
CHAPTER 4

RESULTS AND DISCUSSION

This research was intended to  improve p rope rt ies  of heavy 

d i s t i l l a t e  f ra c t io n  to  be used as lu b r ic a t in g  base o i l  by 

s u ita b le  re f in in g  processes. Heavy d i s t i l l a t e  which was obtained 

from Fang Refinery was a s o l id  at room temperature because i t  

contained high q u a n t i t ie s  of d isso lved wax. The pour po in t 

of th is  d i s t i l l a t e  was 51 °c. For proper lu b r ic a t in g  of 

machinery in  cool weather, th is  wax had to  be removed to  a llow 

the o i l  to  flow f re e ly  at a l l  times to  the bearings and 

also to  prevent s o l id i f i e d  wax from in te r fe r in g  mechanically 

w ith  s ta r t in g .  The selected method fo r  seperating wax was 

so lvent dewaxing process. Methyl eth.yl ketone, the most 

w idely used so lven t, was p re fe rred  because of i t s  low wax 

s o lu b i l i t y  at dewaxing temperature and s u f f i c i e n t l y  low 

b o i l in g  po in t to  f a c i l i t a t e  removal from dewaxed o i l .  

Dewaxing process s ta r te d  w ith  melting of heavy d i s t i l l a t e  and 

then adding cooled methyl e th y l ketone w ith  s o lv e n t /o i l  

r a t io  3:1. A f te r  c h i l l i n g  the mixture to  the temperature of 

-15 ๐บ, the wax c ry s ta l  was seperated by f i l t r a t i o n  and the o i l  

f ra c t io n  was recovered from the f i l t r a t e  by simple d i s t i l l a t i o n .  

The re s u l t  from dewaxing of heavy d i s t i l l a t e  was shown in

f ig u re  4.1.
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D E W A X I N G  O F  H E A V Y  D I S T I L L A T EBY METHYL ETHYL KETONE

% O F D E W A X E D  O IL

% O F  W AX 
5 5 ,6 4

Figure 4.1 The percents by weight of wax and o i l  seperated 

by dewaxing process

From f ig u re  4.1, i t  showed tha t methyl e thy l ketone 

could e x tra c t  up to  54.64 % by weight of s lack wax and

45.36 % by weight of o i l .  s lack wax was a white c ry s ta l  

s o l id  and o i l  f ra c t io n  was a black viscous l iq u id  as shown in

f ig u re  4.2.
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Figure 4.2 Wax and dewaxing o i l

The phys ica l and chemical p rope rt ies  of dewaxed o i l  

were shown in ta b le  4 .1 . The phys ica l p ro pe rt ie s  were as 

fo l lo w :  co lo r ,  pour p o in t ,  kinematic v is c o s i ty ,  v is c o s i ty  

index and s u l fu r  content. The aromatic carbon content 

(%Ca), p a r a f f in ic  carbon content ( % c a n d  naphthenic carbon 

content (ïCn) were determined by C13-NMR and the 

percentages of o x id a t iv e  compounds were analyzed by 

therm ogravim etr ic  analyzer.
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Table 4.1 The phys ica l and chemical p ropert ies  of dewaxed o i l

Properties

Physica l:

c o lo r ,v is u a l >8

pour po in t ( °C) 2

kinematic v is c o s i ty

ê  40 °c, cSt 136.71

® 100 °c, cSt 10.15

v is c o s i ty  index 22

s u l fu r ,  %wt 0.292

Chemical ะ

% c 11 30.09

% CD 35.62

% c 11 33.29

ox ida tion  po in t ( °C) 288

o x id a t ive  compound

<%wt) 17.35

From ta b le  4.1, the re s u lts  demonstrated th a t  pour p o in t 

of dewaxed o i l  was reduced from 51 °c to  2 °c. The s u l fu r  

content, aromatic carbon content, p a r a f f in ic  carbon content, 

naphthenic carbon content and o x id a t ive  compounds were 0.292 t ,

30.09 %, 35.62 %, 33.29 % and 17.35 % re s p e c t iv e ly .  The co lo r
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was higher than 8.

Although dewaxing process improved pour po in t of dewaxed 

o i l ,  the o i l  ร co lo r was s t i l l  dark. The co lo r  of o i l  came 

from the co lo r  substances such as aromatic compounds, unsaturated 

compounds and s u l fu r  compounds which were not removed by

dewaxing process. The fu r th e r  r e f in in g  process fo r  

improving the co lo r  of dewaxed o i l  was a c id -c la y  t re a t in g  process 

by using concentrated s u l f u r ic  acid and f u l l e r  ร earth .

