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CHAPTER 11

THEORETICAL CONSIDERATIONS

Crude Oil [15-18]

Crude oil is an e v conmifaTaixt e of organic chemicals
ranging in size from si eous Qh as methane, to very
high molecular weight 0 \ -

® & Pl " ":.‘J L b | .
viscosity :ula” -~ fuom fluid as water to tar-like

il to rotten eggs

Compositions of Crude Oil
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'I‘here are four types of hydrocarbons in crude oil as llnw

m&wwawm&w o bigher
in API g;rawty than aromatic hydrocarbons of the same boiling point, of
which the naphthenic and olefinic compounds are intermediate in gravity or
density. Oxidative stability of paraffinic hydrocarbons is very good.

2) Aromatic hydrocarbons posses a much higher specific gravity,
or lower API gravity than the other three classes. They are very stable
under heat, and are chemically active to a moderate degree.



3) Naphthenic hydrocarbons are extremely stable compounds.

4) Olefinic hydrocarbons are more chemically active than the other
three classes. They are subjected to oxidation or polymerization forming
gums.

The boiling ranges of the compounds increase roughly with the
number of carbon atoms:

1) Far below -18°C (0°F) for the Jign gas hydrocarbon with

2) About 27°
3) About 204
4) Higher rangg
The distribdtio:
hence the amount of
varies widely with t
predominantly of gasolin
the principal constituen

\\\w _g;: e components,
w:l and home heating oils.
vler fuels.

~.uv of hydrocarbon and

it in a given crude oil
Some crudes consist

e others contain asphalt as
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Figure 2.1 Typical hydrocarbon configuration in crude oil



Crude oils also contain varying amounts of compounds of sulfur,
nitrogen, oxygen, trace metals such as vanadium, nickel, water and salts.

Refining Process of Crude Oil

The first step in the refining of petroleum is usually a desalting

operation followed by hea .R;} 1 ubular furnace. The mixture of hot

]l([l.lld and vapor enters v fractionati @mﬂng Sllgilﬂ}" above

atmospheric pressure.==This-devicé separalcs’

according to their boiling & ./ he black residuum is drawn from the
27BN NN

bottom of column and ¢

Figure 2.2 Crude distillation unit



Lubricating Base Oil
Sources of Lubricating Base Oil

There are essentially two sources from which the base lubricant
fluids are obtained. These are (A) the refining of petroleum crude oil and
(B) the synthesis of relati ; . contpdunds, with properties which are
suitable for lubricant pusposcs
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Figure 2.3 Lube processing



The simplified block flow diagram (Figure 2.3 ) indicates the five
processes in lube oil refining:

1) vacuum distillation

The first ; ‘ m prosesses. The fifth,

hydrofinishing, is a /cagalyt cpmposeufﬂ:cse
processes is to remove iz eintheﬁna]pmduct.

This - ...«-* due mixture into a
series of fractio V Y weight ranges or
viscosity ranges fro .j-l‘ e 90-100 neutrals to the -[aa neutrals (500 SUS @
210 °F). The gesi i

(150-250 SUS (@ 1ehi ﬂ"'f'ﬁ'ﬁ the bright stocks
AYAAIDIMN NN INYIAE

The highest boiling portions of most crude oils contain resins and asphaltenns.
These materials must be removed in order to provide an oil with acceptable

performance.



Furfural extraction

Furfral extraction separates aromatic compounds from nonaromatic
componds. The resultant product shows an increase in thermal and
oxidative stability as well as an impmvement in vismsity and temperature

characteristics, as measured by a hi

This process is_to. sem
stock. In this _illustrage
the waxy oil.  The mu
(-12 °C) and 20 °F(-6 %

crystals are then removed

= nour pO]]]t of the base
| _i‘k ketone (MEK) is mixed with
5““ ature between 10 °F

ot e e

Hydrofinishing =

For many bases , dewaxin; process. The stocks are
then shipped to a Blendiig pl witere the il 6ucts are made by
blending the base stacks v tive )

Some stoc | artic

y premium slnckm require a finishing
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from naphthenic acids as water. A slight increase in pour point may occur after
hydrofinishing due to conversion of unsaturates to paraffinic wax-like

materials.
Table 2.1 shows some inspection characteristics of some finished
petroleum base oils obtained from various crude oils using processes

described in the foregoing paragraphs.



