizes may be one of the reasons for the

change in 1-hexene incorporations.

140

getlvith various SiO,
L d"LP-Ga
il

To suppm?that the copolymers were 1ned from different catalytic sites,

wﬁmmm IEE el

the crystallinity and molecular weight of polyrner then being difficult to

identify each peak occurring clearly. However, they ¢ rlef necessar 1nforMon
;I‘ out'qa atairs w yl(u%} ﬂ’ 1 ﬂ
q ) information on heterogeneity of = supporte

nascent polymer may provide
polymerization catalysts. From Figure 4.10, it can be seen that all the copolymers

obtained from the supported system exhibited several DSC endoterm peak (not

obviously seen in LP-Ga) indicating multiple types of catalytic sites. Another point
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illustrating in Figure 4.10 is that the DSC endoterms of copolymer obtained from Ga-
modification silica system (c, d) exhibited broader peak than the unmodified one (a,

b). This may be implied that silicas after modification by gallium have a greater

degree of heterogeneity in catalytic sites than before modification. Therefore, it can be

AUINENINGINg
RIAINTUURIINYIAY



63

4.4 Effect of method for preparation of supported catalysts (Part 4)

In preparation of supported catalyst, there are many important things to be
concerned, for example to keep the efficiency of catalyst when it was immobilized
onto the supports, to reduce the adverse effects of support in copolymerization.
Therefore, a variety of methods foryfin dration of supported catalyst were conducted
to examine their effects on w /
4.4.1 Chara§

After modifyi 1]

spectroscopy Irys ; ! ound that the support

after modificati

. hno peaks of chlorine (Cl)
"'x\s porth (Si0,/SiCly) decreased

compared with theflnn ‘ ne, f 5 ecause of pore blockages

4.4.2 Characteris -J_';’m pport
Th"}is ' investigated by inductive
coupling p wiout of titanium and

N jﬁ?atalyst and MMAO
AULINENINGINT

ARIANTNUNAINYIAE

aluminium 0

respectively.
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Table 4.11 The amount of titanium (catalyst) and aluminium (MMAO) investigated
by Inductive Coupling Plasma Spectroscopy (ICP)

Immobilization .
Run| Support |Method I Al
PP ‘ Yow) (% w)
S Step 2
1 Si0, \" W’ 0.596 0
2 ] -‘5 0 18.14

0.334 12.48

4 SlOz/SlCl4 0.200 18.35

TN
i ll”ﬂ &\)\\ N L 0586 0
° ml ’i"f ?\\ Wt 0.192 14.30

*

From Tablgff. 11f/it # 2" fourld-tht
Ontodhe ;,: ’ punt \ ~\ sMln the modified support
y il

d C1, which immobilized

catalyst directly

S
(Si0,/SiCly) was negfly , F: l ‘th ’,;a modifid onk. It suggests that SiCly did
not help the support obiliﬁ AMO  catalyS higher. Adding MMAO prior

to catalyst (A2) redud®d t
method C1. Method B1 pr

due to coﬁtm catalyst anc filmobilizing onto the support.
When ad

o hold the catalyst compared with
t of catalyst on the support. This is

MAO to the s after—the—catalyst had been completely

immobilize® :o f catalyst (compared

with C1) 1ndlcﬂ g to the 13 SEBYMMAO [SU

AU NNINEIRT. -

Varlq methods are shown in Table 4.12. During copolymerization, MMAO was

introduced into the system for en‘ncmg the ability g@ygctivate the catalytic@gh

QTN AN Mt

copolymerization.
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Table 4.12 Activity of copolymerization using catalysts from various preparation

methods
Run| Support |[Method Immobilization Polymer Activity
: yield
XN E Step 2 (kg polymer /
W\ { @ mol Ti .h
A A
1| SO N 7 | 0063 60
2 1.638 1966
3 | sioysict /iﬂ i Cotaiy . 412
A !
4 | , 1405
s | A IS Keam AN 146
“ _
6 ﬂl&.‘ &\ e Ry 0

