
C H A P T E R  3

T H E O R Y

P ro d u c tio n  o f P e tro leu m  Base o i ls

Lubricating oils are generally manufactured from  petroleum base oils 
according to the follow ing steps.

1. Distillation, to adjust the viscosity and flash point
2 . Refining, to improve the oxidation stability and viscosity- 

temperature characteristics.
3 . Deasphalting of the residue from  vacuum distillation.
4 . Dewaxing to improve the low-tem perature properties.
5 . Blending of base oils and additives, to make lubricating oils w ith 

specific properties depending on their applications.

In the early history, simple distillation was used to recover the lower 
boiling gasoline and kerosine fraction and leave a residue which was used as 
lubricant. It was also found that removing of some components could 
improve the quality of the petroleum base oils. These components are 
asphalt, aromatic, wax,ete. Asphalt was removed from  distillates from  
atmospheric distillation by vacuum distillation. Wax was removed by chilling 
the lube distillate and filtering in plate and frame processes. Aromatics were 
reduced by treating the oil w ith sulphuric acid and separating the acid tar 
phase. Final step called finishing process was used to remove acid residue 
and impurities which gave further improvement in product quality. A t that 
time, most of processes were batch operations. Therefore, there were not 
suitable fo r the large expansion in production capacity.

In last 3 0  yeare new technology has been developed. Catalytic 
hydrogenation have become the normal method for finishing of base oils 
and it is the alternative method to solvent extraction in reducing the 
aromatic content in oils. Figure 3 - 1  shows the simplified refinery flo w - 
scheme which we can see where lubricant base oil plant fit in. Figure 3 - 2  
shows steps of base oils production starting from  vacuum distillation column 
which is fed w ith atmospheric residue. Distillates and redue from  vacuum 
distillation are separated by mean of their different boiling range. Then,
They are sent to the other processes such as deasphalting,extraction, 
dewaxing and finishing. These process are explained in the next section.

1. D is t il la tio n
F ra c tio n a l d is t illa t io n  o f lu b r ic a tin g  base o ils , th e  re s id ue  f ro m  th e

a tm o s p h e r ic  is tra n s fe rre d  d ire c tly  to  a va cu u m  d is t illa t io n  c o lu m n  w h e re  it is
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Fig. 3 .1  Simplified refinery flow-scheme

Fig. 3 .2  Base oil production flow-scheme
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separated into different lube oil cut and the residue. The purpose of distil­
lation is to adjust the flash point and viscosity of oils. The flash point of a 
fraction depends on the low boiling components, even if they present only 
in small quantities. It also depends on the fractionation efficiency of the 
distillation column which can be improved by stripping w ith steam in 
auxilliary colums.

The viscosity is a function of the boiling range and thus of molecular 
mass. In the vacuum distillation viscosity is the determining parameter if 
adjustment of the boiling range is difficult. Figure 3 .3  shows the production 
of individual fra c - tions from  a naphthenic crude and their typical data are 
given in table 3 .1

Fig. 3 .3  Distillation unit fo r the production of four lube oil cuts from  
naphthenic crude oil a light spindle oil; b heavy spindle oil ; 
c light lube oil; d heavy lube oil; e atmospheric column ; 
f vacuum column; g atmospheric residue.



2 8

Table 3 .1  Typical properties of lubrication Oil Fractions from  a 
Naphthenic Crude

Feed
Light

Spindle
oil

Iteavy
Spindle

oil

Light
Lube
oil

heavy
Lube
oil

Vacuum
Residue

Density at 1 5 c ,  g/m l 0 .9 4 9 0 .9 0 0 0 .9 1 5 0 .9 3 0 0 .9 3 6 1 .0 1 7
Viscosity at 4 0  c ,  cSt. 3 7 1 1 0 . 1 2 6 .6 1 1 9 3 8 0 -
Viscosity at 1 0 0  c ,  cSt. 2 1 .8 2 .4 8 4 .2 5 9 .7 3 1 9 .5 3 1 0 0
Viscosity Index 6 5 5 2 2 8 3 6 3 7 -
Flash point , c 2 0 3 1 6 0 181 2 2 1 2 5 8 3 3 8
Penetration at 2  5 c ,  1 /1 0  mm 1 10
Softening point 1 c 4 5

2. Refining

The vacuum distillates contain undesirable components which lead 
to darkening, viscosity increases and the formation acid and sludge even 
after a short service time of oil. Removal of these components, i.e . Olefins 
formed due to overheating on the hot tube in distillation column, by refining 
makes it possible to produce high quality base oils from  crudes which were 
originally unsuited for this purpose. Three different refining processes are 
available!

A cid  re fin ing and separation of the acid tar formed;
Extraction w ith selective solvents (Solent Extraction);
Catalytic hydrogenation (hydrotreating).

The advantage of these procedure is that the improve the aging 
stability and the V T  characteristics. Refining removes also compounds such 
as su lfur- containing heterocycle which act as natural oxidation inhibitor. 
Table 3 .2  shows undesirable components in lube base oil and methods of 
removal.

2 .1  Acid refining

This is the classical refining process which sulfuric acid or 
oleum (fuming sulfuric acid) is used to treat lube oil distillates. Even this are 
being rep lac- ed by modern processes, many plants of this type are still in
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operation. Besides improving the color, the color stability and aging 
tendency, the treatment has also improved the other properties. However, 
poor selectivity and acid waste from  the process are the im portant disad­
vantages of this process.

Table 3 .2  Undesireable components of Lube oil Fractions.

components Effect Removed by

Acid, e.g. Reduced storage stability Refining
naphthenic acid Corrosion hazard

Sulfur Compounds Reduced storage stability 
Corrosivity 
Unpleasant smell

Refining

Unstable (extractable) 
Compounds, such as 
olefins
unstable aromatics 
nitrogen compounds

Reduced storage stability Refining

Asphaltness and resins sludge formation Refining

Paraffin wax Poor flow properties Selective
at low temperature Precipitation

In dry refining process, concentrated sulfuric acid is used to con­
vert unstable components (particulary olefins) to sulfonates or polym eric 
products which are insoluble in the oil and thus can be separated. The 
black, ta r-like  polymerizates are precipitated together w ith excess sulfuric 
acid. Product from  this process contains small amounts of dissolved acid 
resins and traces of sulfuric acid; it is therefore treated simultaneously w ith 
calcium hydroxide and adsorbent (mostly bleaching clay). The spent bleach­
ing clay and calcium sulfate are then separated by filtration.The product 
obtained is neutral and has light color.Normally, acid used in treatment is 
less than 10  %  mass.
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For Oleum refining (Wet refining), fuming sulfuric acid must be 
used in order to obtain aging resistant oils or oils w ith low aromatics 
content. The olefins and aromatics in oil are slowly reacted w ith  free sulfur 
trioxide and formed sulfuric acid esters and sulfonic acids. Saturated 
paraffins and cycloparaffinic hydrocarbons also react w ith sulfur trioxide,thus 
leading to refining losses. The reaction products are separated together w ith 
unreacted acid in the form  of a black, high viscous acid tar. A n  aqueous 
solution of caustic alkali is used to neutral naphthasulfonic acid and then 
extracted w ith alkanols. The following process is bleaching of oil w ith 
bleaching clay. W ith the large amount of oleum (up to 1 0 0  mass %  related 
to the oil), olefins and aromatics are removed practically completely and 
white oils w ithout color, smell and taste are obtained.

