CHAPTER III

EXPERIMENTAL
3.1 Materials
3.1.1 Heavy distillate was obtainedftom Fang Refinery Plant.
3.1.2 Methyl ethyl ketonie (MEK) (Coffimercial grade) was obtained

—

from Gran
3.1.3 Industrial s obtai ed from TIG Trading Limited.
3.14

Nickel ¢ ydrate (NiClp.6H,0) and chloroplatinic

3.1.5 Ammonium e ((NH,4)sM07,0,4.4H,0)

3.1.6 Cobalt chloride he € ICL,.6H,0) (analytical grade)

3.1.7 Citric acid{CeHsO7) B Eobtained from
May & .' T Company Co., Ltd.

mnwmn‘ﬂﬁosmfm (NHL),S,0;
Ay,

(C20-7-06 (M0O3+NiO+Al,03) and T-2563 (WO3+NiO+AL,03))
were obtained from United Catalyst Inc., USA. Their specifications

are shown in Table 3.1.

TAL%3 29 %L
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Table 3.1 Specifications of the C20-7-06 and T-2563 heterogeneous catalysts
Types Components Percent
MoO; 15-20
C20-7-06 NiO 1-5
503 75-85
, <10
T-256 9 Nﬁ- 15-25
: L 70-80
3.2 Apparatus and .{ \
3.2.1 Apparatus s [f; _‘ umina support CS331-3
comprised of: % f;z-fj:':.i
ol
- Buret for ch -deio; e
- Suction flask for chargi support.
- Stand ank fo;-, » ction flask.

- Suctio

the pores of alumina
supports before impr :

ating the solution {

oA ammm;mms
", A AN UBAANEIA e

The NMR model AC-F 200 from Bruker operation at 200 MHz was
used. The solution of oil (0.1 g) in CDCl; (3 ml) was subjected to *C-NMR
analysis.

3.2.4 Gas Chromatrography-Mass Spectrometer (GC-MS)
The apparatus model GC 8000 series and Mass detector model
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MD 800 from Fison Instrument were used.
Concentration of sample: 1000 ppm of oil in hexane
GC conditions:
Column: DB-1 capillary column 30m x 0.25mm ID. x 0.25pum
Carrier: Helium, 40 cm /sec

Oven: 80 °C (2 mir ),t 300 °C (15 min) at rate 4 °C/min

cubic centimeter stainless sgqé:f,ﬁ lindrical bomb, split ring closures and a

et s i f' i B ,
bomb heater. The reactor could work 1 e from 0-2000 psig and

4551 5
1 gal. Reactor with 4842 Controller

Figure 3.1 Floor Stand Reactor
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3.2.5.2 Reactor Fitting (Figure 3.2)
The stirring unit of reactor was equipped with convenient
valves and fittings for handling the various functions. The parts were indicated

with the following number.

10

ﬂuﬂﬂﬂﬂﬂflﬂﬂr

a ressure au £1. a water coeling channel
WA anl in A NEaaE
3. a gas inlet valve 9. adip tube
4. aliquid sampling valve 10. a stirring shaft with 6-blade
5. a gas release valve turbine type impellers
6. a stirrer magnetic drive system

Figure 3.2 Reactor Fitting
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3.2.5.3 Automatic Temperature Controller
The controller used was model 4842 PID controller from the

Parr Instrument Company. It was operated in conjunction with a dual
thermocouple. There were various enhancement modules to assist in monitoring
and controlling the temperature, pressure and stirring speed. Stirring speed
could be adjusted in the range of 0-1000 rpm.

3.2.5.4 Gas Co

The systemn ot si‘s‘e @mgen tank with a pressure
—— 1 —
regulator (0-2000 p:V
3.2.6 Viscome

r Instrument Co., Inc.

The apparatu ; fom Haake was used.

The apparatus mo del S 800.fcom Horiba was used.
3.2.9 Colorimeter il
The FishokASTM Co -4
| m

3.2.10 Thermegravimetric Analyzer

o U TN BV REPTS=

a

o ARSI TR TR

3.2.12 Surface Area Analyzer
The instrument model Micromeritics Flow Sorb II 2300 was used.
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3.3 Procedure

3.3.1 Dewaxing of Heavy Distillate by Methyl Ethyl Ketone [3,4]

There are three main parts for solvent dewaxing process —

precipitation, filtration and solvent gecovery. Beginning with precipitation,
heate w temperature of 60-70 °C until

a
Al ketone (2700 ml) was added

d oil was 3:1. The solvent

with stirring. The rati
.temperature of 0 °C by

through a Buchner funnel
ax. The temperature of the

and oil mixture
refrigeration. The

under reduced press

solution remained be . Sufti ' ed for several minutes until -

A UL DUNINEIDT s ot v
mwﬂmmw Ay

a. Kinematic viscosity ASTM D-445
b. Viscosity Index (VI) by ASTM D-2270
c¢. Colour,Visual by ASTM D-1500
d. Pour point by  ASTM D-97

e. Flash point by ASTM D-92

f. API gravity by  ASTM D-1298
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Chemical properties:
a. Sulfur content, %owt by ASTM D-129
b. The percentages of oxidative compounds were determined

by TGA.
c. The composition (%C,, %C,, %C,) was determined by

C-NMR.
d. The molec@%muon was determined by GC-MS.

