CHAPTER IV
RESULTS AND DISCUSSION

The purpose of this work is to study copolymerization of ethylene and
norbornene using metallocene catalyst system in the presence of methylaluminoxane
(MAO) as a cocatalyst. This chapter provides information about some preliminary
results concerning the reaction conditions such as molar ratios of [Allmao/[Zr],

catalyst concentrations [Zr], polymeriza

nperatures, norbornene concentrations,

different types of metallocene ch lysts

4.1 Influence of reacti

norbornene copolymeri

vestigated using racemic-

ethylenebis(indenyl)zirconig I Et[In 1) catalyst in the presence

40°C using ethylene c0 i £ 0.01: yressure within reactor 50
psi), 0.1 M of norbo ice anc ). X
volume 30 ml. The rg.llts of [Al]Mm/[Zr] molar ratios on the
catalytic activity are shown'inyTable 4.1 and Eigure 4.1.

AU INEUNINEING

Figuré¥4.1 illustrated the vanauon in catalyst activity for dlfferent amount

of the c Hu’[\ﬁqﬂ ?m ﬂd‘rga a cﬂhe amount of
cocatalystq 1gnificant increase of catalyst activity occurred when [Al]/[Zr]

molar ratio was increased from 1000 to 2000. No significant increase in the catalyst
activity was observed with increasing [Al]/[Zr] molar ratio from 2000 to 4000. The
increase of cocatalyst concentration in the polymerization medium may cause an
augmentation in the number of active site. However, larger amounts of MAO
([Al)/[Zr] = 4000) were not able to increase significantly the capacity of activation of
the metallocene and thus the catalyst activity was not strongly influenced. It might be

concluded that the maximum number of active sites was attained at an [Al]/[Zr] molar
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ratio between 2000 to 4000. The further increase of [Al}/[Zr] molar ratio higher than
4000 may result in slightly increase of catalyst activity but in much less proportional

gain and will result in higher amount of Al residual in the polymer produced.

Table 4.1 Catalytic activity at different [Al]yao/[Zr] molar ratios®

[Allmao/[Zr] | Polymerization | Yields Catalytic activity Catalytic activity
molar ratio time (sec) (2) (kg Copolymer/mol Zr.h) | (kg Ethylene/mol Zr.h)

750 362 ‘\Nil’// 248 3314
AN,

1000 305 )’ ~~“ )60 3934

—

2000 226 ° 07 i i 5310

3000 223 -~ ﬁ%l‘\k\\ 5381

4000 220 I ﬂi ‘E '\\\\\k 5455

*Copolymerization condition : mole of ethylene consumption, 0.1 M of

W

norbornene, total volume=30'n

10000 -
9000 1
M~
7000 -
6000 1
5000 1
m~
3000 -
2000 1
1000 1 ‘ :
JAUHINANINEINT

0o Ws00 1000 1500 2000 2500 3000 3500 4000 4500

ammmzﬂ"ﬂﬁ%’wmaa

gure 4.1. Catalytic activity at different [Al]mao/[Zr] molar ratios

Catalytic Activity
(kg Copolymer/mol Zr.h)

Ruchatz and Fink (1998) reported that at low MAO concentrations
([Al)/[Zr] = 690), the polymerization activity dropped rapidly toward zero. This
behavior is possibly caused by impurities. MAO can be consumed by impurities due

to its scavenging behavior. They found that the ethylene reaction rate cannot be
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further increased by increasing the ratio of [Al)/[Zr]. Even at [Al}/[Zr] molar ratios of
4000 the reaction rate was not higher than at an [Al}/[Zr] molar ratio of 2000.