S u l fu r ic  acid was se lected as i t  caused p re c ip i ta t io n  of

asphaltenes and resins as w e ll  as the so lu t io n  of co lo r-bear ing  

and s u l fu r  compounds. The using of f u l l e r  ร earth  also 

bleached the o i l  and some ce r ta in  im p u r i t ie s  were absorbed 

on the c lay ร surface. Concentrated s u l f u r ic  acid 

(10 % by volume of o i l )  was v igourously  mixed w ith

dewaxed o i l  which was heated to  30 °c. Then d i s t i l l a t e d

water (the same volume as acid) was added and the

m ixture was allowed to  s e t t le  down at leas t 7 hours.

A f te r  removal the acid sludge, the o i l  was n e u tra l ize d

w ith  caustic  soda. The c lay  treatment was then performed. 

The n e u tra l ize d  o i l  was mixed w ith  f u l l e r  ร earth 

( 30 % by weight of o i l  ) and the m ixture was s t i r r e d  fo r

45 minutes at temperature of 150 ๐c. The a c id -c la y  tre a te d

o i l  and a c t iva te d  c lay were seperated by f i l t r a t i o n .

The re s u lt  from a c id -c la y  treatment was shown in f ig u re  4.3.



67

B L E A C H I N G  O F  D E W A X E D  O I L  BY SULFURIC ACID AND FULLER s  EARTH

7 0

F ig u re .4.3 The percents by weight of sludge and bleached o i l  

from a c id -c la y  tre a te d  process

From f ig u re  4.3, i t  showed tha t th is  process could 

remove the sludges and im p u r i t ie s  about 30 % by weight. 

The o i l  obtained from th is  process was an orange viscous l iq u id  

as shown in f ig u re  4.4.
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Figure 4.4 Acid-c layed t re a te d  o i l

The phys ica l and chemical p ropert ies  of a c id -c la y  tre a te d  

o i l  were determined as shown in ta b le  4.2. The phys ica l 

p ro p e rt ie s  were as fo l lo w :  co lo r ,  pour p o in t ,  k inematic

v is c o s i ty ,  v is c o s i ty  index and s u l fu r  content. The

aromatic carbon content (%c 11) , p a r a f f in ic  carbon content (%c0) 

and naphthenic carbon content (%c ) were determined by 

C13-NMR and the percentages of o x id a t ive  compounds were

analyzed by therm ogravim etr ic  analyzer.
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Table 4.2 The phys ica l and chemical p rope rt ies  of a c id -c la y  

tre a te d  o i l

P roperties

Physical ะ

c o lo r ,v is u a l 2

pour po in t ( °C) 2

kinematic v is c o s i ty

8 40 ° c ,  cSt 103.34

8 100 °c ,  cSt 9.28

v is c o s i ty  index 48

s u l fu r ,  %wt 0.141

Chemical:

% c m 25.98

% CB 43.87

% c 11 30.15

ox ida tion  po in t ( °C) 288

o x id a t ive  compound

<%wt) 14.77

Comparing ta b le  4.1 w ith  ta b le  4.2, the a c id -c la y  

tre a te d  o i l  ร co lo r was reduced to  2 while the pour p o in t was 

s t i l l  remained at 2 °c .  The v is c o s i ty  index was increased from 

22 to  48. The aromatic carbon content and o x id a t ive  compound
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were reduced from 30.09 % to  25.98 % and from 17.35 % to  14.77 % 

re sp e c t ive ly .

Even though the two re f in in g  process-- dewaxing process 

and a c id -c la y  t re a t in g  process — improved the pour po in t and 

co lo r  of o i l ,  the a c id -c la y  trea ted  o i l  could not be used as 

lu b r ic a t in g  base o i l  since i t s  v is c o s i ty  index was s t i l l  low 

while  the aromatic carbon content and o x id a t ive  compoud were 

s t i l l  h igh. To improve the v is c o s i ty  index and ox ida tion  

s t a b i l i t y ,  the o i l  had to  be f i n a l l y  re f in e d  through 

hydrotreatment.

C a ta ly t ic  hyd ro trea t ing  process could be e f fe c t iv e  fo r  

the sa tu ra t ion  of aromatic compounds to  naphthenic compounds as 

w ell as the reduction of s u l fu r .  The requ ired  c a ta ly s t  was a 

m u lt i fu n c t io n a l  c a ta lys t  comprised at least one Group VI metal, 

metal oxide and metal s u l f id e  and at least one Group V I I I  metal, 

metal oxide and metal s u l f id e  supported on a c a r r ie r .  The a c id ic  

or cracking fu n c t io n  was supplied  by the c a ta ly s t  support while 

the hydrogenation a c t i v i t y  was supplied by the hydrogenation 

metal component. The advantage of th is  ca ta ly s t  

provided h igher v is c o s i ty  index and lower aromatic carbon 

content under lower co n d it io n . [173

In th is  research, the a c id -c la y  tre a te d  o i l  was tre a te d  

w ith  hydrotreated c a ta lys t  in  a s t i r r e d  autoclave batch reactor 

under hydrogen. The used c a ta ly s t  contained 10% by weight of 

molybdenum t r io x id e  (Mo03) and 5% by weight of n ic ke l oxide 

(NiO) supported on alumina type CS-303 which a va ila b le  in 

commercial from United Cata lyst I n c . , .  Molybdenum t r io x id e  and
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n icke l oxide had high c a ta ly t i c  a c t i v i t y  th e re fo re  they were 

