CHAPTER 11

THEORETICAL CONSIDERATIONS

Lubricating Base Oils
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processes acting O\Q man millions*ot years on&e buried remains of plants

and animals. They ar€ found in a vmﬁf es ranging from light colored
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oils, consisti m ngﬂem

are extremely complex mixture§ of hydrocasbons ranging, from methane with

one ilbat] b Somodsisbatini) | b crbon. atoms. The

principle hydrocarbon classes of the mixture are:

(a) Paraffins (alkanes): These have saturated straight- and

lid asphalts. These crudes

branched- chain structures.
(b) Olefins (alkenes): These are unsaturated molecules.



(c) Naphthenes (alicyclics): These are polycyclic and fused-
ring saturated hydrocarbons based on cyclopentane and cyclohexane prototype

ring structures.
(d) Aromatics: These are both mono and polynuclear

hydrocarbons based on unsaturated ring structures.

Olefinic compounds are essentially not present in crude oils,

depending on the origin of erude on the conditions under which it is
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formed. In addition ftg *“ ydro : crude oils may contain small
quantities of sulfur and nitrogen compouil ds and inorganic salts, along with
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npounds-s
o \\}\\S;.\w bon compounds can cause

'kx
hydrocarbons and nénhydrocashc hov

compounds. The pzeSen

trace amounts of orgaf .f':i,/;
7 O F

problems in refining applications. Examples of

in Figure 2.1 and 2.2

respectively.
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Figure 2.1 Examples of hydrocarbons
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¢ = Crude oil distillation is the process whereby crude oil
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step before the distillation is uspally a desalting operation, followed by heating
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unit [5]

f hot liquid and vapor enters a

fractionating colurin operating mgspheric pressure. A heavy

.‘.J column. Because of the

tendency of residuumn to decomposc a emperatmes above 700 °F (371 °C),
higher boilin, E’ls s.ufh%s lubricatingils must be distilled off in a separate
U

gwm E’Elhm m El(acf(] ‘jressure in the tower
markedly lowers_the boilingﬁints of themdesired oil eomponents. Bottom
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processed for other materials such as bright stocks. The fractions separated by

vacuum fra

crude distillation are referred to as “straight run” products. The character of
their hydrocarbon constituents is not changed by distillation. These products
are usually not suitable for disposition as finished products but require further
processing, which may be simple or complex according to the nature of the

crude oil, the requirement of the market, or the economics of the downstream



operations. Small refineries are often quite simple, but large ones not at all so;
there are a variety of conversion and finishing operations needed to increase the

commercial value of the petroleum fractions. However, a crude is divisible into

the product categories as shown in Table 2.1.

Table 2.1 Petroleum fractions

Products h B API
Gas, light ends — Ci-C -
Light naphtha / ' 70
Heavy naphtha 53
Kerosine 43
Diesel, heating o 37
Atmospheric gas o 32
Reduced crude loss,
Light vacuum gas oil p :‘-:_%“ s 30
Heavy vacuum, gas oil “H 23
Residuum [ccule)
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operation under the supervision of the Defence Energy Department (DED),
Ministry of Defence. All of its crude supplies come from the nearby Fang basin
area, where the production level is now at 1,500 barrels per day. The refinery
which runs at capacity consumes 1,000 barrels of crude oil per day.

The process consists of several operation units

including topping distillation unit, vacuum distillation unit, gasoline treading



unit, gasoline blending unit, power unit and facilities unit. Once crude oil from
Mae Soon Huang is shipped to Fang refinery, the water will be separated in the
separation unit where Treat-O-Lite is used as a demulsifier. After that, the
- crude is pumped through preheat exchanger and its temperature raised to about
120 °C by heat exchange with hot oil from the vacuum tower. It is then further
heated to 340 °C in atmospheric

fractionators. The liquids this tower will contain straight run

g (H-1) and charged to the atmospheric

oil, kerosine, and diesel: ,
—

ed gru the bottom of the atmospheric

tower is sent to va lemperature raised to 365 °C

afterwhich it is ch it is separated into light

distillate, heavy di finery products consist of

straight run oil 6% , heavy distillate 14% and

heavy fuel oil 37%.

