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Development of linear low-density pelyethylene synthesis using supported
metallocene catalysts
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l. Introduction

The discovery of metallocene catalyst along with a methylaluminoxane
(MAQ) cocatalyst essentially led to the development of the highly active for
homogeneous polymerization of a-olefin [1,2]. It is obvious that these active
metallocene catalysts can compete with the conventional Ziegler-MNatta catalysts. In
particular, these catalysts are also capable of producing a variety of polyethylene
copolymers, all with different chain camp&silians and architecture. However, in order
to apply metallocene catalysts in the modern gas phase and slurry olefin
polymerization processes, they need to bc‘ﬁetemgenized on a support.

As known, the hnnwg_mmﬁs Aﬁetallﬂﬂene catalysts have two major
disadvantages; (i) the lack of mﬁrphulhg}"‘é}gﬁiml and (1i) reactor fouling. Therefore,
binding these mtlallmeng'caﬁlysts onto indrgaﬁ"ic supports as supported metallocene
catalysts can overcome thusedrawb&cks.}iﬁ;ty inorganic supports such as SiOa,
Al;0; and MgCl; have been investigated [349f.'71t'wa5 reported that silica is perhaps
the most attractive support so far. However, the properties of silica itself may not be
completely satisfied for all DUFPOSES based on the polymerization activity and the
properties of obtained polymer. _Thus, the modification of silica properties is
necessary in order that it can be.used more efficiently, It has been reported that the
immobilization-method. of .introducing -a spacer.group. between. the. support and
metallocene was found to enhance the catalytic activity [10,11]. In our previous
study, the use of silane-modified silica-supported MAO with Et[Ind];ZrCl; catalyst
for ethylene/a-olefin copolymerization was investigated [12]. It was found that silane
modification resulted in increased activities for ethylene/1-hexene copolymerization.

In addition, the copolymerization of ethylene/a-olefin via mixed TiO2/SiO;-supported



rirconocene/MAO catalyst was also studied [13,14]. It was found that mixed
Ii04/Si0; supports apparently resulted in increased polymerization activity as well.
It was reported that zirconia can be used as a modifier for supports such as silica [15]
and alumina [16]. It revealed that some catalytic properties increased with the zirconia
modification due to increased dispersion of active species. Therefore, it would be
interesting to investigate the impact of zirconia modification on the supported
metallocene catalytic systems.

In this work, the impact of zirconia modification on the silica-supported
metallocene catalyst was investigaied. ?Experimental[}', the Zr-modified silica was

prepared by impregnation ofa zfm‘miumj'precursnr onto the silica, then subsequently

reacted with MAO. edfsuppon was employed for the copolymerization of

ethylene/l-octene. The charammsncs of lhﬁ modlf' ed support and catalyst precursors

were investigated by means of ,K-ray-_.f?;ffmctmn (XRD), scanning electron

microscopy (SEM), energy-dispeérsive fxﬂjy
gravimetric analysis (TGA) andfﬁchhysisoiﬁi&ﬁ: The obtained polymers were also
further characterized using SEM; differential scanning calorimetry (DSC) and "*C

nuclear magnetic resonance ('° C NMR).

2. Experimental

All chemicals [zirconium (IV) propoxide, 70 wi%.solution in_1- propanol
(Aldrich), silica gel (Fuji Silasia, Cariact P-10), toluene (EXXON), rac-
cthylenebis(indenyl)  zirconium  dichloride, rac-Et(Ind),ZrCl;)  (Aldrich),
methylaluminoxane, MAO, 2.667 M in toluene (Tosoh Akso), trimethylaluminum,

TMA [Al(CH;);] 2.0 M [nfteltiene ( Nippon Aluminum Alkyls), and l-octene, 98%

0t E-.-ji.'.-.1.'.1.':-;1n:1_:'_:_::j.:'|u:L: and: polymerization were

(Aldrich)] including the

preparation



manipulated under an argon atmosphere using a vacuum glove box and/or Schlenk

techniques.

2.1 Materials

2.1.1 Preparation of the Zr-modified silica support

The Zr-modified silica supports 'Wﬁc;prcpared by the sequential impregnation
method as referred in ref. [16]. First, Zr was l‘élfﬁual:d onto silica using a solution
of zirconium (IV) n-prnpnxi.dl:jtq produte Zr-modified supports having 1, 2, and 5

wt% of Zr in the support

_ﬁc!mrﬂ \YE.ﬂﬂ'Ed in oven at 100°C overnight.