4.1.2 The effect of catalyst concentration

The effect of catalyst concentration was studied using rac-Et[Ind],ZrCl,

catalyst and MAO as a cocatalyst. The catalyst concentrations were tested in the

range between 3.3x10° M to 10.0x10° M. The copolymerization was carried out in
toluene at 40°C using ethylene # si or 0.018 mole (pressure within
reactor 50 psi), 0.1 M of nor! : ith &] molar ratio of 1000 and total
solution volume 30 ml. » fo ihemtalyst concentrations on the

catalytic activity are shown_in®

Table 4.2 Catalytic actiVity ont catd rations”
Catalyst & tivity Catalytic activity
Polymerigati Yi il '
concentration . % A0 polymer/ (kg Ethylene/
& time (s %
(x10°) M Pl h) mol Zr.h)
33 628 A TV 3 2866
) ——
5.0 305 = 0 3934
6.7 : 3422
8.3 ‘ 4@ 2687
10.0 0.56 2358 2105

:‘;z::;::?‘:::ﬁmﬁ:mw L e e
A R ——

increasing] catalyst concentrations up to 6.7x10° M, then decreased with higher

catalyst concentration.
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Figure 4.2. {y of @ ierent Catalyst concentrations
/ N

The change o i \\\ result in the different nature

of the active species formedd Qnly the, n ) f =§ ¢ Species should be increased

according to the [Zr] casiCentra on. ‘ ; iigher concentration of [Zr] the

dimerization of the active urt

ccur resulting in the catalyst

deactivation,which illustrat d eii and Soga, 1990; Chien and

He, 1991).

CprZiCl, + MAOG —

|
20?2“%%1‘3% BEANHANT

mactwe SpCClCS

oung ea aﬁ‘QO; %H nt’lh Z;IIEJ actfaly increased with

increasmg of catalyst concentration in lower catalyst concentration regime and

4.1)

decreased in the higher catalyst concentrations due to the site competition effect. The

optimal catalyst concentration value for catalyst activity is about 7x10°® mol/l.
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4.1.3 The effect of polymerization temperatures

The effect of polymerization temperatures was investigated in the range
of 40°C to 90°C. The copolymerization were performed in toluene using rac-
Et[Ind],ZrCl,/MAO catalyst, ethylene consumption 6 psi or 0.018 mole (pressure
within reactor 50 psi), 0.1 M of norbornene and total solution volume 30 ml. The
catalyst concentration and [Allmao/[Zr] molar ratio were fixed at 6.7x10°M and

1000, respectively. Table 4.3 and Figure, 4.3 illustrate the results for the effect of
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Table 4.3 Catalytic activi ly%mperaturesc
Temperature | Polymerizg 1vity Catalytic activity
. ' (kg Ethylene/
(°C) time (seg)” @ =
‘ o= , 3 mol Zr.h)
40 263 0,567 3422
ll' dl
50 259 l - | 3475
60 256 il 0 3516
70 250 T 5040 3600
_, oy
80 i I'a 4018
90 7 . 4615
“Copolymerization conditi ! Tl= , 0.018 mole of ethylene
consumption, 0.1 M of nor! ne, total volume=30 ml
1A Saeinas
5000 ﬂ‘ﬁﬂﬁ*ﬂﬁ%ﬂ% BLLLE.
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Figure 4.3. Catalytic activity of different polymerization temperatures
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Figure 4.3 presented the variation in catalyst activity for difference
polymerization temperatures in the range of 40°C to 90°C, the activity of the catalyst
slightly increase by increasing the polymerization temperature from 40°C to 50°C.
However, a further increase in temperature to 90°C resulted in increased activities
almost linearly. Generally, the average molecular weight of the polymer produced
with metallocene catalyst system decreases with increasing polymerization

temperature therefore, there are not necessary to proceed copolymerization at higher

@ty increased by increasing the

a_constant pressure, a further

temperature.