N ‘
2.2 The BasQ Functions of Lubricant [5] m
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maintaining a film of lubricant between surfaces which are moving with respect

to each other, thereby preventing these surfaces from coming into direct contact

and thus preventing surface damage.

One of the most important properties of a lubricating oil is its
viscosity. It is a factor in the formation of lubricating films under both thick and
thin film conditions. Viscosity, as it relates to fluid internal friction, affects heat



generation in bearings, cylinders and gears. It governs the sealing effect of oils
and the rate of oil consumption. It determines whether machines may be started
under varying temperature conditions, particularly at cold temperature. For any
given piece of equipment satisfactory results are obtained only with the use of
an oil of proper viscosity under the operating conditions.

The basic concept of viscosity is shown in Figure 2.4 where a
plate is being drawn at unifc i film of oil. The oil adheres to both

"x
the moving surface an ona1y Qil in contact with the moving

WSurface, while oil at contact
D

surface travels at the

with the stationary
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many layers each being drawn by the layer above it at a friction of velocity
“U” that is proportional to its distance above the stationary plate (Figure 2.4 -
Lower view). A force (F) must be applied to the moving plate to overcome the
friction between the fluid layers. Since the friction is the result of viscosity, the

force is proportional to the viscosity of the fluid.
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2.2.2 Heat Removal

Another important function of a lubricant is to act as a
coolant, removing heat generated by friction or from other sources such as the
combustion process or transfered by contacting with substances at a higher

temperature. In performing this functlon it is important that the lubricant remain
in a relatively unchanged ¢ es in thermal and oxidation stability
which affect its ability eas will materially decrease its

efficiency in this resg&;_.----’r Y ‘_‘ﬁ-

2.2.3 C -'_-j_!l

Theabi emain effective in the presence

of outside contaminang nong these contaminants are

water, acidic combustio d ~patticulate matter, etc., which generally find
S 2,
their way into lubricants ?‘g@y— ¢ arious applications. Additives are
4 ey Al d 2, - PP

generally the ansv&:g in accomprshfng

2.3 Nccessﬂ Propert Lubricant [dﬂ 1]

Lub,anuﬂfc’,}m& BB DD Tt atitves 0 mocts

series of performance specifications. These specifications relate to the physical

and il b O 16 bl oo ok g 5 peris that can

be measured and used to predict performance. Analysis and testing of

lubricants and related products are based on standards [International
Organisation for Standardisation (ISO), American Society for Testing and
Materials (ASTM), Institute of Petroleum (IP), Deutsches Institut fur Normung
(DIN), etc.] which are often identical.
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2.3.1 Physical Properties [3,10-12]

A. Viscosity
Viscosity is the most significant property of a lubricating oil.

The primary purpose of a lubricant is to reduce friction and minimize wear by

separating lubricated surfaces with an oil film. Viscosity is a measure of
Wsing temperature and increases with
xten ﬁ scosity change depends on the

@welghts of the constituent

the viscosity of an oil is

resistance to flow. It decre
large increasing pressur,r f
crude source of theE ?
components.

The _i
called a viscometef. ' ' 0 type ;\w: the Saybolt and kinematic

A
l.:-_{

at 40 and 100 °C for centisto} --. i

Vis@sify index is a reflection of @ oil’s resistance to viscosity
change with fluctuatiohdn temperatureg The higher the viscosity index of an oil,

the more resﬂautﬁj Q ws&qlsm m glqmyimperature fluctuation.

All lubncatm%| oils thin out or have lowgr, viscosity ag.the temperature is
increasdd i terofld bichtnk dickér dr ot viseohEds e temperature i
reduce(ﬂ However, not all oils respond to the same degree to temperature
changes.