The treatment temperature of acid refining process must be kept 
as low as possible since at low temperature the reactions proceed at a lower 
rate and are easier to control. Moreover, the selectivity is better at low 
temperature. The treatment time is approximately equal in all case ( 2 0 - 4 0  
m in). Acid refining is either carried out in a batch-wise operation in m ixing 
tank or continuously in a m ixing pump. F igure3.4  and 3 .5show  
thebatchandcontinuous acid refining respectively.

Figure 3 .4  Batch acid refining
a. Acid agitator; b. acid dosage vessel; c. cooler or 
preheater; d. intermadiate trough for sour oil; 
e. preheater; f. neutralization agitator; g. dosage
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vessel fo r alcoholic alkali; h. dosage vessel fo r wash 
alcohol, i. bleaching clay agitator; k. hopper and dosage 
vessel fo r bleachingclayand calcium hydrexide;
1. filtering and circulating pumps; m. main filter presses;
ท. intermediate raffinate storage vessel; o. final filter press.

2 .2  Solvent Refining

Solvent refining or solvent extraction is the term fo r the 
removal of aromatics and other undesirable substances of lubricating base oil 
distillate by liquid-liquid extraction. Suitable extractants (solents) are phenol, 
furfural, sulfur dioxide, and N -m ethylpyrro lidone (NMP). Aniline, 
nitrobenzene and chlorex have lost in significance.

In 1 9  1 2 B. Edeleanu found that aromatics are easily soluble 
in liquid sulfur dioxide, while the solubility of naphthenes and parafins is 
poor. Therefore, the first refining process was based on solvent extraction. 
This basis has been used for all extraction processed which different solvents 
are used in stead of sulfur dioxide.

In most cases the viscosity index or viscosity density constant 
are the critical criteria which determine the extraction condition, not the 
aromatics content itself. For economic reasons, the extraction is carried out 
only to the highest permissible aromatics content of the raffinate. Besides 
improving the aging stability, solvent extraction reduces the density and 
viscosity of the raffinates in comparison with the distillates. The viscosity 
index increases w ith the amount of separated extract. The treatment has 
no significant effect on the flash point but significantly improve the carbon 
residue, color, color stability. The sulfur content is reduced about 5 0  % , 
depending on the origin of oil.

Solvent Extraction w ith Sulfur dioxide. Sulfur dioxide was the 
first selective solvent to be used on a large scale. However, its relatively low 
selectivity is the major problem of this process. Moreover, strongly 
corroding sulfurous acid is formed if sulfur dioxide contact w ith water.
Before processing, Contaminated water in oil must be removed in drying 
equipment to less than 0 . 0 0 5  mass % . The oil is then cooled by liquid 
sulfur dioxide and transferred to the extraction tower where aromatics, 
olefins and a part of sulfur compounds are extracted counte r- currently 
w ith liquid sulfur dioxide. The extract containing most of the sulfur dioxide is 
drawn of from  the bottom, the raffinate at the top of the tower.
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Figure 3 .5  Continuous acid refining
a. Distillate preheater; b. temperature control; 
c. distillate working tanks; d. distillate flow control; 
e.acidcontainer; f.acidflowcontrol; g. m ixing pump; 
h. reactor; i. centrifuge; k. sour oil collector.

Solvent Extraction with Furfural. Furfural is widely used as 
extractant due to belter selectivity over sulfur dioxide and which decrease 
less rapidly w ith increasing temperature than the selectivity of other 
extractants. Therefore, it can be used fo r the refining of high pour po in t oils 
where high operating temperature is required. It is a particularly good 
solvent for constituents of the distillates which are susceptible to oxidation 
and which contribute most to the sludge and coke form ing tendency of oils. 
It is also a good solvent fo r strongly colored constituents, as well as for 
resins and sulfur compound Furfural is non-corrosive even in aqueous 
solutions.

Solvent Extraction w ith Phenol. The extraction Characteristics of 
phenol are similar to those of furfural. It selectivity depends on the water 
content. In phenol extraction the feedstock is passed first through an 
absorption tower to recover trace of phenol from the waste stream of the 
unit and proceeds then to the centrifugal extractor. Phenol is removed from  
raffinate be evaporation and subsequent strippin w ith steam. The extract 
phase is transferred from  the centrifugal extracter through a heater to the 
drying tower in which water is removed. The w ater-free solution is



33

t r a n f e r r e d  f r o m  t h e  s u m p  o f  t h e  d r y i n g  t o w e r  t o  t h e  e x t r a c t  f l a s h  t o w e r  i n  

w h i c h  m o s t  o f  p h e n o l  i s  v a p o r i z e d .  T h e  l a s t  t r a c e s  o f  p h e n o l  a r e  r e m o v e d  

f r o m  t h e  r e m a i n i n g  e x t r a c t  w i t h  s t e a m  i n  t h e  e x t r a c t  s t r i p p e r .

S o l v e n t  E x t r a c t i o n  w i t h  N - M e t h y l - 2 - P y r r o l i d o n e  ( N M P ) .  N M P  i s  

a h i g h l y  s e l e c t i v e  n o n - t o x i c  s o l v e n t  w h i c h  h a s  b e e n  u s e d  f o r  s o l v e n t  

e x t r a c t i o n  o f  l u b r i c a t i n g  o i l  d i s t i l l a t e s  a n d  b r i g h t s t o c k .  I t s  h i g h  s e l e c t i v i t y  

m a k e s  i t  p o s s i b l e  t o  c o n v e r t  l o w  q u a l i t y  d i s t i l l a t e s  t o  h i g h  q u a l i t y  l u b r i c a t i n g

o i l .  A  l o w  s o l v e n t - t o - o i l  r a t i o  i s  s u f f i c i e n t ,  s o  t h a t  i n v e s t m e n t  a n d  o p e r a t i n g  

c o s t  c a n  b e  s a v e d .  E x i s t i n g  e x t r a c t i o n  u n i t s  c a n  b e  c o n v e r t e d  t o  N M P .  A n  

N M P  e x t r a c t i o n  p l a n t  c o n s i s t s  o f  t h e  e x t r a c t i o n  u n i t ,  t h e  u n i t  f o r  t h e  s t r i p ­

p i n g  o f  N M P  f r o m  t h e  r a f f i n a t e  a n d  e x t r a c t  p h a s e s ,  a n d  t h e  N M P  d r y i n g  

u n i t .