9 4 o‘;
r f" A s v
1ed support

" ( s 4

port was heated mﬁcr vacuum at 400°C for 6 h., then, 2 g of

J 4; /)o}‘ J

dw uh the daSECd amount of MAO in 10 ml of toluene

The modified sy

the calcined support was/

at room temperature for 30 min’«fﬁiéf‘sn!‘id paﬁ:.'ié separated and washed 5 times with

20 ml of toluene, iu}\lawcd byﬂrjrmg in vafmlﬁf at room tfmpc:raturc to obtain the

catalyst support pr@yme;J

|

L) 4y

2.2 Polymerization

The ethylene/1-octene copolyinerization reaction was carried out in a 100 ml
semi-batch stainless steel amoclave reactor equipped withya' magnetic stirrer.[At first,
0.2 g of the supported MAO ([Alluao/[Zr]a = 2270) and 0.018 mole of 1-octene
along with toluene (to make the total volume of 30 ml) were put into the reactor. The
desired amount of Et(Ind):ZrCly (5 x 10° M FiiBSEEI0E

ki) and T™MA [BIESIN0E

mixed and stirred for 5 min aging at room temperature, separately, then was injected




argon. The reactor was heated up to polymerization temperature (70°C). By feeding

the fixed amount of ethylene (0.018 mole ~ 6 psi) into the reaction mixtures, the

ethylene consumption can be observed corresponding to the ethylene pressure drop.

The polymerization reaction was stopped and the reaction time used was recorded

when all ethylene (0.018 mole) was t{ltﬁﬂy'f;ﬂsgmcd. After all ethylene was

consumed, the reaction was-terminated by addition-of acidic methanol (0.1% HCI in
|

methanol) and stirred t"ar,j'ﬁ min.  After filtration, the obtained copolymer (white

powder) was washed with mpthmul and d)tt:d at room lemperature.,

2.3 Characlerization

4
/AJJ

2.3.1 Characterization af,mpﬁm 15 nmf ccuafj.r precursm

Xeray diffraction: XRD wns pErformedf{n determine the bulk crystalline

phases of samples. It was conducted Using aélEMENS D-:’:Uﬂﬂ X-ray diffractometer

with Cuk,; (A =

vere scanned at a {aj& of 2.4 degree/min in
the range 20 = 20-80 d;grccs,

Scanning electron mitroscepy and energy dispersive X-ray spectroscopy:
SEM and EDX ‘were used to deterimine’ the' samplé morphologies and elemental
distribution thteughout the sample granules; respectivelyq) The SEM of JEOL mode
ISM-5800LV was applied. EDX was performed using Link Isis series 300 program.

45 TGA was performed to prove the interaction

between the [Allmao and various supports. It was conducted using TA Instrument
SDT Q 600 analyzer, The samples of 10-20 mg and temperature ramping from 50 to

600°C at 5°C/min were used in the operation. The carrier gas was N, UHP.



N; physisorption: Measurement of BET surface area, average pore diameter
ind pore size distribution of supports were determined by N, physisorption using a

Micromeritics ASAP 2000 automated system.

2.3.2 Characterization of polymer
Scanning electron microscopy: SEM was performed to study morphologies of
polymers produced. The same equipment as mentioned above was employed.
Differential scanning ealorimeter: The melting temperature of ethylene/l-
octene copolymer products-was determined with a Perkin-Elmer diamond DSC. The
analyses were performedal the heating rafe of 20 °C/ min in the temperature range of

50-150 °C. The heatig}g’ cy‘glc Was run tw};:é. In the first scan, samples were heated

condiscan, samples were reheated at

ndythen‘cgoled to room temperature. In the SeCoHdisca

and, then

the same rate, but only the results of the seééijti;scau were reported because the first
scan was influenced by the mechah;ic;a'i and ﬂ;u—%ﬂaj history of samples.

Nuclear magnetic resonance: % & Nﬁiﬁ“spccm}s.cnp}t was used to determine
comonomer incnrpﬁrﬁ;im":aﬁ:i:pﬂymﬂr'rmmmm.i:@iﬁphrism of the positions
of peak in the "C NMR spectrum of polymer sample with characteristic leads to
identification of the sequence of the comonomer incorporation. The >C NMR spectra
were recorded at 100°C using BRUKER magnet system 400 MHz/54 mm. The

copolymer. solutions, were-prepared using -1,2 .dichlorobenzene- as-solvent and

benzene-d;; for an internal lock.

3. Results and discussion
The present study showed the impact of zirconia modification on silica-

supported metallocene catalyst via ethylene/l-octene copolymerization. The modified



;upports containing various amounts of zirconia loading on silica were characterized
asing XRD measurement. The XRD patterns of the silica and Zr-modified silica
supports are shown in Figure 1. It was observed that the pure silica exhibited a broad
XRD peak between ca. 10° to 30° assigning to the conventional amorphous silica. The

Zr-modified silica supports having 1, 2, and 5 wt% of Zr exhibited the similar XRD

patterns of pure silica plus a small

sharp peak’ at 30% indicating the: presenc

‘the tetragonal phase for the Zr-nioduitdSipport [17]; Furthermore, it can

'#I :ra J[t IJI |

be seen that the mlansxt}' ‘of XRD charaTlcnstm peaks. E}r the modified supports was

changed based on meva_.u{

nds'toa’ZrO3 crystal size

of 15 nm or more. 1clEs W 765 0f 15 nm are not considered to be well

dispersed. The surface arcas ¢ n:ti:l]mrmd by'fﬁ ‘ph}rs;sprphcn of the modified supports

decreased from 193 to 160 m :‘g_l.gpcm mcmﬁng the amounts of zirconia loading.