Jeong et al. (2

polymerization temperature

increase in temperature [ ssult .\‘ ‘:'75*!-_.-’-.-_-
The latter result is due to ' :‘\

creased in catalyst activity.
vhich supersedes the positive

effect on reactivity (Berh

In general, t lled reaction increases with

increasing temperatures d int. In Ziegler-Natta catalysis,
a widely accepted mechani propagati jnvolves the initial formation of a -
complex of an olefin with the catatys

(Tsai and Chien, 1994);

1

. “fﬂ“lﬁﬂ?ﬁﬂﬁﬁ?ﬂﬂﬁﬂ?“‘z‘@
” afaensiiTmIngnay

C* = active site

owed by chain migratory insertion

(4.3)

M = monomer

@ = polymer chain

At low polymerization temperatures, the 7 -olefin complex is more stable;
its lifetime is longer than the period of insertion. At high temperatures, the complex
readily dissociates (dos Santos er al., 1999). The increasing of the activity with the

increase of reaction temperature may be attributed to the process of activated insertion



45

and the activity is expected to decrease with further increase of reaction temperature

because of a shift of equilibrium to the dissociation of the n-complex (Tsai and Chien,
1994).

4.1.4 The effect of different types of catalyst

The effect of different types of catalyst for ethylene and norbornene

copolymerization was investigated b ing seven types of catalyst such as rac-

Et(Ind]>ZrCl;, (n-BuCp),ZrCl,, . TiCl,, CpTiCl;, Cp*TiCl; and
Cp*TiMe; at the similar 0on 1 The copolymerization were

eth ‘m@im of 6 psi or 0.018 mole

VI \.\ ene, catalyst concentration of

performed in toluene at

(pressure within reactor

6.7x10° M and [Allmao/ ol h total solution volume 30 ml.
The results for the effect gff'di l/ s: - e a ytic activity are shown in
the Table 4.4 and Figidre 44 st { -*. ocene catalysts using in this
investigation are presentg inFig ire @ e \
e
Table 4.4 Catalytic activity g dif atalyst*
Catalytic activity
Type of catalyst (kg Ethylene/
mol Zr.h)
rac-Et[Ind],ZrCl, 5 : 3475
G CYY o T L T T T2 o I
Cp2ZrCl, ',ﬁ v i3 40 = 1476" ¥ 1844
Cp,TiC o 647 4 ﬂ#gqﬁﬂ 1391
CpTiCl . p. . n.p.
Cp*ﬁqu n.p. n.p. n.p. n.p.
Cp*TiMe; n.p. n.p. n.p. n.p.

dCopolymerization condition : [Zr]=6.7x10"°M, [Ti]=6.7x10", [AllmMao/[Metal]=1000, 50°C, 0.018

mole of ethylene consumption, 0.1 M of norbornene, total volume=30 ml, n.p.= can not copolymerized
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Figure 4.5. The structure of metallocene catalysts

The different monomer reactivities in the copolymerizations with rac-
Et[Ind],ZrCl, (Catalyst A) and Cp,ZrCl, (Catalyst B) should be due to a difference of
electronic nature of the coordinate ligand. The catalyst A shows a somewhat smaller

y angle and a larger B angle and longer d(Zr-C,p) than those of the catalyst C (See
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scheme 1). This difference means that the coordination space of the catalyst A is
wider than that of the catalyst C. Another possibility is a distortion of indenyl ligands
of catalyst A forms either right-handed or left-handed ring helix as reported by
Kaminsky ez al. (1995).

2 \d Where o = angle of cp-Zr-cp” (cp,cp =centroids of the Cp rings)
<f) y \ B = angle between Cp planes
-8 : g’,z' Y =an gler between Cp plane and cp-Zr bond

Scheme 1. Bond length and d zirconocene catalyst (Naga and

The activity of @*BuCp)sZs Cly( ,- *’ \.». s igher than catalyst B could

be explained on the b f ag f-

r \

echanism involving two

heterotopic coordinationgSite hc v.., atl site hindered by the bulky n-Bu
group in the B-position ongthe p ' clu 1‘ \ ermits ethylene coordination/
insertion where as both ethy, 9._ = Orneng can be coordinated/inserted on the
other site (Arndt and Beulich‘,;p an et al., 2002). The activity of

catalyst B is higher &..- G “atalyst C) e afomic radius of Zr is larger

than that of Ti, resulting yicatalyst B than catalyst C.

