CHAPTER III
EXPERIMENT

3.1 Chemicals

The chemicals used in these experiments were analytical grade, but only

critical materials were specified as follow

1. Propylene gas (Cjl National Petrochemical Public
Company Limi ‘ cd withoutfarthe; purification.
2. Argon gas : gh/ Punity, ¢ 9.9999; was purchased from Thai

Industrial 1ed by passing through the

‘. N\

column pa atalyst R3-11G, sodium

hydroxide () P,0Os) to remove traces of

3. Hexane (CgH,4) olmiériz ic ade was r eived from Esso chemical
(Thailand) Co., Lig A8 dried dehydrated CaCl, and was distilled
over sodium/benzoph underargon atmosphere.

4. Heptane (C;H,, : om 4.T., Baker and used as

ed.

wh . purct ll ased from MERK.

m um (AI(CoHs)3) diluted in hexane, was donated from

 SRUERYENO0T. s .

Sigma.

sﬂvﬁ’}@aﬁ&m UHAIDYAREL cromen

ndustnes

9. 2-Ethylhexanol (CgH,30, >99%) was received from Fluka Chemical

solvent foroh
V.
5. Titanium tet

6. Triethylalu

Industries.

10. Pthalicanhydride (C3H403, >97) was received from Fluka Chemical
Industries.

11. Decane (C;oH,,,>98%) was supplied from Fluka Chemical Industries.
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12. Benzophenone (purum 99.0%) was obtained from Fluka Chemie A.G.
Switzerland.

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

14. Hydrochloric acid (Fuming 36.7%) was supplied from Sigma.

15. Methanol (Commercial grade) was purchased from SR lab.

16. Methylaluminoxane (MAO) 2.598 M in toluene was donated from Tosoh
Akzo, Japan. ‘

17. racemic-Ethylenebis ind ichloride (rac-Et[Ind],ZrCl,) was
obtained from Aldgiel -

18. Sodium (lu

Company, I

plied from Aldrich chemical

19. Toluene wa

20. Xylene (99.8%

td., Thailand.
21. Trimethylalumi & was donated from Nippon

Aluminum Alkyl
22. Silica gel purchased fromd, Fuii. Silasia Chemical Co., Ltd. (Cariact P-10,

surface area 300 m“/g f. 5 ..* , n 00 °C for 6 hours.

3.2 Equipments

I
All types of emipments used 1n the catalyst *4 ecursor preparation and

polymerization ﬁ listed Below:

TJEI’JVIEWWWEﬂﬂ‘i

3.2 Coo g System

QW’]@Nﬂ?ﬂJ UNIINBIAY

The cooling system was in the solvent distillation in order to condense the

freshly evaporated solvent.
3.2.2 Glove box
Including oxygen and moisture analyzer for transferring solid reagents under

inert atmosphere and for storing air-sensitive reagents. The oxygen and moisture

levels are normally below 2 ppm inside the glove box.



3.2.3 Inert Gas Supply

The inert gas (argon) was passed through columns of BASF catalyst R3-11G
as oxygen scavenger, molecular sieve 3A to remove moisture. The BASF catalyst
was regenerated by treatment with hydrogen at 300 °C overnight before flowing the
argon gas through all the above columns. The inert gas supply system is shown in

Figure 3.1.
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The magnetic stirrer and heater model RTC basis from IKA Labortechnik

were used.
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3.2.5 Reactor

A 100 ml stainless steel autoclave was used as the polymerization reactor.
3.2.6 Schlenk Line

Schlenk line consists of vacuum and argon lines. The vacuum line was

connected with the trap and the mercury busbier that was a manometer tube and
contain enough mercury to seal fro nosphere when argon line was

evacuated. The Schlenk li

1 exhaust line to

exhaust line fume-cupboard

to fume-
-cupboard

o — 2 —

ﬂ %mcrcury bubbler
NTUNRIINY18Y

q Figure 3.2 Schlenk line
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3.2.7 Schlenk Tube

A tube with a ground glass joint and side arm, which was three-way glass
valve as shown in Figure 3.3. Sizes of Schlenk tubes were 50, 100 and 200 ml used to

prepare catalyst and store materials which were sensitive to oxygen and moisture

3.2.8 Vacuum Pumyp

The vacuum. »r---7-:—---:-:-:-—---—“:‘“;:;;'.;;;'.;.:.;.“_‘E;.‘a— poration was used. A

pressure of 10" to 'V'-'h

.II
i
-

: ﬂ%’-"‘ upply to the vacuum line

in the Schlenk line. b

— U ANUNINYINS
QAR L0

0.476 g of Anhydrous magnesium chloride, 2.5 ml of decane and 2.34 ml of 2-
ethylhexanol were reacted at 130 °C for 2 hours to form a uniform solution. Phthalic
anhydride 0.109 g was added to solution, and the mixture was stirred at 130 °C for 1
hour to dissolve phthalic anhydride. The resulting, uniform solution was cooled to
room temperature, and wholly drop wise over the course of 1 hour to 20 ml of

titanium tetrachloride kept at -20 °C. After the addition, the mixture was heated to 110
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°C over the course of 4 hours. When the temperature reached 110 °C, 0.26 ml of
diethylpthalate was added. The mixture was maintained at this temperature for 2
hours. After the reaction for 2 hours, the solid portion was collected from the reaction
mixture. The solid portion was again suspended in 20 ml of titanium tetrachloride and
again reacted at 120 °C for 2 hours. After the reaction, the solid portion was again
collected then washed with 10 ml of decane and with 10 ml of hexane 3 times. The

resulting solid was dried in vacuum.