The morphologies agd elemenm! d:stnbmmm o?' thr. suppm)s before and after MAO

impregnation weMttenmned using SEM and EDX, s&sboctwely The SEM
micrographs of the ﬁdppuﬁs prior to MAO imprcpatmn-“an: shown in Figure 2
indicating similar murphﬂfﬁgfes of the various SUpports. After MAO impregnation,
the morphologies of the various supports were also determined and shown in Figure
3, Itcan be observed. that aftér impregration with MAO; we obtained the larger size
of supports due to the adsorption of MAO on the support. The typical EDX mapping
image for Zr-modified silica-supported MAO at the external surface is shown in
Figure 4. The distribution of all elements ([Al]yao, O, Si, and Zr) was similar in all

samples indicating well distribution for all elements, especially for the [Allmao- I

order to determine the [Alfyaqo distributioniinside the support granuls



support granule! In addition, the EDX measurement was also used to determine the

concentrations of [Al}yao present on various supports with the EDX spectrum
obtained as seen in m The concentrations of [Al]uao present on various
supports are also listed below. It indicated that the amounts of [Al}uao apparently
increased with zirconia modification from 4.9_’3_',_’,‘.10“_'{,3? wt% upon increased amounts
of zirconia loading. Thiswas suggested that the adsorption of MAO on silica can be
enhanced with zirconia medifieation.

For comparative studics, the calaj»l_ytia activities towards the copolymerization
of ethylene/l-octene mipon’ various ‘supp;or'rs were measured. The polymerization
activities are shown in'Table 1. As sm:f,, ti;e polymerization activities were in the

f LA 4

order of 1%Zr-Si0; ~ 2%7Zr-8i0, > 5%21‘33?);3 Si0O;. Apparently, the SiO; support
N /4

exhibited the lowest activity d!:‘zf:tu- the lu@#nuum of [Al]yao being present. It
was also obvious that the zh‘(:aﬂi'n-mudiﬁcg:t;ﬁn silica support essentially resulted
in increased activities about 4 o 7 times. Considering only the silica supports with
zirconia meodification, it can be observed that the cataijjiic activities dramatically
decreased with increasingthe amounts of zirconia loading, especially upto 5 wt% of
Zr. From the;EDX measurement as mentioned before, the amount of [Alluao (7.37
wi%)-for the. 5%Zr-Si0: support was the highest-among other supports. Thus, based
on the amount of [Alluao present in the support, one might argue that the
polymerization activity for the 5%Zr-SiO; support should be the highest due to the
largest amount of [Al]yao adsorbed. This indicated that besides the concentrations of
[Allmac. the interactions between [Al]yao and the support were very important.

Based on this study, [Al]mac was dispersed by impregnation onto the various supports



prior to polymerization. The degree of interaction between the support and [Al]uao
can be determined by the TGA measurement [18]. In order to give a better
understanding, we propose the interaction of support and [Al}yao based on the review
paper by Severn et al. [19). They explained that the connection of the support and
cocatalyst occurred via the Osuppon-Alcocanyst linkage. In particular, the TGA can only
provide useful information on the degree of interaction for the [Al]uao bound to the
support in terms of weight loss and removal temperature. As a matter of fact, too
strong interaction can result in it being more difficult for the [Allyao bound to the
support to react with the metallocene catalyst during activation processes, leading to
low activity for polymerization. Conversely, the leaching of [Al]mao can occur due to
very weak interaction;resulﬁng in low activity as well. Therefore, the optimum
interaction between the Dmpm-hlcm,.,ljlli;kage is necessary. Here, the TGA

measurement was performed to prove the inﬁ.j;acliun between the [Al]yao and various

supports. The TGA profiles of [A]]mc on Wﬂu‘!:ls supports are shown in EiEEEH
indicating similar profiles for various supports. “We observed that the weight loss of
[Alluao present on various Supporls was in order of 5%Zr-Si0; (12.6%) ~ SiO;
(12.4%) > 1%Zr-Si0; (10.8%) > 2%Zr-Si0; (10.0%). This indicated that [Alluao
present on 3%Zr-8i0y support had-the weakest interaction among other supports.
Although it had the highest amount of [Al]yao ameng other Zr-modified supports, it
exhibited the Jower activity.- This should be due to-the weak interaction-as mentioned
before. o Based on the observed polymerization activities, it is worth noting that in
order to obtain the high polymerization activity, one needs to consider on both high
concentration of [Allyao present and the interaction between the Ogppon-Alcocanlyst
linkage. A wide range of variables including the concentration of [Allmac and

support interaction between the Ouppor-Alcocaniyst linkage can  affect the



polymerization activity. These effects of both [Al]yao concentration and interaction

of Oyuppor=Alcocatyst linkage can be superimposed on each other. Thus, Anlincrease ir

vAO can result in weaker interdction (as seen for the 5%Zr-SiO,

support) leading to lower polymerization activity compared to other Zr-modified

supports.