448 1 ec ‘fsu !Wf’tf

0 'ﬁc ion to the support on

To inveStigatg th ffect _' 5iC14)
activity, run 1 andg mn | 7 It wa \‘ pundl that the modified support
(run 5) gave higher ;! vit than the um d on n 1). This is because active
sites on the modified suppo dEE S ked c support surface through the silane

molecule which acted as: 1‘_ : I and consequently less interaction
between tl—@Z ; i(ﬂ? monomer into the
reaction celﬁ tllylty for the system.

ﬂLlEl’JﬂEWIﬁWMﬂﬁ
qmmnmumfmmw
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sicl,

stem in two different phase
mobilized on the support for run 1,
3-5. Run 5 will be used ta F".v _,

was only ¢ ’cﬁr '

was presentce

(run 5) onto
introduced int<m

id phase of catalyst because there
asfln' the others, catalyst

was immobilized

1h “catalyst which was
— ' . .
e system in liquid form (run 2). The main l ons for this should be
the generation of ; 1 sites with lower pro jon rates due to interactions with the
g prop

ﬁi‘ U“EJ"J mmwmm ot

cata to MMAO should be the problem for run 2 Wthh the liquid catalyst had to

lized o to he
dic | ff lys support E
the species fixed in the support. For example Ko et al [82] has found that 1ntroducmg

liquid catalyst into the MAO-immobilized support caused the activity even lower than

introducing liquid MAO into the catalyst-immobilized support. However, the
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difference between the mentioned study and this present study, beside the type of
metallocene catalyst, is that the type of support. The first one used the zeolite with a
highly porous structure as a support while the second use the amorphous silca as a
support. Thus, with highly porous structure, the most of any species fixed in the
zeolite support had to be locate @ the pores, and then the rate of diffusion
through the pores of the liguid\SE /X )i gtcatly influence the activity of the

smaller molecule is in liquid

e.r ne, and consequently give
flidy=is, to show that the system
than the system which
catalyst is in appeared in its result.
However, in thi jorphous silica support
which the most of i od in it Mocated insi ithe pores like in the porous
a light influence on the

activity of the sygf€m. theAoW ‘ j'"; OD§SRves in this result mainly

comes from the*di ' ng - i it€ s\a fo the strong interaction
with the support ng¢ iffacdes ";-_ plac immoBi11zell species.
» Ay ' \
4.4.3. .Effe ‘of pri -m' (!
Supports on wh_i h -ﬁ?"ﬁ;wp O were immobilized by various
preparatio ’ﬁth int i) f'ng comparison for
effect of pr halat iethods (run 3, 4 and [i-was-found-fi0 able 4.12 that the

fﬁS‘ catalyst, whereas for
pe ICP detectioxM;rable 4.11), it can be
found that the tltvlum indicated to titanoce omplex catalyst still existed on C2

AUY INBNTHYINT

cata C sites.

: The MMAO _addition resu ed in_the catalyst#lefiehing since MMAO ‘
;I Iﬁltera ﬂc alyst, %%ld a& mt'ract n F} a EI
the support whether it activate the cafalyst into the active form or even just boun

together without activation. Therefore, fewer catalytic sites were on C2 catalyst as

activity of B2 g a
C2 catalyst, tﬂH was no activity. From

proven by ICP technique. However, in this study the calculation of activity value was

based on the real amount of catalyst (Ti) in the support. Thus, fewer catalytic sites
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were not involved directly to the reduction of the specific activity but, nevertheless
this can imply that if the leaching catalytic sites had been immobilized on the support
with the weak interaction, the remained catalytic sites would have been fixed with the
strong interaction with the support. These strong sites may be derived from the direct

linkage between the catalyst and dsilica surface without SiCly coverage which

was come from incomplete e

Besides strong ‘ifite: Jotic n, o#iatigat is usually one of the problems

faced when immobiliZEad™catalys ‘ then it causes the activity
: - JLL,

reduction. The W 2 Gmbothy support preparation and

copolymerization. In Ji s shbws two plaustblesway of catalyst deactivation.

