CHAPTER III

EXPERIMENT

3.1 Chemicals

The chemicals used in these experiments of the investigation were specified as

follows :

from Strem Chemical. L

ot Bis(cyclopentav i Salich ¢ (Cp,2ZrCly) was obtained from
Japan. =
6. Calcium chloride (De : y anufactured from Fluka Chemie A.G.
Switzerland. aT T A

5) was purchased from Strem

iy

8. Ethylene gasy golymen'zation ggrade) was devoted from National

petrochemical o), L1 2inailafd) 1Y) 3 W EI 719

9. Hydroghloric acid (Fuming,36.7%) was supplied from Sigma.
; ¥

R RN TR
a Me hyaﬁlinoxane my;ﬁ ﬁin toluene wasﬁn'ated from Tosoh

Akso, Japan.

7. Cyclopen -Vt--j

Chemical.

12. racemic-Ethylenebis(indenyl)zirconium dichloride (rac-Et[Ind],ZrCl,) was
obtained from Aldrich chemical Company, Inc.

13. Sodium (lump in kerosene, 99.0%) was supplied from Aldrich chemical
Company, Inc.

14. Toluene was donate from Exxon Chemical Ltd., Thailand.
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15. Trichloro(pentamethyl cyclopentadienyl) titanium (Cp*TiCls, 97.0%) was
purchased from Aldrich chemical Company, Inc.

16. Trimethyl(pentamethyl cyclopentadienyl) titanium (Cp*TiMes, 97.0%)
was manufactured from Alfa Aesca.

17. Xylene (99.8%) was purchased from Merck.

3.2 Equipments

3.2.1 Equipment for handli

'k’/compounds

Since the most Te very sensitive to the oxygen

and moisture therefore s \\ \ e handling of reagents and

for loading the catalyst 1nt . Such equip tilized for this purpose are
as follows : / | . \ .
(a) Glove ’ s) with oxygen and moisture analyzer
, NG LA\

derﬂ atm \. leré and for storing air-sensitive
\ 1y, below 2 ppm inside the glove

(b) Schlenk line includ ‘aculm line connected to vacuum pump and

; —x ~ L

argon line for purgingy eschlenk line was shown in

7
J
¢

Figure 3.1.

crhaust line 1o
fume “r&oud

ﬂEJ

24 lubbl

Figure 3.1. Schlenk line

(c) Schlenk tube for keeping reagents under argon atmosphere outside the
glove box. It was used accompanied with the Schlenk line. Schlenk tube is a tube
with a ground joint and side arm which was three way glass valve as shown in Figure

32
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(d) The inert
catalyst, R3-11G), moisk

mns of oxygen trap (BASF
hydroxide (NaOH) and
phosphorus pentaoxide rity argon before use in
Schlenk line and solvent gas supply system is shown in

Figure 3.3.

~

R E

Vent (excess inert gas)

Figure 3.3. Inert gas supply system

(e) The vacuum pump model 195 from Labconco Coporation was used. A
pressure of 10" to 10° mmHg was adequate for the vacuum supply to the vacuum line

in the Schlenk line.
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3.3 Polymerization procedure

3.3.1 Material preparation

Since the solvents were of commercial grade, there might be some
undesirable impurities; especially water, which have to be removed before use.
Therefore solvents are refluxed in the presence of Na/benzophenone and the

distillated under argon atmosphere and kept in Schlenk tubes.

Ethylene is pol ‘which purified by passing through a
column of LABCLEAR™ i aJdughpurity argon was further purified
by pass through mol |

(NaOH) and phospho es of oxygen and moisture.

3.3.2 Ethylene an : Opo -

R3-11G, sodium hydroxide

D]

Ethylene i EP:L lyme 'o in the slurry phase was
carried out in 100 ml s tch/stairleSshsteal autoclave reactor equipped with

o i

magnetic stirrer. The autoclave’dad's were dried in an oven at 110°C for

30 minutes and purged %ﬁ’j {'S'times in a glove box before use in
copolymerization. Lok ‘.-..----.---—----A--‘*-x solution was 30 ml) and

i

desired amount of rac=Ey[T ixed and stirred for 5 minutes

at room temperature. A fler that, the mixture of catalyst and MAO was introduced into
the reactor outsi ‘ﬁ. 1 d{ T, en in liquid nitrogen
to stop the reacﬁnﬁ(g lﬂl Eﬁﬁn ﬂg:;tns egassed. The reactor
immersed into tl?él water bath controfled to the desired reaction tﬁﬂgjrature and the

polymerbu) wEGHER by dcbbdeckinfine o (Ol beloGb

consumptﬂon of ethylene 6 psi was observed from the pressure guage. A small

psi) until the

amount of ethylene was used to avoid the mass transfer effect and increase the
homogeneity of polymer. After the polymerization reaction was stopped, the reaction
solution was terminated by an addition of acidic methanol. The precipitated polymer
was washed with methanol several times and dried under vacuum. Ethylene and
norbornene copolymerization procedure and a schematic diagram of the system are

displayed in Figure 3.4 and 3.5, respectively.
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Autoclave and magnetic bar

-norbornene with desired amount and toluene (to make a total volume of 30
ml) in glove box

b 4 -injected mixture of metallocene and MAO (stirred for 5 min.)
at room temperature by using schlenk technique.

-frozen reactor in liquid nitrogen for 15 min.