/,
The obtained copolymers were ‘futrﬁm(gd@acterized using SEM, "*C NMR

and DSC measurements. The SEM miﬁrographs-éfpulymers are

shown in Figure 8

indicating the typical Wg@ of copolymers obtained from this catalytic system

[9,14]). There was no signi i:;ﬁﬂt"ﬁh in copolymer morphologies upon various

4
B

: vﬁ:j_._naﬁ;ils of triad distribution for all copolymers

supports employed. 1

quan
was conducted on lh%

distribution for all copo

|g;r!m:nt§9f ‘Ihe-.”C NMR spectra [20]. The triad

Ty s2dy &
is shown. in able 2. All copolymers produced from
Al Ndla

‘thé similar triad distribution having the majority triad of

different supports exhibit

gested thal the zirconia

EEE without the triad of 000 Based on °C NMR, it was §if

. s . “A » - = m— "’j
I'I‘lDdIﬁca[IE}n dld aliieC e microstiruciure ol conolymer

the insertion of !-uc@ﬁc (Table 2), it was found that zircq;ia modification resulted in

an increase in [-octene insertion. This was probably due to decreased steric hindrance

fri!}:r|1 |,_.,‘ '|l.'.ll:|".-i;.-.1:: ".” '.Ii o 1 SEOIVE HS1T

NMRineasurément. . Thercforey the degre
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tained: In addition, the

melting temperatures (T.) of copolymers were evaluated using DSC as also shown in
Table 2. It revealed that T, of copolymers trended to decrease with zirconia
modification on the support. The decreased T,, of copolymers can be attributed to the
increased degree of l-octene insertion, which can be confirmed by “C NMR as

mentioned before.

4. Conclusions o

\

The zirconia mgﬂ»ﬁca;mn on the silica support was found to enhance the
catalytic activity for c;hﬂ/r;pfl ﬁctt:nc u)polymenzanon using the zirconocene/MAO

catalyst. The Increaﬁgdfacumuéh tarz,bt: aunbuled to the larger amounts of [Allyao

present on the n1odtl1edﬁppi}¢g&ouplcd Wl;b stronger interaction between the O.yppon-

: YN RSSO\
Alcocantyst linkage. The zifconia modification fan also increase the degree of l-octene
4 FRIeRT /N

add

insertion without any significant change in polymer microstructure. Increased degree

. . 27 IS S A .
of l-octene insertion consequently resulicd in decreased T, of copolymers obtained.
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Table 1 Polymerization activities®

Samples Yield Polymerization Time Catalytic Activity
() (sec) (kg of polymer/molZr.h) _

Si0; 0.6348 384 3968
1%Zr-Si0; 27055
2%Zr-Si0; 25519
5%Zr-Si0, 14192

* Activities were measured at poly, e ion -' nperature of 70 [ethylene] = 0.018 mole,

[1-octene] =0.018 mole, [4 ’f} (227 Allny '~’i“;j>"\ in toluene with total

volume = 30 ml, and [&r].,, =5

-
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Table 2 Triad distribution of EO copolymers® and their melting temperature (T, B

‘Polymer Samples Mol%0 Tn

*thtainul from 000 EOO EOE EEE OEE OEO insertion (°C)

' Si0; 0.000 0.000 0043 0.855 0.102 0000 43 97
1%Zr-5i0; 0.000 0.000 0078 0719 02001 0.002 7.8 86
2%7r-Si0; 0.000 0.0000 0,125 0. . 0026  12.8 88

s%7r-Si0;  0.000 0.000 0104 0683 0198 0015 104 9

| 2 obtained from °C R
® obtained from DSC 7

ﬂﬂ']‘l_lu’l‘l/l&l‘lﬁﬂ'ﬁ
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Abstratt  The study revealed cnham:i:mi {fiour to seven
times) of catalytic activities for ethylene/| .ociene copuly-
merizaton via the Zr-modified” SiOs-supported ihe
metallovene/MAD  catalyst. |I1|:rl:l|."xi.':1:l'f‘ acgivily €an be
attributed to an increase in absorptign ability df MAD on
the modificd support. In addition, the _sﬁ'un‘ imeraction
between MAO and the support was also considered,
Keywords  Metallocene [.Zl.'lpﬁ]}'meri?.aﬁun
Zircongeene catalyst - Zr modification

1 Intreduction

The discovery of metallocene catalyst along with a meth-
ylaluminoxane (MAO) cocatalyst-essentially led to the
development of the highly active for homegencous poly-
merization of a-olefin [1, 2]. It is obvious that theseSctive

metallecene catalysts can‘compeid ‘with-the Conventional

Zicgler-Natia catalysts. InOparticular, these catalysis are
also cwpable of producing a vanety of polyethylene
copolymers, all-with different-chain compoesitions and
architetture. However, in order to apply metallocene at-
alysts in the modem gas phase and slirry” olefin
polymérization processes, they need to be heterogenized on
a suppéen

As known, the homogeneous metallocene catalysts have
two major disadvantages; (a) the lack of morphology