Lubricating oils are subjected to wide variations of témperature
in service. At high temperatures the viscosity can drop to a point where the oil
is so thin that the oil film may break, allowing metal surfaces to touch, resulting

in excessive wear. At the other extreme, the temperature can be so low that the
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oil becomes viscous and does not allow proper circulation to the parts being

lubricated.
Take an automobile, for example. During startup the oil can be
quite cold, particularly during winter. But the oil must not be so viscous that

the drag on the engine makes starting difficult. During warm-up the oil must be

able to flow to all the moving parts., Finally, after the engine has reached its

normal operating tempera \‘ ot be so thin that oil consumption
is high or the lubricating.film ¢an no ﬁm’ry the load. Most motor oils

———

have a viscosity inde perature variations are less

or for continuous e, viscosity index is less

critical.

°F for each. The density is thcp!%n, i
e L
Ib/ft’ in English unifs or as kg/m

In » ‘. N uﬂg ”:‘f‘ﬁ';”]..

\PI gravity scale is almost

universally used as me measure of the density @ a petroleum product. API

i::g ::/ an abﬁﬂﬁlw{ e%(weﬁeﬁs ﬁ.%;elated to the specific
RIAINTUNNIINYIAE

API gravity (degrees) = Ikl - 1315

specific gravity at 60/60°F

The higher the specific gravity or density, the lower the °API gravity. Water, by
definition, has an API gravity of 10°.
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The specific gravity (or API) is an important parameter which is
sometimes used to indicate crude oil quality. A low density crude (high API)
has a higher percentage of the more valuable light and middle distillates. Oils
with a high sulfur content are less in demand than those with a low sulfur
content hence lower density since fractions from the former oils have to be
subjected to further treatment to r these sulfur compounds.

A

D. Pour Poim
Pour Pe— ¢

eventually reaches a point
of gravity. This condition is
brought about eithewh

a reduction in tempgrature Joy by-erystallizati ;‘ wax dissolved in the oil,

w

achine is placed into operation. Engines that are

lubricating when a cold m

= o ]
stopped and start Elmmder low-temneratum‘_f;j require an oil that will

B L7 v
’ sh p?ilxﬂsm jemgtaf;\e flammability of a
trol T int.i ] gh i
b TR ek 101 g

ignition. Normally, this test is used to determine the storage and operating

flow readily when

temperatures and the type of storage that will preclude the possibility of a fire.
Flash point is also useful in evaluating used oils. A drop in flash
point indicates contamination by dilution of the motor oil with unburned fuel.

An increase indicates evaporation of the oil. This property is determined by the
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open-cup method, usually called the Cleveland Open Cup method and
abbreviated COC.

F. Color Test, ASTM D 1500
The color test was performed by following the ASTM D 1500

not an indication of its lubricating
esence of contaminants or to the
-ﬁn indication of the intensity of

refining. Absence of colos-(Wate %r:mt in certain applications
such as in textile maclhaie brication to avoid indelible staining of the textile.

s, petrolatums, and white

method. The oil’s color is no

All petrolej@ e subject to chemical attack by

.n",p"’.g. T =

oxygen. Attack is pzymoted by h1gh {enmm alysts, and the presence of

water or acids. Oi

products: U
1. Oil-in ﬁolublefnmenals ie. rehhs varnish, or sludge

2. ou S Eodol] L L) e

Resistance to dxidation is important in thb'ﬁelfonnance of a

abrca Miad Skned by bbartoble b WA,

sliding surfaces causing them to stick or wear. Sludge may plug screens or

ay deposit on

passages or the rings on cylinders, causing them to be ineffective. Resistance to
oxidation is extremely important for a steam-turbine oil because of the serious
consequences of a bearing failure. Transformer oils, gear oils, hydraulic fluids,
heat transfer oils, and crankcase oils also require a high degree of oxidation

stability to ensure a satisfactory service life.
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There are several accelerated tests to measure an oils’ resistance to

oxidation which are designed to correlate with field performance.

