
CHAPTER 2

THERORETICAL CONSIDERATIONS

2.1 Crude o i l

2.1.1 O rig in  C l ,2]

Petroleum is  na tu ra l organic m ater ia l composed 

p r in c ip a l ly  of hydrocarbons which occur in  the gaseous or 

l iq u id  s ta te  in  geo log ica l t ra p s ;  the l iq u id  p a r t ,  a f te r  being 

freed from d isso lved  gas, is  commonly re fered to  as crude o i l .  

Underground re se rvo irs  adopt various forms, and the o i l  is  

usua lly  associated w ith  na tu ra l gas and b r ines . In a ty p ic a l  

dome-shaped form ation, the f lu id s  occupying the in te rs t ic e s  in 

the rock are arranged in order of increasing density  w ith  

i l l - d e f in e d  boundaries between zones. Uppermost is  the gas 

zone or cap which contains so -ca lle d  a s s o c ia te d ( i . e. w ith  o i l )  

n a tu ra l gas; th is  comprises low-molecular-weight alkanes-methane 

(predominantly) plus i t s  Cz-C7 homologous :ethane, propane,

butanes, pentanes, hexanes, and heptanes) - toge the r w ith  

inorgan ic  gases(carbon d iox ide , n itrogen , hydrogensulphide, and 

sometimes he lium ). The in term ediate  zone contains o i l  sa tura ted 

w ith  d isso lved gas under the cond it ions of temperature and

pressure p re v a i l in g  in  the re se rv o ir  rock; and the bottom
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zone is  occupied by "connate" or " i n t e r s t i t i a l "  water, traces 

o f which are a lso present in  the pore of re s e rv o ir  rock in  the 

o i l  and gas zones. o i l f i e l d  waters (o r "b r in e s ") conta in  

r e la t iv e ly  la rge  am ounts(frequently more than 10* ppm) of 

d isso lved  ino rgan ic  s a lts  p r in c ip a l ly  ch lo rid es  and sulphates 

of sodium, potassium, calcium , and magnesium.

The petroleum th a t flows from our w e lls  today was 

formed many m ill io n s  o f years ago. I t  is  be lieved to  have 

been formed from the remains of t in y  aquatic  animals and

p lan ts  th a t s e tt le d  w ith  mud and s l i t  to  the bottoms of 

ancient seas. As successive layers b u i l t  up, those remains

were subjected to  high pressures and temperatures and underwent 

chemical transfo rm a tions lead ing  to  the form ation o f the 

hydrocarbons and o ther co n s titu e n ts  of crude o i l .

2 .1 .2  Appearance and Composition [1 ,2 ,3 ,4 1

P h y s ic a lly , crude o i l  is  found in  a v a r ie ty  of 

types ranging from l ig h t ,  mobile, s traw -co loured liq u id s

con ta in ing  a la rge  p ropo rtio n  of e a s ily  d is t i l la b le  m a te ria l 

to  h ig h ly  v iscous, se m i-so lid  b lack substances from which very 

l i t t l e  m a te ria l can be removed by d is t i l l a t io n  before the 

onset of thermal decomposition. D ensities g ene ra lly  l i e  in  

the range 0.79-0.95 g/cm3 under surface c o n d itio n , and

v is c o s it ie s  vary w ide ly , from about 0.7 cen tipo ise  to  more 

than 42,000 ce n tipo ise .

Crude o i l  cons is ts  o f a very complex m ixture  of
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sa tura ted and unsaturated hydrocarbons w ith  minor amounts 

of non-hydrocarbons cons is t ing  c h ie f ly  of s u l fu r ,  n itrogen 

and oxygen compounds. Trace amounts of metals are also 

present in  petroleum in the form of suspended inorgan ic  

compounds or in  the form of associated organic compounds. The 

hydrocarbons vary in  molecular s ize  from methane to  

compounds of such high molecular weight and low v o l a t i l i t y  

th a t  they cannot be d i s t i l l e d  even under high vacuum ( f ig u re  2 .1 ).
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Figure 2.1 Typ ica l hydrocarbon co n figu ra t io n

In f ig u re  2.1, the fo l lo w in g  are the same of the 

d i f fe r e n t  p rope rt ies  of the fours types of hydrocarbons.

1. P a ra f f in ic  hydrocarbon are lower in  

s p e c if ic  g ra v i ty ,  or h igher in  API g ra v i ty ,  than the aromatic

hydrocarbons of the same b o i l in g  p o in t ,  which the naphthenic
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and o le f in i c  compounds are intermediate in  g ra v i ty  or 

de ns ity .  P a ra f f in ic  hydrocarbons s t a b i l i t y  to  ox ida tion  or 

chemical change is  very good.

2. Aromatic hydrocarbons posses a much 

h igher s p e c i f ic  g ra v i ty ,  or lower API g ra v i ty ,  than the 

other three classes. They are very s tab le  under heat, and are 

chemically a c t ive  to  a moderate degree.

3. Naphthenic hydrocarbons are extremely 

s tab le  compounds, and in many cases have more s t a b i l i t y  than the 

p a ra f f  ins.

4. O le f in  hydrocarbons are more chemically 

a c t ive  than the other th ree classes of hydrocarbons. They 

are subject to  ox ida tion  or po lym erization  forming gums.

The b o i l in g  ranges of the compounds increase 

roughly w ith  the nuumber of carbon atoms:

1. Far below -18 °c (0 ๐F) fo r  the l ig h t  

n a tu ra l gas hydrocarbon w ith  one to  three carbon atoms.

2. About 27 to  204 °c (80-400 °F) fo r

gasoline components.

3. 204 to  343 °c (400-650 °C) fo r  d iese l 

and home heating o i l s .

4. Higher ranges fo r  lu b r ic a t in g  o i l s  and

heavier fu e ls .

The d is t r ib u t io n  of various sizes and types of 

hydrocarbons and hence the amount of p o te n t ia l  lu b r ic a t in g  o i l

present in  a given crude o i l varies w idely w ith the

source of the crude. Some crudes consis t predominantly of
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gasoline and naphthas while  the others conta in  asphalt as 

the p r in c ip a l  c o n s t i tu e n t .  s t i l l  other ce r ta in  lu b r ic a t in g  

o i l  d i s t i l l a t e  as major cons tituen ts  together w ith  gasoline, 

naphtha, gas o i l ,  wax and asphalt in  varying p roport ions .

I t  is  customary to  c la s s i fy  crude o i l  in to  three 

broad groups or bases-the p a ra f f in ic  base, the naphthenic 

base and mixed base or in termediate  base. This c la s s i f i c a t io n  

has many l im i ta t io n s  but is  s t i l l  usefu l in  in d ic a t in g  the 

general p rope rt ies  of the crude and in in d ic a t in g  the probable 

method of processing. The p a ra f f in ic -b a se  crudes conta in wax 

and give lu b r ic a t in g  o i l s  of high v is c o s i ty  index but the o i l  

contains appreciable wax. The naphthenic-base crudes o ften 

conta in  no wax and they u su a lly  contain high asphalt content. 