2 . 3  C a t a l y t i c  H y d r o g e n a t i o n

C a t a l y l i c  h y d r o g e n a t i o n  ( h y d r o t r e a t i n g )  r e m o v e s  o r  t a n s f o r m s  

u n d e s i r a b l e  i m p u r i t i e s  f r o m  p e t r o l e u m  d i s t i l l a t e s .  T h e  a r o m a t i c s  a r e  h y d r o ­

g e n a t e d  t o  a  l a r g e  o r  l e s s e r  d e g r e e  d e p e n d i n g  o n  h o w  t h e  r e a c t i o n  i s  

c o n d u c t e d .  H y d r o t r e a t i n g  i s  t h e  m o s t  f a v o r a b l e  m e t h o d  a m o n g  t h e  r e f i n i n g  

p r o c e s s e s  d u e  t o  t h e  s m a l l  m a t e r i a l  l o s s e s  i n v o l v e d .  T h r e e  t y p e s  o f  

h y d r o t r e a t i n g  a r e  d e s c r i b e d  a s  f o l l o w i n g s .

H y d r o f i n i s h i n g  i s  a  m i l d  h y d r o t r e a t i n g  w h i c h  i s  u s u a l l y  a p p l i e d  

a s  t h e  f i n a l  s t e p  a f t e r  s o l v e n t  r e f i n i n g  i n  o r d e r  t o  r e m o v e  r e m a i n i n g  t r a c e s  

o f  u n d e s i r a b l e  c o m p o u n d s  r e p l a c i n g  m i l d  s u l f u r i c  a c i d  o r  c l a y  a f t e r t r e a t m e n t  

w h i c h  w e r e  f o r m e l y  i n  u s e .  H y d r o f i n i s h i n g  i s  a  r e f i n i n g  h y d r o g e n a t i o n  

c a r r i e d  o u t  t o  i m p r o v e  t h e  c o l o r ,  o d o r ,  s t a b i l i l y  a n d  d e m u l s i b i l i t y  p r o p e r t i e s  

o f  l u b r i c a t i n g  o i l  d i s t i l l a t e s .  T h e  a f t e r  t r e a t m e n t  o f  s o l v e n t  r a f f i n a t e s  i s  

s o m e t i m e  a l s o  c a l l e d  h y d r o f i n i n g  .  H i g h - p r e s s u r e  h y d r o g e n a t i o n  p r o v i d e s  

c o m p l e t e  r e m o v a l  o f  t h e  h e t e r o c o m p o u n d s ,  a  n e a r l y  c o m p l e t e  h y d r o g e ­

n a t i o n  o r  h y d r o d e c y c l i s a t i o n  o f  t h e  a r o m a t i c  r i n g c o m p o u n d s  a n d  a  h y d r o ­

i s o m e r i s a t i o n  o f  n - p a r a f f i n s  i n t o  i s o p a r a f f i n s .

T h e r e  i s  n o  s p e c i f i c  d e s i g n e d  f o r  o n l y  o n e  o f  t h e  t h r e e  t y p e s  

a b o v e .  F o r  o n e  s p e c i f i c  p l a n t ,  p r o c e s s  p a r a m e t e r s ,  s u c h  a s  p r e s s u r e ,  t e m p ­

e r a t u r e  a n d  s p a c e  v e l o c i t y ,  m a y  b e  v a r i e d  t o  c o v e r  s e v e r a l  d u t i e s .  T h e  

p r i n c i p l e  o f  l u b e  o i l  h y d r o t r e a t i n g ,  t h e  o i l  f e e d  i s  p r e h e a t e d  t o  t e m p e r a t u r e  

b e t w e e n  1  5 0  c . a n d  4 2 0  c . a n d  t h e n  r u n  t o g e t h e r  w i t h  h y d r o g e n  o r  a  

h y d r o g e n - e n r i c h e d  g a s ,  r e s p e c t i v e l y ,  t h r o u g h  a  f i x e d  b e d  r e a c t o r .  T h e  o i l  

r e a c t  w i t h  t h e  h y d r o g e n  i n  t h e  p r e s e n c e  o f  a  c a t a l y s t  w h i c h  i s  b a s e d  o n  

r e g e n e r a b l e  m e t a l  o x i d e s .  P r o c e s s  i s  o p e r a t e d  a t  p r e s u u r e  b e t w e e n  1 4  a n d  

1 0 0  b a r  o r  e v e n  u p  t o  1 7 0  b a r  i f  h i g h  p r e s s u r e  h y d r o g e n a t i o n  i s  a p p l i e d .  

T h e  p r o d u c t  l e a v i n g  r e a c t o r  i s  t h e n  c o o l e d  b e f o r e  s e p a r a t i o n  o f
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h y d r o g e n - r i c h  g a s  p h a s e .  A f t e r  s e p a r a t i o n ,  t h e  p r o d u c t  i s  s t r i p p e d  t o  a d j u s t  

t h e  f l a s h  p o i n t  t o  t h e  r e q u i r e d  v a l u e .

T w o  e x a m p l e s  o f  h y d r o g e n a t i o n  p r o c e s s e s  a r e  G u l f i n i s h i n g  

p r o c e s s  a n d  I F P  h y d r o r e f i n i n g  p r o c e s s  w h i c h  a r e  s h o w n  i n  F i g . 3 . 6  a n d  

F i g . 3 . 7  r e s p e c t i v e l y .

F i g u r e  3 . 6  H y d r o t r e a t i n g  P r o c e s s  ( G u l f i n i s h i n g )

2 . 4  R e f i n i n g  w i t h  A d s o r b e n t

A d s o r b e n t s  s u c h  a s  b a u x i t e  a n d  b l e a c h i n g  c l a y  h a v e  b e e n  

w i d e l y  u s e d  f o r  a  l o n g  t i m e  f o r  t h e  r e m o v a l  o f  i m p u r i t i e s  p r e s e n t  i n  s m a l l  

q u a n t i t i e s  i n  l i q u i d s .  I n  t h e  p e t r o l e u m  i n d u s t r y  a d s o r b e n t s  w e r e  u s e d  o r i g i ­

n a l l y  t o  i m p r o v e  t h e  c o l o r  o f  o i l  p a r t i c u l a r l y  a f t e r  a c i d  t r e a t m e n t .