2.4  Base Oil Composition, Properties and Structure Relationship
[3,6,13]

The petroleum w;/}é as lubricant generally contains

compounds containing | ore ‘__ﬁoms The lubricating base oil

o —
sisting Iy of five characteristic classes
éne g%@ Ba:s, aromatic naphthenes,

fraction is a complex

ulti-ri omatics. It also contains

stability of each class to ‘oxidation an egradatlﬂ while in use will also be

very important. The effeet.of different %pes of compounds on a lubricating oil

s roperties & iesich 9 Tabice8] o 1121713

Tag{e 2.2 shows qualitatively that the highly desirable structures
for uiicat blse|ois| e the higty branched lisoparhfin fand monocycic
hydrocar%ons, saturated or unsaturated, with long aliphatic chains and
preferably five carbon atoms in the ring.

The linear alkanes (normal paraffins) have good
viscosity/temperature characteristics but their high melting points cause them to
crystallise out of solution as wax. On the other hand, branched-chain paraffins

are not waxy and have good stability and viscosity/temperature properties.



Table 2.2 Lubricating oil properties of some typical hydrocarbon structures

16

Freezing Resistance Value
Structures VI point to as
oxidation base oil
Linear paraffin =~ = """ Very high High - Good Nil
Isoparaffin with linear chain
Good Medium
J -
—
Isoparaffin with isomerized chains ) N
! \\‘ Good High
» \'&
k N
., B ke
Highly substituted isoparaffin ‘r ’ \
‘ =L \ | Good Medium
oW A
43 .
kol ot
Good High
Low Medium Nil
o '
INBNNT
F— o
WRINEHaE -
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Alicyclics and aromatics have rather higher density and viscosity
for their molecular weight compared to the alkanes. They tend to have low
melting points and so do not contribute to wax. However, their
viscosity/temperature characteristics and oxidation stability are in general

rather poor. Single ring alicyclics or single ring aromatics with long alkyl side

chains, in contrast, share many pr ies with branched alkanes and can in fact

be very desirable base oil compo //

too low boiling point and too - ]

..--r_.';.-f'_l'_;{' .{

range distillates. Distillation is foll

components whichdead to high visce ely poor viscosity index,

and finally, by dewakxi g;n various finishing ﬂlh:ps. The dewaxing step is

normally Heﬁ ﬂﬁwgﬁlﬁlﬁt to have a_satisfactorily low pour
point and %ﬁ int, 50 less Sol ﬂar j components will not

solidig Oﬁreci itate under thé influence 6f low telfn_peltﬂlre. A number of

AN USRI N LA Ly, of e

solvent dewaxing with solvents such as methyl ethyl ketone (MEK) and liquid

dewa

propane, have achieved the widest use in the industry. Hydrofinishing differs
from all the process steps described so far because it is not a physical
separation procedure. It depends on the selective, catalysed hydrogenation of
the impurities to from harmless products and is carried out under relatively

mild conditions.
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Figure 2.5 is a simplified processing diagram illustrating one
way these processes are combined to manufacture lube base stocks and by-
products. The finished lube base stocks are blended with each other and /or
with additives using batch and continuous methods to prepare fully formulated

lubricants.
/ FINISHED
NEU T — AXY -—IEWAXED STOCK
DISTILLAT - RARFINAT 0ILS 0ILS
) \.\ o
| Clay --1fff}-—
; I ~ or !
Vac. n 3 Hydrogen ._8_
Tower 1 AT AN Finish !
4 % 1 @
) | :
Atmos. Y m ﬂ . ,# :
z ! ract 1 1
Resid. m 2 "@’
' e {j?f}* \
Propane ' NATE |
i 12
De-
Asphalt ;;!', =

1
Asphalt
Vac
Resid. -

Figure 2.5 Lu eprocesiﬂlg

ﬂ uﬂQ mmmﬂ W) iQhmicat constituents and
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accompanying change must be accepted to obtain the desired change in
physical properties or chemical composition. For example, solvent extraction is
used to increase the viscosity index and to improve the quality of lube base
stocks by extracting aromatics. Accompanying this change are a reduction in

sulfur and nitrogen content, an increase in API gravity, a decrease in viscosity,

and improvement in color.