There are 81gn ‘ﬁcant steric and electromc differences between catalyst C

and CpTiCl; ( ﬂ smﬁ ﬁnarked differences in
polymerization behaviors for catalysts of the two compounds
LB SU3Y AANYIA 0, e

Cp*T1Me3 can not be proceeded copolymerization of ethylene and norbornene. Since
the ordinary half-sandwich catalysts such as CpTiCls, Cp*TiCls;, Cp T1(OMe)3 and
(Ind)TiCl; are know to be efficient catalyst precursor for syndiospecific styrene
polymerization which are less active for homopolymerization of norbornene therefore,

they are not suitable for copolymerization ethylene and norbornene (Kaminsky et
al.,1997; Chien et al., 1993).
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4.1.5 The effect of norbornene concentrations

The effect of norbornene concentrations was studied with different
norbornene concentration in the range of 0.03 M to 0.2 M. Copolymerization of
ethylene and norbornene with zirconocene catalysts; rac-Et[Ind],ZrCl, and Cp,ZrCl,
was carried out in toluene at 50°C using ethylene consumption of 6 psi or 0.018 mole
(pressure within reactor 50 psi), catalyst concentration of 6.7x10°> M and [Allmao/[Zr]

of 1000 with total solution volume 30 ml, The results for the effect of norbornene
in Table 4.5 and Figure 4.6. The
gmene concentrations for both

ordéd an@in Figures 4.7-4.8.

concentrations on catalytic activi
copolymerization activity

ziconocene catalyst syste

ac-Et[Ind]2ZrCR2
p2ZrCi2

Catalytic Activity
(kg Copolymer/mol Zr.h)
S

0 - - -
0 005, ¢ 0:3= 035 04 045

Norbornene Concentration( ( [" )

o 4 BB AR G

rac-Et[Ind] 2ZrCl?and Cp2ZrCl, catalysts system

ARSI IHHIIINEA Y.

norbornene copolymerization was higher than ethylene homopolymerization and
decreased with increasing norbornene concentrations for both zirconocene catalyst
systems. The addition of small amounts of norbornene results in a large increase in
the copolymerization rate. Kravchenko and Waymouth (1998) suggested that it is
likely the result of the activation of dormant catalyst sites by comonomer. Another
type of activation effect has been observed for ethylene polymerization upon addition

of small amounts of an a-olefin comonomer, which usually referred to as a
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“comonomer effect”. Some explanations have been forwarded to explain this
phenomenon, including the “trigger” mechanism (Naga er al., 1997) and improved
rates of diffusion due to the solubilization of active centers by incorporation of
comonomer (Koivumaki and Seppala, 1993). The decreased activity for rac-
Et[Ind],ZrCl; is higher than that for Cp2ZrCl,. The reason of a decrease in rates at
higher amounts of norbornene may be due to the coordination of norbornene to the
catalytic sites, which reduces the ethylene insertion and/or propagation. In addition,

Bergstrom ez al. (1997) suggested ~, igh amounts of norbornene seemed to

deactivate the active sites of the ¢
N \u

became broader with increas
showed a period of activation followed b y deaetivation. Deactivation rates were more

afion (f tes; that is, there was a higher
7/ \\\\
ALIO r.the activation process(es) of

sensitive to norbornene cong

activation energy for the dg

the catalytic sites. e gentratior \. NO! RS also affected the rates of
activation and deactivation v ' ? \ u; er amounts of norbornene
was higher than the dgfctiys @' \\ Droornene concentration.  For
comparison, the reaction g S pZa( .\ ated that the catalyst system

deactivated more rapidly ghan; rac: ’iln 3% catalyst system for all low

LRI

o e e . _:' J

norbornene concentrations.
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Figure 4.8. Activity-profilesforethylent ne copolymerization with

different ﬁbc ene concent Cp241Cl; catalyst system
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U