Table 2.1 Inspection characteristics of some finished petroleum base oils

Source |Sulfur % wt Kin. Vis., ¢St | VI |Pour Point,"C
40°C 100C
Source 1
100N 0.065 20.39 4.11 101 -13
200N 0.095 ¢ 7,23 =20
350N 0.126 |w .5 r -18
650N 0.155 12494 -18
150BS -18
Source 2
150N -23
250N -21
600N -23
150BS -15
Source 3
100N =20
200N 21
500N -21
e
Synthetic L

fi
-.H-,,

Arof e Y48 AL 5 e i

route. Commercial sythetic fluids are not cgnﬁned to a S‘Eglc chemical
e QIR BRI o
9% 1. Alkylated aromatics

2. Olefin oligomers

3. Esters of dibasic acids

4. Neopentyl polyol esters

5. Polyglycols

6. Phosphate esters
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7. Silicate esters
8. Silicones

9. Polyphenyl ethers

Basic Function of Lubricating Oil

The basic functions:of il are: A) Friction reduction, B)

Simply statedsHiEhon sédnction is accomplished by maintaining a film
of lubricant between sugfices A R are i oving with respect to each other,
thereby preventing thesg surfages \ jing i contact and subsequently
causing surface dam I‘ r 4 |

In heat rembval Mut *" a0fs ‘as coolantremoving heat

N
generated either by fric#ion or 0 TMIC

by transfer from contact v r.f.:" ahigh temperature. In performing
this function, it is nnp-n i ¢ lubricating oil remains in a relatively

‘as via combustion process or

unchanged condit i? , _.;_;_;_jr;V-—;V.;:;;:;.::;?‘ru stability matenally
decrease its :ﬁiclen in th are 'enerally employed for the

solution of such prob cms

R Y I YT o =

presence of olitside cmmmmnn are water, acidic

YT T S e s
I employed in various apphcaunns
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Properties

Physical property

1. Specific gravity [19]

Ass of a given volume of liquid at
wof pure water at the same

Specific gravity is of
15 °C (60 °F) to mass-of-an eqdal v

s AN N TN S
PRI 1 o

oil is observed. The pour point of lubricating oil is an index of the lowest
temperature of its utility for certain applications.



4. Color [21]

The color of lubricating oil is measured in a standard glass
container by comparing the color of the transmitted light with that
transmitted by a series of numbered glass standard. Color varied from
partically clear or transparen ( e or black. This test is used for
manufacturing control purposes anc apitant since the color is readily
observed by the custom S, o o

Kinematic 2 e | stive flow of a fluid
under gravity, the p - --rr_,i’h %1‘&\ the density, p , of the
fluid : for gravity flow f % >ad, the pressure head of
a liquid is proportional to'its/density, o . Fob any particular viscometer, the

time of flow of a ﬁxed
kinematic viscosi u‘;,(.: where n is th ~:-—.;;.;-...p-- osity coefficient.
The kinematic viscOsity msior L/ T, where L is a
length, and T is a Iif'me. The cgs umt of kinematic viscosity is one

o
e U SINTNIND
The SEunit of kinematic wscomy 1S nne metre squnn:d per second

¢ WM (EL T 11 e

(1 oSt

: dirac proportional to its

6. Viscosity index [23]
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Viscosity index (VI) of lubricating oil is the results obtained from
the calculation from their kinematic viscosities determined at 40 and
100 °C.

Viscosity index is an arbitary number used to characterize the
variation of the kinematic viscosity of lubricating oil with temperature. For

oils of similar kinematic viscosity er the viscosity index the smaller
meeﬂ’ectuftempamnm ¢ Msebsity.

The viscosity index-is-a widély used-and-accepted measurement of
the variation in kinemat = to p¢ in the temperature of a
lubricating oil between

Sulfur content in icath i vary to some extent with the

instrumentation used and the #afizre of the oils. Sulfur content is measured

Chemical property

ﬂumwﬂmwmm

Oxidative stability [25]
asIRiNINendy
which atmospheric oxygen can react with lubricants under various
operating conditions. Since the degradation of lubricants by oxidation can
be lead to the development of corrosive organic acids and insoluble
resinous matter, and a marked increase in viscosity of the lubricant, all of

which seriously impair the efficiency of the lubricant.