together and c i L S the M4 Ithough this has been
previously describ i "0 aent h th ic homogeneous system

‘ | tel\ arc not separated far
¢ »1'1“},.‘- the surface to diffuse to
encounter distaff , ’ reciprc L4 O : V rate, and therefore the
supported catalyst Jrth T,[84] r sides jA8nt two active sites that can
form the deactivati i !‘: 3 singlc i olecule can also form the
deactivation species  surface by more than one bond as
seen in Figure 4.10 b). A {L : ly immobilizing catalyst onto the
support is ‘Es et al.[85] th:

(Ti) would & varied-then-making-the-catalysi=deaciivateds-Atl the above reasons

metal center atom

seen in the resd“t

would there o. 3 r%ed by method C2 as

'wswnﬁ/

| §| CI/ \CI

a) Bi-molecular b) Bi-linkage

Figure 4.10 Deactivation of catalyst on silica
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A2 catalyst gave higher activity than C2 catalyst due to the MMAO
immobilized on the support beforehand. MMAO on the surface could increase the gap
between the support and the catalyst then being easily accessible to monomer and also
generate active sites on the surface [67], as shown in Figure 4.9. As known that

generation of active sites is morg \@ffici#ng in liquid phase, hence method A2 was

gtroduced in liquid form. However

1 a¥imethod B2 both MMAO, and
catalyst were in cf 2= . the generation had to be
S — =

conducted wheW MAD had-beer fiXed-te,the support, and then the

0 ‘m._ In addition, method A2
: nFigure 4.11 b). These sites
may be not act | i nel : e, the activity of A2
catalyst was Towe Wil W, h ofe, catalytic sites had been
generated sing iz@ti On Tyt _ £ ek atalytic sites has been
changed into the ' he color % atalyst. As observed, B2
catalyst was gr " g o A2-an ’ thyvithy . Ow color like the pristine

.,"

1o : ' .. .

The structure ystiptepared xthod 'BR is difficult to predict because
there were two species .ff{“,_‘. the . e. However, from the results that
indicated that it was the be st 53 N | . ) \cst activity. Therefore, a model to
represent t‘émla S .

species toggtiiBes

fit of Being present of two
an be observed that
catalyst havi Zbecn 1}@ "deactivation since it

is probably stami ized by the 1on of MMAO which also hav{l'ﬁeen converted into the

ion form during a?vatlon process, and then 1t nhances the activity of the system.

ﬂUEJ’JVIEJVI?WEHﬂ‘i
wwa\anmumfmmaﬂ
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= AN

‘ g))n the support

To pro that the amount of active sites on the support prepared by various

methqgs will be varida test done b cond copolymerlzatlon alongside each

el ti succas Iajo dui

tth active'si av1g ecn fixed on the

y thisy test, the

support From the results in Tabl@ 14, it was found t only the catalyst PIgpa

q Wﬂﬁﬂﬂﬁ QANIINBINE

to the finished catalyst then enhancing the activity higher than the other methods and
also proved that the generation of active sites in liquid phase is the best as been in

method B2.
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Table 4.14 Activity of copolymerization using catalysts from various preparation
methods (no addition of MMAO)

. . N Immobilization Poli}érlr(lier Activity
un| Suppo etho y(g) (kg polymer / mol Ti .hy
6 0
7 SiCly 123
8 0

Poly obj ned a’ ed slightly different

morphologies (Fi  | re jA.13). jon of activity making

5\

alteration to th€ chai propa Dol Meks. "a‘ his rate can affect hydraulic

force that press on gllicafintil it yassfrag ‘ \ erization. The pattern of

fragmentation 1is on‘ = 1 : giailog@ihe morphology of polymer.