The lu b r ic a t in g  o i l s  obtained from naphthenic stocks have 

low v is c o s i ty  index. Mixed base o i ls  conta in both wax and 

asphalts . Most of the crude o i l  are mixed base.

2.1.3 R efin ing Process [2 ]

Crude o i l  is  sometimes used such as fo r  fu e l in 

power p la n ts ;b u t in  most cases, i t  is  seperated in to  many 

f ra c t io n s ,  which in  tu rn  requ ire  fu r th e r  processing to  supply 

the la rg e r number of petroleum products needed. In many 

cases, the f i r s t  step is  to  remove from the crude ce r ta in  

inorgan ic  s a lts  suspended as minute c ry s ta ls  or d isso lves in 

entra ined water. These s a l ts  break down during processing 

to  form acids th a t  severely corrode re f in e ry  equipment, plug
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heat exchangers and other equipment, and poison ca ta lys ts  

used in  subsequent processes. Therefore, the crude is  

mixed w ith  a d d it io n a l water to  d isso lve  the s a lts  and the 

re s u lta n t  b r ine  is  removed by s e t t l in g .

A f te r  d e sa lt in g , the crude is  pumped through 

a tu rb u la r  furnace ( f ig u re  2.2) where i t  is  heated and 

p a r t i a l l y  vaporized. The re f in e ry  usua lly  consis ts  of connected 

lenghts of pipe heated e x te rn a l ly  by gas or o i l  burners. The 

m ixture of hot l iq u id  and vapor from the furnance enters a 

f ra c t io n a t in g  column. This is  a device th a t  operates at a 

s l i g h t l y  above atmospheric pressure and seperates groups of 

hydrocarbons according to  t h e i r  b o i l in g  ranges. The 

f ra c t io n a t in g  column works because there is  a graduation in 

temperature from bottom to  top so th a t ,  as the vapors r is e  

toward the coo ler upper p o r t io n ,  the higher b o i l in g  components 

condense f i r s t .  As the vapor stream moves up the column, 

lower b o i l in g  vapors are p rogress ive ly  condensed. Trays are 

inse rted  at various leve ls  in  the column to  c o l le c t  the l iq u id s  

th a t  condense at those le v e ls .  Naphtha, an indus try  term fo r  

raw gasoline th a t  requires fu r th e r  processing, and l ig h t  

hydrocarbons are c a rr ie d  over the top of the column as vapor 

and are condensed to  l iq u id  by coo ling . Kerosine, d ie se l fu e l ,  

home heating fu e ls ,  and heavy o i ls ( c a l le d  gas o i l s )  are 

withdrawn as side cuts from the successively lower and h o t te r  

leve ls  of the tower.

A heavy b lack, atmospheric residuum is  drawn 

from the bottom of the column. Because the tendency of
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residuum to  decompose at temperatures about 371 °C(700 °F), 

heavier (h igher b o i l in g )  o i l s  such as lu b r ic a t in g  o i l s  must be 

d i s t i l l e d  o f f  in  a seperate vacuum f ra c t io n a t in g  tower. The 

g re a t ly  reduced pressure in  the tower marlcly lowers the 

b o i l in g  po in ts  of the desired hydrocarbons compounds. Bottom 

m ate r ia ls  from the vacuum tower are fo r  asphalt, or are 

fu r th e r  processed to  make other products. The f ra c t io n  

seperated by crude d i s t i l l a t i o n  are sometimes re fe rre d  to  

as " s t ra ig h t  run " products. The character of t h e i r  

hydrocarbon cons t ituen ts  is  not changed by d i s t i l l a t i o n .

Figure 2.2 Crude d i s t i l l a t i o n  u n it

2.2 Fang Refinery c5ว

Up to  1500 b a rre ls  of lo ca l crude o i l  can be
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re fin e d  at Fang R efinery perday. The re f in e ry  products are 

co n s is tin g  of

- s tra ig h t run o i l  6 %

- d ie se l 26 %

- l ig h t  d is t i l l a t e  17 %

-  heavy d is t i l l a t e  14 %

-  heavy fu e l o i l  37 %

The process cons is ts  of several operation u n its  

in c lu d in g

Topping d is t i la t io n  u n it  

Vacuum d is t i l l a t io n  u n it  

Gasoline tread ing  u n it  

Gasoline blending u n it  

Power u n it  

F a c i l i t ie s  u n it

Once crude o i l  from Mae Soon Huang is  shipped to  Fang 

R efine ry , the water w i l l  be seperated in  the seperation u n it

where tre a t - o - l i t e  is  used as a d e m u ls ifie r. A fte r th a t, the

crude is pumped through preheat exchanger and i t s

temperature ra ise  to  about 120 °c by exchanging w ith hot

o i l from vacuum tower. I t is  then fu r th e r  heated to  3401 °c

in  atmospheric h e a te r(H -l)  and charged to  atmospheric 

f ra c t io n a to rs . The liq u id s  withdrawn from th is  tower w i l l  

conta in  s tra ig h t run o i l ,  kerosine and d ie s e l. Reduced crude 

from the bottom of the atmospheric tower is  sent to  vacuum 

heater(H -2) and i t s  temperature ra ise  to  365 ๐c and is  then 

charged to  a vacuum tower where i t  is  seperated in to  l ig h t
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d is t i l l a t e ,  heavy d is t i l l a t e  and heavy fu e l o i l .

2.3 L u b rica tin g  Base O il

2.3 .1  Sources [2 ,4 ]

There are e s s e n tia lly  two sources from which 

the base lu b r ic a n t f lu id s  are obtained. There are (A) the  

re f in in g  of petroleum crude o i l  and (B) the synthesis of 

r e la t iv e ly  pure compounds w ith  p rope rtie s  which are s u ita b le  

fo r  lu b r ic a n t purpose.

Petroleum lu b r ic a t in g  o i l  has been prepared 

from crude o i l  obtained from most parts  of the w orld . 

Although crude o i ls  from various parts of the world d i f f e r  

w ide ly in  p ro p e rtie s  and appreance, the re  is  r e la t iv e ly

l i t t l e  d iffe re n c e  in  th e ir  elemental a n a lys is . An

elemental a n a lys is , th e re fo re , gives l i t t l e  in d ic a tio n  of 

extreme range of phys ica l and chemical p ro p e rtie s  th a t

a c tu a lly  e x is ts , or the nature of lu b r ic a t in g  o i l  th a t can be 

produced from a p a r t ic u la r  crude o i l .