I n  t h e  p r o c e s s i n g  o f  l u b r i c a t i n g  o i l  t w o  a d s o r p t i o n  p r o c e s s e s  

a r e  u s e d  : i n  t h e  p e r c o l a t i o n  p r o c e s s  t h e  l u b r i c a t i n g  o i l  p e r c o l a t e s  d o w n ­

w a r d s  t h r o u g h  t h e  c o a r s e  g r a i n  a d s o r b e n t .  D e t a i l s  o f  p e r c o l a t i o n  p r o c e s s  a r e  

e x p l a i n e d  i n  s e c t i o n  3 . 2 .  I n  t h e  c o n t a c t  p r o c e s s  t h e  l u b r i c a t i n g  o i l  i s  b r o u g h t  

i n t o  i n t i m a t e  c o n t a c t  w i t h  f i n d  p a r t i c l e s  o f  t h e  a d s o r b e n t  b y  v i g o r o u s  m i x i n g ,  

t h e n  t h e  s p e n t  a d s o r b e n t  i s  s e p a r a t e d  f r o m t h e  o i l  b y  f i l t r a t i o n .  W h e n  t h i s  

p r o c e s s  i s  c a r r i e d  o u t  a t  h i g h  t e m p e r a t u r e  ( 1 0 0  -  3 0 0  c .), i t  i s  c a l l e d  t h e  

h o t  c o n t a c t  p r o c e s s .  E v e n t h o u g h  t r e a t m e n t  w i t h  a d s o r b e n t s  i s  b e i n g  r e p l a c -
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e d  m o r e  a n d  m o r e  b y  h y d r o t r e a t i n g ,  i t  i s  s t i l l  i m p o r t a n t  f o r  s p e c i a l  p r o d u c t  

a s  t h e  l a s t  s t a g e  i n  l u b r i c a t i n g  o i l  p r o c e s s i n g  w h i c h  r e m o v e s  t h e  l a s t  t r a c e s  

o f  u n d e s i r a b l e  i m p u r i t i e s .

F i g u r e  3 . 7  I F P  L u b e ,  w a x  a n d  s p e c i a l t y  o i l  h y d r o t r e a t i n g

a  :  r e a c t o r  b  :  H P  s e p a r a t o r  c  :  L P  s e p a r a t o r  

d  ;  v a c u u m  s t r i p p e r  /  v a c u u m  d r i e r

B l e a c h i n g  c l a y s  a n d  b a u x i t e  a r e  u s u a l l y  u s e d  f o r  t r e a t i n g  

l u b r i c a t i n g  o i l s .  B a u x i t e  i s  s e n s i t i v e  t o w a r d  h i g h  t e m p e r a t u r e .  H o w e v e r ,  

i t  c a n  b e  r e g e n e r a t e d  b y  r o a s t i n g  a f t e r  a  g u a n t i t y  o f  o i l  i s  p e r c o l a t e d  

w h i c h  o f f e r s  e c o n o m i c  a d v a n t a g e s .

T h e  h i g h l y  v i s c o u s  v a c u u m  r e s i d u e  f r o m  v a c u u m  d i s t i l l a t i o n  c o l u m n  

o i l  l u b r i c a t i n g  o i l  c o n t a i n s  v a r y i n g  a m o u n t s  o f  a s p h a l t e n e s ,  d e p e n d i n g  o n  t h e  

o r i g i n  o f  c r u d e  o i l .  T h e s e  c o m p o n e n t s  c a n  b e  r e m o v e d  w i t h  s e l e c t i v e  s o l ­

v e n t s .  I n  s o l v e n t  r e f i n i n g , t h e  r a f f i n a t e  i s  d i s s o l v e d  b y  t h e  s o l v e n t  w h i l e  t h e  

a s p h a l t e n e s  c o a g u l a t e  a n d  p r e c i p i t a t e  f r o m  t h e  s o l u t i o n .  T h e  s o l u b i l i t y  o f  t h e  

o i l  i n  p r o p a n e  i n c r e a s e s  w i t h  i n c r e a s i n g  p r e s s u r e  a n d  d e c r e a s e s  w i t h  i n c r e a ­

s i n g  t e m p e r a t u r e .  T h e  s e l e c t i v i t y  i n c r e a s e s  w i t h  t e m p e r a t u r e .

I  - 2 0  < 5 0 3 2 0  Ü
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P r o p a n e  D e a s p h a l t i n g .  I n  p r o p a n e  d e a s p h a t i n g  ( F i g .  3 - 8 )  t h e  

v a c u u m  r e s i d u e  i s  c o n t a c t e d  c o u n t e r c u r r e n t l y  w i t h  p r o p a n e .  T h e  o i l  s o l u t i o n  

w i t h o u t  a s p h a l t e n e s  i s  w i t h d r a w n  a t  t h e  t o w e r  h e a d  a n d  t h e  a s p h a l t e n e s  

p h a s e  a t  t h e  b o t t o m .  B o t h  s t r e a m s  a r e  s t r i p p e d  w i t h  s t e a m  t o  r e m o v e  t h e  

p r o p a n e .

S o l v e n t  D e a s p h a l t i n g .  F i g u r e  3 - 9  s h o w s  t h e  f l o w  s c h e m e  o f  a  

s o l v e n t  d e a s p h a l t i n g  p l a n t  w i t h  t h e  r o t a t i n g  d i s c  c o n t a c t o r  ( R D C )  f o r  t h e  

p r o d u c t i o n  o f  h i g h  q u a l i t y  b r i g h t s t o c k  a n d  b i t u m e n  b y  t h e  u s e  o f  l o w - b o i l i n g  

l i q u i d  p a r a f f i n i c  h y d r o c a r b o n s .  T h e  e x t r a c t i o n  e f f i c i e n c y  c a n  b e  v a r i e d  b y  

c h a n g i n g  t h e  r o t o r  s p e e d  a n d  a d j u s t i n g  t o  d i f f e r e n t  t h r o u g h p u t s .  T h e  

s e l e c t i v i t y  a n d  d i s s o l v i n g  p o w e r  o f  s o l v e n t  c a n  b e  a d j u s t e d  f o r  a  d e s i r e d  

p r o d u c t  q u a l i t y  b e  c h a n g i n g  t h e  o p e r a t i n g  c o n d i t i o n s .

F i g .  3 . 8  P r o p a n e  d e a s p h a l t i n g

a .  S t o r a g e  t a n k  f o r  p r o p a n e ;  b .  c o n d e n s e r s ;  c .  c o m p r e s s o r ;  

d .  d e a s p h a l t i n g  c o l u m n ;  e .  f u r n a c e ;  f .  f l a s h  d r u m ;  

g .  p r o p a n e  e v a p o r a t o r ;  h .  s t r i p p e r s ;  i .  j e t  c o n d e n s e r .