15



There are serveral standard methods existed for the evaluation of
the thermooxidation stability of base oils or some of their additive blends.
Some methods require longer time and have low precision limits as seen in
Table 2.2 .

Table 2.2 Some sww test

Test Method _| \.. IP307/80

sample . oils
catalyst .| copper wire
oxidizing ager oxys (1L/h)

temp., C N

time

sample size, g

The the u*— -------- e (1G): g of rrece.nt technique

developed to evalu% therma if u‘c@chemical compounds.

Loss in weight for most of the tested samples was found to be

wgie AL LRI NG N ARG . de s

weight beg;msq"n rapid and continuous loss. ~In the presepce of oxygen,

dmﬂn%ﬁ] | b b S empea

around 350 °C or higher which leads to retard decreasing in weight loss.
These temperatures can be named oxidation points.

At higher temperatures than these oxidation points, weight loss was
rapid and continuous again until the complete decomposition and
oxygenated resins remains nearly constant with further increase in
temperature. The oxidation points can be used as an indication for base oil
thermooxidative stability.

16
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From Figure 2.4
(TG) thermal .g NOXIc
include the follc -.;-';!iﬂ able meters.
- oxidation points; i.e., temperature at which the rate of weight loss

decreases duﬂ%%@ﬂ@%ﬁ@ﬂ% ol

compounds.
Rt @ﬁﬂ‘ﬂiﬂﬁld 4 488 e lpouns i
which remains in the pan of balance at the oxidation point.
Higher than that point, the oxidative compounds start to carbonize and
finally evaporate as CO,.

: typ al model curves for

ative stabtiity of iud ubri ati g oils usually
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SC-NMR Spectroscopy [26-27]

“C-NMR method is one of the most important features in
separation of paraffinic,naphthenic and aromatic carbon percentages. All
the accurate result of carbon types can be directly observed by this
technique. Figure 2.5 is spectrum of'JG-NMR of lubricating oil.

T

| il | U
Fue Themwanen s °
SV BNV R ek (HME)

In the calculation, the percentage of aromatic carbon was obtained
by summation of the intensities from 110 to 160 ppm diveded by total
integrated area (excluding the area of solvent), while the percentage of the

18



paraffinic carbon was calculated in similar manner but involving only the
intensities from 0-25 ppm and the resolved intensities from 25-60 ppm.

Since %Cp+%Cn+%Ca = 100 , the percentage of the naphthenic
carbon, %Cn, can be obtained by subtraction.

Property and Structure Relati
A ﬂ/

The most impoitan araéteristics—okwoils are therefore their

1/ /7/ % c.ompatlble with

viscosity and viscosity 1
climate conditions, t
against corrosion.
and must be improve

The effect o _d
lubicating oil can be seén dom Tk

\g‘\’\? the ability to protect
// 11 r ;\R\{\ ve all these properties

Y
y
ﬂumwﬂmwmni
awwmnimumqwmaa
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Table 2.3 Lubricating oil properties of some typical hydrocarbon

structures
i i w | Fe] S0
Lingar parafin S eyt | Hish = =
Yoparifin with linear Ehains ~ “‘Q‘\‘ , i i
— \
o o Ve ' Low Good | High
770\ -
' // sr"-. \
Highly substituied Boparaflin Ay =y ..r
7’ l-\‘-'" Good | Medium
Single ring with long alipbatic ckaiz @ - : 2 M .
e 2 o
¢ a .. o |
AULINENINENG
hm‘““ﬂm 5 A # Weak Hil
ARIAITEITAN I PR ale
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From Table 2.3, the straight , long-chain paraffins are wax-like and
therefore their concentrations must be minimized, especially in those oils
for application at low temperature. On the other hand, branched chain
paraffins can be very desired constituents in a lubricant because of their
good stability and viscosity/ tcmperature characteristics. The longer the
side chains in the molecule, ﬂle more ¢ attractive fraction become.

These desirable proper 5 still £xd5i ose naphthenes in which
: : chains and connecting
links are long and paraffimc, | asing 1ing condensation and
shortening of paraffinic giffiiu€, Ai¢ vit 1€ -f characteristics of
hydrocarbons progressivelly sofsén in fépect of their stablity of lubricants.