Table 2.3 Effect of processes on properties and chemical ¢

Refining

Solvent

Property:
API gravity
Flash point
Viscosity
Viscosity index
Pour point
Color
Thermal stability
Oxidation stability
Inhibitor response
Constituent:
Asphaltenes
Resins
Aromatics
Naphthenes
Paraffins
Wax
Nitrogen
Oxygen
Sulfur

Z +
Z +

+ 4+ 4+ 4+
£

A

Hydrogén

ﬂ‘IJEJ\’J‘ﬂEJ

7

‘ oflu

11 base stocks®

“\ . $S

e

N/-

AR 89N 9 wﬁmwaﬂ

- Finishing
B )
yst Urea Hydrogen Acid Clay
i
il - N N N
e N N N N
" i + N N N
£ - - N/+ N/+ N
i - - N/+ N/+ N
= . Ly 2 * o
b N N +- +- +
N +- +/- +
N + + +
@- + N/- - -
# - + N/- - -
+ + N/- - -
: + N/+ + %
NINETNT - | » &+
- N/+ + 4

® N = nil (min), + = increase, - = decrease on seventy, +/- = depends on severity, PDA = propane deasphalting.

61
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2.5.2 Modern Catalytic Process [6,13,14]

Recently, various catalytic hydrogenation or hydrotreating
purification processes have been developed and introduced to replace of the
conventional solvent refining technology which relys on physical separation

processes. As a result the performance of mineral oil type base oil has been

improved greatly. Hydrogenation may conomic advantages over solvent
4& new and highly desirable

components. The in catalytic hydrogenation

processes are sho
reaction types occurs is
determined by the S \ \ process conditions and the

feedstock compositio mmercial operation, temperature is

limited to a maximum

\ essure to a maximum of about
10,000 psig.

by ‘

AUEINENINYINT
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1. Saturation: Hydrogenation of aromatics and other unsaturated molecules

RCH,CH=CHCH, + H, ——» RCH,CH,CH,CH,

O+Hz—’o

y/f alkanes, alkyl side-chains and

*H CH, i:HCH3 + H,

naSs:
s f '\\\\ nngmolecules

3. Hydrocracking: o
L ’\ 3, CH, CH, CH, CH, CH,

2. Hydroisomerization:
naphthenes

CH,CH,CH,CH,

.- 5
RCH,—~CH,R _ ; 7% 2RCH,

4. Desulfurizati

R§H+H R—H + H,S

ﬂ‘l@’m‘ﬂ‘iﬂ%ﬂﬂ@ﬁ?*“

5. Demtr enation:

AR RN TR HHH) W

Figure 2.6 Typical hydrogenation reactions [5,6]

21
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Knowledge of the natural structures available plus the desired
reactions, enables one to make a list of desired reactions for high quality base

oil manufacture. These reactions are generally as follows:

--  Hydroisomerization of normal or slightly branched paraffins

into highly branched isoparaffin.
'//% CIO_—{I:_CIO
7 i CZ/C\C’

Clo_(l:_clo
Cc—C

=

aromatics into

teezmgpoint > +20 0C

Partl‘al hydrogenatlon of polycon ensed naphthenes

FUEIPENTNY ,
ARTRYTI0 T

Freezing point > +20 0C Freezing point <0 0C

For base oil manufacture, the reactions to avoid are cracking
reactions such as paraffin and isoparaffin hydrocracking and acid
hydrodealkylation of alkylaromatics and alkylnaphthenes. These reactions lead

to lower yields of lubricating oil stocks, lower viscosity, and higher
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consumption of hydrogen. It is also necessary to limit as much as possible the
condensation of condensed polyaromatic hydrocarbons, since this leads to

coking and a drastic reduction in catalyst life.

