
CHAPTER 3

EXPERIMENTATION

3.1 M a te ria l

- Heavy d is t i l l a t e  was supported from Fang R efine ry .

-  Alumina support was commercial a va ila b le  from United

C a ta lys t In c . , .  I t  was CS-303 type and i t s  s p e c if ic a tio n s  were 

shown in  ta b le  3.1 and ta b le  3.2 [19]

Methyl E thy l Ketone (MEK) was commercial a va ila b le  

from Grand Chemical In c . , .

-  Hydrogen, oxygen and a ir  gas were a va ila b le  from T .I.G . 

Trading L im ited .

-  N icke l n it r a te  hexahydrate (NiN03.6H20) was a va ila b le  

from Carlo Erba.

- Ammonium molybdate (NH4) eMo70 . 4H20 was a v a ila b le

from Carlo Erba.

-  S u lfu r ic  acid  was a v a ila b le  from BDH.

Sodium hydroxide was a va ila b le  from Fluka.

F u lle r  ร earth  was a va ila b le  from Fluka.

Cyclohexene was a v a ila b le  from Fluka.

-  U n iv e rs a lin d ik a to r pH 0-14 was a v a ila b le  from Merck.
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Table 3.1 Typ ica l chemical p ro p e rtie s  of support 

type CS-303 from United C ata lys t In c .,

Chemical Composition Weight Percent

Aluminium Oxide 99.2

S il ic a  Oxide < 0.05

Iron  Oxide < 0.05

Calcium Oxide < 0.01

Magnesium Oxide < 0.01

Titanium  Oxide < 0.05

Potassium Oxide < 0.05

Sodium Oxide < 0.15

S u lfu r < 0.15

Chlorides < 0.02

Table 3.2 T yp ica l phys ica l p ro p e rtie s  of support 

type CS-303 from United C ata lyst In c .,

Physical P roperties

Surface Area mz/g 3

Pore Volume cc/g 0.15-0.30

Density Ibs/CF 65
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3.2 Apparatus

3.2 .1  Apparatus fo r  

impregnation

preparing c a ta ly s t by dry

1. Seperating funnel

2. Suction f la s k

3. Stand

4. Clamp

5. Suction pump

Figure 3.1 The apparatus fo r  preparing c a ta ly s t by dry 

impregnation method

The im portant apparatus

1. Seperating funnel fo r  charging precursor s a lt

s o lu t io n s .

2. Suction f la s k  fo r  charging alumina support.

3,4 Stand and clamp fo r  t ig h t in g  seperatory

funne l and suction  f la s k .

5. Suction pump fo r  trapp ing  a ir  in  the pores of 

alumina supports before im pregnating the s o lu t io n .



3.2 .2  Apparatus fo r  c a lc in a tio n  [201

1. C a lc ina to r

1 2

บ

1. A tunne l k i ln  2. C ata lys t

3. Thermocouple 4. Quartz Tube

5. Tube connect to  bubble flow  meter

F igure 3.2 C a lc ina to r
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2. Bubble flow  meter

F igure 3.3 Bubble flow  meter

3 .2 .3  In fra re d  Spectrophotometer

The apparatus model 780 from Perkin Elmer was

used.

3 .2 .4  In d u c tiv e ly  Coupled Plasma Emission Spectrometer 

The apparatus model 1000 from Perkin Elmer 

Plasma was used.

3 .2 .5  Hydrogenator

A l l  experiments 

lu b r ic a t in g  base o i ls  were

fo r  the hydrogenation study of 

c a rr ie d  out in  the hydrogenation

apparatus which consisted o f fo u r pa rts  as fo llo w :
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1. Reactor ( f ig u re  3.4)

The hydrogenation f lo o r  stand reac to r was a 

high pressure batch s t ir r e d  autoclave model 4551 from the Parr 

Instrum ent Company w ith  3750 cubic centim eters s ta in le s s  s te e l 

316 c y l in d r ic a l bomb, s p l i t  r in g  closures and bomb heater. The 

reac to r could work in  a pressure range of 0-2000 psig  and in  

temperature 0-450 ๐c.