Therefore, the Variaion of cthod B2 and A2 may cause the

difference of the fragment and then providing their obtained

', Patic
i

o (O

/1

1 mm

Figure 4.13 Morphoiogies of polymers obtained from different method
a) A2 and b) B2
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4.4.4.2 Polymer structure and property
It can be observed from Table 4.15 that no 1-hexene incorporation in the
polymer obtained from method C1 for both modified and unmodified silicas. Method
C1, as known, was to directly immobilize catalyst onto the surface, making the active

sites generated too close to sili

egving low space for monomer reaching.
' \ ' # Y monomers including 1-hexene
(CH,=CH,CH,CH,CHaCH ast )d he active sites. The obtained

polymer was due to COM -.'-f"" onl*the. H=HH01 H|e of ethylene (CH,=CH,).

C) also indicated to the

property of hi i 1€ ] 0137 °C). Hence, the

Table 4.15

y T
Run Support 0d der =G _ \ - %H"° S
I/ TE EHH | HHH 0
1 Si0;" 0 0 0 130.5
2 0.102 | 0.003| 259 | 1213
3 0.116 | 0.002 | 23.5 | 123.8
4 _&&/S - BI | 0555 F0.067 | 0.005 | 175 | 1220
5 k : —CY 170000 —1"——0"—1"—0" £ 0 0 0 132.0
1 'Y
* Obtained fForf! o
® |_hexene incorporatio 'T
¢ Melting tempggature 'Ll‘

thodmd 1 1 / i prior to
co ization 1 1 mmy in@rder av sukfacgliproperties,

it W“ound that the 1-hexene incorporations of their obtained polymers were higher

_than the other methods. This was (Je to highly accessi“_lctive sites generatin m
RIRENIUNIANEARE
q taintd polym ith refati wer 1-hexéhe ificorforafior tHAM that"o th

Al and A2.

When compared with method C1, method B2 was better because MMAO that

was fixed together with catalyst at the same time may stabilize the active sites and
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reduce interaction between them and the support then probably making these sites
suitable for reacting with 1-hexene. However, MMAO may also obstruct the
coordination between the active sites and 1-hexene and therefore 1-hexene

incorporation of method B2 was still lower than that of method A1 and A2. Melting
' 121.3, 123.8 and 122.0 °C respectively.

These value indicated to_thésoHaracteristt « PE (Tm = 122-128 °C). Hence,
LLDPE can be obtain&daby- e pr : : }i, A2 and B2 but not C2. The
triad distributions_a !'!',E.-i.;» fror@s (A1, A2 and B2) were

various preparations, Feited fec s ddegistributions in the obtained

polymers.

ﬂﬂ&l’)ﬂ&lﬂﬁﬂtﬂﬂﬁ
QW’]MﬂiﬁMNW]'JWJ']&EJ
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4.5 Effect of support texture on copolymerization (Part 5)
To choose the appropriate supports for using in the system is another
parameter that should be concerned as the textures of the supports can affect the

system in many behaviors, ranging from the activities during polymerization to the

properties of the obtained polymers.§T
use in this investigation. \\\ .
4.5.1 Chéppdﬂ

fore, a variety of supports were brought to

4

In this study

be prepared by varig
specifications.of of the silicas were

also shown in Fi

Table 4.16 Physidh| prdperfics of s

-
F Sur r Pore e Pore volume Particle size
Type Sphérical 3 .
_ (A (mlg) (um)
P-10 Yes Hig — 172 | High | 1.50 | Large 20
ES-70X Yes - 3 5 | High| 154 |Large| 39
Q-50 LA w)| 026 | Large| 510
NN-15 e MJ - Small | 0.015

AUEAINENINEIN
IR TN INYIAE
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Figure 4714 Shg Jes of e sili AS: a \‘ P c) (*50 and d) NN-15
¥ aY & \

452Chara ris cw N ""

The prepardfion ethow

finished catalysts hag€ be .r""* ataly

i
developed from method AT=as=we—have=alead

n ort
/ art co . stediof A2*, B2 and C2, whose
bn them. Method A2* was

iy .
known that the disadvantage of

method A2 was that he

on the su@ r:

support, th{e

and then instafffly i n oﬁr to offer a chance of
| qin
activating catatfic sites in homogeneous liquid phase.