T. Pothirat - B, Jongsomjit (&) - P. Praserthdam

Center ¢f Excellence on Canalysis and Catalytic Reaction
Engineering. Depantment of Chemical Engineering, Faculty
of Engincering. Chulalongkorn University, Bangkok 10330,
Thailand

c-mail: bunjerd j@chulaach

‘ﬂ Spriwger

. weontrol and (b) reactor fouling. Therefore, binding these
e _metallocenc catalysts onto inorganic supports as supported
m:tnllnccn: catalysts can overcome those drawbacks

J M‘an)r inorganic supports such as 5i0., AlLO;, and MgCl,
“have been investigated [3-4]. It was reported that silica is
~perhaps the most attractive support so far. However, the
{ pmin of silica uself may not be completely satisfied
| purposes based on the polymerization activity and
uw_’gmpcmts of oblained polymer. Thus, the modification
ﬁEmI.uca propertics is necessary in order that it can be used
mm'u....ufﬁur:ml:. It has been reported that the immobili-
zation method of _;ﬁ]_trpduung i spacer group between the
support-and ineiallocene was found to enhance the catalytic
activity [10, 11]. In-our previous study, the use of silane-
modified silica-supported MAO with Et[Ind].ZrCl, catalyst
for ethylene/u-olefin copolymerization was investigated
[12]. It was found that silane medification resulied n
increased=activities for ethylene/1-hexene copolymeriza-
tion. In/addition, the copolymerization of ethylene/z-olefin
via mixed T10./Si0;-supported zirconocene/MAO catalyst
was also studied [13, 14], It was found that mixed TiO./
5i0; suppors apparently resulied in increased polymeri-
zafion activity as well. It was reported that zirconia can be
used as a modifier for supports such as silica [15] and
alumina [16]. It revealed that some catalytic properties
increased with the zirconia modification due to increased
dispersion of active species. Therefore, it would be inter-
esling o investigate the impact of zirconia modification on
the supporied metallocene catalytic systems.

In this work, the impact of zirconma modification on the
silica-supported metallocene catalyst was investigated.
Experimentally, the Zr-modified silica was prepared by
impregnation of a zirconium precursor onto the silica, then
subsequently reacted with MAO. The modified support was
employed for the copolymerization of ethylenefl-ociene.
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The charaeteristics of the modified support and catalyst
precursors were investigated by means of X-ray diffraction
(XRD). scanning electron microscopy (SEM), energy-dis-
persive Xoray spectroscopy (EDX), thermal gravimetric
analysis (TGA) and N, physisorption. The obtained poly-
mers were also further characterized using SEM,
differential scanning calonimetry (DSC) and ¢ nuclear
magnetic resonance ('C NMR).

1 Experimental

All chemicals |zirconium (IV) propoxide, 70 w1.% solution. )

in |- propanal (Aldrich, St. Louwis, MO, USA) silica Eﬂ'lj
{Fuji Silasia, Cariact P-10), toluene {EKKON} racethyl- |
enebis(indenyl) zirconium dichloride, rac- Ea(!h:lhz.rf'lu}

i Aldrich), methylaluminoxane, MAOQ, 2 5\6‘? Mdintoluene

{Tosoh Akso), timethylaluminum, TMA [M{(‘Ih‘!}] 20 M

in toluene (Nippon Aluminum Alkyls), and 1.0ctene, 987

{Aldrich)] including the preparation qEMAEhugpm‘ts and

polymerization were manipulated undrr;ain argon -aime-

sphere wsing a vacoum glove bax andfor Schlenk

technigues, '

2.1 Materials

211 Preparation of the Zr-Modified Silica Swpgort

The Zr-modified silica support§ weie—prepaied-byihe.
sequentml impregnation method as.feferred in [16]. First,
Zr was impregnated onto silica using a solution of zirco-
nium (IV) n-propoxide to produce-Zr-modified supports
having I, 2, and 5 wt.% of Zr in the suppeorl. The mixture
was dried in oven at 100 °C overnight,

2.1.2 Preparation of MAO/Modified Support

The modified support was heated under vacubm ar 400 °C
for 6 h, then, 2 g of the calcined support was reacted with
the desired amount of MAO in 10 ml of toluene at room
temperature for 30 min. The solid part was separated and
washed five umes with 20 m! of toluene, followed by
drying in vacoum at room lemperature 1o obtain the cata-
lysi suppon precursor MAO/modificd support.