2.5.2.1 Special Base Oil by Wax Isomerization [6,7]

Onevol‘«h*\:' mportant application of the severe
hydrotreatment process ubstl waxes for lube distillate as

feedstock. These wax: \ d d thtegones

1\: range of about 300-580
.' ydr (alkanes), straight-chain

gemg by far the major

°C, are mixtures of
or ‘hormal” par

components of the o proportions of paraffinic

with higher avera&(_c.hlolecular welght are

PR : '
hkwjhffilp a higher proportion of
isoalkane. 4 .

«!-j Intermediate waxes areJ,'.Lvery similar to paraffin

waxes, with arbon atoms, higher
average molemﬂhm mm‘j hﬁc components.

es of saturated
alkane%m ﬁﬁﬁjﬁv ﬁﬁﬁﬁ ﬂﬁjﬁtﬁ]bw or cyclic

molecules. The carbon atom content per molecule can vary from the mid-
thirties to well over eighty, the average molecular weight thus being much
higher than in the case of the distillate waxes. The complex branched-chain
structure prevents any degrée of close packing and macrocrystallization, giving
rise to the original name of ‘amorphous” waxes, and later, rather more

accurately, to the current nomenclature of ‘microcrystalline” waxes.
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Petroleum streams containing a high proportion of
waxy hydrocarbons are not easily dewaxed using conventional solvent
dewaxing techniques. High wax content leads to an overload in the solvent

handling and recovery systems. With these types of feedstock appropriate

operating conditions can be selected such that the isomerization reaction

predominates over cracking reacti

If hydrocracking is allowed to become
the dominant mechanism the k

? # ial within the useful lube boiling

range falls from 40-70% Yo. Aft eatment, unconverted wax can

be removed by conve . base oil that is exclusively

composed of isoalkas ers and a broader band of

molecular weights that / / al

flow scheme for making these base oils is

. | ,.+ V% ' .

shown in Figure 2.7. Thefwa "f ds )fr a T\. er a catalyst in a hydrogen
atmosphere but, despii€ ¢ itrol ;' *ci ons to favour isomerization, a
significant amount of crz , “products is inevitable. Products are

ing range material is dewaxed by

i
ﬂ‘UEJ’J‘V]Em‘ﬁWEJ’]ﬂ‘i
QW’la\ﬂﬂim IRIINYIAY

conventional methp‘ﬂs It is possﬂ) - to

the overall base oil¥yield
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HYDROGEN
—> LIGHT FUELS

WAX FEEDSTOCK > — DISTILLATION

» BASEOIL

The desired reactic 57 ‘ic%the catalyst should simultanously
e .-Pl: =_r; e o .

activate: (a) hydtoiSomerization 4 of paraffins ( pnd  naphthenes plus

ion of aromatics. These

very different reactions require a bifunctional catﬂL'st system consisting of a

metal functionali ‘Ef ation-dehydrogenation reactions
and an aci&@ﬂ ﬁﬁmfﬂﬂiﬁiﬁy the support which
catalyzes 1 izati actions“through carbenium ion méchanisms. The two
functiji ﬁij:ﬁ.ﬁ:ﬁ iﬁi&l hﬂﬂ:ﬂﬂk@ﬁt&e&a&s in the
reaction network (Figure 2.8). In the first reaction in the pathway, n-paraffin is
rapidly dehydrogenated on the metal surface, the resulting n-olefin is easily
protonated by the acidic sites on the support to give a carbonium ion, which can
then isomerize and desorb isoolefin which migrates to the metal function,

where it can be adsorbed and hydrogenated to give an isoparaffin.

Alternatively, the secondary carbonium ion can react to form cracked products
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(iso- or n- olefins and paraffins), which can react further to form hydrogenated
cracked products.

Isomerization also occurs on a pure platinum surface, but the rates
are slow compared with those of dual-function catalysts, so the contribution of
the metal induced isomerization route is probably minor.