AUHIRENTNHING.

MM%!) (%AL) in silica Q-50 ‘ere the lowest among three silicas w t er

QW’Tﬂ“\Tﬂ“‘ﬁWﬁ‘lﬂ"’iﬁWﬂ’]ﬂ 4

e sites by letting MMAO being
@ MMAO onto the
1 }d from the system,
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Table 4.17 The amount of titanium (catalyst) and aluminium (MMAO) investigated
by Inductive Coupling Plasma Spectroscopy (ICP)

Immobilization Ti Al
Run Si0O, Method

Step 1 ‘ Step 2 (Yow) (% w)
7 ES-70X A2* ‘ AMAO + Catalyst 0.217 16.13
8 | ES-70X | B2 ' 0.223 18.00
9 ES-70X 0.209 17.50
10 Q-50 0.153 13.62
11 Q-50 0.189 15.00
12 Q-50 0.189 15.89
13 NN-15 4 0.212 16.43
14 NN-15 0.241 19.00

15 | NN-154 “IMZS; ‘n\ W (266 19.08

/ iw'}" \ \
; ¥ J || X :-%’-. 9 -l! L
4.5.2. Winte -;‘-"f [wee, aps .\-; il /AO on the support

— = b

Thermal g#@vim@tric . ysis< €ehflique (TG AW was using to determine

interaction among spg xedonio barts With the aim of observing the
ability of each species to sufv he su # The principal of TGA technique is to

of temperature in a controlled

q@ the real reaction
K2

atmospherek : tjnd of the reactions

occurred on thm du olmerization.
ﬂUEI’JV]Em‘SWEHﬂ‘i

Q\W’IMﬂ‘iﬂJﬂJWWHH’mE}

measure weight losses il

atmospher@ ¢
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100
P-10
.................. ES-70X
95 N - i3 i o T Q-50
\ wrd.,  — —-———— NN-15
S
/2]
b ~——
[ B (13.92 %)
il
N
=) o
: e (18.26 %)
=
(20.18 %)
- (23.78 %)
T T
500 600 700

f temperature of various

red : method B

From Figure 4.15, gscs as a function of temperature,

it was four{,&a o ‘ ( @ the total weight of

' ghighest weight loss
(23.78 %) due

Eo (0.241 and 19.0 %
respectively), he same token the silica Q-50 had the lo : weight loss (13.92 %)
due to the lowest‘ t of catalyst and MNEA® (0.189 and 15.0 %). Therefore, in

YHINHRTNEINT

textuf®s are alike then providing sn?lar interaction.

IR 1INYIRY

4.16. It can be observed that the highest peaks of silica ES-70X and P-10 were located

sil
addit

closely between 272-275 °C while those of silica Q-50 and NN-15 were higher

between 301-305 °C. Therefore, it can be conclude from these results that the various
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textures of silicas affect interaction between the immobilized species and the
supported, and then the different interactions will affect activities of the system when

it is used as a supporting material in copolymerization.