2.2 Polymerization

The ethylene/l-octene copolymerizalion reaction was
carried out in a 100 ml semi-batch stainless steel

autoclave reacior cquipped with a magnetic stirrer. Al
first, 0.2 ¢ of the supported MAO ([Allan/[Zrlw =
2.270) and 0.018 mole of l-octene along with toluene
{to make the total volume of 30 ml) were put into the
reactor. The desired amount of Ef(Ind),ZrCl, (5 = 107° M
or 1.5 % 107" mole in 30 ml of solution mixture) and
TMA (375 x 107" mole comresponding 1o [Allyma/
[Zrce = 2.500) was mixed and stimed for 5 min aging
al room lemperature, separalely, then was injected into
the reactor. The reacior was frozen in liquid nitrogen 1o
stop reaction between the catalyst and cocatalyst for
15 min and then the reactor was evacuated 1o remove
argon.Ihe reactor was heated up to polymerization
temperature (70 °C), By feeding the fixed amount of
ethylene (D018 mole-6 psi) into the reaction mixtures,
the ethylene consumption can be observed comresponding
to the ethylenc pressure drop. The polymerization reac-

* lion was stopped and the reaction time used was
. recorded  when all ethylene (0.018 mole) was totally

Eansumcd After all ethylene was consumed, the reaction
was lerminaled by addition of acidic methanol (0.1%

JCT i methanol) and stirred for 30 min. After filiration,
fi-lm oblained copoelymer (while powder) was washed with
",r_hﬁthﬂm! and dried at room 1emperature.

¢
Lo
ZQ'Mraclcri zation

ﬁ;}"-ﬁhﬂmﬂfﬂzﬂ:fm of Supports and Catalyst
Precursors

X-ray diffraction. XRD was performed 10 determine the
bulk erystalline phase- of samples. It was conducted using
a SIEMENS D-5000 X-ray diffractometer with Cuk,
(4 = 1.54439 A). The specira were scanned at a raie of
2.4 degreefmin in the range 20 = 20-80°

Scanning-Eléctron Microscopy and Energy Dispersive
X-ray| Spectroscopy. [SEM and EDX were used to
determine the sample morphologies and elemental
distribution _throughout _the sample granules, respec-
tively, The SEM [of- JEOL mmede- ISM-5800LY was
applied. EDX was performed using Link lsis series 300
programs.

Thermal Gravimerric Analysis. TGA was performed to
prove the interaction between the [Allyap and various
supports. It was conducted using TA Instrument SDT Q
600 analyzer. The samples of 10-20 mg and temperature
ramping from 50 to 600 °C at 5 °C/min were used in the
operation. The carrier gas was N; UHP.

Na Physiserprion. Measurement of BET surface area,
average pore diameler and pore size distribution of sup-
ports were determined by N, physisorption using a
Micromeritics ASAP 2000 automated system.

2 Springe
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2.3.2 Characterization af Polymer

Seanning  Eleciron  Micrescopy.  Scanning  electron
microscopy was performed to study morphologies of
polymers produced. The same equipment as mentioned
above was employed.

Differential Scanning Calorimeter. The melting tem-
perature of ethylene/l-octene copolymer products was
determined with a Perkin-Elmer diamond DSC. The anal-
vses were performed at the heating rate of 20 *C/min in the
temperatore range of 50-150 °C. The heating cyele was
run twice. In the first scan, samples were heated and, then
cooled 1o room temperature. [n the second scan, samples

were reheated at the same rale, but onlysthe resulis of the:

second scan were reporied because iheofirst scan was)
influenced by the mechanical and theomal history of
samples g

Nuclear Magnetic Resonance, L NMR spectroscopy
was used 1o delermine comonomer ingerpofation and
polymer microstiucture. Comparison gfilh:;_ pasitions of
peak in the ''C NMR spectrum of polymer sample with
charactenistic leads to identification of the sequence of the
comonomer incorporation. The B NMR spectra were
recorded at 100 °C using BRUKER magpet, system
400 MHz/54 mm. The copolymer soluligns were prepared
using 1.2 dichlorobenzenc as solvent and b'cﬂ_z.fnﬂ'dﬁ-_lr_ﬁf an
internal lock.

3 Results and Discussion

The present study showed the impact of zirconia modifi-
cation on silica- supported metailocene catalyst via
ethylene/l-octene copelymerization. ‘The modified sup-
ports coniaining various amounis of zirconia loading on
silica were characterized using XRD megsurement... The
XRD patterns of the silica and Zr-modified silica supporis
are shown in Fig. 1. It was abserved thal the pure silica
exhibited a broad XRD peak between ca. 10° and 30°
assigning to the conventional amorphous silica. The Zr-
modified silica Suppons having-l, 2.-and 5 wt.% of ¥r
exhibited the similar XRD pauems of pure silica plus.a
small sharp peak at 307 indicating the presence of zirconia
in the wiragonal phase for the Zr-modified support [17].
Furthermore, it can be seen that the intensity of XRD
characteristic peaks for the modified suppons was changed
based on the amounts of zirconia loading where the
tetragonal phase peak at 30° apparently increased with
increasing the amounts of zircoma in the silica suppor.
In addition, the width of the line is abom 0.5% which
corresponds 1o a Zr0; crystal size of 15 nm or more.
The particles with sizes of 15 nm are nol considered to
be well dispersed. The surface areas determined by N»

"L'I; Springer

A\d—.—.—.“m

E_ % Zr-SI0y
H
&

o 1% Zr-5i0y

i 510,
r i “ “ 0w
Degree (2-theta)