2 .3 .2  Processing [2 ,6 ]

The manufacture of lu b r ic a t in g  base stock from 

crude o i l  invo lves a se ries  of su b s tra c tive  processes to  

remove undesirab le  components re s u lt in g  in  a base o i l

meeting performance requirem ents.
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Almost a l l  the processes used to  produce 

lu b r ic a t in g  base stocks are seperation processes, i . e . ,  the  

process operates by d iv id in g  the feedstock, which is  a complex 

m ixture of chemical compounds in to  p roduc ts -usua lly  two products. 

A simple diagram of a seperation process is  shown in  fig u re  2.3.

Feedstock 

(A M ixture)

Desired Product 

(A M ixtu re)
Separation

Process B y-P roduc t

__________________  (A M ixtu re)

Figure 2.3 Lube seperating process

A s im p lif ie d  b lock diagram ( f ig u re  2.4) 

ind ica te s  f iv e  processes in  lu b r ic a t in g  base o i l  re f in in g :

NEUTRALDISTILLATES WAXYRAFF I MATES D0.VAXEDOILS
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Figure 2.4 Lube processing
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1. Vacuum d is t i l l a t io n

Vacuum d is t i l l a t i o n  is  the f i r s t  step in  

re f in in g  lu b r ic a t in g  o i ls .  This is  a seperation process

which segregates crude o i l  in to  products th a t s im ila r  in  

b o il in g  range. In terms of the s im p lif ie d  p ic tu re  of crude 

o i l  in  f ig u re  2.5, d is t i l l a t i o n  can be represented as a 

v e r t ic a l c u t; see f ig u re  2.6.

In vacuum d is t i l l a t io n  which seperates

the atmospheric residue m ixture  in to  a se ries of f  ra c tio n s

representing  d if fe re n t  m olecular weight ranges or v is c o s ity

ranges from the 90-100 n e u tra ls  to the 500 n e u tra ls

(500 รบร Vis ® 38 °C). The residue conta ins the heavier base

o i ls  such as b r ig h t stocks (150-250 รบร ê 99 °C). The la t t e r

must be seperated from the asphaltenes and res ins  p r io r

to  in tro d u c tio n  in to  the e x tra c tio n  process.

Bolling Point ( ’ c )

92  2 0 2  312  4 3 9  5 3 2

Figure 2.5 Crude o i l  co m p o s itio n -s im p lif ie d



14

Bolling Point ( *0)

9 2  2 0 2  312 4 3 9  532

Lute Distillâtes

Figure 2.6 Lube d is t i l l a t io n

2. Propane deasphalting

The l ig h te r  d is t i l l a t e  feedstocks fo r  

producing lu b r ic a t in g  base o i l  can be sent d ir e c t ly  to  the 

so lven t e x tra c tio n  u n its  but the atmospheric and vacuum 

s t i l l s  bottoms requ ire  deasphalting to  remove the  

asphaltenes and res ins  before undergoing so lven t e x tra c tio n . 

Figure 2.7 is  a s im p lif ie d  i l lu s t r a t io n  of deaspha lting . Propane 

is  u su a lly  used as the so lven t in  deasphalting but i t  may 

also be used w ith  ethane or butane in  order to  ob ta in  the  

desired  so lven t p ro p e rtie s .
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Figure 2.7 Propane deasphalting

3. F u rfu ra l e x tra c tio n

F u rfu ra l e x tra c tio n  u n it w i l l  process not 

only the deasphalted o i l  but the d is t i l l a t e  feeds from the  

vacuum tower as w e ll. F u rfu ra l e x tra c tio n  seperates aromatic  

compounds from nonaromatic compounds. In i t s  s im plest form, 

the process cons is ts  of m ixing fu r fu ra l w ith  feedstock,

a llow ing  the m ixture to  s e t t le  in to  two l iq u id  phases,

decanting and removing the so lven t from each phase. The 

e x tra c t phase is  r ic h  in  aromatics and the r a f f in a te  phase is  

r ic h  in  p a ra f f in ic  hydrocarbons, re s u lt in g  in  an improvement 

in  both thermal and ox id a tio n  s ta b i l i t y  when compared to  the  

f ra c t io n  p r io r  to  e x tra c tio n . In a d d itio n , there  is  an 

improvement in  the v iscos ity -te m p e ra tu re  c h a ra c te r is t ic s  

as evidenced by h igher v is c o s ity  index.



16

4. MEK dewaxing

The o b je c tive  of th is  step is  the removal of 

wax to  improve i t s  flow  c h a ra c te r is t ic s  a t low tem perature. 

In F igure 2.8 shows the waxy o i l  being mixed w ith  methyl e th y l 

ketone-to luene. The m ixture is  then cooled to  a temperature  

between -12 °C(10 ๐F) and -6 °C(20 °F)below the des ired  pour 

p o in t. The wax c ry s ta ls  is  then removed from the o i l  by

f i l t r a t i o n .  The products from the dewaxing u n it are a 

dewaxed o i l  and a s lack wax. The dewaxed o i l  next go

through a f in is h in g  step to  remove i t s  co lo r and co lo r  

s t a b i l i t y .  The s lack wax is  used e ith e r  fo r  c a ta ly t ic  

cracker feed or undergo a d e -o il in g  operation before being 

so ld  as in d u s tr ia l wax.

F igure 2.8 MEK/Toluene dewaxing

5. F in ish in g  process

Some base stocks, p a r t ia l ly  premium
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stocks, re q u ire  a f in is h in g  process such as

h y d ro fin is h in g  or c lay treatm ent to  improve c o lo r, 

o x id a tio n , and thermal s t a b i l i t y  c h a ra c te r is t ic s . The 

h y d ro fin is h in g  process cons is ts  of a bed c a ta ly s t

through which heated o i l  and hydrogen are passed. This

process removes some of the co lo r bodies and unstab le

components, such as n itrogen  and s u lfu r  compounds, in  the o i l  

An a lte rn a te  process to  h y d ro fin is h in g  is  a c lay treatm ent in  

which the dark co lored and unstab le molecules are removed.

2 .3 .3  Composition [3 ]

The petroleum fra c t io n  used as lu b r ic a n t  

ge ne ra lly  conta ins compounds con ta in ing  18 or more carbon 

atoms. The lu b r ic a t in g  base o i l  f ra c t io n  is  complex 

m ixtures co n s is tin g  of p a ra f f in ic ,  c y c lo p a ra ffin ic (n a p h th e n ic )  

and aromatic compounds, together w ith  h e te ro c y c lic  

compounds con ta in ing  s u lfu r  and n itrogen  atoms(e.g. of 

th ionaphthene,o f ind o le , of q u in o lin e  and carbazoles) and various  

oxygen compounds in c lu d in g  naphthenic acids which account 

fo r  most of the chem ica lly bound oxygen in  petroleum  

fra c t io n s .