w idely used in hyd ro trea t ing  process. The c a ta ly s t  was prepared 

by dry impregnating method. The pore volume of th is  support was 

determined by using d i s t i l l e d  water before impregnation. The 

pore volume of alumina support CS-303 was 0.2546 cm3/g . Then 

the alumina support was impregnated w ith  ammonium molybdate 

and n icke l n i t r a te  hexah.ydrate so lu t io n .  This impregnation

was d i f f i c u l t  to  achieve in one s ing le  w etting  because a

s o lu t io n  of both s a lts  was s tab le  only during a short time 

before a p re c ip i ta te  of n ic ke l molybdate was formed.

Accord ing ly, the impregnation was p re fe rab ly  ca rr ie d  out in 

two wetting  seperated by d ry ing  overnight at 125 °c and 

ca lc in in g  w ith  a i r  at 450 °c fo r  one hour. The amount of 

molybdenum and n icke l in  the c a ta ly s t  was analyzed by

In d u c t iv e ly  Coupled Plasma Emission Spectrometer as 

shown in ta b le  4.3

Table 4.3 The percentages of molybdenum and n icke l 

analyzed by ICP

%Mo/Alz03 % Mo/Al2อ3 %Ni/Ale03 %Ni/Al203

analyzed by ICP analyzed by ICP

10 9.01 5 4.33
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From ta b le  4.3, i t  showed th a t ,  the amount of prepared 

molybdenum t r io x id e  and n icke l oxide were 9.01 and 4.33 % by 

weight re sp e c t ive ly .

Moreover, the ca ta ly s t  a c t i v i t y  was evaluated by 

hydrogenation of standard cyclohexene. standard cyclohexene 

was trea ted  w ith  hydrogen in the present of prepared 

c a ta ly s t  at 1 0 0  ° c ,  4 0 0  ps ig , about 2 hours. The hydrogenated 

product of cyclohexene was p u r i f ie d  by usual manner and 

id e n t i f ie d  by In fra re d  Spectrophotometer. The IR spectrum of 

cyclohexene and hydrogenated product were shown in  f ig u re  4.5 and 

4.6.

From f ig u re  4.5, demonstrated the absorption band 

of cyclohexene uncon.jugated c = c  double bond which appeared at 

wavenumber 1640 cm . 1 But in the hydrogenated product 

( f ig u re  4 .6 ) ,  th is  absorption band disappeared which ind ica ted  

th a t c = c  double bond was hydrogenated. In accordance w ith  the 

re s u l t  from Inductive  Couple Plasma and IR spectrum 

proved th a t the prepared c a ta ly s t  had r e a c t iv i t y  as the 

c a ta ly s t  which was commercially a va ila b le .
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Figure 4.5 IR spectrum of cyclohexene

W A V E N U M B E R  ( C M 1)

Figure 4.6 IR spectrum of cyclohexene a f te r  hydrogenation
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This c a ta ly s t  were op tim iz ied  fo r  the hyd ro trea t ing  

of a c id -c la y  trea ted  o i l  by vary ing the fo l lo w in g  parameters: 

reaction  temperature, c a ta ly s t  concentra tion , reaction  time 

and hydrogen p a r t ia l  pressure while f i x in g  the percentages of 

molybdenum t r io x id e  and n icke l oxide in the c a ta ly s t .

The f i r s t  concerned va r ia b le  parameter in  hyd ro trea t ing  

process was reaction  temperature which was performed between 

150 °c and 350°c.  The hyd ro trea t ing  reaction  was c a rr ie d  out 

under hydrogen p a r t ia l  pressure of 529 psig and a reaction  

time of 2 hours, using a c a ta ly s t  concentra tion  of 3 % by weight 

of o i l .  The temperature was va r ied  from 150, 200, 250, 300 and 

350 °c .

While the temperature was increased, the pressure in the 

reactor was also increased. where the temperature was 150, 200, 

250, 300 and 350 °c, the t o ta l  pressure was 286, 425, 705, 

778, 899 psig re sp e c t ive ly .