Fig. 1 XED patterns of various Zr-modified silica suppons prior 1o
the MAD impregnation

physisorption of the modified supports decreased from 193
o 160 m°fg upon increasing the amounts of zirconia
loading. The morphologies and clemental distributions of
‘the supports before and after MAO impregnation were

determined using SEM and EDX, respectively. The SEM
micrographs of the supports prior to MAO impregnation

are shown in Fig. 2 indicating similar morphologies of the
]i*'n‘rinus supports. After MAO impregnation, the morphol-
‘ogies of the various supports were also determined and
shuwm Fig. 3. It can be observed that after impregnation
wrﬂ'lMAD we obtained the larger size of suppons due 1o
the adsorption of MAO on the support. The typical EDX
mapping image for Zr-modified silica-supported MAO al
the external surface isshown in Fig. 4. The distribution of
all elements ([Allmao. O. Si, and Zr) was similar in all
samples indicating well distribution for all elements.
especially for the [Allyao. In order to determine the
[ Allyan distribution inside the support granule, the particle
was cul ge.microtomed, then the EDX mapping was per-
formed al-the ergss-scctional area as shown in Fig. 5. It
alzo indicated the good distribution of [Al]yag inside the
support granule. In addition, the EDX measurement was
alsp used “to" determine the coficentrations of [Alluwao
present on various supports -with the EDX spectrum
obtained as scen in Fig. 6. The coneentrations of [Al]y a0
present on various suppaorts are also listed below. It indi-
cated that the amounts of [Al]yan apparently increased
with zirconia modification from 493 to 7.37 wit.% upon
increased amounts of #irconia loading. This was suggested
that the adsorption of MAO on silica can be enhanced with
zirconia modification,

For comparative studies, the catalytic activities toward
the copolymerization of ethylene/l-octene upon various
supports were measured. The polymenzation activities are
shown in Table 1. As secen, the polymerization aclivities

were in the order of 1%Zr-510-2% =510, = 5%
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Fig. 2 SEM micrographs of
vanous Zr-modified silica
suppans poior (o the MAD
impregnation; (a} Si0;, (b)

| %Zr-5i0;, (¢} 2%Zr-5i0.,
and (d) 5%Zr-5:0,

Fig. 3 SEM micrographs af
various £r-modified silica
suppors afier the MAD
impregnation; (a) 510, (b)
| % Zr-Si0, () 2%Zr-5i0.,
and (d) §%Lr-5i0,

Zr-8i0; > Si0,. Apparently, the Si0O; support exhibited  activities about four to seven limes. Considering only the
the lowest activity due 1o the lowest amount of [Allyao  silica supports with zirconia modification, it can be
being present. It was also obvious that the zirconia modi-  observed that the catalytic activities dramatically decreased
tication on silica support essentially resulied in increased with increasing the amounts of zirconia loading, cspecially

@ Springer
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Fig. 4 A typical SEM/EDX
mapping {extermal surface) of
Lr-modified silica suppons after
the MAQ impregnation

up to 5 wi.% of Zr. From thie EDVX measurement as mern-
tioned before, the amount of [ANwag (7.37 w0 %)Y for the
5%Zr-8i10, support was the highest among other supports
Thus, based on<the Gimount of [Alljja6 presénicin the
support, one might, argue that the polymerization activity
for the 5% r-510, support should be the highest due to the
largest amount of [Allpao adsorbed. This indicated that
besides the concentrations of [Allyan. the inleractions
between [Allyyag and the support were very important.
Based on this study, [Al]yan was dispersed by impregna-
tion onte the various supports prior to polymerization. The
degree of interaction between the support and [Allyao can
be determined by the TGA measurement [12]. In order to
give a better understanding, we propose the interaction of
support and [Al]yao based on the review paper by Severn

et al. [IM]. They explained that the connection of the

‘:;_i Springer

8 1%Zr-Si0;

suppart and tocatalyst océurred via the Oyppon—Aloncaisiys
linkage:"In ‘particular, the TGA can only provide useful
information~on the degree of interaction for the [Allyao
bound 1o the support in terms of weight loss and removal
temperature. As a malter of fact; too strong interaction can
result in it being more difficult for the [Al]yao bound to
the support to react with the metallocene catalyst during
activalion processes, leading to low activity for polymeri-
zation. Conversely, the leaching of [Allyao can occur due
to very weak interaction resulting in low activity as well
Therefore, the optimum interaction between the Oy 00—
Alcocatatyw linkage is necessary. Here, the TGA measure-
ment was performed 1o prove the interaction between the
[Allyap and various supports. The TGA profiles of
[Allyao on various supports are shown in Fig. 7 indicating
similar profiles for various supports. We observed that the
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Fig. 5 A typical SEM/EDX
mapping of (cross-sectional
area) of Zr-modified silica
suppons afler the MAO
Impregnation

T Ty T
a - ] Lk} Li)
Energy V)