4 .  D e w a x i n g

The h igh m elting paraffins present in Petroleum  distillates give the
oils h igh pou r points, so that oil w ith  high paraffin  contents are no t suited
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f o r  u s e  a s  l u b r i c a t i n g  o i l  c o m p o n e n t s .  F o r  t h i s  r e a s o n ,  p r o c e s s e s  h a v e  b e e n  

d e v e l o p e d  a t  a n  e a r l y  s t a g e  f o r  r e d u c t i o n  o f  t h e  w a x  c o n t e n t  b y  c r y s t a l ­

l i z a t i o n  o r  e x t r a c t i v e  c r y s t a l l i z a t i o n  i n  o r d e r  t o  i m p r o v e  l o w  t e m p e r a t u r e  

p r o p e r t i e s .

F i g .  3 . 9  S o l v e n t  D e a s p h a l t i n g

a .  R o t a t i n g  -  d i s c  c o n t a c t o r  ( R D C  e x t r a c t i o n  t o w e r ) ;

b .  f l a s h  t o w e r ;  c .  r e b o i l e r  f o r  d e a s p h a l t e d  o i l ;  

d .  d e a s p h a l t e d  -  o i l  s t r i p p e r ;  e .  a s p h a l t  h e a t e r ;  

f .  a s p h a l t  s t r i p p e r ;  g .  s o l v e n t  s u r g e  d r u m .

T h e  k e t o n e - D e w a x i n g  P r o c e s s  c a n  b e  c a l l e d  t h e  c l a s s i c a l  

m e t h o d . F i g .  3 . 1 1  s h o w s  a  c o n v e n t i o n a l  k e t o n e - d e w a x e r .  T h e  o i l  i s  m i x e d  

w i t h  k e t o n e  a n d  c h i l l e d  d o w n  i n  t h e  s c r a p e d  s u r f a c e  e x c h a n g e r s  t o  

p r e c i p i t a t e  t h e  w a x  c r y s t a l s .  T h e  w a x  i s  f i l t e r e d  o f f  ( t y p i c a l l y  a t - 1 2  C )  a n d  

t h e  s o l v e n t  i s  t h e  r e c o v e r e d .
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'  F i g .  3 . 1 0  C a t a l y t i c  D e w a x i n g

a .  h e a t e r ;  b .  r e a c t o r ;  c .  r e c y c l e  g a s  c o m p r e s s o r ;  

e .  r e c y c l e  g a s t r e a t m e n t ;  f .  h i g h - p r e s s u r e  s e p a r a t o r ;  

g .  l o w - p r e s s u r e  s e p a r a t o r ;  h .  s t a b i l i z i n g  t o w e r ;  i .  c o o l e r .

scraped surface 
exchangers

scraped surface 
chillers

warm waxy feed r - — — 1ไ:lÿstart

warm
solvent

dewaxed oil

wax
solvent
recovery

ท

refrigiration
system

cold filtrate

wax sluury
3 filters

F i g .  3 . 1  1  K e t o n e  d e w a x i n g .
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T h e  D i - M e  S o l v e n t  D e w a x i n g  a n d  W a x  D e - o i l i n g  P r o c e s s  w a s  

d e s i g n e d  t o  p r e p a r e  l o w  p o u r  p o i n t  l u b r i c a t i n g  o i l s  b y  s e l e c t i v e  c r y s t a l l i z a t i o n  

o f  s o f t  a n d  h a r d  w a x e s  f r o m  s o l u t i o n  o f  w a x y  o i l s  i n  d i c h l o r o e t h a n e -  

m e t h y l e n e  c h l o r i d e  m i x t u r e s  ( D i - M e  s o l v e n t ) .  S o f t  w a x e s  c a n  b e  s e p a r a t e d  

f r o m  h a r d  w a x e s  i n  a n  o p t i o n a l  s e c o n d  s t a g e  ( F i g .  3 . 1 2 ) .  T h e  w a r m  w a x y  

o i l  f e e d  i s  d i s s o l v e d  i n  f r e s h  D i - M e  s o l v e n t  a n d  c o o l e d  d o w n  b y  h e a t  w i t h  

c o l d  m a i n  f i l t r a t e  i n  a  s h e l l  a n d  t u b e  c o o l e r  a n d  a  s c r a p e d  w a l l  e x c h a n g e r .  

C o l d ,  o i l - d e f i n c i e n t ,  w a s h  f i l t r a t e  i s  t h e n  a d d e d  t o  t h e  m i x t u r e ,  w h i c h  i s  t h e n  

f u r t h e r  c h i l l e d  t o  d e w a x i n g  t e m p e r a t u r e  i n  a n o t h e r  s c r a p e d  w a l l  e x c h a n g e r .  

C r y s t a l l i z e d  w a x  i s  s e p a r a t e d  f r o m  t h e  s o l u t i o n  i n  a  g a s - t i g h t  r o t a r y  d r u m  

f i l t e r .  T h e  m a i n  f i l t r a t e  i s  p u m p e d  t h r o u g h  h e a t  e x c h a n -  g e r s  t o  a  n e w  

e n e r g y  e f f i c i e n t  s o l v e n t  r e c o v e r y  s y s t e m ?  T h e  b u l k  o f  t h e  o c c l u d e d  o i l  i s  

r e m o v e d  f r o m  t h e  w a x  c a k e  o n  t h e  f i l t e r  d r u m  b y  t h r o u g h  w a s h i n g  w i t h  

c h i l l e d  f r e s h  s o l v e n t  f e d  t h r o u g h  s p r a y  n o z z l e s .  T h e  w a s h  f i l t r a t e  i s  u s e d  f o r  

f e e d  d i l u t i o n .  T h e  c a k e ,  c o n s i s t i n g  o f  h a r d  a n d  s o f t  w a x ,  o i l  a n d  s o l v e n t ,  i s  

b l o w n  o f f  t h e  f i l t e r  s u r f a c e ,  f u r t h e r  d i l u t e d  w i t h  w a s h  s o l v e n t  f r o m  t h e  

s e c o n d - s t a g e  f i l t e r ,  a n d  t h e  " r e p u l p e d "  m i x t u r e  i s  r e f i l t e r e d  a t  a  h i g h  

t e m p e r a t u r e .  F i l t r a t e  f r o m  t h e  s e c o n d - s t a g e  f i l t e r  c o n s i s t s  o f  a  s o l u t i o n  o f  

s o f t  w a x ,  o i l  a n d  s o l v e n t  a n d  t h e  w a x  c a k e  c o n s i s t s  o f  h a r d  w a x  a n d  s o l v e n t .

D i c h i l l  p r o c e s s  i s  a  m o d e r n  d e w a x i n g  p r o c e s s .  W h e r e  c r y s t a l l i z a t i o n  

i s  a c h i e v e d  b y  a d d i t i o n  o f  a  h i g h  q u a n t i t y  o f  c h i l l e d  s o l v e n t  a n d  v i g o r o u s  

s t i r r i n g .  B a s e  o i l s  f r o m  t h i s  p r o c e s s  h a v e  v e r y  p o u r  p o i n t  d u e  t o  n e a r l y  

c o m p l e t e  r e m o v a l  o f  w a x e s .  I t  c a n  a l s o  b e  u s e d  t o  m a k e  w a x  w i t h  o i l  c o n ­

t e n t  l e s s  t h a n  0 . 5 % .