The molecules in  the lu b r ic a t in g  base o i l  

f ra c t io n  cons is ts  e s s e n tia lly  of one long carbon atom chain 

to  one or both ends of which a r in g  system or sho rt 

branch may be attached. Monocycloalkanes and 

monoaromatics u su a lly  have several sho rt (e .g . methyl)
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branches on the r in g . Most of the compounds are 

paraffin -naphthenes w ith  c y c lo p a ra ff in ic  r in g  attached to  

p a ra f f in ic  chain. Aromatic compounds u su a lly  have 

c y c lo p a ra ff in ic  r in g  a ttach  to  them along w ith  long

p a ra f f in ic  chains. Polyaromatics usu a lly  have a l l  th e ir  

ring s  in  a s in g le  condensed nucleus which a lso might have 

short branches attached. P o ly c y c lic  sa tura tes may have a l l  the  

ring s  in  a s in g le  condensed system or two or more r in g

system may be seperated by a lk y l chains. Aromatic compounds 

may also be in  form of b iphenyls and th e ir  d e r iv a tiv e s . Thus 

the lu b r ic a t in g  base o i l  is  composed p r im a r ily  o f f iv e  

c h a ra c te r is t ic s  c lasses:

- p a ra ff in  naphthenes

- condensed naphthenes

- aromatic naphthenes

- naphthalenes (two r in g  arom atics)

- m u lt ir in g  aromatics

2 .3 .4  P roperties

2 .3 .4 .1  Physica l P roperties

S p e c if ic  g ra v ity  [2 ]

S p e c if ic  G rav ity  is  the r a t io  of the  

mass of a volume of the substance at the standard temperature  

to  the mass of the same volume of water at the same

tem perature. The standard temperature fo r  s p e c if ic  g ra v ity
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are 15.6/15.6 c (60/60 F ). In the petroleum in d u s try  the

API g ra v ity  scale is  almost u n iv e rs a lly  used as the measure 

of the d ens ity  of a petroleum product. API g ra v ity  is  an

a rb ita ry  sca le , c a lib ra te d  in  degree and re la te d  to  s p e c if ic  

g ra v ity  by

API g ra v ity  = 141.5 - 131.5

(degrees) sp .g r. 15.6/15.6 °c

The API g ra v ity  value increases as

the s p e c if ic  g ra v ity  decreases. since both dens ity  and

g ra v ity  change w ith  tem perature, determ inations are made at 

a c o n tro lle d  temperature and then corrected  to  a standard  

temperature by using spec ia l ta b le .

V is c o s ity  [7,81

V isco s ity  is  the most s ig n if ic a n t

p roperty  of a lu b r ic a t in g  o i l .  To meet a p a r t ic u la r  

a p p lic a tio n , v is c o s ity  is  gene ra lly  the most im portant

c o n tro lly  p roperty  fo r  manufacture and s e le c tio n .

The v is c o s ity  of a f lu id  is  a

measure of i t s  in te rn a l res is tance  to  flow  by reason o f the  

fo rces of cohesion between molecules. I t  decreases w ith  

increas ing  temperature and increases considerably w ith  

la rge  increas ing  pressure. The extent of the v is c o s ity  change 

depends on the crude source of the o i l  and m olecular weight of 

the c o n s titu e n t components.
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The instrum ent used to  determine the  

v is c o s ity  o f an o i l  is  c a lle d  the v iscom eter. In genera l, 

two types are used: the saybo lt and k inem atic viscom eters.

Kinematic v is c o s ity  is  the more 

common and measured by tim ing  the flow  of a f ix e d  

amount of o i l  through a c a p il la ry  tube under g ra v ita t io n a l 

fo rce  at a standard tem perature. Test temperatures are

u su a lly  at 40 and 100 ๐c fo r  cen tis tockes u n it .

V is c o s ity  index

The v is c o s ity  index is  an em p irica l 

number which ind ica te s  the e ffe c t of temperature changing

on the v is c o s ity  of the o i l .  when the temperature increased, 

a l l  lu b r ic a t in g  o i ls  f i lm  th in  out or have lower v is c o s ity .  

Likew ise, o i ls  become th ic k e r  or more viscous as the 

temperature reduces. The h igher the V I, the sm a lle r i t s  

change in  v is c o s ity  fo r  a given change in  tem perature. 

The VI of an o i l  is  ca lcu la te d  from v is c o s it ie s  determined

at two temperatures by means of tab les  po lished  by ASTM. 

Table based on v is c o s it ie s  determined at both 100 and 212 ๐F, and 

40 and 100 °c are s u ita b le .

Pour p o in t

Most o i l  conta ins some d isso lved  wax 

and, as an o i l  is  c h il le d ,  th is  wax begins to  seperate as 

c ry s ta ls  th a t in te r lo c k  to  form a r ig id  s tru c tu re  which traps  

the o i l  in  small pockets in  the s tru c tu re , when th is  wax
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c ry s ta l s tru c tu re  becomes s u f f ic ie n t ly  complete, the o i l  w i l l  

no longer flow  under the cond itions  of the te s t .

The pour po in t is  the lowest

temperature at which the o i l  w i l l  ju s t  flow  under s p e c if ie d

te s t co n d itio n  and is  roughly equ iva len t to  the tendency of

an o i l  to  cease flow ing  from a g ra v ity - fe d  system or co n ta ine r.

Since the s ize  and shape of the con ta ine rs , the head of o i l ,  

and the phys ica l s tru c tu re  of the s o l id i f ie d  o i l  a l l

in flu e n ce  the tendency of the o i l  to  flo w , the pour po in t 

of the o i l  is ,  and not an exact measure o f, the temperature 

at which flow  ceases under the se rv ice  cond itions  of a

s p e c if ic  system. The importance of the pour p o in t is

l im ite d  to  a p p lica tio n s  where low temperature are l ik e ly  to  

in fluence  o i l  flow .

Color

The co lo r of lu b r ic a t in g  o i l  is

measured in  a standard ized glass con ta ine r by comparing

the co lo r of the tra n sm itte d  l ig h t  w ith  th a t 

tra n sm itte d  by a se ries  of numbered glass standard. Color 

va ries  from p a r t ic a l ly  c le a r or transparen t to  opaque 

or b lack. This te s t is  used fo r  manufacturing c o n tro l 

purposes and is  im portant since the co lo r is  re a d ily  observed 

by the customer.
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2 .3 .4 .2  Chemical P roperties

O xidation s ta b i l i t y  [9 ]

The most im portant chemical aspect of 

lu b r ic a t io n  is  the degree to  which atmospheric oxygen can 

react w ith  lu b r ic a n ts  under various opera ting  co n d itio n s . 

Since the degradation of lu b r ic a n ts  by o x id a tio n  can be lead 

to  the development of co rros ive  organic acids and in so lu b le  

resinous m atte r, and a marked increase in  v is c o s ity  of the  

lu b r ic a n t, a l l  of which se r io u s ly  im pair the e ff ic ie n c y  of the  

lu b r ic a n t.