Generally, isomerization is, conducted over a catalyst containing a

hydrogenating metal compor en e from Group VI or Group VIII or
a mixture thereof, prefesably G i pore preferably noble Group VIII
most preferably plati g ory metal oxide support. Pt
is the metal of choi has activity for the desired

reactions without bgi e for undesired reactions

such as hydrogenoly;, paraffins. She it ically contains from 0.1-
5.0 wt% metal, prefe ?"; . %% metal, 1 St preferably 0.2-0.6 wt%
metal. The refractory mgtal © i *K e is typically a transition e.g. gamma or
eta alumina. Alumina is ! 75 ive, 1
easily prepared with the d ired p iw
enough with the a&regates i

halogen, most usually fluorine, aci b

the acidic function. L ﬂ

ﬂumwamwmm
QW’Wﬂ\ﬂﬂim URNINYAY

'*, roperﬁes, and interacts strongly

ich metal dispersion. The

increasing the acidity of
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ﬂhm w‘"ﬂﬁﬁ’ Ty

AR aﬂn“%mw'f)ﬁ(ma o

Figure 2.8 Reaction mechanism for bifunctional catalysts [7,13]
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2.5.2.2 Hydrodesulfurization [15,16,21-23]

Catalytic  hydrodesulfurization ~ of  petroleum
feedstocks, sometimes called catalytic hydrotreating, is widely applied to
prepare charge for catalytic reforming and isomerization processes. It is carried
out with several objectives, am: pretreatment of catalytic reformer or
isomerization feeds to pr w ning of the platinum containing

catalysts, and treatmen de gve d stabilized products.

pically results from strong

chemisorption on S orbed poison either blocks

the chemisorption*of ‘desired reactions. Catalyst
poisoning 1is moOS

approach, discusse

28’ EJ 'gfﬁ Eﬂq@%‘ﬁlj"}ﬂ fivolves the reaction of

sulfur compoﬂhds with hydroge? in the presence ofa catalyst, resulting in their

a6 B R OG0 of e o

sulfur Compounds.
The sulfur content of crude oils ranges from virtually

nil to as high as 7 or 8 wt% in extreme cases, depending upon the source of the
crude. The organic sulfur in petroleum fractions ranges from very simple
identifiable compounds in the lightest fractions to much more complicated
compounds in heavier fractions. Desulfurization of residues is considerably

more difficult than lighter oil desulfurization because many more contaminants
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are presented and very large complex molecules are involved (see Figure 2.9)
The thiophenic sulfur in this case is much more difficult to remove because the
aliphatic groups interfere with the adsorption of the sulfur compound on the
reactive sites of the catalyst. The size of the molecule itself can also inhibit
adsorption on the catalyst. This helps explain why residues are more difficult to
desulfurize than lighter oils. ‘
7

T S
I

H;

CH,CH,CH

. 'most of the residue
desulfurization pr@esses S\ﬁur, but denitrogenation,
deoxygenation, and olefin saturation geactions occur simultaneously. These

enctonsarfis il ik ik ol bl s use i rtorming

and isomeﬁzaﬁon can be poisoried by oxygen and nitrogen compounds, and

olefinbs el 5163, ulfd ol febdtakkd. it ahdpuftdgen timitations

q

can in the isomerization of waxy lube stream feed be less than about 500 ppm
and more preferably to less than 50 ppm (typically less 10 ppm). In addition,
hydrocracking and thermal cracking reactions occur to a limited extent at start-
of-cycle but become more important as temperatures are raised to maintain

catalyst activity.
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-- Hydrodesulfurization Catalyst and Its Chemistry [20-26]

Generally, the metals employed will be chromium (Cr), molybdenum
(Mo) or tungsten (W) metals of Group VI, and iron (Fe), cobalt (Co) or nickel
(Ni) metals of Group VIII. Mo is generally regarded as the active

desulfurization component, with Ni acting as a promoter which increases
0’% ar the most popular choice for
ai

.