F igure 3.4 F loor stand Reactor

2. Reactor f i t t i n g  ( f ig u re  3.5)

The s t ir r e d  reac to r was equipped w ith

convenient valves and f i t t in g s  fo r  handling the various fu n c tio n s .
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3. Automatic temperature c o n tro lle r

The c o n tro lle r  used vas model 4842 PID 

c o n tro lle r  from the Parr Instrument Company. I t  was 

operated in  con junction  w ith  a dual thermocouple. There 

were various enhancement modules to  a s s is t in  motoring

and c o n tro ll in g  the temperature, pressure and s t i r r in g

speed. I ts  s t i r r in g  speed could be ad justed in  the range of 

0-1000 rpm.

4. Gas c o n tro lle rs  system

The system consisted of a' hydrogen tank w ith  

a pressure re g u la to r (0-2000 p s ig ) .

3 .2 .6  V isco s ity

The apparatus model K-234 A from Hochler 

Instrum ent Co., Inc . was used.

3.2 .7  Pour Point

The apparatus model A 82 from HAAKE was used.

3.2 .8  Color

The F isher ASTM C olorim eter was used.

3.2 .9  % S u lfu r

The apparatus model SLFA-800 from HORIBA was used.

3.2.10 C13-Nuclear Magnetic Resonance Spectrometer

The NMR model AC-F 200 from Bruker operation at
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50.32 MHz was used..

3.2.11 Thermogravimetric Analyzer

The TGA model TA 2950 from Du Pont Instrum ent

was used.
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1. a pressure gauge 2. a sa fe ty  rup tu re  d isc

3. a gas in le t  valve 4. a l iq u id  sampling valve

5. a gas re lease va lve 6. a s t i r r e r  magnetic d rive  system

7. a water coo ling  channel 8. a thermocouple

9. a d ip  tube

10. a s t i r r in g  sh a ft w ith  6-blade tu rb in e  type im pe lle rs

F igure 3.5 Reactor f i t t i n g
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3.3 Procedure

3 .3 .1  Dewaxing of heavy d is t i l l a t e  by methyl e th y l 

ketone [5 ]

Dewaxing temperature = -15 °c

S o lv e n t/o il r a t io  by volume = 3:1

This process cons is ts  of th ree  main segments- 

p re c ip ita t io n ,  f i l t r a t i o n  and so lven t recovery. P re c ip ita t io n  

began w ith  s low ly  heating of heavy d is t i l l a t e  (749 g) to  

temperature of 45 °c to  com pletely d iss love  wax before

adding cooled methyl e th y l ketone(2700 m l). The so lven t o i l  

m ixture was c h il le d  to  the dewaxing temperature of -15 °c by 

re fr ig e ra t io n .  The wax c ry s ta ls  were then f i l t e r e d

through a buchner funnel under reduced pressure. The m ixture 

was q u ic k ly  f i l t e r e d  before the temperature had a chance to  

r is e  much above 5 ๐c and allowed suction  to  continue fo r

several minutes to  com pletely remove o i l  from the wax. The 

f i l t r a t e  was co lle c te d  and the o i l  was recovered from the 

f i l t r a t e  by simple d is t i l l a t i o n .

3.3.2 Determ ination of the phys ica l and chemical

p ro p e rtie s  of dewaxed o i l  as fo llo w :

Physica l p rope rtie s

1. Colour, V isua l by ASTM D 1500
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2. Kinematic v is c o s i ty  by ASTM D 445

3. V isco s ity  index by ASTM D 2270

4. Pour po in t by ASTM D 92

5. % S u lfu r  (by weight) by ASTM D 129

Chemical p ropert ies

1. The percentages of o x id a t ive  compounds were 

determined by Thermogravimetric Analyzer.

2. The composition (%CA,%Cp%,CM> of dewaxed o i l  

was determined by C13-NMR

3.3.3 Acid-Clay Treatment [22]

The dewaxed o i l(4 0 8  ml) was heated to  30 °c to 

reduce i t s  v is c o s i ty ,  so as to  a ss is t mixing w ith  acid . 