The effect of polymerizétion times was investigatedid the range of 15
min to IQ IW Qaﬁﬁﬁmlum QQMS%L’}[@ c%Jolymerization
of ethylen! and norbornene was performed in aromatic solvent (toluene and Xylene)
or aliphatic solvent (l1-hexane, 1-haptane and 1l-decane) at 50°C using 0.3 M of
norbormnene and total solution volume 30 ml. The catalyst concentration and
[Allmao/[Zr] molar ratio were fixed at 6.7x10°M and 1000, respectively. Table 4.6
presented the results for the effect of polymerization times on the catalytic activity

and norbornene incorporation in the copolymer chain were determined by BC-NMR

spectrometer.
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Table 4.6 presented the influence of different polymerization times and
solvents (toluene or xylene) on the catalytic activity and norbornene incorporation in
the polymer chain. For both systems, the catalytic activity decreased with increasing
the polymerization times. The effect of different solvents on a decrease of norbornene
content in the copolymer when increasing the polymerization time was not observed.
One explanation could be due to a mass transfer limitation of ethylene when
increasing the polymerization times. The observation that the catalytic activity of

ethylene and norbornene copolymerization which performed in toluene higher than

/ ever, norbornene content in the
' igher than that performed in

xylene for shorter polymerizati

copolymer chain which pe

toluene. However, ethyle e ‘mzation was not proceeded in
the system which used ali \% 1-heptane, 1-decane). The
solubility parameter and L o ab droearbon are higher than aliphatic

polymerization milieu i ' ! y, of the cate omponents due to the low

hydrocarbon (see Table

polarity of the solvent (

Table 4.7 Solubility parame

AR ST TR

The change in the fraction of crystalline PE with increasing reaction

times implies that the concentration of catalytic sites responsible for the formation of
the crystalline PE decreased with time; such a transformation has been suggested by
Estrada and Hamielec (1994). This decrease can be due to the rapid deactivation of
these sites or to the transformation of these sites to sites which incorporated

norbornene more readily. It should be pointed out that the norbornene concentration



55

at the end of the longer run was less than the norbornene concentration at the end of
the shorter runs; therefore, the fraction of ethylene homopolymer formed increased

with increasing reaction times.

Bergstrom and Seppild (1997) observed that by decreasing the
polymerization time, the average norbornene content in the reaction mixture for
ethylene/norbornene copolymerization must be higher for shorter polymerization time

due to the ethylene content also decreased as the polymerization proceeded. The

polymer/toluene solution is rathe *‘o\" , ndia decreased mass transfer of ethylene.
Furtnermore, Bergstrom ez a v_\g ofod” that the increasing concentration of

copolymer in the solution 4 solubility of ethylene so that
the monomer ratio did n6t chang€ significant] y as afunction of time. They found the

phenyl groups of phenylniorbernene (PN) fre WO DE. ‘endo- and exo-substituents,

one can assume two types of actwve- f 5 oncentrations change as a
function of time for e PN copoty rac-Et[Ind],ZrCl, /MAO
catalyst system. v
4.2. Characteristics of copolymer pradue erent catalysts

4.2.1. Thermal propertles@b i norbornene insertion

s‘on the thermal properties

and norbornene contenm orbornene com»lymers were presented in

n ethylenc a
Table 4.8. The incorporation,of norbornenegin the copolymer chain was determined

by "C-NMR. ﬂm%&l} a %&4 %ﬁrw&’aﬂnﬁ were evaluated by

Differential Scanmng Calorimeter (DSC). The "*C- NMR spectrums a nd DSC curves
pe

e °®‘Wﬁﬁ9@5ﬂ’”§‘fﬁpﬁ$’ﬁ@ﬁ}ﬂﬁwa d

The results displayed in Table 4.7 indicated that the melting temperature
(Tm) with increasing the norbornene incorporation in the copolymers. The glass
transition temperature (T,) of ethylene and norbornene depends on the composition of
ethylene and norbornene in the copolymer. In general, the norbornene content in the
copolymer increases of the glass transition temperature as the copolymer also

increases (Bergstrom and Seppild, 1997; Bergstrom et al., 1997; B.-G. Jeong et al.,
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2003). However, in this investigation this phenomena was not achieved perhaps due

to much lower norbornene content in the copolymer chain.