F i g .  3 . 1 2  D i - M e  S o l v e n t  D e w a x i n g  a n d  W a x  D e o i l i n g .
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U r e a  d e w a x i n g  i s  a n o t h e r  m e t h o d  o f  w a x  r e m o v a l .  T h e  p r i n c i p l e  o f  

t h i s  p r o c e s s  i s  t h a t  u r e a  c o m b i n e s  w i t h  n - p a r a f f i n s  f o r m i n g  s o l i d  i n c l u s i o n  

c o m p o u n d s  ( a d d u c t s ) .  T h e n  s o l i d  a d d u c t  i s  s e p a r a t e d  f r o m  o i l  b y  f i l t r a t i o n  

a n d  w a s h  w i t h  s o l v e n t .  A f t e r  r e m o v a l  o f  s o l v e n t  b y  d i s t i l l a t i o n ,  a  l o w  p o u r  

p o i n t  p r o d u c t  i s  o b t a i n e d .

5  H y d r o c r a c k i n g

H y d r o c r a c k i n g  h a s  n o t  b e e n  d e v e l o p e d  f o r  t h e  p r o d u c t i o n  o f  l u b r i ­

c a t i n g  o i l .  H o w e v e r ,  u n d e r  a p p r o p r i a t e  c o n d i t i o n s  i t  c a n  g i v e  f u n c t i o n  w h i c h  

c a n  b e  u s e d  f o r  t h e  p r o d u c t i o n  o f  l u b r i c a t i n g  o i l s .  U n d e r  c e r t a i n  c o n d i t i o n s  

t h i s  p r o c e s s  c a n  g i v e  h i g h e r  v i s c o s i t y  i n d e x  v a l u e  t h a n  c a n  b e  o b t a i n e d  f r o m  

o t h e r  p r o c e s s e s  a t  a c c e p t a b l e  c o s t .

C o n v e n t i o n a l  p a r a f f i n i c  b a s e  o i l s  i n  t h e  v i s c o s i t y  r a n g e  o f  1 2  c S t .  a t  

1  0 0  c  h a v e  a  v i s c o s i t y  i n d e x  o f  9 5  t o  1 0 0 ,  h y d r o c r a c k e d  o i l  c a n  r e a c h  

1  2 0  o r  h i g h e r .  C a t a l y t i c  h y d r o c r a c k i n g  o f  s l a c k  w a x e s  f r o m  d e w a x i n g  

p l a n t s ,  f o l l o w e d  b y  v a c u u m  r e d i s t i l l a t i o n  a n d  M E K - d e w a x i n g  c a n  l e a d  t o  

X H V I  ( e x t r e m e  h i g h  v i s c o s i t y  i n d e x )  o i l s  w i t h  v i s c o s i t y  i n d e x e s  o f  u p  t o  

1  5 0 .  F i g u r e  3 . 1  3  s h o w s  f o l w  s c h e m e  o f  h y d r o c r a c k e d  b a s e  o i l s .

Percolation Process

A s  m e n t i o n e d  i n  s e c t i o n  3 . 1 . 2 . 4 ,  p e r c o l a t i o n  p r o c e s s  i s  o n e  o f  o l d  

f a s h s i o n  m e t h o d ,  a p a r t  f r o m  c o n t a c t  p r o c e s s  w h i c h  b l e a c h i n g  c l a y  i s  u s e d  a s  

a d s o r b e n t ,  u s e d  f o r  f i n i s h i n g  o f  l u b r i c a t i n g  b a s e  o i l s  i n  t h e  p a s t .  B a u x i t e  i s  

u s e d  a s  a d s o r b e n t  f o r  t h i s  p r o c e s s .  E v e n t h o u g h  t h i s  p r o c e s s  h a s  a l m o s t  

c o m p l e t e l y  b e e n  t a k e n  o v e r b y  h y d r o f i n i s h i n g  p r o c e s s ,  i t  i s  s t i l l  u s e d  f o r  o t h e r  

a p p l i c a t i o n s  s u c h  a s  r e c l a m a t i o n  o f  i n s u l a t i n g  o i l  a n d  r e - r e f i n i n g  o f  u s e d  

m i n e r a l  b a s e d  l u b r i c a t i n g  o i l ,  e t c .

C o n t a c t  p r o c e s s  f o r  r e c l a i m i n g  o i l  m a k e  u s e  o f  2 0 0 - m e s h  ( 7 7 m e s h  

/ c m )  c l a y  a n d  r e l a t i v e l y  h i g h  o p e r a t i n g  t e m p e r a t u r e .  T h i s  p r o c e s s  m a k e s  

t h e  m o s t  e f f i c i e n t  u s e  o f  t h e  c l a y  a n d  p r o d u c e s  a  u n i f o r m  p r o d u c t .  T h e  

d e g r e e  o f  r e c l a i m i n g  d e p e n d s  o n  t h e  a m o u n t  o f  c l a y  u s e d  a n d  t h e  c o n d i t i o n  

o f  t h e  o i l . T h e  t y p i c a l  e q u i p m e n t  1 o i l  i s  i n t r o d u c e d  i n t o  a  h e a t e d  m i x i n g  

c h a m b e r  a s  a  m e a s u r e d  a m o u n t  o f  c l a y  i s  f e d  i n  t h r o u g h  a  h o p p e r .  T h e  

m i x t u r e  o f  o i l  a n d  c l a y  i s  s t i r r e d  a s  h e a t  i s  a p p l i e d ,  a n d  t h e  p r o c e s s  

c o n t i n u e s  u n t i l  t h e  d e s i r e d  t e m p e r a t u r e  i s  r e a c h e d .  T h e  t i m e  s p e n t  f o r  t h i s  

o p e r a t i o n  i s  a p p r o x i m a t e l y  h a l f  a n  h o u r .  T h e  o i l  i s  t h e n  d r o p p e d  i n t o  a  t a n k  

b e f o r e  i t  i s  p u m p  t h r o u g h  a  f i l t e r  t o  r e m o v e  s p e n t  c l a y  f r o m  t h e  o i l .  T y p e s  

o f  p e r c o l a t i o n  a r e  e x p l a i n e d  i n  t h e  n e x t  s e c t i o n s .
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T h i s  m e t h o d  m a k e s  u s e d  o f  g r a v i t y  a s  h y d r o s t a t i c  h e a d  o f  a  

c o l u m n  o f  o i l  t o  f o r c e  t h e  o i l  t h r o u g h  a  c o l u m n  o f  a d s o r b e n t ,  s u c h  a s  

b a u x i t e .  A  t y p i c a l  g r a v i t y  s y s t e m ,  F i g .  3 . 1 3 ,  C o n s i s t s  o f  t h r e e  t a n k s  o n  