Concentrated s u l f u r ic  acid (10% by volume of o i l )  was added to  

the o i l  while  v igorous ly  a g ita te d  was required to  d iv id e  the acid 

in to  minute p a r t ic le s  which was necessary to  increase i t s  

a c t ive  surface. A fte r  mixing fo r  20 seconds, d i s t i l l e d  water 

(the same volume as acid) was added to  provide coagulation of the 

acid sludge and continued a g ita t io n  fo r  a few minute before 

a llow ing  the mixture to  s e t t le  down at lea s t 7 hours. A f te r  

removal the sludge, the o i l  was then n e u tra l ize d  w ith  caus tic  

ร oda •

A f te r  t re a t in g  w ith  acid , the n e u tra l o i l  was 

tre a te d  w ith  f u l l e r  ร earth  (30% by weight of o i l ) .  A neu tra l

o i l  was heated to  approximately 50 °c and f u l l e r  ร earth  was

added. The m ix tu re  was s t i r r e d  f o r  45 m inu tes  a t  te m p e ra tu re
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of 150 °c. The o i l  and ac tiva ted  clay were then seperated

by vacuum f i l t r a t i o n .

3.3.4 Determination of the phys ica l and chemical 

p ropert ies  of ac id -c lay  tre a te d  o i l  as fo l lo w :

Physical p roperties

1. Colour, V isual by ASTM D 1500

2. Kinematic v is c o s i ty by ASTM D 445

3. V isco s ity  index by ASTM D 2270

4. Pour po in t by ASTM D 92

5. % S u lfu r  (by weight) by ASTM D 129

Chemical p ropert ies

1. The percentages of o x id a t ive  compounds 

were determined by Thermogravimetric Analyzer.

2. The composition (%c11,%CD%, Cn) of ac id -c lay  

trea ted  o i l  was determined by C13-NMR

3.3.5 Measuring pore volume of alumina support 

CS-303 [20]

The alumina support (100 gï was charged in to  the 

suction  f la s k .  The apparatus was set as shown in f ig u re  3.1

but using buret instead of seperatory funne l. The vacuum

pump was switched on fo r  trapp ing  a i r  from the pores of the 

supports. The support was then impregnated by continuously 

adding the d i s t i l l e d  water from the buret and
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allowed the water to  contact the supports thoroughly. The 

volume of water was recorded and repeated the procedure 

u n t i l  the volume of the water was constant before c a lc u la t in g  

the pore volume of the support.

3 .3.6 Preparation of c a ta ly s t  con ta in ing  10% MoO 3 and 

5% Nio on alumina support โ 17]

Ammonium molybdate (NH^)EMoOA (13.77 g) was added 

slow ly to  25.46 ml of water w ith  a g i ta t io n .  This so lu t io n  was 

used to  impregnate 100 g of alumina support. The impregnated 

supported was d r ied  overnight at 125 °c and th e re a f te r  ca lc ined 

at 450 °c w ith  a i r  fo r  one hour.

A so lu t io n  contained 20.70 g of n ic ke l n i t r a te  

hexahydrate in 25.46 ml of water was prepared w ith  a g i ta t io n  

and th is  so lu t io n  was used to  impregnate the ca lc ined

molybdenum impregnated support. The support was d r ied  

overnight at 125 °c and ca lc ined  w ith  a i r  at 450 °c fo r  one hour.

The hyd ro trea t ing  c a ta lys t  prepared in th is  

manner contained 5% of n ic ke l oxide and 10% of molybdenum 

t r io x id e .

3.3.7 Analysis of molybdenum t r io x id e  and n icke l oxide 

amount in  the c a ta lys t  by In d u c t ive ly  Coupled Plasma (ICP)

Emission Spectrometer.
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The prepared c a ta ly s t  (0.1 g> was digested 

w ith  the mixture of concentrated h yd roch lo r ic  acid and 

concentrated n i t r i c  acid and analyzed by ICP.

3.3.8 The ca ta lys t  a c t i v i t y  was tested  by hydrogenation 

of cyclohexene. c21 ว

Cyclohexene ( 300 g) and c a ta ly s t  (6 g) were 

charged in to  the reac to r. The reac to r was pressurized 

at ambient temperature to  400 psig w ith  hydrogen and was then 

heated to  100 °c fo r  2 hours. The product was tes ted  by 

In fra re d  Spectrophotometer.