Table 4.8 Melting temperature and norbornene content in the copolymer chain of

various metallocene catalystsf

NB in the
Catalytic avtivity
Type of catalyst Tw(°C) x (%) Copolymer
(kg Copolymer/mo )
\ (mol%)
rac-Et[Ind],ZrCl, 27. / 4 8.2 7.6
(n-BuCp),ZrCl, v = 243 2.4
CpsZiCl, R 209 4.7
Cp,TiCl, i ' 365 L6
fCopolymerization condition™ [Z}£6. = ’ : Ad/[Zr]=1000, 50°C, 0.018 mole of
ethylene consumption, 0.1 nogbo: , tQla ume= ‘
% (S8 A\
7% \
The order” of norbame n in the copolymer was rac-
Et[Ind],ZrCl, > Cp,ZrCl; > JMn- D)5 2100, > Cp,TiCl, catalysts. The highest
(s s 1

norbornene content in the copo T Wa ed using rac-Et[Ind],ZrCl, catalyst

due to the wide coordination. ting from the electronic effect

and the less steric\ghsiture of the lis “Fhe catalytic activity of
(n-BuCp),ZrCl, catal l- ‘ » catalyst, however, lower
norbornene content in“the copolymer was obtained. “It could be explained that

e T QS e o e
QRAGAN TN UNIINYINY

The morphologies of ethylene and norbornene copolymer obtained with
rac-Et[Ind],ZrCl,, (n-BuCp),ZrCl,, Cp,ZrCl, and Cp.TiCl; catalysts were observed
by scanning electron microscopy technique as shown in Figures 4.9-4.12.

The relationship between norbornene incorporation in the copolymers
from Table 4.8 and morphologies found that copolymers with lower norbornene
content in the copolymer were untidy wrinkle were show in Figures 4.9 and 4.10. It

can be seen that with higher norbornene content. in the copolymer, higher uniform



57

particle were obtained (Figure 4.11). The agglomeration from ethylene and
norbornene coordination are occurred when increasing norbornene content in the

copolymer obtained from the copolymer produced with rac-Et[Ind],ZrCl, catalyst

system (Figure 4.12).

Figure 4.10. Scanning electron microscope image of ethylene and norbornene
copolymer produced with Cp,TiCl, (a) x1500 (b) x5000
(Copolymerization condition : [Zr]=6.7x10"M, [Al]mao/[Zr]=1000, 50°C, 0.018 mole

of ethylene consumption, 0.1 M of norbornene)
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(@) |/ (b)

Figure 4.11. Scanning electson microscopé m/ag:e_of ethylene and norbornene
copolymer produeed with Cp,ZrCly (a-) x1500 (b) %5000
(Copolymer‘i;ﬁ:d' 100 ; [Z1)=6.7%10"M, [Alluao/[Zr]=1000, 50°C, 0.018 mole

su oM

of ethylene

, 0')' M of norbornene)

(a) ’ (b)
Figure 4.12. Scdnninggelectron mi¢rosgopesiniage 0f ethyléneand norbornene
copelymer produced with rac-Et[Ind],ZrCl, (a) x500 (b) x5000
(Copolymerization condition ; [Zr]=6.7x10°M" [Allmae/[Zr]=1000,.50°C, 0.018 mole

Of ethylene constmptign Ol Mrof narbornene)

4.3. Characteristics of copolymer produced with different norbornene

concentrations

4.3.1 Norbornene insertion in copolymer chain

The norbornene content in the ethylene and norbornene copolymers

produced with rac-Et[Ind],ZrCl, catalyst system in the presence of MAO as a



59

cocatalyst with different norbornene concentrations in the polymerization mixture
determined by ’C-NMR were illustrated in Table 4.9. The *C-NMR spectra are also
shown in Appendix A. The results suggested that the copolymer had a random

distribution of comonomer insertion.