tr",gh : oleum fractions. NiMo is often

catalytic activity. CoMo cz
desulfurization, partic

chosen instead of CoMe

or polyaromatics saturation or

nitrogen removal is.a ctory sulfur compounds such

as those in crackeg ized. In some applications, nickel-

cobalt-molybdenum lo offer a useful balance of
hydrotreating activity n only when very high activity for
aromatics saturation 1 ctivity for sulfur and nitrogen

removal. However, NiW, atalysts have ng d wide application because of
their relatively high cost. 'l:lggﬁ‘?;t l‘r‘__'_(‘o onent can be employed either as

e o

the metals or as theloxides or sulfides of

compounds and the basic

desulfurization reacmn for eac pe are listed in ﬂble 2.4.

AUEINENINYINT
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Table 2.4 Desulfurization reactions of sulfur compounds

Type of Sulfur Compound Desulfurization Reaction
1. H,S None-usually separated by stripping
2. Mercaptans (R-SH) R—SH + H —— R—H + H_S

3. Sulfides (R-S-R)) @\ % 3 OH, ——a= R + R + B

;_‘
4. Disulfides a{-s-s-R’7..-)i—" ‘ R_gjz_. R—H +R—H + 218

5. Cyclic sulfides ‘ oM = C H +HS
. . 512 2

6. Benzothiophene

N1 Q,CH2CH3+ H,S

These reaction //équatio that desulfurization is
accomplished by the cleavag‘é:_@'x on-sulfar bonds. These bonds are replaced
by C-H and S-H ._«'z..n=...m....,....._.._:..__.:.}i;;'«, desulfurization

catalyst consists of t 'I e steps: Ql
1) Generatigp of spill-over hydrogen on the cobalt sulfide phase

ﬂ‘ﬂﬂyﬁﬂ"%"ﬂ il ﬁséfﬁ & fireQssaciatively adsorbed on

the cobalt sulfide phase. The at%mic hydroggx then spills Ser to the catalyst
suppo W W Th ﬁt sulfide phase
itself nﬂyﬂ reduced by atomic m::,f gﬂaﬂ l@oan 10nic species, a
radical, or a bound hydrogen, depending upon the circumstances) or by the
molecular hydrogen from the gas phase thus becoming inactive in the
production of spill-over hydrogen.

2) Migration of spill-over hydrogen from the cobalt sulfide phase to

the molybdenum sulfide phase
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Spill-over hydrogen formed on the cobalt sulfide phase can
migrate to the molybdenum sulfide phase. The driving force for this migration
is the concentration difference of spill-over hydrogen between the two phases.

3) Activation of the molybdenum sulfide phase by the spill-over
hydrogen

Spill-over hydrogen on the moiybdenum sulfide phase may be

involved in various types ¢ irst, it is needed in the creation of

hydrogenation (weakly -du ogenolysis (strongly reduced;

o) sites. The 1 and G si d by the'reaction of n (unreduced sites) and

T sites, respectiv
phase. During the

phase are rearrang e ejected nto the gas phase as hydrogen

ﬂuEJ’JVIEJ‘VﬁWEJ’]ﬂ‘ﬁ
QW’mﬁﬂim UANINYAY
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Co phase i Mo phase

Generation Migration

Creation of
active sites

Thiophen

nolybdenum are shown in Fig.
e ¢ - the hydrogen bond. This step
occurs very rapid}y and wﬁ@% use both sulfur and hydrogen form

ybdenum- ent steps, the carbon-sulfur

X' )

cither formed or broken to

yield the hydrocarboni products from the thiol. For ‘example, ethanethiol bonds

to the cataly i ‘ae Wv ﬂ‘ﬂl coming ethyl thiolate
(CH3(CH2)S;@|mon-sﬂxHon 1s broken mmally, the formation of
a carbﬂ-wmﬂﬁlzﬁhmwlﬁmgﬂf such a bond
leads toethene. atoms 0 molybde sulfide phas€ are rearranged

and may be rejected into the gas phase as hydrogen sulfide.
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