Ol yields#l dévéxed oil were determified by the modified ASTM

The aluana support (100 g) was plaﬂd in a suction flask which
equipped sk was connected to a
vacuum purH ﬁﬁﬁmgm’gﬁ}j iuate the air from the
pores su {wﬁ ed to the support
until QOﬁ a ﬁ&ﬁm ﬁgﬁﬁﬁﬂlﬁamwei The

procedure described above was repeated until the water consumption by the

support became constant. The pore volume of the support was calculated from
the volume of consumed water. The result of this experiment indicated that the

pore volume of the support CS331-3 type was 0.64 ml/g.
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3.3.5 Preparation of Catalysts

3.3.5.1 Hydrodesulfurization Catalyst: containing 10% Mo , 5% Ni
and 5% Co on alumina support. [24,27]

The alumina s (100 g) was soaked for about 15
minutes at room tempera in W solution, prepared by dissolving

The excess pretreating solution

was drained off. Th as dried at 120 °C, cooled,

and added to an im ‘ (64 ml), ared by dissolving 18.41 g
of (NH;);M07054 H30 120.24 g of NiClo.6H,0 and
10 g of citric acid dn cien of er to give 64 ml of acid
impregnating solutio ' ‘ :- " .\ of alumina support). The
impregnated alumina supp ‘Wﬁs‘ # d at and then calcined at 600 °C
for 3 hours to give the 01 zation catalyst

calculated and

he results are shown as

Qdolybdenum IP] 10 %

ﬂuﬁﬁwﬂwswawﬁﬁ
M7 adsE um NG 1Ay

3.3.5.2 Hydroisomerization Catalyst: containing 0.3% Pt and 0.5% F

follow:

on alumina support. [17-19]

An aqueous impregnating solution was prepared by
dissolving 1 g of chloroplatinic acid (H,PtCls.6H,0) in 80 ml of deionized
water. The alumina support (125.55 g) was impregnated with this prepared
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solution. The impregnated support was dried at 120 °C and then calcined at 450
°C for 3 hrs to obtain the calcined catalyst. That calcined catalyst was
reimpregnated with 80 ml of aqueous solution containing NH,F (1.22 g) (the
volume of aqueous solution equivalent to the pore volume of the alumina
support) and then was left at room temperature for one hour, dried at 120 °C for
16 hrs to obtain the fluoride doped ¢ alyst This fluoride doped catalyst was
calcined in a contmuous c / following condition (hold at 150
°C for 1 hr, raise temp minutes to 400 °C, then hold

at 400 °C for 1 hr) to

calculated and the he results are shown as

follow:

tain the Dy/F 3 yd;wjon catalyst.
‘mts\,,x—r calcined catalyst were

onProcess

3.3.6 Hvdrod%l_\'ﬂfuﬁzaﬁ J

3.3.6.1 TIQ Effect of Catalyst Type on l@'drodesulﬁlﬂzation

ﬂ ue&lax?dﬂ &nﬁnﬂl&jﬂg hydrodesulfurization
=TT R R

pressure in the reactor was adjusted to 500 psig. The reaction was operated at

selected temperature (350 °C) and reaction time (4 hours). The stirring speed

was set at 500 rpm. After the reaction took place, heating was stopped and the
reaction mixture was stirred until the mixture was cooled to room temperature.
The pressure was released and the reaction mixture was transferred to a 1 litre

beaker and the catalyst was separated by suction filtration to give desulfurized
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oil. The molecular weight distribution of this desulfurized oil was determined
by GC-MS, the GC-MS chromatogram is shown in Figure A3 and the
molecular weight distribution of this oil is tabulated in Table A2. The sulfur
content was measured as described in 3.3.2 and the result is shown in Table
A3.

The desulfunz 1 was further distilled under reduced
pressure to obtain a lube ut\(‘h d distillate cut (< 330 °C). The

physical properties (col p3ur the lube cut were determined
1 % calculated. The results are

\&ordmg to the procedure

ey nickel catalysts. For each

by the procedures lis

shown in the Table

e same manner as above to

ight distributions of these

emical properties listed

in these oils are te\llgtgatgd in Table A2. Ph

in section 3.3.2 we jeteggined by i
g |

|
determination are presented in Table A3.