Table 4.9 Norbornene content in the copolymer chain at different norbornene

concentrations®

Norbornene Concentration ) NB in the
. alytic Activity
5 Copolymer
mol/L mole (x107) er/mol Zr.h)
_ !’ —— (mol%)
0 0 45 P 0
77 LIONONENSS
0.033 1.0 5.3
0.047 135 "x‘j‘ _ \ 3.3
0.067 2.0 01 - 74
0.100 3.0 ﬁ: 7.6
0.133 4.0 L 96 11.8
L)
0.200 6.0 0 = 3342 12,7
0.247 15 52— | 1790 155
,_"J,;'—_ 4
0.300 9.0 = T8 15.6
0.400 12.6 |
¥Copolymerization conditioni™ [ =1000, 150°C, 0.018 mole of ethylene

consumption, total volume=30"ml

SN YN INE UL, i

the polymerization mixture, the hiﬁhir norbornené=eontent in the¥ebpolymer chain.

Furthernibe e YU dcbbashds bl hodbomhehd EhichBh e copotymers

may be oligomer can occurred in polymer milieu.

Figures 4.13 and 4.14 presented IR spectra of residual from
copolymerization medium which were insoluble and soluble in hexane, respectively.
The results revealed that norbornene which can not be consumed in copolymerization
was in the insoluble part and ethylene in oligomer formed with short chain polymers

was in the soluble part resulted in the peak of C=C (cyclic) and C-H aliphatic (or CH,,
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CHs-stretching) were clearly observed at 1680-1560 cm’ and 2850-2920 cm",
respectively (Amon and Phetsom, 1991).
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Figure 4.13 Infgare g & esidual polymerization medium in
the igSolubldpart fri

Copolymerization condition :

0.018 mole of ethylene consumptio, totakv

~
W
transmittance (%)

. ¢ o )
AN IR N T1INETAEL
3800 3500 5500 5555 5545 T 560 sl 11'00 800 5(I)o67

Wavenumbers (cm™)

Figure 4.14 Infrared spectrum of residual from copolymerization medium in
the soluble part in hexane

Copolymerization condition : [Zr]=6.7x10"M, [AllmMao/[Zr]=1000, 50°C, 0.133 M of norbornene,

0.018 mole of ethylene consumption, total volume=30 ml
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On the other hand, yields increased at lower norbornene content in the
copolymer. The weights of obtained copolymer higher than total weight of ethylene
and norbornene. Table 4.10 revealed that for all copolymers the percent of ash in the
products were small and not difference. Percent ash determined by TGA. The results
indicated that the contamination of Al metal in obtained copolymers had been small
amount and not difference. When investigated the swilling of copolymers in
methanol and toluene, the weight of copolymer before and after immersed in
methanol are not difference. However, the weight of copolymers after immersed in

wted that the contamination of
obtained copolymer higher than
.-‘

toluene higher than before.

hydrocarbon from solvent re

total weight of ethylene a . —
Table 4.10 The copoy/ and in ethylene and norbornene
copoly ¥4I % '

Norbornene Concentratio : ‘ﬁf‘ tal ity % Swelling

mol/L mole (x10”) 45Ky r ol Zr.h) el (in toluene)
0 0 pre J_J 19 23 48

0.033 1.0 0.’ ,_;;;T_* 875 3.1 9.1
0.047 1.5, 3 : ) 35 10.2
0.067 2.00~F 4.1 1755
0.100 30 1] | O ) 25 122
0.133 4.0 ; : 5.7
0.200 m ] . 7.7
0.247 q.5 0.52 | ; 7.2
0.300 : 6.7

Too_%ﬁ%@m 8.2

hCopolymerization condition : [Zr]=6.7x10"M, [Allmao/[Zr]=1000, 50°C, 0.018 mole of ethylene

consumption, total volume=30 ml



4.3.2 Morphology
The morphologies of ethylene and norbornene copolymer obtained with
rac-Et[Ind],ZrCl; catalyst at low and high norbornene concentrations (from Table 4.9)
were observed using scanning electron microscopy technique and also compared with

homopolymer of ethylene as shown in Figures 4.15-4.24.