Rupporied MAD pAl o (W% ) on e suppor]
b MADHSI0; a9

BAADY | War- 540, 63

M AT Y le- 510y 678

MADIS%Zs-5i0; 136

Fig. 6 A typical spectrum af the suppamed MAD from-EDX analysis
used 1o measure the average |Allwaq COnceniration on vanous
SuUpports

weight loss of [Allyan present on various supports was in
order of 3%Zr-510, (12.6%)-5i0; (12.4%) > 1 %Zr-5i0;
(10.8%) > 2%Zr-5i0-  (10.0%), This indicated that
[Allpao present on 5%Zr-5103 support had the weakest
interaction among other supports. Although it had the
highest amount of [Al]y.e among other Zr-modified sup-
ports, it exhibited the lower activity. This should be due to
the weak interaction as mentioned before, Based on the
observed polymerization activities, it is worth noling that

Table | Polymerization activitics”

Samples Yield (g) Polymenzaton  Catalytic Activity
Time (sec) (kg of polymer'molér h)
Si0, 06348 184 1968
1%le-5i0, 17586 156 27,055
2% Er=5i05 . 1.7757 167 25519
SRlr=510; 10644 180 14,192

* Activilics were méasured al polymenization temperature of 70 *C,
lethylene] = 0018 male, |1-octene] = 0.018 mole, [AllyaoT4r]
2200, |Allraallé&r)e = 2500, in  toluene with total  vol
ume = 30 ml, and [frl., =5 = 10 G

Welght (%)
4

2

] 100 ] Mo 400
Temperature ("C)

Fig. 7 TGA profiles of |Allyap on various Zr-modified silica
SUPpPOTs

‘;‘_:I Springer
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Fig. 8 SEM micrographs of ethylene/l-octeie eopolymers ablained from various Zr-modified silica supporns; (a) 5i0y, (b) 1%Zr-5i0,, (¢)

1%lr-510,, and (d) 3%Lr-510,

Table 2 Triad distnbution ol EQ copolymers® and thele meliing temperature (Ta)"

Polymer samiples ablained from 0L EQO EOME EEE OFEE {JE(] Mol %0 inscrion T 170
510, 1), (4 0.0 0.043 0.855 0.102 (01000 4.1 97

| T Lr-5i0, .00 XL it 0ils 0200 0002 78 86

2% Lr--5ey 0000 0.000 0125 D615 0.234 06 2.8 &8

5% Lr-%i0 0,000 LR 0,104 0.198 0015 104 94

* Obtained from "'C NMR
" Obtamed from DSC

in order {0 obtain the high, polymenzaton activity, one
needs to consider on both High Concentration of [Alluaa
present and the interaction between the Oyppnon—Alcocaaiya
linkage. A wide range of variables including the concen-
tration of [Allyan and Support inicraction between the
Ouuppoa—Alcacanva Ainkage can affect the polymerization
activity. These effects of both [Al]yag concentration and
interaction of O, ppan—Algcaaya linkage can be superim-
posed on cach other. Thus, an increase in the amount of
[Allsao can result in weaker interaction (as seen for the
3%Zr-510; suppont) leading 1o lower polymerization
activity compared to other Zr-modified supports

Ihe obtained copolymers were further characlerized
using SEM, "C NMR and DSC The
SEM micrographs of polymers are shown in Fig &
indicating  the morphologies  of
oblained from this catalytic system [9, [4]. There was no

measurcments.

typical copolymers

0683

significant change in copolymer morphologies upon var-
igus ‘suppotls employed. The quantitaive analysis of
triad distribution for all copolymers was conducted on
the basic.assignment of the. '’C. NMR spectra [20], The
trigd distribution for all copolymers is shown in Table 2
All copolymers produced from different supports exhib-
ited the similar triad distribution having the majority
triad of EEE without the triad of 000, Based on ''C
NMR, it was supgested that the zirconia modification did
not affect the microstructure of copolymers. However,
considering the insertion of l-octene (Table 2), it was
found that zirconia modification resulted in an increase in
l-octene inserton. This was probably due to decreased
steric hindrance in Zr-modified silica supponts. It should
be mentioned that the amounts of polyethylene products
which should have been produced based on the 1-oclene
insertion (4.3-12.8 mol. %) obtained from the ''C NMR
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results as listed in Table 2 is about 0.6-0.8 g. However,
the obtained polymer yields as seen in Table | are
higher. This should be probably due to the presence of
high MW polyoctene or some impurities, which cannot
br_' dissolved using the 1.2 dichlorobenzene prior 1o the
"'C NMR measurement. Therefore, the degree of 1-
octene insertion obtained from '"*C NMR was less than
that calculated from the polymer yield obtained. In
addition, the meliing temperatures (T,,) of copolymers
were evalated using DSC as also shown in Table 2. It
revealed that 7, of copolymers trended 1o decrease with

zirconia modification on the support. The decreased %,

of copolymers can be auributed to the increased degree
of l-octene insertion, which can be confirmed by "C
NMR as mentioned before.

4 Conclusions

The zirconia modification on the silica §
to enhance the catalytic activity

increase the degree of 1-octene insertiar
nificant change in polymer microstruciure.
degree of l-octene insenion consequen
decreased [, of copolymers obained. —
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