Deriv. Weight (%)

8400 500 60D 700
fherature (°C)
Fi

A
-

— 1
4.5.3 C!gracteristic activ nﬂ']'

4. 5.3 :fect of preparation m h

A ISRy Ing.

a lo activity than method B2 for silica ES-70X and NN-15 but Q-50. ThlS is
because the rest of MMAO, in li

id hase after 1mlahzat10n in ste
Q‘ WOu% ﬁ @lﬂl c%l 1id sites Of ffo tro smltﬁ ﬂ
q wever, for silica Q- e Opposite esul may be come from t

3

MMAQO in step 1 was higher compared to in silica ES-70X and NN-15. Therefore, it
was high enough for activating more the catalytic sites than that in silica ES-70X and

NN-15. The amount of catalyst on the support shown in Table 4.17 also agree with
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this assumption as in Q-50 there was the lowest amount of catalyst on the support
meaning that it was likely to present more in the liquid phase. Another point to
concern is that, for silica Q-50, method A2* also provided a higher activity than
method B2. This is probably due to the advantage of activating catalytic sites in liquid

improvement the silica surface by

the catalyst.

(10T tO 1
" o % r all types of silica. Therefore,
the drawback of n'-u- iz ng cata’sts. etly—Onto, the support even silane-

modified support is-onthes s nonatteravTattexturessthey possess.

'/ ‘ e, .
, : R ARG T W
copolymgrization\ v»\\.\g,\_. fighent SUpported-catalysts from

Table 4.18

various preparati

ll& M\\“
lymer

Activity

Run | Support '
: (kg pol. / mol Ti. h)

7 ES-70X 161
8 ES-70X 1327
9 ES-70X 0
10 Q-50 333
11 Q-50 216
12 Q-50 0
13 NN-15 77
14 NN-15 311
15 0

q mmﬂts AL @Y 31ae=b]

mentioned above that its highest activity was due to the lowest surface area providing
the rest of the liquid MMAO the most after immobilization. Another reason is about a

difference of pore size of supports that could affect the activity of the system. The
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study conducted by Silveria et al. [86] found that the support with a smaller pore size
gave higher activity than that of a larger one. This was due to the smaller pores
causing more deactivation of catalyst within them. As seen in Figure 4.17, the smaller

pore has the more negative curvature that keeps silanol groups closer then favoring the

1
i i I 0\ v number of silanol groups in the
smaller pore remains Hj {i* ' }0’ rocess (dehydroxylation). The
proximity of theses SpSmayp @ molecules fixed on them
(through SiCly) cl § generati i i

which are inactive f i v nl a8 dese ed*pigwiously (Figure 4.18). From

sites lower. The ap#oung GPSOES can corroborate this

presumption a argér pore support (Q-50)

ou
r?‘l !’ A 9
was lower than thgfe of h S ~, Sup u\ ~. OX and NN-15) but it gave

higher activity.‘ is pi€angfthat the f s gxisted '”"-_,‘o the larger pore support.
Hence, by using mg V}} : Ju- PO \ rere larger than those of ES-
70X and NN-15 gave hlg eStac -9~-- -

ﬂ”ﬂq TN 1109

Flgure 4.17 Structural model 1ndlcat1ng the posmon of silanol groups in the

QW’]Mﬂ’iﬂJﬁW]’MHW&E}
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+
ferent pores
Method B2 !
Method B2 y ecic$! (MMAO and catalyst) were

immobilized together in th g _competition between these species
may occur.Thereforefia st arca that can provide better
diffusion fog Uie species on it will be appropri 0bd silica ES-70X and
NN-15 wittwhe.13 fthan Y ica Q-50.

The b it of reauene geactivation t' | kilica Q-50 influenced

method B2 less than method A2* as a result of fact that the anion of MMAO occurred

ivati a t1V 10 etter than
en comparing between silica ES-7 -15, 1t was found that silica