ﬂ%ﬁb‘""} P 1) 4 Tt

“dctergent” Sifte their function appears to l:uc one of aﬂ‘ech%a dispersion
o panig e} S B b 9 W b e i an
debris, it'is more appropriate to categorize them as dispersants.
Materials of this type are generally molecules having a large
hydrocarbon “tail” and a polar group head. The tail section, oleophilic

group, serves as a solubilizer in the base fluid while the polar group serves
as the element which is attracted to particulate contaminants in the

lubricant.
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These additives are, for example, petroleum sulfonats, synthetic
sulfonates, thiophosphonates, phenates, and phenol sulfide salts.

Dispersants-Ashless Types

A development of majos ce in the additive field has been
the discovery and use of ashless lispfsshats. These materials may be
categorized into two ecular weight polymeric

s and lower molecular

weight additives for use wheren --pw- t is not necessary.
These additivgs™ arc ' ffective than the metallic

dispersants in controffingslddge aiil Varnish Geposits which are involved in

intermittent and low-#émplrh sasoline engitie operation.

The compounds ueful | ose are again characterized by
a “polar” group attachedfo #/ielativels ‘hight molecular weight hydrocarbon

These "'.J" 1g chain alkenyl
e A o
succinimides, high cular v xamples.
| _

P EPW‘EI‘TI“J’W BIn3
QW@WW%‘T‘W EP“’”““""

both a viscosity index improver and a dispersant and consist of two general

types of molecular configuratons, i.e., those whose structure is similar to
the ones employed as viscosity index improvers to insure oil solubility, and
those containing “polar” compounds to impart the disperancy characteristic.

22



Oxidation and Bearing Corrosion Inhibitors

The function of an oxiation inhibitor is the prevention of
deterioration associated with oxygen attack on the lubricant base fluid.
These inhibitors function either to destroy free radicals (chain hreaking) or

_ ; change in clearance
between surfaces movin 0 cat ther. If continued, it will result
He ptifibipa 0TS causing wear are metal
e matter, and attack of

in engine mulfunction.
to metal contactpresen
corrosive acids. ‘

Metal to ) V —‘{‘ ad@iﬁon of film-
forming compounds itli -v physical absorption
or by chemical rcactiog Abrasive wear can be prevented by effective

ol o G144 S B AR R o o

engine and the labricant during operation. Con-omvc wear bbamdm blow-

KRGS By 8 i v ¢

Viscosity Improvers

Viscosity improvers or viscosity index improvers, as they are quite
often referred to, comprise a class of materials which improve the viscosity-
temperature characteristics of the lubricating oil. This modification of the



rheological property results in an increase in viscosity at all temperatures.
The increase in viscosity,however, is more pronouces at high temperatures
which significantly improves the viscosity index of the lubricating oil.

Pour Point Depressants

Pour point depressants pre e opgelation of the oil at low
temperature. -u--.-- s assgociated with emystallizatiun of the
paraffin wax which is i - al oil fractions.

The pour point g /// ‘\ it wax from crystallizing
from the oil, but amounté ‘f// ¢ ystal. The reduction in

volume of the crystz -‘- ’\Q\‘\ N

"\

Industrial lubricating-oil comp wide variety of products
which, depending ¢ _' __T_-_-“""' 1 their chemical and
physical properties. '.*‘:»- %lass:ﬁed according to

ISO 3448 viscosity gradsa g able 2. 4 7

ﬂummmwmm
ammnim UAIINYA t

Industrial Lubricating ©il Zgﬁf
/ .F"



Table 2.4 ISO standard classification of industrail lubricating oils

ISO VG | Kinematic Viscosity @ 40 °C, cSt
Min. Max.
242
3.92
5.06
7.48
11.00
+ 16.50
24.20
35.20
-50.60
74.80
110.00
165.00
242.00
352.00

1100.00

ﬂuifﬂ ﬂ*ﬁ%"w tlirl
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ubricating oil which
obtained by collecting mainly as a mixture of hydraulic and gear oils.
Thus, in the following contents, only two kinds of industrial lubricating
oils, are described.




Industrial Hydraulic Oils [29]

Hydraulic oils represent one of the most important gﬁups of
industrial lubricating oils, being widely used in industrial hydraulic
systems, particularly machine tools, steering gears, etc. The ISO 6743/4
classification (Table 2.5) classifies

Table 2.5 ISO standa

fluids

ig fluids accoring to type.