The re s u lt  from hyd ro trea t ing  of a c id -c la y  tre a te d  o i l  

which performed at various temperature of 150, 200, 250, 300, and 

350 °c were shown in tab le  4.4. The e f fe c t  of temperature on 

co lo r ,  v is c o s i ty  index, s u l fu r  content, aromatic carbon 

content, p a r a f f in ic  carbon content, naphthenic carbon content 

and o x id a t ive  compounds were shown in f ig u re  4.7 - 4.11.
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Table 4.4 Hydrotreating of a c id -c la y  t re a te d  o i l  at various

reac tion  temperature: cat.cone. 3% of o i l ,  reac tion  

time 2 hrs, hydrogen p a r t ia l  pressure 529 ps ig , 

a g i ta t io n  speed 300 rpm

Properties Base

Reaction Temperature 

( °C)

150 200 250 300 350

Physical ะ

C o lo r ,v isu a l 2 3 3 2.5 1.5 1.5

Pour Po in t( °C) 2 2 2 2 2 2

V isco s ity

8 40 °c, cSt 103.34 99.15 90.48 98.28 86.80 68.47

8 100 °c, cSt 9.28 9.11 8.68 9.21 8.56 7.61

V isco s ity  Index 48 50 52 55 56 64

Sulfur,%wt 0.141 0.135 0.114 0.106 0.077 0.018

Chemical ะ

%c 11 25.98 20.12 19.74 19.55 18.41 15.83

%CD 43.87 45.35 45.65 47.79 49.25 58.70

%Cn 30.15 34.53 34.61 32.66 32.34 31.47

Oxidation Point

(°C) 288 288 288 288 288 288

Oxidative  cpd.

( %wt) 14.77 14.59 14.32 14.20 13.84 13.01
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Color.visual ASTM

Color

Figure 4.7 E f fe c t  of temperature on co lo r

Temperature ( C)

-  X- -  V!

Figure  4.8 E f f e c t  of  temperature  on v i s c o s i t y  index
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Figure 4.9 E f fe c t  of temperature on % s u l fu r

%c

%Ca %Cp —s -  %cก

F igu re  4.10 E f f e c t  of  temperature  on % carbon type
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*  Oxidative Compound

100 200
Temperature ( C)

300 400

% Oxidative Compound

Figure 4.11 E ffe c t of temperature on % o x id a t ive  compound

From th is experiment, the v is c o s i ty  index varied

p ro p o rt io n a l w ith temperature. The evidences were shown

in  ta b le 4.3 and f ig u re 4. 8 as v is c o s i ty  index

increased from 48 to  64 when the reac tion  was performed at

350 ๐c. On the other hand, the s u l fu r  content, aromatic

carbon content and o x id a t ive  compounds were decreased w ith  an

increase of temperature. From f ig u re  4.9, s u l fu r  content

was reduced from 0.141 to  0 .018 when the reac tion  was

operated at 350 °c.

In the same way, the increasing temperature re su lted  in

the decrease of aromatic carbon content as w e ll  as o x id a t ive  

compounds as could be seen in  f ig u re  4.10 and f ig u re  4.11. 

When the reac tion  temperature was 350 °c, aromatic carbon
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content and o x id a t ive  compounds were reduced to  15.83 

and 13.01 re sp e c t ive ly .  L ike v is c o s i ty  index, p a r a f f in ic  

carbon content and naphthenic carbon content were increased 

by the increasing temperature however th is  manner was l im i te d  

at low temperature ranging from 150 °c to  200 °c. For the 

temperature higher than 250 ๐c, p a r a f f in ic  carbon content 

was s t i l l  increased while naphthenic carbon content was 

decreased w ith  the increas ing  temperature as shown in 

f ig u re  4.10.

The re su lts  showed th a t  the e f fe c t  of an increas ing 

reac tion  temperature was to  increase the ra te  of hydrogenation 

and desu lphur iza tion . Meanwhile, as the temperature was 

increased, those reactions in v o lv in g  cleavage of carbon-carbon 

bond, such as d e a lk y la t io n ,  r in g  opening and chain breaking, 

increased which resu lted  in increas ing of p a r a f f in ic  

carbon compound. On the other hand, when the temperature was 

as low as 150 °c to  200 °c, naphthenic carbon content was 

increased by an increase of temperature. But when the 

temperature was high, naphthenic carbon content was decreased 

since more r in g  opening were occured.

W ith in the range of the s tud ied temperature, when 

temperature increased, more and more unsaturated linkage were 

hydrogenated. The evidence could be seen by the decrease in 

aromatic carbon content as w e ll  as o x id a t ive  compounds. The 

hydrotreated o i l s  were . th e re fo re  more s tab le  to  ox id ize  

and posses h igher v is c o s i ty  index.