N N SRS b ARl B Ban S font By,
L@ Py - A ' —— » y
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(a) (b)

Figure 4.16. Scanning electron microscope image of ethylene and norbornene
copolymer (a) x5000 (b) x15000 (Copolymerization condition : [Zr]=6.7x10"M,
[Allmao/[Zr]=1000, 50°C, 0.018 mole of ethylene consumption, 0.033 M of norbornene)
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(a) /4/ | (b)

Figure 4.17. Scanning eleeison-microscope image-of-ethylene and norbornene

copolymer (a})&)”? %5000 (Copolymerization condition : [Zr]=6.7x10"M,

Figure 418y ¢Seanning electron-microsgope image-of ethylene-andnagrbornene

copolymer (2)'’x500 (b) %5000 (Copolymierizatiofcondition : [Zr]=6.7x10"M,
[Allmao/[Zr]=1000, 50°C, 0.018 mole of ethylene consumption, 0.067 M of norbornene)



- J =S
Figure 4.19. Scanning ele‘c_:’t;r_grq Inieroscape image of ethylene and norbornene

copolymer (a) ’) %5000 (Copolymerization condition : [Zr]=6.7x10°M,

Figure 4.20. Scanning electron microscope image of ethylene and norbornene

copolymer (@)l 500.£b) <5000 (Copolymerization conditivn £fZr]=6.7x10"M,
[ANma0/[Zr]=1000,"50%C,'0.018" mole of ethyletie constifiption, 0.133"M of norbornene)
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Figure 4.21. Scanning eleeiron-microscope image-ofethylene and norbornene
copolymer (@5@0@) XlgOO (Copolymerization condition : [Zr]=6.7x10"M,

[Allmao/[Zr]=100 °C, 0.018 mole of ethylene eonsumption, 0.2 M of norbornene)

Figure 4.22. Scanning €lectron microscope image of ethylene and norbornene

copolymer (a) x500,(b) X1500 (Copolyfierization, condition ® [Zr]=6.7x10"M,
[Al]lmao/IZx]=1000,502C,0.01 8{mole’of ethyldhe consumption,.0:247.M of norbornene)
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() f (b)

Figure 4.23. Scanning electzon rmcroscope 1mag’3£ethylene and norbornene
copolymer (a)_‘j_OQ (b) X15 0 (Copolymcnzanon condition : [Zr]=6.7x10"M,
[Allmao/[Zr]= M : 0‘018 ole of ethyleneconsumption, 0.3 M of norbornene)

Figure 4.24. Scanning elettzon microscope image of ethylene and norbornene

copolynier (a) X130 (b) X500 (Copolymeérizatioh condition : [Zr]=6.7x10"°M,
[Alljao/[Zr]=1000, 50°C, 0,018 mole of ethylene consumption, 0.4 M of norbornene)

The morphologiés 6f Homopolymer of ethylene; which ‘is untidy wrinkle,
were shown in Figures 4.15(a) and 14.15(b). The relationship between norbornene
incorporation in the copolymers from Table 4.8 and morphologies found that at low
norbornene contents, the copolymer exhibited morphologies with laminar shape due
to spherical particles agglomerate from ethylene and norbornene coordination
(Figures 4.16-4.18). In addition, the agglomeration is higher with high norbornene
contents in the copolymer, thus the laminar shape was not occurred (Figures 4.19-
4.24).
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