3 .3.9 Hydrotreating Process

The prepared base o i l (300 g) was charged in to  the 

reac to r and the required q u an t ity  of c a ta lys t  was

added. The reactor was then closed and s p l i t  r in g

closures were moved in to  the p o s it io n  from the sides and cap

screws were t ig h te d  w ith  the bomb in the heater.

Next, a thermocouple was inse rted  in to  a sturdy 

thermowell attached to  the underside of the bomb head and 

extended to  a po in t near the bottom of the reac to r ca v ity

fo llowed by connecting the s t i r r i n g  motor and passing water

in to  the coo ling  channel. A power button and a motor button 

were switched on w ith  the speed 100 rpm.

In order to  remove a l l  oxygen gas in  the reac to r,
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a gas in le t  valve and a gas release valve had to  be open as w ell 

as a valve of hydrogen tank. The re g u la to r  was also adjusted 

u n t i l  pressure gauge ind ica ted  10 ps ig . A f te r  charging 

fo r  2 minutes, a gas release valve was closed.

The desired temperature was se tted  at the 

temperature c o n t ro l le r .  The regu la to r  was adjusted to  the 

desired pressure and then the valve of hydrogen tank and a 

gas in le t  valve were closed re sp e c t ive ly .  The s t i r r i n g  speed 

was adjusted to  300 rpm. The heater was switched on.

The reaction  was allowed to  occur fo r  the desired 

time before the motor and the heater were switched o f f  to  stop 

the re a c t ion . The l iq u id  sampling valve was opened in order to  

remove hydrotreated o i l  from the reactor in to  500 ml beaker. 

A f te r  a gas release valve was opened, the pressure was reduced 

to  atmospheric pressure, s t i r r i n g  motor was disconnected 

and when the reactor temperature reached 50 °c. A 

thermowell was pu lled  out of the bomb head and the reac to r was 

opened. The remaining o i l  was poured in to  a beaker. F in a l ly ,  

the c a ta ly s t  was seperated from the mixture by f i l t e r i n g  w ith  a 

Whatman f i l t e r  N0.1 in an oven at temperature of 60 ๐c.

3.3.10 Se lecting  a s u ita b le  operating cond it ions

The e f fe c t  of reaction  temperature, hydrogen 

p a r t ia l  pressure, reaction  time and ca ta ly s t  concentra tion  were 

s tud ied under cond it ions which were shown in  ta b le  3.3.
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3.3.11 Determination of the phys ica l and chemical 

p rope rt ies  of hydrotreated o i l s  as fo l lo w :

Physical p ropert ies

1. Colour, V isual by ASTM D 1500

2. Kinematic v is c o s i ty by ASTM D 445

3. V isco s ity  index by ASTM D 2270

4. Pour po in t by ASTM D 92

5. % S u lfu r  (by weight) by ASTM D 129

Chemical p roperties

1. The percentages of o x id a t ive  compounds 

were determined by Thermogravimetric Analyzer.

2. The composition (%c ,%c ,%,c11) of hydrotreated 

o i l s  were determined by C13-NMR
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Table 3.3 The various operating conditions fo r  the 

experiment at a constant a g i ta t io n  300 rpm

Parameters

Studied

Temperature 

( °C)

Concentration 

of c a ta lys t  

(.% by wt. 

of o i l )

Time

(hrs)

P a r t ia l  

pressure 

of He 

(psig)

Temperature 150 3 2 529

200 3 2 529

250 3 2 529

300 3 2 529

350 3 2 529

Cata lyst 350 1 2 529

Concentra- 350 2 2 529

t io n 350 3 2 529

350 4 2 529

350 5 2 529
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Table 3.3 The various operating conditions fo r  the 

(co n t.)  experiment at a constant a g ita t io n  300 rpm

Parameters

Studied

Temperature

( °C)

Concentration 

of ca ta lys t  

(% by wt. 

of o i l )

Time

(hrs)

P a r t ia l  

pressure 

of Hg 

(psig)

Reaction 350 4 1 529

Time 350 4 1.5 529

350 4 2 529

350 4 2.5 529

350 4 3 529

Pressure 350 4 2.5 129

350 4 2.5 229

350 4 2.5 329

350 4 2.5 429

350 4 2.5 529
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