According to  the re s u l t  in  ta b le  4.4, i t  was apparent
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th a t  the p ropert ies  of hydrotreated o i l  which performed at 350 ๐c 

was the best. As a re s u l t ,  the optimum reac tion  temperature was 

350 °c.

However, in  the determ ination of optimum operating 

co n d it io n , o ther parameters were considered. Thus the fu r th e r  

study looked fo r  the s u ita b le  q u a n t ity  of c a ta ly s t .  The used 

c a ta ly s t  concentration was varied  from 1-5 %by weight of o i l .

The hyd ro trea t ing  of a c id -c la y  t re a te d  o i l  at 350 °c, 

under hydrogen p a r t ia l  pressure of 529 p s ig ( to ta l  pressure of 825 

psig) and a reac tion  time of 2 hours was s tud ied. 

The concentra tion  of ca ta ly s t  was varied  to  1, 2, 3, 4, and 5 % 

by weight of o i l .

The re s u lts  from hyd ro trea t ing  of a c id -c la y  tre a te d  o i ls  

using d i f fe r e n t  c a ta ly s t  concentra tion  of 1, 2, 3, 4, and 5 % 

by weight of o i l  were shown in  ta b le  4.5. The e f fe c t  of 

c a ta ly s t  concentration on co lo r ,  v is c o s i ty  index, s u l fu r  

content, aromatic carbon content, p a r a f f in ic  carbon content, 

naphthenic carbon content and o x id a t ive  compounds were shown

in  f ig u re  4.12 - 4.16.
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Table 4.5 Hydro trea ting  of a c id -c la y  tre a te d  o i l  using d i f fe r e n t  

concentration of ca ta lyst(%  by weight of o i l ) :  

reac tion  temperature 350 °c, reac tion  time 2 hrs, 

hydrogen p a r t ia l  pressure 529 ps ig , a g i ta t io n  speed 

300 rpm

Properties Base

Concentration of ca ta ly s t  

(% by weight of o i l )

1 2 3 4 5

Physical ะ

C o lo r ,v isu a l 2 1.5 1.5 1.5 1.5 1.5

Pour Po int( °C) 2 2 2 2 2 2

V isco s ity

8 40 °c, cSt 103.34 87.79 77.69 66.99 61.10 55.26

8 100 °c, cSt 9.28 8.53 8.06 7.58 7.28 6.87

V isco s ity  index 48 53 58 67 71 71

Sulfur,%wt 0.141 0.108 0.062 0.053 0.035 0.014

Chemical ะ

%cm 25.98 20.87 18.60 15.96 14.76 13.30

%CV 43.87 47.35 50.32 51.45 53.20 53.74

%Cn 30.15 30.78 31.08 32.59 32.04 32.96

Oxidation Point

( °C) 288 288 288 288 288 288

Oxidative cpd.

( /twt) 14.77 14.73 14.08 14.01 13.75 13.43
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Color.visual ASTM
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Figure 4.12 E ffe c t  of c a ta ly s t  concentra tion  on co lo r

VI
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Figure  4.13 E f f e c t  of  c a t a l y s t  conce n t ra t io n  on v i s c o s i t y

index
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Cat. Conc.(%wt of oil)
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Figure 4.14 E f fe c t  of c a ta ly s t  concentra tion  on % s u lfu r

%c

Cat. Conc.(%wt of oil)

%Ca - ^ -  %Cp %cก

F igure  4.15 E f f e c t  of  c a t a l y s t  conce n t ra t io n  on % carbon type
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—s -  % Oxidative Compound

Figure 4.16 E ffe c t  of c a ta ly s t  concentra tion  on % o x id a t ive  

compound

From th is  experiment, the co lo r of hydrotreated base o i l  

was improved. From f ig u re  4.12, the co lo r  of hydrotreated

base o i l  was decreased from 2 to  1.5 but remained constant

w ith  an increase of c a ta ly s t  concentra tion . On the other 

hand, the s u l fu r  content was decreased w ith  increas ing of 

c a ta ly s t  concentra tion . The re s u l t  was shown in f ig u re  4.14 

as s u l fu r  content would be ra p id ly  reduced from 0.141 to  0.062 

when the c a ta ly s t  concentration was 2 % and s l i g h t l y  decreased 

to  0.014 when the c a ta ly s t  concentra tion  was 5 % . The 

adding of c a ta ly s t  concentra tion  would push the v is c o s i ty  index 

up. From f ig u re  4.13, the v is c o s i ty  index continued to  increase

from 48 to  71 i f  the c a ta ly s t  concentra tion  was 4 %.