3.3.2 Preparation of ‘ ecursor

—
——

Silica gel was CM \\\ loL.6 hours. Calcined silica 1 g
\ ml of teluene at room temperature

for 30 minutes. The solj ) . ed 5 times with 20 ml of

was reacted with the desi

toluene, followed by ra re to obtain the catalyst

support precursor SiO;

r Bolviness T2A00N reactic -carried 1 =
The propyleng 5 ied out in a 100 ml semi
ml - tic stirrer. The autoclave

and magnetic bar were dried in oven at 110 °C for 30 minutes before use. Solvent,
catalyst precur the autoclave and
stirred for 5 mlm ﬁﬂr lmﬁmzmn that the reactor was
frozen in liquid nitrogen to stop reaftion and thefidthe autoclave vacuated to
remove Qe r‘] aa&@ scmu Mq Ia m Hﬁlﬁ\ugj control the

temperatu&. The polymerization was started by feeding propylene gas. The

batch stainless steel au

polymerization was carried out for 90 minutes, and then stopped the polymerization
by venting propylene gas and adding acidified methanol. The precipitated polymer

was washed with methanol and dried at room temperature.
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In case of metallocene catalyst, polymerization was performed at 5x10° M
catalyst concentration, 2000 Alrma), Al (maoyZr ratio, 60 °C, 40 psi and used toluene
as solvent.

For Ziegler-Natta catalyst, propylene polymerization was carried out at 7x107
M catalyst concentration, 167 Algay/Ti ratio, 60 °C, 40 psi and used hexane as
solvent.

The various effects of polymerization conditions on propylene polymerization

using two different catalyst systems, ne and Ziegler-Natta catalyst, were

studied as follows.

ypes of solvent such as
hexane, toluene, heptane @ A iS¢ of \Z Natta catalyst, liquid fraction
obtained at the same con" ons 3 yIme iz ior 10ns without monomer was
characterized by FT-IR t0 a

3.4.2 The Effect of Po

The propyleng-pols _..:;-_-..._.__;.;._:_.___;.;_— ng the polymerization

temperature from 40 .V ; above.

343 Tthffect o‘l‘ymerlzatlon Piéssu

TNYNINYING

To mvestgate the effect of ‘polymenzatlm pressure. Thg ,polymerization
e R RIAFUANITRYUTIQ L
3
3.4.4 The Effect of Catalyst Concentration
The concentrations of catalyst were investigated at 5 x 10™ to 8 x 10° M. for

both metallocene and Ziegler-Natta catalyst. The polymerization conditions were

used from above and were kept constant for 90 minutes.
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3.5 Polymer Characterization

3.5.1 Differential Scanning Calorimetry (DSC)

The melting temperature and glass transition temperature of the polymer was
determined with a Perkin-Elmer DSC 7 at Central Instrument Facility Faculty of

Science, Mahidol University. The analyses were performed at heating rate 10°C/min

@ults of the second scan were

ce hanical and thermal histo
. \\"“\ o

samples were reheated @
reported because the fi

of the samples.

All distribution o t up| \ 'sor and polymer particles were
investigated by Scannin o= . = ope: (SEM), JSM-640 Scanning
Microscope, Microspec WDX at—Technological Research Equipment Center,

Chulalongkorn Univessit apalysis (EDX).

T

353 Soxhlet-'rﬂ,e g te m

Soxhlet c‘jsotactlc content of
polypropylene. %ﬁﬂg ijmer was wr!hﬂ{}ce ulose timber then was
extracte ets i g The fraction
of msoﬁmﬁﬂsmm?jo “ﬂ‘j Lﬂent index of

1sotact1c1ty (%L.L).

3.5.4 ’C-Nuclear Magnetic Resonance ("*C-NMR)

BC-.NMR spectroscopy was used to determine the polymer microstructure.

Sample solutions were prepared in 1,2,4-trichlorobenzene and benzene-d; for internal
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lock signal. The *C-NMR spectra were obtained at 100°C using Bruker Biospin
Avance DPX-400 operating at 100 MHz at the Department of Science Service.

3.5.6 Fourier Transformed Infrared Spectroscopy (FT-IR)
The infrared spectroscopic technique was widely used to characterize polymer

structure. Comparison of the position of absorption in the IR spectrum of a polymer

sample with the characteristic absorption ded o identification of the bands and

functional groups presented ir" th me ; spectrum of a polymer was
unique which can be conSideéred as a ‘ﬁn@ Nicolet FT-IR Impact 400

Spectrophotometer at thes€ on Catalysis and Catalytic Reaction

Engineering, Departme Chulalongkorn University was
employed to study the on to study the effect of

solvent.

]
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