O xidation is  a markedly exothermic 

reac tion  and proceeds by a number of complex steps, the 

nature of the hydrocarbons in  the lu b r ic a n ts  having a 

considerable in flu e n ce  on the nature of the o x id a tio n  process.

Viewed chem ica lly the rea c tion  

mechanism is  known to  be l im ite d  by peroxide or 

hydroperoxide fo rm a tion . The in te rm ed ia te  products are 

a lcoho ls , ketones and aldehydes. A l l  the in te rm ed ia te  

products on fu r th e r  ox id a tio n  lead to  the development of 

ca rb o xy lic  acids and hyd ro -ca rboxy lic  ac ids, w h ile  the 

aldehyde m a te ria ls  undergo complex condensation re a c tio n .

Several standard methods e x is t fo r  

the eva lua tion  of the therm ooxidation s ta b i l i t y  of base o i ls  or 

some of th e ir  a d d itiv e  blends such as transfo rm er o i ls ,  

tu rb in e  o i ls ,  transm ission  o i ls ,  e tc . Host o f these methods, 

however, re q u ire  longer times and have low p re c is io n  l im its
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as seen in  ta b le  2.1

The temperature range of these 

methods is  l im ite d  to  200 °c , w hile  sample s ize  is  r e la t iv e ly  

la rge  up to  4.55 L. A lso, o ther ro u tin e  methods are app lied , e .g . 

v is c o s ity ,  a c id ity ,  sludge conten t, e tc . in  order to  evaluate  

the change th a t occurs in  the o i ls .

The therm ogravim etric balance(TG) is  

the one of the recent technique developed to  evaluate thermal 

behaviour o f d if fe re n t  chemical compounds. I t  is  use fu l in  

eva lua ting  the e ffe c t of temperature on the weight loss o f the  

compounds. Applying the procedure to  the d if fe re n t  chemical 

s tru c tu re  base o i ls  has been taken in to  co ns ide ra tion .

This work has the o b je c tiv e  to  

evaluate therm ooxidation s t a b i l i t y  fo r  base o i ls  and th e ir  

a d d itiv e  blends over a temperature range from ambient up to  

600 °c and in  the presence of an oxygen stream by using 

therm ogravim etry.
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Table 2.1 standard ox id a tio n  te s t

T es t
.'In HOD S a m p l e C a t a l y s t

O x i d i z i n g
A g e .v i Temp. °c: Tes I Paramkikkx

T i m  Di r a i  io n  
Ti.sii

ร \MPLE 
S l / I

IP 4S/67 Base oils No catalyst Air at flow 
rate 1 วิ L/h

200 Kinematic viscosité 
at 100®F 
ramsbottom 
carbon residue.

Two periods each 
of () them h

10

- IP 56/64 T ransformer 
oils

Copper sheet Air at How 
rate 2 L/h

150 - Acidity
- .Sludge value

45 I. 100 L

- IP II4/67T Turbine oils Copper sheet Air at flow 
rate 2 บ น

1 10 Increase in acidity 90 It 100 y

- IP 157/64 Steam turbine 
oils

Copper and 
iroh coils

Oxygen at 
(low rate 
3 L/h

59 Increase in acidity 1000 It or until 
TAN varying 
from 0.25 to 2.0 
mg. KOH 
sample

300 ท..

IP 229/68T Steam turbine 
oils

Copper toil Oxygen 
pressure at 
1)0 psi

150 Induction periods Until pressure is 
23 II»

Less than 
established 
between 
pressure

วิแ พ

- 1 p 2Ü9/67T Automatic
transmission
fluids

Steel plate Air flow rate 
100 ml/ 
mill

119 or 
163

Rating of formed 
sludge

3 12 h 4.55 1.

- IP 280/73 Turbine oils Copper 
naphihenaie 
& iron 
naphihenate 
solutions

Oxygen at 
How rate 
1 L/h

120 - Volatile acids
- Soluble acids
- Sludge

164 h ; น i รุ;

- IP 306/79 Straight 
mineral oils

No catalyst or 
copper wire

Oxygen at 
flow rate
1 L/h

120 - Volatile acidity
- Soluble acidity
- Total sludge
- Total oxidation 
products ( T (  )!*)

48 It 25 g

- 1 p 307/80 Insulating oil Copper wire Oxygen at 
flow rate 
ILVh

too - Sludge content 
soluble acidity

164 It 25 g

- IP 335/80 Inhibited
mineral

Copper wire Oxygen liyh 120 Induction 236 1) 25 g
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Loss in  weight fo r  most of the tes ted  

samples was found to  be n e g lig ib le  up to  a temperature of 

300 “ c. Higher than 300 °c, the sample weight begins a rap id  

and continuous loss . Such a weight loss is  ty p ic a l to  what 

occurs in  te s te d  samples in  the absence of oxygen, i . e .  due to  

thermal decomposition on ly . But, in  the presence of oxygen, 

a reac tion  of decompose sample w ith  oxygen is  observed at 

temperature around 350 ๐c or h igher which leads to  re ta rd  

decreasing in  weight loss . These temperatures can be named 

ox id a tio n  p o in ts . At h igher temperatures than these ox id a tio n  

p o in ts , weight loss was ra p id  and continuous again u n t i l  the  

complete decomposition and oxygenated res ins  remains nearly  

constant w ith  fu r th e r  increase in  tem perature. The ox id a tio n  

p o in ts  can be used as an in d ic a tio n  fo r  base o i l  

therm ooxidation s t a b i l i t y .  From Figure 2.9, the d iffe re n c e  

between ty p ic a l model curves fo r  (TG) thermal and therm ooxidation  

s t a b i l i t y  of lu b r ic a t in g  o ils  u su a lly  inc lude the  

fo llo w in g  v a r ia b le  or parameters.

o x ida tion  p o in ts ; i . e . ,  

temperature at which the ra te  of weight loss decreases due 

to  the fo rm ation  of high molecular weight oxygenated compounds.

o x id a tive  compounds; i . e . ,

weight o f oxygenated compounds in  m iligram s which remains 

in  the pan of balance at the ox id a tio n  p o in t. Higher 

than th a t p o in t, the o x id a tive  compounds s ta te  to  carbonize  

and f in a l ly  evaporate complete as CO£.
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Figure 2.9 Comparison between ty p ic a l model curves fo r  both TG 

therm al and therm ooxidation s ta b i l i t ie s .

The thermal s t a b i l i t y  curves shows 

th a t the sample f i r s t  evaporates g ra d u a lly , and then 

fa s te r  in d ic a tin g  th a t sample decomposition occured 

and continued over the temperature range from 300 °c up to  400 °c 

where nearly  90 percent of the o r ig in a l sample weight is  lo s t .  

Above 400 °c , the residue and im p u ritie s  s ta r t  to  be continued  

then remain s ta b le  up to  about 600 °c.