% Oxidative Compound

14.77

j_________I_________I________ I________ I------------- L

14X11 1CT75 13.43
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The chemical p ro pe rt ie s  were also improved as the 

decrease in both aromatic carbon content and o x id a t ive

compounds, and the increase in both p a r a f f in ic  carbon content 

and naphthenic carbon content could be expected once the c a ta ly s t  

concentra tion  increased. The evidence was shown in f ig u re  4.15 

th a t  at the 5 % of c a ta ly s t  concentra tion , aromatic carbon 

content, p a r a f f in ic  carbon content and naphthenic carbon

content were 13.30 %, 53.74 % and 32.96 % re sp e c t ive ly .

The o x id a t ive  compounds were reduced from 14.77 % to  13.75 % 

at 4 % of c a ta lys t  concentra tion  and to  13.43 % at 5 % of

c a ta ly s t  concentration ( f ig u re  4 .16).

From th is  re s u l t ,  i t  could be seen th a t  the increase 

in c a ta ly s t  concentra tion  d id  not e f fe c t  the co lo r  of 

hydrotreated base o i l  but d id  remove more s u l fu r  and 

increase higher v is c o s i ty  index. Keeping other parameters

constant increasing c a ta ly s t  concentra tion  would increase the 

a c t ive  s i te  of the c a ta ly s t  and also increase the ra te  of 

re a c t ion . From th is  reason, the increasing of c a ta ly s t

concentra tion  brought the v is c o s i ty  index h igher while p u lled  

down the aromatic carbon content as w e ll  as o x id a t ive  

compounds. However, the q u a n t ity  of c a ta ly s t  to  be used must 

appropria te  depend on the p ro pe rt ie s  of feedstock.

From th is  study, during the v a r ia t io n  of c a ta ly s t

concentration in hyd ro trea t in g  process, the dec is ion was made to  

se lec t of 4 % as the optimum concentra tion  due to  economic aspect. 

At th is  concentration gave the o i l  w ith  co lo r ,  v is c o s i ty  index, 

s u l fu r  content, aromatic carbon content and o x id a t ive
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compounds were 2, 77, 0.035 %, 14.76 % and 13.75 % 

re sp e c t ive ly .  V

As p rev ious ly  mentioned, the v is c o s i ty  index of 

hydrotreated o i l  was 77 at 4 % and 5 % of c a ta ly s t  concentra tion  

while  the reac tion  time was constant at 2 hours. Thus the 

reac tion  time was the next in te re s te d  parameter.

The hyd ro trea t ing  of a c id -c la y  tre a te d  o i l  at 350 °c, 

under hydrogen p a r t ia l  pressure of 529 p s ig ( ta ta l  pressure of 811 

ps ig) and 4 % of c a ta ly s t  concentration was s tud ied . The 

reac tion  time was varied  from 1 ,1 .5 , 2, 2.5, and 3 hours.

The re s u lts  from hyd ro trea t in g  of a c id -c la y  tre a te d  

o i l  when performed at various reaction time of 1, 1.5, 2,

2.5 and 3 hours were shown in ta b le  4.6. The e f fe c t  of time 

on co lo r ,  v is c o s i ty  index, s u l fu r  content, aromatic carbon 

content, naphthenic carbon content, p a ra f f in ic  carbon content 

and o x id a t ive  compound were determined to  g ive the re su lts  

th a t  showed in f ig u re  4.17-4.21.
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Table 4.6 H ydro trea ting  of a c id -c la y  tre a te d  o i l  at various 

reac tion  time: reac tion  temperature 350 °c, ca t.

cone. 4% o i l ,  hydrogen p a r t ia l  pressure 529 ps ig , 

a g i ta t io n  speed 300 rpm

Properties Base

Reaction Time 

(hrs)

1 1.5 2 2.5 3

Physical ะ

C o lo r ,v isu a l 2 1.5 1.5 1.5 1.5 1.5

Pour Point(°C) 2 2 2 2 2 2

V isco s ity

ê  40 °c, est 103.34 80.40 65.94 62.26 54.63 40.19

ê  100 °c, cSt 9.28 8.31 7.45 7.37 6.93 5.77

v is c o s i ty  Index 48 61 64 71 77 77

Sulfur,% vt 0.141 0.036 0.032 0.030 0.031 0.047

Chemical ะ

%cท 25.98 15.73 15.28 13.66 11.09 10.07

%CD 43.87 50.81 53.38 54.68 56.51 57.41

%Cn 30.15 30.46 31.34 31.66 32.40 32.52

Oxidation Point

( °C) 288 288 288 288 288 288

Oxidative cpd.

( %vt) 14.77 14.59 14.14 13.72 12.91 12.07
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Figure 4.17 E f fe c t  of time on co lo r
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Figure  4.18 E f f e c t  of  t ime on v i s c o s i t y  index
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Figure 4.19 E ffe c t  of time on % s u l fu r
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Figure  4.20 E f f e c t  of  t ime on % carbon type
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Figure 4.21 E ffe c t  of c a ta ly s t  concentration on % o x id a t ive  

compound

From th is  experiment, while the longer the reac tion  

time was spent, the higher the v is c o s i ty  index was resu lted . 