NN- 15 gave lower activity desp1t¢he larger surface gmga. This was due to tife_fa

q W“] ﬁﬁ:ﬁﬁ fu lm’lﬁﬂﬁ 133

In addition, it was probable that the smaller particles interact with the species linked
with them stronger than the larger particles, and therefore they were susceptible not to

form bond with the other molecule coming to contact them including the monomer
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[88]. The system, in which small particles have been dispersed all over, also has low
space or short gaps between two particles thus having strong steric hindrance that
decrease the polymerization rate and consequently the activity. Hence, silica NN-15
whose average particle size is in nanometer was more agglomerate and has more

steric hindrance than silica ES-7

erage partlcle size is in micrometer, and
then gave the lower activit

In addition, the 10ns between species on the

S

surface (catalyst or MMAG)-and hat the temperatures at the
5

highest derivative.weigh ith the activity (Figure

4.16). As seen, silicag R i t -‘ 1 h th 0 fetperatures were relatively low
(272-275 °C) ProvidegMheMigl ity\than SiliCW®:50 and NN-15 which those
temperatures we ‘ ighe :

This was du€ to 3 fact thatspeeics with ‘Ong Mmieraction (high temperature

at the highest défivatiye wifiglitloss i:fi-'t-.- Silica'(
VR AN

the species comingfafteghit slich as \‘p g andiCpmono

A\
\W

in e bolymerizatigh then enhancing activities

'\,__ in copolymerization. By

the same token, specis tw ak 0 attd ES-70X tent to react

easily with monomér an como:

of the system. Hen? “agrees with - the gesulfglland also with the study of
Bunchongturakarn et al and 63 }an fittanakul et al. [68] which has been

found that the interactionsfbel tween spec upport and the support affected

activities o@ S \
\J \J
et

#
454 C racteris M
rph

¥ed_b ilj ES-70X_exhibited
gﬂ ct that the
51m1qi textures of both silicas exert an influence on the output polymers having

similar morphologies. The morpho‘gy of polymer ob{gmed from silica Q-50 (Bigh

ARIRSNIUHN) NN

because of the large pores of silica Q-50 that could trap some active sites inside them

Plye

without directly contacted to the surface. These active sites may be leached during

copolymerization then reacting in liquid phase so therefore providing the polymer
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whose properties like those of polymers produced by the homogeneous system. Hence,
the different shapes from the heterogeneous and like-homogeneous systems were in

the obtained polymer. For silica NN-15 (Figure 4.19d)), the obtained polymer

exhibited some agglomeration as its nanosize particles were highly agglomerated and

then the obtained polymer repllc lomeration of the support as seen in the
figure. \

] mm

Uﬂﬂs’i‘lﬁ BINLINT -
q W’] ANNTAURIINLNA Y

From Table 4.19, it was found that silica ES-70X had the same trend toward
I-hexene incorporation (A2 > B2) as silica P-10 due to their similar textures.

However, the difference occurred in silica Q-50 which almost the same amount of
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1-hexene incorporation of method A2 and B2 was observed. It was because its large
pores providing 1-hexene incorporation sometimes occurred inside the pores that the
various reactions inside the pores may alter the mechanism of incorporation, and then

finally affected the amount of 1-hexene incorporation in the obtained polymers.

Table 4.19 >C-NMR 1 @obtained from various silicas
s riad distibutiond i
Run | Support | Methe : r — %H Tm'
ALE Y EEH HHH
1 /0'143 ['Q1067%, 018, [ 0" 0.004 | 26.8 | 121.8
ES-70X™ i il \ :
2 0 0. 0 0.024 | 19.1 121.1
3 — iy Do.06™0.006 | 19.1 | 118.8
Q-50 :
4 2 '3 0. .0 | 0196%, | 0.009 | 19.6 123.1
5 2 e - - n.d.
NN-15 . . : \
6 / 2 1530 033 0! 0.002 | 26.4 121.2
? Obtained from 13C ; a\ ' - '
® |-hexene incorporgfion \ l
¢ Melting temperatlire ﬂ :
; It .
When comparing a all t obtained from all three silicas and
prepared by method B2, it&w: 1d' the 5 provided the highest 1-hexene