Fluid symbol

HFAE

HFDR

HFDS

HFDT

HFDU

ed mineral oil
ar properties
Vi scns:ty mde.x

I - DIroT .;.,g,

ire resistant

Fm;': ‘resml;ant oll-m-w&yar emulsions containing

i ﬁ,mmm

containing minimum 80 mass % water

QImmsmg w:‘:‘]lﬂ soluty g;llsl]ngammg

minimum 35 mass % water

Fire-resistant synthetic fluids based on phosphoric
acid esters

Fire-resistant synthetic fluids based on chlorinated
hydrocarbon

Fire-resistant synthetic fluids consisting of mixtures
of HFDR and HFDS

Fire-resistant synthetic fluids of other types

26
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The selection of the hydraulic lubricating oils and the specifically
required properties depends on the hydraulic system operating conditions.
Besides, hydraulic oils may be classified in three types :
a) oil based hydraulic fluids which can be divided into three
subgroups:
- antiwear fluids

- rust and oxidation inhibifed/fids
'“ i
- invert emuls e

"-I
h]waterh e aulie Fluids

¢) synthetic I (/’1://

In applications, ols e 1‘%
- con _7 “/ . ] .* u&lng apprnprialed
additives such as dispesSants, & ti-Wedt addi S, anti-rust additives, anti-

oxidants, bearing corrosigh i hi
- removal of heat, by using appropriated additives such as anti-
oxidants, VI improvers.

such as anti-wear

friction modifiers.

mmﬂuggwﬂﬂ5Wﬂ1ﬂﬁ
AU INGIRL, .

extreme pressure additives to meet the unique requirements of gear
lubrication. In applications, gear lubricating oil functions are used to
reduce friction, control wear, dissipate heat , prevent rust and corrosion,

control foam and to reduce power consumption.

27

appropriated additives
. lﬁ-{ sants, anti-foam agents,

The American Gear Manufacturers Association (AGMA) classified

industrial gear oils as shown in the following Table:



Table 2.6 AGMA classification of industrial gear oils

AGMA No. | Kinematic Viscosity @ 40 °C, cSt

Min. Max.

41 40 50.60
74.80
110.00

165.00

60 ~1 O Lh B W N =

8A

\ R
The principal &7 i ath _ loyed for various gear lubricant
fuctions are as follow: ‘
- containmen~ of _by using some appropriated

additives such as 2
- remo : = : ap pnated additives such as

anti-oxidants, ann-foanr.;

R DB THES ) B3 some sorpriaed

additives such 85 anti-wear and exjreme pressure additives, anu-faam agents.

o JIBSNIRUUIN TN

Characteristics of Used Lubricating Oils

As shown in Table 2.8, the composition of used oils vary
considerably from that of virgin lubricating oils and other virgin fuels.



Significant differences are observed with respect to ash, bottom sediment
and water, carbon contents, viscosity levels. These differences relate
primarily to the sources of the used oils.

In general, lubricating oils become contaminated during service or
use as well as through mismanagement.
ntamination during oil usage is the

chemical breakdown of ad - ;f:.,‘. ?{ ent interaction among the
resultant mmpoumts to produce '

and other undesired
Physical a LiPrope \\\ bricating oil
a 1 ,7 \
TNE
Phymcai And chegm 5 ”i“;‘i f oils wide Yﬂ!‘lﬂtlﬂlls

which could be the res - many fa g the characteristics of
the virgin oils and their tise, '=:5_--~ ectwnf handling process
associated with the used oils/~ "~
Table 2.7 {4 example of used Inhncating sil>properties

(7 D

7
ﬂuaqwﬂWﬁwaﬂni
amaﬂnimummmaa

29



Table 2.7 Summary of used lubricating oil analyses

Benzene insolubles, wt

Gasoline dilution,

Flash point.°C Y a9
Ansh,sulm ‘ ‘\r J A "‘1‘,:
resi " , ‘. . "‘?‘\

Property or Test Motor Oils | Industrial Oils
Viscosity (@ 40°C,SUS 87-837 143-330
API gravity@ 15.6°C 19.1-31.3 25.7-26.2
Water,vol % 023338 0.14.6