As could be seen in f ig u re  4.18 th a t the a c id -c la y  trea ted  o i l ,  

when hydrotreated w ith  longer time, the v is c o s i ty  index was 

increased from 48 to  77, the po in t at which the period of

2.5 and 3 hours were spent. On the other hand, the passage of 

time would lessen the co lo r  as well as s u l fu r  content. From 

f ig u re  4.17, the co lo r was decreased from 2.0 to  1.5 and 

remained constant. The s u l fu r  content was also reduced from 

0.141 to  0.036 when the reac tion  time was one hour ( f ig u re  4 .19).

Figure 4.20 showed the re la t io n s h ip  between the 

percentages of carbon type and the period of time spending.
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As could be seen th a t the lengthen of time would increase 

p a r a f f in ic  carbon content and naphthenic carbon content but 

decrease aromatic carbon content. The evidence was seen as 

when the reac tion  time was 3 hours, the aromatic carbon 

content, naphthenic carbon content and p a ra f f in ic  carbon

content were 10.07 32.52 %, and 57.41 % re sp e c t ive ly .

In accordance w ith the q u a n t i ty  of aromatic compounds, the

longer the time, the lesser the o x id a t ive  compounds.

The conclusion could be a tta in e d  fo l lo w in g  the

experimental re su lts  as the lenghten of time had no e f fe c t  on 

any improvement n e ith e r  in  the co lo r nor the s u l fu r  of

hydrotreated o i l .  However the lengthen the time from one

hour to  3 hours would increase hyd ro trea t ing  reac tion  

since the v is c o s i ty  index was increased while  aromatic carbon 

content as w ell as o x id a t ive  compounds were decreased.

The p a r a f f in ic  carbon content and naphthenic carbon 

content were increased when the reaction  time was passed. 

Nevertheless, when the time was beyond th is  l im i t ,  more 

cracking were expected and thus the y ie ld  of lu b r ic a t in g  

base o i l  were reduced.

From th is  experimental re su lts  ind ica ted  th a t  the 

optimum reaction  time was apparently at 2.5 hours.

The la s t  concerned va r ia b le  parameter was the pressure 

of the process which was c o n tro l le d  by the hydrogen p a r t ia l  

pressure. This step was in te re s te d  to  study the e f fe c t  of the 

amount of hydrogen.

The hyd ro trea t in g  of a c id -c la y  tre a te d  o i l  was ca r r ie d
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out at 350 °c fo r  2.5 hours, using a c a ta ly s t  concentration of 

4 % by weight of o i l .  The hydrogen p a r t ia l  pressure was va r ied  

from 129, 229, 329, 429 and 529 ps ig . The t o t a l  pressure at the 

reaction  temperature was 280, 380, 599, 688, 819 ps ig .

The re s u lts  from h yd ro trea t ing  of ac id -c lay  tre a te d  

o i l s  which conducted at various hydrogen p a r t ia l  pressure of 

129, 229, 329, 429, and 529 psig were shown in ta b le  4.7. The 

e ffe c ts  of hydrogen p a r t ia l  pressure on co lo r ,  v is c o s i ty  

index, s u l fu r  content, aromatic carbon content, p a r a f f in ic  

carbon content, naphthenic carbon content and o x id a t ive  

compounds were shown in f ig u re  4.22-4.26.
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Table 4.7 H ydro trea ting  of a c id -c la y  tre a te d  o i l  at d i f fe r e n t  

hydrogen p a r t ia l  ^pressure ะ reac tion  temperature 

350 °c, ca t. cone. 4% of o i l ,  reac tion  time 2.5 hrs, 

Hydrogen p a r t ia l  pressure 529 ps ig , a g i ta t io n  speed 

300 rpm

Properties Base

Hydrogen P a r t ia l  Pressure 

(psig)

129 229 329 429 529

Physica l:

C o lo r ,v isu a l 2 1.5 1.5 1.5 1.5 1.5

Pour Po int( °C) 2 2 2 2 2 2

V isco s ity

% 40 °c, cSt 103.34 61.73 69.39 68.88 61.64 61.94

@ 100 ๐c, cSt 9.28 7.08 7.60 7.62 7.19 7.47

V iscos ity  Index 48 59 61 63 65 76

Sulfur,% vt 0.141 0.073 0.033 0.024 0.005 0.006

Chemical ะ

%Ca 25.98 18.36 17.66 16.95 15.61 13.44

%CD 43.87 51.41 51.45 51.35 52.01 53.91

%c n 30.15 30.50 30.89 31.70 32.38 32.65

Oxidation Point

( °C) 288 288 288 288 288 288

Oxidative cpd.