1ncorp0rat1@

a@we the amount of
ejarea of the support

ce fet
4'|“-

Ma‘uon. The triad distributions of LLDPE ined from all 3 silicas
were similar w1th.11 amount of block c mer (HHH). This indicated that the

i T&ﬁ MNHNINYAINT

chan dramatically by the Varloua,slhcas

wwa\anmumfmmaﬂ

would prov1der the highest amount of

1-hexene inco



CHAPTER V

CONCLUSIONS & RECOMMENDATION

5.1 Conclusion

Part 1: Effect of comonom el ene catalytic systems

It was found tliatithe" feCt occurred even though a very

high concentration ok l-ReXeHe; that @as in C he system. However, the

microstructures o - ‘ : aed=by ’C-NMR need to be

improved because altematin g G ibutions of copolymer cause

Part 2: A Compfrati t on—Lii.DPE/ \ 2 posites synthesized by

ey revealed here that it is

OmpOos “"‘!\I‘ e it can be performed
Towevelh aSyd result of lower interaction
: 1c jere worse compared with the

ex situ impregnation, such¥as=thermal-pt ®need to be improved. Comonomer

contents (1-hexene i *f_,?" $). anc ¢ distributions of the obtained
A RN )
polymers r s with various
impregnati({- eth jred from that of the
" ,-l. A
homogeneous §¥st 1pﬁ,—p ases have a greater
influence on Me microstructure of the obtained poly&jr than the different

impregnation met?d

ﬂuaqmrﬂmzwawni

The hlgher catalytlc act1v1ty of the larger pore 5111ca was observed as a result

which mainly improves properties of surface, more efficiently influences properties
on silica with higher surface area. Then, the small pore silica with higher surface can

receive more improvement from gallium and raising more catalytic activities than the
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large pore silica with lower surface area. Moreover, effect of surface area also caused
change in 1-hexene incorporation, where a decrease in 1-hexene incorporation was
evident with decreased surface area. In addition, different types of catalytic sites were

observed, and then used to construct a model which helped explain the results.

( orted catalysts
nd 1-hexene with [t-
aration of supported

ime of preparation

et 1880 strong with the support
during preparation step

\ .
afiigcredse the activity of

.,"

Brization
Silica brought to b ‘f: houlc ppropriate texture to provide the

system wi $ . uc t at the best support
ytem i B g ki) &
is sili }Spherical) and size
(in micrometeﬁl [

similar textur E

part, which have the
the great activity ‘r upported system w1t ng [t-BuNSiMe,Flu]TiMe,/MMAO

F’WFEJ“’W@J@VI”@ wEIna

ommendatlons

th silica ES-70X can support that the appreptiate texture will cause

To 1nvest1gate the real ox atlon states of thatal st on the suppthe

Q\ RSN AV B 16
cooperatlon with this study’s technique molecular weight of the polymers shou

be further investigated to have a better understating of the properties of the polymers

—

obtained from the various method of preparation.
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Figure A-1 '13 NMR s yeetrum of eth ylen o/ heke ppolymer at ratio 1:2
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Figure A5 Wspectrum of ethylcne/1- 3Xen&depolyter obtained from

pOTt
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the heterogeneous system with SiO,-L support
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Figure A-97C NMR spectifimuof dthylehe/lsheXer polymet obtained from silica
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Figure A-11 13g RéSpe ok ethy - - & Copolyner obtained from silica
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P-10 prepared by method A
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Calculation of polymer microstructure

Polymer microstruc
according to the Gallan \
ethylene/a-olefin cop terpr:

1.
8
' € gce. The detail of calculation for

ution of monomer can be calculated

ed a

'la‘

)
Etthylene/1-hexene copol o
o

—

e
k[E%E
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= 0.5Tp—-0.5Tg—0.25Tg
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All copolymer was calculated for the relative comonomer reactivity (rg for

ethylene and r¢ for the comono w ] -rin r insertion by using the general formula
below. \*\ //

=7 . ‘ CIX/[EC
= —-—— —iesBfCC]X/[EC]

.
where r : : o

ior@f ethylene (mol/L) /
e feed.
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Sample Weight 4230 mg
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