-evacuated reactor to remove the argon for 1 min

v -heated up to polymerization temperature

-started polymerization by feeding ethylene gas

(6 psi consumption, total pre: 50 psi )
v -terminated polymerizatic@ % idic methanol
L

spension copolymer ‘:.\_-..__J
_—

-filtered polymer .
-washed polymer yath ¢

-dried in an oven at

Dried copolymer

= o
mﬁl‘ﬁhﬁﬂage tube
! B\ -driven stirrer
MF : Mass flow meter
PR1 : Pressure regulator
PR2 : Pressure regulator for

ethylene consumption
T : Thermometer

Water Bath

Fig 3.5. Schematic diagram of reactor system in slurry phase polymerization
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The various effects on the ethylene and norbornene copolymerization
with metallocene catalyst system were investigated. The effects of copolymerization
on production of ethylene and norbornene copolymer were systematically varied as

follows :

3.3.2.1 The effect of cocatalyst and catalyst molar ratio (Alyao/Zr)
The Al/Zr molar ratios were varied from 750 to 4000. The

concentration of rac-Et[Ind],ZrCl, was Ifixed 5.0x10° M and the consumption of

d],ZrCl, catalyst were
aption of ethylene, norbornene

C rated constantly at 6 psi, 0.1

1 "4
hag Bl
¥ L

M and 40°C, respective

e

was kept constant.

Salld
!

“The ethvlene an orbormene cop ymerization was further
studied by varying | 30°C to 90°C using the

suitable conditions selé ed from section 3.3.2.2.

SUEA0NINNS
The ethylen€ polymerization and étHylene/norbornene
o) G0l Bl b Ve |G s o e

Et[Ind]22?Clz, (n-BuCp),ZrCl,, CpyZrCl,, Cp,TiCl,, CpTiCls, Cp*TiCl; and

Cp*TiMes; were investigated at the similar polymerization conditions. The conditions

of polymerization were used from the result of section 3.3.2.1 to 3.3.2.3.
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3.3.2.5 The effect of norbornene concentration
The concentrations of norbornene were studied at 0.03 M to 0.2
M and compared the catalytic activity between ethylene and norbornene
copolymerization and  homopolymerization of ethylene. The conditions of

polymerization were selected from the result of section 3.3.2.1 to 3.3.2.4.

3.3.2.6 The effect of polymenzatwn time

time of ethylene and norbornene

copolymerization were investigates f y n to 120 min with 0.3 M of
norbornene in different t &aﬁc (toluene and xylene) and
aliphatic solvents (1-hexane hepte and decane).  The conditions of

polymerization were sele B 2.1t0 3.3.24.

‘\\\

Remarked : In the same of st were identical.

3.4 Polymer Characterigati

3.4.1 Scanning Electro

Scanning -Ele licroscope as sthe effective method to

investigat polymer —— ------------ 3 :9 was referred to shape,
texture or form of polymigrs. The alystnd polymers was examined

by scanning electron mlcroscopy (SEM) w1th a JSM-640 Scanning Microscope,

Microspec uipment Center,
Chulalongkor‘:ﬁ ﬁsg using a camera andﬂ ﬂ:rﬂﬁl‘he polymer samples
were co, ﬂl ﬁ ﬁ‘fzfrre they were
placed 1@%33 Qﬁi Wﬁ lﬂsg] [Ar

3.4.2 Differential Scanning Calorimetry (DSC)

The melting temperature and glass transition temperature of the
copolymers were determined with a Perkin-Elmer DSC 7 at Central Instrument
Facility Faculty of Science, Mahidol University. The analyses were performed at the

heating rate of 10°C/min in the temperature range 0-150°C. The heating cycle was
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run twice. In the first scan, samples were heated up and then cooled down to 0°C. In
the second scan, samples were reheated at the same rate. Only the results of the
second scan were reported because the first scan was influenced by the mechanical
and thermal history of the samples. Percent crystallinity was computed from

enthalpies of meliing by Equation 3.1, using the reliable value of Wunderlich.

x (%) = (AHn/AH®,)x100 3.1

Where (AH,,) is the heat of fusioi °m) is the heat of fusion of 100%

d, to determine comonomer
incorporation and pol ' & )atiso \ positions of peak in the "*C-
NMR spectrum of pol ' iC"led to identification of the

sequence of the comonome \.‘ olutions were prepared in o-

dichlorobenzene and benzer 28-vol %) ternal lock single. The "*C-NMR

spectra were obtained at 110°C 1s , : » LINMEA 500 operating at 125 MHz (at the
P 4D perating

Scientific Technologiedl Research Equipment Centre. Chudalongkorn University).

et et

V ‘

3.4.4 Fourier Tram'ormed Infrared pectroscopﬂl“l' IR)

The F’Jf?uilpﬁ DENIN LN AT vt 0 v

polymer structure Comparison of thé position ofabsorption in thesIR spectrum of a
polyme@aw ’}/a \&ﬂ‘ﬁcm %Ja%ralga{ w qu arylcanon of the
bands and'functional groups presented in the polymer. The IR spectrum of a polymer
was unique which can be considered as a ‘fingerprint’. Nicolet FT-IR Impact 400
Spectrophotometer at the Center of Excellence on Catalysis and Catalytic Reaction
Engineering, Department of Chemical Engineering, Chulalongkorn University was

employed to study the chemical structure of polyethylene products.
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3.4.5 Thermal Gravimetric Analysis (TGA)
The weight loss pattern of the samples during heating up was analyzed by
Shimadzu TGA model 50. The sample was loaded in a platinum pan located in a
furnace. The purging gas were nitrogen with flow rate 30 ml/min and air with flow
rate 100 ml/min. The furnace temperature was programmed to rise from room
temperature to 600°C at a constant rate of 10°C/min. The data were displayed and

recorded using a microcomputer.

AU ININTNEINS
ARIAATAUNM TN
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