F igure 2.10 shows the in fra re d  

spectra  fo r  the two base o i l  sample at the begin ing of the  

evaporation and at the ox id a tio n  po in ts  of the two base o i l  

samples, which appear at wavenumber 1100-1350 cm 1 and at
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1720-1825 cm 1, are due to  the o x id a tive  compounds formed. 

These spectras show th a t in  o i l  2 h igher amounts of 

o x id a tive  compounds are formed than in  o i l  1.

2S00 1 600 1600 1 400 1 200 1 000
e.->

Figure 2.10 In fa re d  spectrum before and a f te r  ox id a tio n  fo r  

o i l  1 and 2

C-13 NMR spectrom etry [10 ,11 ]

Conventional method of q u a n tita t in g  

the p a ra f f in ic  carbon(CD), naphthenic carbon(Cr1) , and

aromatic carbon(Ci1) in  petroleum fra c t io n  was developed by

Van Nes and Van Western, m odified by ASTM as 

ASTM D 2140. These Ctj,Cr1, and Ca can be ca lcu la te d  by
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using re fra c t iv e  index, dens ity  and m olecular weight of the  

sample-. However, l im ita t io n s  to  the method are th a t the  

sample must be o le f in - f r e e ,  con ta in  s u lfu r ,  n itrogen  and oxygen 

less than 2%, 0.5% and 0.2% re s p e c tiv e ly , have a l l  th ree  

types of carbon present, conta in  no more than 75% of 

r in g -s tru c tu re d  carbon and, the number of the aromatic r in g  

carbon cannot exceed 1.5 times the number of naphthenic r in g  

carbon.

T ra d it io n a l NMR methods have u t i l iz e d  

severa l approches to  determine the p a ra f f in ic ,  naphthenic and 

aromatic carbon percentages. Proton NMR can be accurate fo r  

very s p e c if ic  types of hydrocarbon fra c tio n s  but cannot 

be app lied  g ene ra lly  to  very heavy fra c tio n s  w ith  condensed 

naphthenic s tru c tu re s .

C-13 NMR methods can overcome a l l

those d i f f i c u l t ie s .  One of the most im portant fea tu res

is  the great seperation of spec tru l absorptions due to

s im ila r  but d iffe re n ce  m olecular s tru c tu a l fe a tu re s . A l l  the  

accurate re s u lt  of carbon types can be d ir e c t ly  observed by th is  

method. F igure 2.11 and fig u re  2.12 are spectrums of H*-NMR 

and C13-NMR of lu b r ic a t in g  base o i l  re s p e c tiv e ly .
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— S  (ppm )

Figure 2.11 aH-NMR spectrum of the lu b r ic a t in g  base o i l
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In the c a lc u la t io n , the percentages 

of aromatic carbon was obtained by summation of the in te n s it ie s  

from 110 to  160 ppm d iv id e d  by the to ta l  in te g ra te d  area 

(exclud ing the area of the s o lv e n t) , w h ile  the percentage

of the p a ra f f in ic  was ca lcu la te d  in  s im ila r  manner but 

in v o lv in g  only the in te n s it ie s  from 0-25 ppm and the resolved  

in te n s it ie s  from 25-60 ppm. since %Cp+%Cr1+%Ca = 100,

the percentage of the naphthenic carbon, % c can be obtained  

by d if fe re n c e .

2.4 Property and s tru c tu re  R e la tionsh ip  [12]

The most im portant c h a ra c te r is t ic s  of o i ls  are

th e re fo re  th e ir  v is c o s ity  and v is c o s ity  index, the pour

p o in t which must be compatible w ith  c lim a te  co n d itio n s ,

the res is tance  to  o x id a tio n , and the a b i l i t y  to  p ro te c t against 

co rros ion . The base o i l  does not usu a lly  have a l l  these 

p ro pe rtie s  and must be improved w ith  approp ria te  a d d itiv e s . 

The e ffe c t of d iffe re n c e  types of compounds on the

p ro p e rtie s  of lu b r ic a t in g  o i l  can be seen from Table 2.2.

From ta b le  2.2 shows q u a l i ta t iv e ly  th a t the most 

in te re s t in g  s tru c tu re  fo r  hydrocarbons con ta in ing  20-40 

carbon atoms are the h ig h ly  branched is o p a ra ff in  and 

monocyclic hydrocarbons, sa tu ra te  or not 5 w ith  long a lip h a t ic  

chains and p re fe ra b ly  f iv e  carbon atoms in  the r in g .

The s tra ig h t ,  long-chain p a ra ff in s  are w ax-like

and th e re fo re  th e ir  concen tra tion  must be m inim ized, e sp e c ia lly
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in  those o i ls  fo r  a p p lic a tio n  at low tem perature. On the  

other hand, branched-chain p a ra ff in s  can be very desired  

co n s titu e n ts  in  a lu b r ic a n t because of th e ir  good s ta b i l i t y  

and v isco s ity /te m p e ra tu re  c h a ra c te r is t ic s . The longer the  

side chains in  the molecule, the more marked do these 

a t t ra c t iv e  fra c t io n  become.

These d es irab le  p ro pe rtie s  s t i l l  e x is t in  those 

naphthenes in  which the number of rings  per molecule is  low, 

but the side chains and connecting lin k s  are long and 

p a ra f f in ic .  w ith  increas ing  r in g  condensation and 

shorten ing of p a ra f f in ic  chains, the v isco s ity /te m p e ra tu re  

c h a ra c te r is t ic s  of hydrocarbons p ro g re ss ive ly  worsen in  

respect of th e ir  s t a b i l i t y  of lu b r ic a n ts .
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Table 2.2 L u b rica tin g  o i l  p ro p e rtie s  of some ty p ic a l

hydrocarbon s tru c tu re s

Structures NT Freezing
point

Resistance
to

oxidation
Value as 
base oil

l>«r paraffin Very high High Good Nil
Isoparaffin นา'tb linear dhains

High Medium Good Medium

Isoparaffin นา'Lb isoxrierizrd chain
High Low Good High

Highly substituted isoparaffin ร^V . sV

M  r "

Medium Low Good Medium

Single ring นา’ปะ long aliphatic chain ร ^ ^ \
High Low Good High

PoîycoDdcnsed naphthenes
Low Low Medium Nil

Poîvcondcnsed aromatics
t o o l

I Q l p P ^
Very low 

(<0)
Low NN’tak Nil
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2.5 The Basic Function of Lubrican t

The reduction  of f r i c t io n

Simple ร t» Sit» ed, f  r ic t io n reduction is

accomplished by m ain ta in ing a f i lm of lu b r ic a n t between

surfaces which are moving w ith respect to each o ther, thereby

preventing  these surfaces from coming in  contact and

subsequently causing surface damage.