S SN e
A ANIAAININEAEY,

reactlon was operated at various temperatures (200, 250, 300, 350 and 400 °C)

therein. Results of these

using the optimum catalyst, (Mo/Ni/Co catalyst), as determined from 3.3.6.1.
The reaction mixture was worked up in the same manner as above. The GC-MS
chromatograms of the five products are shown in the Figure A4 and the
molecular weight distributions of the components are tabulated in Table A4.

Physical and chemical properties listed in section 3.3.2 were determined by the
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methods listed therein. Results of these determination are presented in Table

AS.
3.3.6.3 The Effect of Hydrogen Pressure on Hydrodesulfurization
Following the pro dure similar to that in experiment 3.3.6.2
except the reaction was operated } drogen pressures (200, 300, 400,
500 and 600 psig) at th 400 °C obtained from 3.3.6.2.

The reaction mixtur e manner as described in

3.3.6.1. The GC-M
Figure A5 and th

oducts are illustrated in the
of the components are
tabulated in Table ies listed in section 3.3.2

2esults of these determination

: rdescnbed in experiment

actlon times (2, 4, 6, 8 and

ction was operated at various
10 hours) ﬁﬁ’ of 60G psig obtained from
3.3.6.3. The E mm ﬁﬁ&hﬁ manner as described

m ucts/are illustrated in
Flgureﬁxm é @?] ﬁ: ﬁ&ﬂﬁ ﬁ EJomponents are

tabulated in Table AS8. Physical and chemical properties listed in section 3.3.2

were determined by the methods listed therein. Results of these determination

are presented in Table A9.
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3.3.6.5 The Effect of Catalyst Concentration on Hydrodesulfurization

Following the same procedure as described in experiment
3.3.6.4 except the reaction was operated at various catalyst concentrations (1,
2, 3, 4 and 5 % by weight of oil) for the optimum reaction time of 6 hours
obtained from 3.3.6.4. After the rWion, the mixture was worked up in the

same manner described in 3@&& k/ e desired products. The GC-MS

chromatograms of the lucts in the Figure A7 and the

molecular weight distrib | cqwa;e tabulated in Table A10.
1in sectio .2 were determined by the

terpun ion are presented in Table

Physical and chemicz
methods listed therei
All.

# r
B rmadeaid -
4B

3.3.7.1 The Effectof ¢

--""':-':-';.

optimum operating
(from 3.3.5.2 AcEd i ﬁ epl.x r..The gas in the reactor
was réplaced Q'mzleigitﬂ g iﬂdﬂtﬁﬁien the hydrogen gas
pressure, 1 | eact imt 00 psi e reac was operated at
selec:%lﬁiiargﬁ mﬁmﬁtgﬂpm for various
reaction tempertures (250, 300, 350 and 400 °C, respectively). After 4 hours
heating was stopped and the reaction mixture was stirred until the mixture
cooled to room temperature, the pressure was released, and the reaction mixture

was transferred to a 1 litre beaker and the catalyst was separated by suction

filtration to give isomerized oil.
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The molecular weight distributions of the four isomerized
oils were determined by GC-MS. The GC-MS chromatograms are shown in
Figure A10, and the molecular weight distributions of the components in these
oils are tabulated in Table A12.

The isomerized oil was further distilled under reduced

°C) and distillate cut (< 330 °C). The

% yield were determined by the
énted in Table A13.

pressure to obtain a lube cut (=

physical properties of the %\%iif

methods identified in 3. Sm esslts

_...--‘
3.3.7.2 ’ﬂ/ (?

ats'in these oils are tabulated
in Table A14.

. mmﬁiwm e
‘““"ai"ﬁﬁ"a’ﬁhm URIANYIAY

3.3.7.3 The Effect of Reaction Time on Hydroisomerization

Following the procedure similar to that described in
experiment 3.3.7.2 except various reaction times (4, 8, 12, and 16) and the
selected hydrogen pressure of 600 psig from 3.3.7.2 were used. After the

reaction, the mixture was worked up in the same manner as 3.3.7.1 to give the
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desired products. The molecular weight distributions of each isomerized oils
were determined by GC-MS. The GC-MS chromatograms are illustrated in
Figure A12, and the molecular weight distributions of components in these oils

are tabulated in Table A16.
The physical properties of lube cut were determined in the

same manner as described in 3.3.2
shown in Table A17. \

3.3.7.4 Th _atz ; ion on Hydroisomerization

to that described in

. : ' \ tions (2, 4, 6 and 8% by
weight of oil) and theop o i AR f from 3.3.7.3 was used. The
' G er as 3.3.7.1 to give the
desired products. The m lar wei ‘ istributions of each isomerized oils

were determined by GC-MS e 0 ‘ ghromatograms are shown in Figure

'm.lt were determined in the

: physcal properties of lube

same mme@ﬁﬁw ﬁ ﬁ %’wlﬁw;f ﬁ pj;lated The results are

presented in

’Q“maﬂﬂim URNINYAY
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