d i f f e r e n t  l e v e l s .  T h e  u p p e r  t a n k  i s  u s e d  a s  a  d i r t y  o i l  r e s e r v i o r ,  t h e  m i d d l e  

t a n k  a s  t h e  f i l t e r  c o n t a i n i n g  b a u x i t e ,  a n d  t h e  l o w e r  t a n k  a s  a  b l e n d i n g  t a n k  

f o r  t h e  f i l t e r e d  o i l .  T h e  m i d d l e  t a n k  i s  e q u i p p e d  w i t h  a  s t r a i n e r - t y p e  b o t t o m  

c o v e r e d  b y  a  f i l t e r  c l o t h  s u p p o r t i n g  a  6  f t .  ( 2  m . )  b e d  o f  b a u x i t e .  A  f l o a t  

v a l v e  c o n t r o l s  t h e  f l o w  o f  o i l  f r o m  t h e  d i r t y  o i l  s t o r a g e  t a n k  s o  t h a t  a  

c o n s t a n t  h e a d  o f  a p p r o x i m a t e l y  1 5  f t .  ( 5  m . )  t o  t h e  f i l t e r  p l a t e  i s  p r o v i d e d .  

O n c e  t h e  p r o c e s s  i s  s t a r t e d  i t  c o n t i n u e s  i n o p e r a t i o n  w i t h  t h e  v e r y  l i t t l e  

a t t e n t i o n  o t h e r  t h a n  p e r i o d i c  s a m p l i n g .  T h e  o u t p u t  o f  g r a v i t y  p e r c o l a t i o n  i s  

a  g r a d e d  o n e  s t a r t i n g  w i t h  o v e r t r e a t e d  o i l  a n d  e n d i n g  w i t h  o i l  i n  a p p r o ­

x i m a t e l y  t h e  s a m e  c o n d i t i o n  a s  b e f o r e  t r e a t m e n t .  T o  o b t a i n  a  u n i f o r m  

p r o d u c t ,  b l e n d i n g  i s  n e c e s s a r y .  B y  t h i s  m e t h o d ,  t h e  o i l  c a n  b e  t r e a t e d  t o  a n y  

d e s i r e d  d e g r e e .  T h e  r a t e  o f  f l o w  i s  s l o w ,  b e i n g  a b o u t  ( 1 0  g a l / h ) f t 2  ( 4 0 0  

L / h ) / m 2  o f  f i l t e r  b e d  a r e a  f o r  a n d  i n s t a l l a t i o n  s u c h  a s  o n e  d e s c r i b e d  a b o v e .  

T h e  s l o w  f l o w  r a t e  r e s u l t s  i n  l o n g  c o n t a c t  t i m e  w i t h  t h e  f i l t e r  m e d i u m  w h i c h  

p e r m i t s  e f f i c i e n t  u s e  o f  t h e  a d s o r b e n t .

1. Percolation by gravity

F i g .  3 . 1 3  S c h e m a t i c  D i a g r a m  o f  g r a v i t y - P e r c o l a t i o n  R e f i n i n g  A p p a r a t u s .
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P r e s s u r e  p e r c o l a t i o n  s i m i l a r  t o  g r a v i t y  p e r c o l a t i o n  i n  g e n e r a l  

p r i n c i p l e  e x c e p t  t h a t  t h e  o i l  i s  f o r c e d  t h r o u g h  t h e  a d s o r b e n t  b y  a  p u m p .  

P r e s s u r e  p e r c o l a -  t o r s  a r e  c o m m e r c i a l l y  a v a i l a b l e  a n d  a l l  h a v e  a  c h a m b e r  

t o h o l d  a  c o n t a i n e r  s u c h  a s  a  b a g  o r  c a r t r i d g e  f i l l e d  w i t h  t h e  a d s o r b e n t .  T h e  

c h a m b e r  i s  d e s i g n e d  s o  t h a t  o i l  i s  a d m i t t e d  a r o u n d  t h e  o u t s i d e  o f  t h e  

a d s o r b e n t  p a c k  a n d  s h o u l d  p a s s  t h r o u g h  t h e  a d s o r b e n t  b e f o r e  l e a v i n g  t h e  

c h a m b e r .

2 . Percolation by Pressure

T h e s e  m a c h i n e s  a r e  c a p a b l e  o f  p r o c e s s i n g  l a r g e  v o l u m e s  o f  o i l  i n  

a  r e l a t i v e l y  s h o r t  t i m e .  S i n c e  t h e  a m o u n t  o f  a d s o r b e n t  i s  r e l a t i v e l y  s m a l l ,  w i t h  

r e s p e c t  t o  t h e  a m o u n t  o f  o i l ,  f r e q u e n t  c h a n g e s  o f  a d s o r b e n t  a r e  r e q u i r e d .  A n  

a d v a n t a g e  o f  s u c h  m a c h i n e s  i s  t h a t  t h e y  m a y  b e  b r o u g h t  t o  t h e  j o b  a n d  u s e d  

d i r e c t l y  o n  a p p a r a t u s  w h o s e  o i l  i s  t o  b e  r e c l a i m e d . T h e  f e l l o w i n g  s e c t i o n s  

e x p l a i n  t y p e s  o f  p r e s s u r e  p e r c o l a t i o n  w h i c h  c l a y  i s  i n d i c a t e d  a s  a d s o r b e n t .  

O t h e r  m a t e r i a l  s u c h  a s  b a u x i t e  m a y  b e  u s e d .

F i g .  3 . 1 5  T h r e e - c l a y  T o w e r  S y s t e m
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2 . 1  B u l k  f i l t e r s

L a r g e  p r e s s u r e  t a n k s  h a v e  a  f i n e  m e s h  s c r e e n  a c r o s s  t h e  

b o t t o m  a n d  a r e  f i l l e d  w i t h  g r a n u l a r  c l a y  t h r o u g h  a n  o p e n - t o p  c o v e r .  I n  

o p e r a t i o n  1 t h e  h o t  o i l  f l o w s  t h r o u g h  l a y e r s  o f  c l a y  s l o w l y  b y  g r a v i t y  o r  b y  

p r e s s u r e  f r o m  a n  i n l e t  o i l  p u m p .  T h e  p r o c e s s  t h u s  m a y  m a k e  u s e  o f  g r a v i t y  

o r  p r e s s u r e  p e r c o l a t i o n .  S e e  f i g .  3 . 1 4  .

T h e  c l a y  m a y  b e  p l a c e d  i n  l a r g e  b a s k e t s  f o r  e a s y  r e m o v a l  w i t h  

a  l i f t i n g  d e v i c e ,  o r  s h o v e l e d  o u t  t h r o u g h  a  s i d e  o p e n i n g ,  o r ,  i n  s o m e  i n s t ­

a n c e s ,  t h e  e n t i r e  p r e s s u r e  t a n k  c a n  b e  t i l t e d  f r o  d u m p i n g  t h e  s p e n t  c a k e .