One of the most im portant p ro pe rtie s of a

lu b r ic a t in g  o i l  is  i t s v is c o s ity . I t  is fa c to r  in the

form ation  of lu b r ic a t in g f ilm s under both th ic k  and th in

f i lm  co n d itio n s . v is c o s ity af f  ects heat generation in

bearings, cy lin d e rs  and gears re la te d  to  f lu id  in te rn a l 

f r i c t io n .  I t  governs the sea ling  e ffe c t of o i ls  and the 

ra te  of o i l  consumtion. I t  determines th a t machines may be 

s ta rte d  under va ry ing  temperature co n d itio n s , p a r t ic u la r ly  at 

co ld  tem perature. For any given piece of equipment 

s a t is fa c to ry  re s u lts  are obta ined only w ith  the use of an o i l  

of proper v is c o s ity  under the operated c o n d itio n .

The basic concept of v is c o s ity  is  shown in  

f ig u re  2.13 where a p la te  is  being drawn a t uniform  speed over 

a f i lm  of o i l .  The o i l  adheres to  both the moving surface 

and the s ta tio n a ry  surface, o i l  in  contact w ith  the moving 

surface tra v e ls  at the same v e lo c ity  (บ) as th a t on su rface , 

w h ile  o i l  at contact w ith  the s ta tio n a ry  surface is  at

zero v e lo c ity .
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S U R F A C E  M O V I N G  

A T  V E L O C I T Y  ' บ

S T A T I O N A R Y

S U R F A C E

F O R C E  y

F I L M  

H I C K N E S S  H

/  ' O I L  V E L O C l T T  ะ ’ บ  ’

;---------- ’ * ^ — O I L  V E L O C I T Y  ะ ! ' 2 บ

! /  . nil VP! nr,Tv- r

Figure 2.13 Concept of dynamic v is c o s ity

In between, the o i l  f i lm  may be v is u a liz e d  as 

made up of many longers, each being drawn by the laye r above 

i t  a t a f r ic t io n  of v e lo c ity  "บ" th a t is  p ro p o rtio n a l to  i t s  

d is tance  above the s ta tio n a ry  p la te  (F igure 2.13 -Lower v iew ). 

A fo rce  (F) must be app lied  to  the moving p la te  to  overcome 

the f r ic t io n  between the f lu id  laye rs , since the f r ic t io n  

is  the re s u lts  of v is c o s ity ,  the fo rce  is  p ro p o rtio n a l to  

v is c o s ity .

Heat removal

Another im portant fu n c tio n  of a lu b r ic a n ts

is  to  act as a coo lan t, removing heat generated e ith e r  by 

f r ic t io n  or o ther sources such as v ia  combustion process or 

tra n s fe r  by con tacting  w ith  substances at a h igher
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tem peratures. In perform ing th is  fu n c tio n , i t  is  im portant 

th a t the lu b r ic a n t remain in  a r e la t iv e ly  unchanged

c o n d itio n . changes in  thermal and o x id a tio n  s ta b i l i t y

which a ffe c t i t s  a b i l i t y  to  reach the areas invo lved w i l l  

m a te r ia lly  decreases i t s  e ff ic ie n c y  in  th is  respect.

Containment of contaminants

The a b i l i t y  of a lu b r ic a n t to  remain e f fe c t iv e  

in  the presence of ou ts ide  contaminants is  q u ite  

im portan t. Among these contaminants are water, a c id ic  

combustion products, p a r t ic u la r  m atte r, e tc . ,  which g ene ra lly  

f in d  th e ir  way in to  lu b r ic a n ts  employed in  va rious a p p lic a tio n s . 

Here again a d d itive s  are gene ra lly  the answer in  

accomplishing these o b je c tive s .

2.6 H ydro trea ting  Process

2 .6 .1  D e f in it io n  [13]

H ydro trea ting  is  a process to  c a ta ly t ic a l ly  

s ta b i l iz e  petroleum products and /o r  remove ob jec tionab le  

elements from the products or feedstocks by reac ting  them 

w ith  hydrogen. s ta b i l iz a t io n  invo lves converting  unsaturated 

hydrocarbons such as o le f in s  and gum-forming unstab le 

d io le f in s  to  sa tura ted  m a te ria ls  such as p a ra ff in s . 

O b jectionab le  elements are removed by h yd ro tre a tin g  inc lude 

s u lfu r ,  n itro g e n , oxygen, h a lid e s , and tra ce  m etals.
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H ydro trea ting  is  app lied  to  a wide range of feedstocks from 

naphtha to  reduced crude.

2.6 .2  Reactions [14]

The hydrogenation or h yd ro tre a tin g  of 

petroleum and i t s  fra c tio n s  comprises a wide assortment of 

reac tions  in v o lv in g  a l l  the components present in  the 

complex m ixtu re . The hydrogenation reac tions  shown in  

f ig u re  2.14 are ty p ic a l of those undergo by hydrocarbon 

components of s tra ig h t run or cracked stocks in  some commercial 

a p p lic a tio n .

Saturation: O l e f i n i c  b o n d s

RCH;CH=CHCH, -(-Hi ----- > RCH;CH;CH;CHj

+ Hi
Saturation: A r o m a t i c  b o n d s

+  3 H .

2RCH,

CH« 4-

/ / > ' / ;  I.cri.ching: P a r a f f i n s

RCH.—CH:R + Ms
/  lyhucr aching: D e a l k y l a t i o n

f y CH‘ +-H’

บ —
ny ifT netlifting: R i n g  o p e n i n g

H ะ ------» CH,CH-CH;CH;CHtCH,
Ifyilri'i.snn-.cri;ทtif.ท: P a r n / f i n s  a n d  n a p h t h e n e s

CH;CHrCH:CH:CH, + H J
CH 1

CHjCHîCHCHj -f H.
C H  1

Figure 2.14 T yp ica l hydrocarbon hydrogenation reac tions
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The extent o f any s p e c if ic  reac tion  va ries  

over a wide range depending on the tim e, tem perature, and

hydrogen pressure u t i l iz e d .  P o te n t ia lly ,  given the proper 

c a ta ly t ic  environment, hydrogen w i l l  react in  some manner w ith  

each of the hydrocarbon co n s titu e n ts  of petroleum at almost any 

temperature and pressure. Norm ally, fo r  commercial opera tion , 

temperature is  l im ite d  to  a maximum of about 532 °c and 

pressure to  a maximum of about 10,000 ps ig .

2 .6 .3  H ydro trea ting  of L u b rica tin g  o i l  Stocks

The problem of d e fin in g  a h yd ro tre a tin g  process

consists in  id e n t ify in g  those reactions to  promote and in  
»

se le c tin g  the c a ta ly t ic  species to  achieve them.

The p re fe rred  reactions [12 ]

The p re fe rred  lu b r ic a t in g  o i l  m olecular 

s tru c tu re  were shown in  ta b le  2.2 as is o p a ra ff in s , s in g le  r in g  

aromatics w ith  long a lip h a t ic  chains, and naphthene w ith  . s in g le  

r in g , p re fe ra b ly  having f iv e  carbon atoms on which a lip h a t ic  

long chains are branched.