( %vt) 14.77 14.11 13.49 13.21 12.49 11.90
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Figure 4.22 E f fe c t  of hydrogen p a r t ia l  pressure on co lo r
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Figure 4.25 Ef f  ect of hydrogen p a r t ia l pressure on

% carbon type
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% Oxidative Compound

Figure 4.26 E f fe c t  of hydrogen p a r t ia l  pressure on % o x id a t ive  

compound

The increas ing in  hydrogen p a r t ia l  pressure

increased the v is c o s i ty  index of hydrotreated o i l .  From ta b le

4.6 and f ig u re  4.23, i t  was apparent th a t  when the hydrogen 

p a r t ia l  pressure was 529 ps ig , the v is c o s i ty  index was 

increased ra p id ly  from 48 to  76. But at the lower hydrogen 

p a r t ia l  pressure, the v is c o s i ty  index was scarce ly changed, 

the co lo r  and s u l fu r  content of hydrotreated o i l  were minimized. 

From f ig u re  4.22, the co lo r  was decreased from 2 to  1.5 when 

hydrogen p a r t ia l  pressure was 129 psig but remained constant 

even when the hydrogen p a r t ia l  pressure was continued to  r is e .  

Figure 4.24 showed th a t  the s u l fu r  content sharply decreased 

from 0.141 to  0.033 when the hydrogen p a r t ia l  pressure was
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229 ps ig . The s u l fu r  content continued to  decrease but to  a 

lesser extent when the hydrogen p a r t ia l  pressure was more 

than 229 ps ig .

In term of the s t a b i l i t y  of o i l ,  the h igher the 

hydrogen p a r t ia l  pressure was, the lower the o x id a t ive  compounds 

and the aromatic compound were. From f ig u re  4.25 and 4.26 , 

when the hydrogen p a r t ia l  pressure was 529 ps ig , o x id a t ive  

compounds and aromatic compounds were 11.90 % and 13.44 % 

re sp e c t ive ly .

I t  was proper to  conclude th a t the increase of hydrogen 

p a r t ia l  pressure improved p rope rt ies  of hydrotreated o i l s  since 

the co lo r ,  s u l fu r  content and ox ida tion  s t a b i l i t y  were reduced 

while the v is c o s i ty  index was increased. From th is  re s u l t ,  

i t  could be described th a t  increasing of hydrogen p a r t ia l  

pressure increased the degree of h yd rod e su lfu r iza t io n  , 

hydrogenation of aromatics and coke precursors.

From th is  experimental re s u lts ,  ind ica ted  th a t  the 

optimum hydrogen p a r t ia l  pressure was 529 ps ig .

In conclusion, the best cond it ion  fo r  hyd ro trea t ing  of 

a c id -c la y  tre a te d  o i l  using 10 % of molybdenum t r io x id e  and 5 % 

of n icke l oxide on alumina as ca ta lys t  were a temperature of 

350 °c, a hydrogen p a r t ia l  pressure of 529 psig and a 

c a ta ly s t  concentra tion  of 4 % by weight of o i l  at 2.5 hours. 

The p ropert ies  of a c id -c la y  tre a te d  o i l  were improved a f te r  

h yd ro trea t in g . The co lo r ,  s u l fu r  content, v is c o s i ty  index, 

aromatic carbon content and o x id a t ive  compounds of 

hydrotreated o i l  performed under the optimum operating
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cond it ion  were 1.5, 0.031%, 77,11.07%, and 12.91% 

re sp e c t ive ly .  i~

Table A1 showed the phys ica l p rope rt ies  of imported 

lub r ica t im g  base o i l s  from various sources. The comparison 

between these p ropert ies  and the p ropert ies  of hydrotreated o i l  

found th a t hydrotreated o i l  was r e la t iv e ly  low in v is c o s i ty  index 

and the percentages of s u l fu r  but was r e la t iv e ly  high in pour 

p o in t .

Eventhough the hydrotreated o i l  is  not su ita b le  in  the 

automotive uses as i t  has low v is c o s i ty  index, the o i l  is  usable 

as a lu b r ic a t in g  base o i l  in  in d u s t r ia l  engines e sp e c ia l ly  as 

tu rb ine  o i l  and h yd ra l ic  o i l  where the high v is c o s i ty  index is  

not demanded.

S t i l l ,  in  the production of any types of lu b r ic a t in g  o i l s  

whether in  engine serv ice  or in d u s t r ia l  se rv ice , the blending of 

several grades of base o i l s  and add it ives  is  requ ired  in order to  

improve the o v e ra l l  p ro pe rt ie s . The choices of the add-in are 

depending upon the a p p l ic a t io n .
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