T h e  c o s t  o f  o p e r a t i o n  o f  b u l k  f i l t e r s  i s  l o w e r  t h a n  t h a t  o f  c a r t r i d g e  t y p e s .

F i g .  3 . 1 4  B u l k  c l a y  f i l t e r

2 . 2  D e e p  b e d  f i l t r a t i o n

T o d a y ' s  t r e n d  i s  t o w a r d  s l e n d e r  c o l u m n s  p a c k e d  w i t h  l o o s e  

c l a y  b e  m e a n s  o f  v a c u u m  o r  c o n v e y o r s  w i t h  s p e n t  c a k e  d i s c h a r g e d  t h r o u g h  

a  b o t t o m  o p e n i n g  c o v e r .  T h i s  d e s i g n  e n s u r e s  l o n g  c o n t a c t  t i m e  o f  o i l  

f l o w i n g  f r o m  t o p  t o  b o t t o m ,  m i n i m i z e s  c h a n n e l i n g ,  a n d  p r o v i d e s  t h e  g r e a t e s t  

i m p r o v e m e n t  o f  o i l  c o n d i t i o n s  i n  a  s i n g l e  p a s s .  T w o  o r  t h r e e  s u c h  c o l u m n  o r  

t o w e r e s ,  p i p e d  i n  s e r i e s ,  p r o v i d e  f o r  a  b e t t e r  u t i l i z a t i o n  o f  c l a y  ( F i g .  3 . 1 5 ) .  

O n l y  t h e  f i r s t  t o w e r  i n  s e r i e s  i s  r e p l a c e d  w i t h  n e w  c l a y  a n d  s w i t c h e d  i n t o  t h e  

f i n a l  t o w e r  p o s i t i o n .  I n  t h i s  m a n n e r ,  a n  a l m o s t  c o n t i n u o u s  r u n  w i t h  a  c o u s i s -
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te n t qua lity  o f e fflu e n t can be ob ta ined . Each to w e r con ta ins  fro m  5 0 0  lb. 
to  3 0 0 0  lb. o f clay. Even a m ob ile  o pe ra tio n , the  tanks co n ta in  2 0 0  lb -  
1 0 0 0  lb each.

2 .3  T h ro w  -  A w a y  and R epackable cartridges.

G ra nu la r typeso fc laya repackaged in  th ro w -a w a y  con is te rs , 
h o ld in g  1 0  lb -  3 0  lb o f m a teria l, w h ich  are p laced inside p re s s u re - filte r  
tanks. P ro tec tive  a n tim ig ra tio n  f ilte r  c lo th  w ra p  is e ith e r inside the  e lem en t 
o r  w ra p p e d  a ro un d  the  cen te r tube. See Fig. 3 .1  6 . T h ro w -a w a y  ca rtridges 
and  con is te rs  are  re la tive ly  expensive  and can be justis fied  on ly  in  
em ergencies o r w h e n  a m a rg in a l co n d itio n  o f the  o il requires re m o va l o f a 
trace  co n ta m in a n t. T h e  lim ited  a m o un t o f clay can n o t be e ffective  on  ve ry  
co n ta m in a te d  oil.

R epackab le  cartidge  o r con isters are less costly  and  are 
usually o f a large size, h o ld in g  as m uch  as 5 0  lb o r m o re  o f c lay each. A fte r  
use, the  con is te rs  are rem oved  and the  clay rep laced w ith  new , d ry  m ateria l. 
In m ost cases th is  is m o re  econom ica l than  the  th ro w -a w a y  ca rtridge .

REPACKABLE CANISTER ^ ^
THROW AWAY CANISTER

F igure  3 . 1 6  Fu lle r's  E arth  C a rtrid g e  F ilte r
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G ood  o il th a t is d e te rio ra tin g  s low ly  w ay be held  in  safe 
o p e ra tin g  co n d itio n  by a p p ly in g  a special bypass earth  f ilte r  to  the  ind iv idua l 
tra n s fo rm e r e ith e r on  n ew  e qu ip m e n t o r added la ter. T h e  o il is fo rced  
th ro u g h  the  filte r  by the  ac tion  o f the  heat genera ted  by the  a ppa ra tus  and 
the  hea t d issipated by the  filte r.

T h e  bypass m e thod  o f m a in ta in in g  o il in  usable c o n d it io n  has 
ce rta in  de fin ite  lim ita tio n s . O n  stanby tra ns fo rm e rs  o r on  c ircu it b reake rs  it 
is in  o pe ra tive  since the  hea t necessary to  its o p e ra tio n  is n o t co ns ta n tly  
avilab le. T h e  o p e ra tio n  o f bypass filte rs  m ig h t also be te rm e d  ve ry  gen tle  
since little  fo rce  is availab le to  d rive  the o il th ro u g h  even a corase f ilte r  bed. 
T h e  is also the  poss ib ility  tha t fine  partic les o f the  earth  m ay leak th ro u g h  
the  system  in to  the  processed o il.T he  adsorbents shell be changed regu la rly .

3  B aux ite

B aux ite  is a na tu ra l aggregate  o f a lu m in u m -b e a rin g  m ine ra ls , m o re  
o r  less im p u re , in  w h ich  the  a lum inum  occurs la rge ly  as hyd ra ted  oxides. It 
is usually fo rm e d  by p ro lo n g e d  w e a the ring  o f a lum inous rocks. B aux ite  
con ta ins  3 0 - 7 5 %  A120 3 1 9 - 3 1  %  H 20  1 3 - 2 5  %  Fe20 3 1 2 - 9  %  
S i0 2and 1 - 3  p  T i0 2. It is a n o n to x ic  and noncom bustib le  substance. C o lo r 
o f baux ite  can be d iffe re n t, w h ite  cream , ye llow , b ro w n , g ray  o r 
red ,depend ing  on  its o rig in . T h e  o rig ins  o f bauxite  are A us tra lia ,
Jam a ica ,F rance , G uiana, G uinea, บ .ร .  (A rkansas) and B raz il. B aux ite  has 
sp ec ificg ra v ity  be tw een 2 - 2 . 5 5  and M ohs hardness be tw een  1 - 3 .  It is 
inso lub le  in  w a te r and can be decom posed  by h y d ro c h lo ric  acid. As 
m e n tio n e d  abo u t the  uses o f baux ite  in p rev ious section  it is also used as 
d e co lo riz ing  and
d e o d o riz in g  agent, catalysis, f ille r in  rubber, plastics, pa in ts  and cosm etics, 
and h y d ro lic  fra c tu ring .

2 . 4  P e r c o la t io n  b y  t h e r m o - S ip h o n  B y  p a ss .
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