Knowledge o f the n a tu ra l s tru c tu re s

a va ila b le  p lus the desired  rea c tion s , enables one to  make 

a l i s t  of desired re a c tion s . These reac tions  are ge ne ra lly

as fo llo w s :
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Hydrogenation of polycondensed aromatics in to  

pol.ycondensed naphthenes:

V I ~  -  60
Freezing point > +50°c

R'X X C r R!
Freezing point = ^ +20°c

P a r t ia l hydrogenation of polycondensed

naphthenes ะ

vc c c r R! -  ; x c  -
VI = 20

Freezing point ^ +20°c
VI = 110-140 

Freezing point < 0°c

Hydro isom erization of normal or s l ig h t ly  

branched p a ra ff in s  in to  h ig h ly  branched is o p a ra ff in

C I0 — C — C 10

C - C - C - C - C

c ,0 —C —c ,0

VI = 125
Freezing point = 19° c

VI = 119
Freezing point = -40°c

A more complete c o lle c t io n  o f these 

reac tions  is  present in  f ig u re  2.15 which shows the VI and 

fre e z ing  po in ts  of some s tru c tu re s  w ith  known m olecular w eight.

In genera l, the re a c tio n  to  avoid are 

cracking reac tions  such as p a ra f f in  and is o p a ra ff in  

hydrocracking and acid  hyd rodea lky la tion  of a lky la ro m a tics  and 

alkylnaphthenes. These reac tions  lead to  lower y ie ld s  of
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lu b r ic a t in g  o i l  stocks, lower v is c o s ity ,  and h igher consumption of

hydrogen. I t  is also necessary to  l im i t  as much as

poss ib le  the polycondensation of condensed aromatic

hydrocarbons, since th is leads to coking and a d ra s tic

reduction  in  c a ta ly s t l i f e .

F igure 2.15 E ffe c t of hydrocarbon s tru c tu re  on v is c o s ity
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C ata lys t

Choice o f a c tive  agent [12,15,16,173

The desired  reactions in d ic a te  th a t the 

c a ta ly s t should s im ultanously a c tiv a te :

(a) Hydrogenation of aromatics

(b) H ydrodecyc liza tion  o f naphthenes plus 

hydro isom eriza tion  of p a ra ff in s  and naphthenes.

A combination of reac tions  requ ire  a 

b ifu n c t io n a l mechanism ( f ig u re  2.16) co n s is tin g  of a 

hydrogenating-dehydrogenating fu n c tio n  and a c id ic  fu n c tio n .

The a c id ic  fu n c tio n  or cracking

fu n c tio n  u su a lly  is  supplied by the c a ta ly s t support 

or the c a ta ly s t enchanced by a c id ic  promoters such halogens. 

The hydrogenation a c t iv i t y  of a supported c a ta ly s t is  

supp lied  by hydrogenation metal component which may e x is t in  

the f in a l  c a ta ly s t as a metal, the metal ion complexed 

w ith  the support s tru c tu re  and other promoters, or metal 

compound, no tab ly  the oxides and s u lf id e s . T yp ica l 

hydrogenation metals are metal of groups VIB and V I I I  of the 

P e riod ic  Table of Elements.

The h yd ro tre a tin g  c a ta ly s ts  which can

be s u ita b le  app lied f  or production of lu b r ic a t in g  o i l

comprise at lea s t one or more metals , metal oxides, or

metal s u lf id e s of groups VIB and V I I I on a c a r r ie r  support

which comprise one or more oxides of elements of group I I ,  I I I

and IV.
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G enera lly, the

the chromium, molybdenum or tungsten 

coba lt or n ic k e l metal of group V I I I .

metals

metal

employed w i l l  be 

group VI and iro n ,

ก- Paraffin

(H2)#

n - O l e f i n

(A)°

Carbonium ior.s {ท ร=* iso)

Iso-Olefin

(H2)

Isoparaffins Hydrogenated cracked 
products

(a) H2 = Hydrogenating-dehydrogenating function
(b) A = Acid function

ไ ° i ° r  โ ร ®
II-

พ — ■ Cracked products

H2 + A

พ -  A .,̂-—--► Cracked products
c2

H2 + A

—--► Cracked products

F igure 2.16 Reaction mechanism fo r  b ifu n c t io n a l c a ta ly s t
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Preparation [12 ,18 ]

W etting a support w ith  precursor so lu tio n

W etting co n s is tin g  o f p u tt in g  the 

precursor s o lu t io n (g e n e ra lly  aqueous) con ta in ing  the s a lts  or 

the desired  metals in  contact w ith  the support, so th a t by 

the e ffe c t o f the c a p il la ry  forces the s o lu t io n  is  in troduced 

in to  the pores of the support and d is t r ib u te d  here. This 

operation is  r e la t iv e ly  ra p id , although i t  is  slowed

down by the presence of a ir  occluded in  the support. 

T h e o re tic a lly  the so lu te  concen tra tion  is  the same at the 

a l l  po in ts  in  the pore volume, but in  c e rta in  cases a less 

viscous so lven t can d if fu s e  fa s te r  than the s o lu te , and a w ait 

of several hours may be necessary to  a t ta in  a s a t is fa c to ry  

homogeneity th rough t. The maximum amount of precursor 

th a t can be in troduced depends on ะ (1) the s o lu b i l i t y  of

the precursor s a lt  in  i t s  so lven t and (2) on the pore 

volume of the support. G enera lly , water so lub le  s a lts  of the 

group VIB and group V I I I  metal such as n it ra te s ,  oxa la tes ,

ammonium s a lts ,  e tc . ,  may be employed.

Drying impregnated supports

Drying cons is ts  of causing

the precursor to  c r y s ta l l iz e  in  the pores of the support 

through supersa tu ra ting  the s o lu t io n , g e n e ra lly  by means of 

simple evapora tion. This step can be done in  a conventional 

d ry ing  oven a t temperature of 100-200 °c . I t  is  accompanied
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by physico-chem ical and physico-mechanical transfo rm a tions 

th a t can pro foundly modify the s tru c tu re  of the g e l.

C a lc in ing  impregnated supports

The aim of c a lc in in g  impregnated 

supports co n s is tin g  of f ix in g  the chemical s tru c tu re  of 

the precursor p r io r  to  f in a l  a c tiv a tio n (re d u c t io n , s u l fu r iz a t io n ) . 

A lso, c a lc in in g  can ad jus t the surface and te x tu re  of the 

deposit so as to  obta in  optimum c a ta ly t ic  p ro p e rtie s . The 

types of c a lc in a tio n  is  assumed to  be c a lc in a tio n  in  

a i r ,  ty p ic a l ly  at a temperature h igher than the a n tic ip a te d  

temperatures of the c a ta ly t ic  reac tion  and c a ta ly s t 

regenera tion .
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