157-179
40.12-41.84
3.2-59

<0.1-0.83
0.54-1.03

ﬂ‘IJEI’JVIEWlﬁWEI']ﬂ‘i

Technologies of Used Lubricating Oil Recycling [1,31-32]

IMANIUNNTINGINY

There are three main recycling technologies of used oils :
1) used oil recycled as burner fuel

2) reclaiming
3) re-refining




Used oil recycled as burner fuel

Processing techniques for the recycling of used oil into fuel include
pretreatment of the used oil to remove all or most of the contaminants
which pollute the environment or use of specialized facilities with
acceptable environmental control is technique has often been

condemned because it destroys @ resorce and it can cause

substantial environmentat-polliiti | dispersed distribution of
metal oxides and stab i
may cause scaling of ¥

ther, these contaminants
o of burners and fuel-
transfer lives if not hé '

Reclaiming

This technique m# " _ ; | of the following : removal of
solid particles by settling, c: ing @k filtering; neutralization of acidic

contacting to remové oxygenated components and" spent additives or for

decolorizati . ook terial levels; and
TIRE S METTINeIn |

replenishmentpf a

AAIRINTUNNIINYAY

This process was employed for used lubricating oil to produce
clean, high quality, lubricating base oil. Re-refining processes often
include a pretreatment to reduce the impurity content by one or more of
these methods : application of heat, filtration, acid, caustic, solvents, or

31
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other chemicals. The pretreatment is usually followed by one or more of
the following refining processes : vacuum distillation with clay or hydrogen
finishing, acid-clay treatment followed by hydrotreating, solvent extraction
with clay or hydrogen finishing, and extensive treatment with only clay; the
latter is limited to highly segregated used oils.

Four modemn re-refining
Figure 2.6-2.9. ’

AusINsNingIng
NN DRI Hheonrtie

Petroleum, Bartlesville, Okla.) for re-refining used oil. 1, preheater; 2, reactor;
3, filter; 4, mixing; 5, flash; 6, adsorbent(clay); 7, filter; 8, gasoline; 9,water;
10, storage; 11, stripper; 12, hydrotreater
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storage; 8, fractional distillation; 9-12, different distillate fractions; 13,
hydrofinishing or clay contactor
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of the Recyclon pmcess (Leyhold-

na-asma@ﬁw AT o

refiing of used oils. 1, filter; 2, preheater; 3, dehydration; 4, gasoline
scparanon,4 sodium emulsion; 5, mixer; 6, flasher; 7, short-path distillation
total evaporation; 8, wiped-film evaporators.
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dehydration; 3, vacuum distillation; 4 , distillation; 5, hydrofinishing; 6,
fractional distillation

same naeniyd N



These processes have been selected for inclusion because of the
substantial differences between them, and no implications as to the
suitability or quality of the processes or the products is expressed or
implied. The principal concern with many of these new re-refining
technologies is the lack of techmical date and long-term experience

The major objective of this described in chapter I, is to
study recycling of used.oil by mean ﬁrmﬂthods : physical and

chemical treatment m : atalytic hydiogenation method. The

soda ash. The neutralized oil is washed with water to remove sodium
sulfate, oil-soluble sulfonates recovered as byproducts. The oil is extracted
with a solvent such as ethyl alcohol and isopropyl alcohol. The solvent,

usually isopropyl alcohol, removes sodium petroleum sulfonats, sodium
sulfate and other impurities.

36
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The reaction of concentrated sulfuric acid with oil constituents is an
exothermic and irreversible reaction. Acid acts like an acidic sulfonating,
polymerizing, alkylating, precipitating, oxidizing and solvent refining agent.

Lubricating oil is acid treated for the following reasons:

- to remove straight chain unsaturated compounds,

The purpost gie®t / N ow: all reactive and
unsaturated hvdrocarbons an \\ dcausethemltﬂhe
darken.

Acid t slor, dec s viscosity, Increases

perey :
viscosity index, electrical g pc% chemical stability.

treated with clay or uﬂ:cr adsorbents. The pmposenf the clay treatment is

to demlnnzﬂ:ﬁmmﬂsﬂﬂw ﬁlﬁ] ﬁ?us and asphaltic

substances, water and suspended large portion of mlunng matter
) el el
matters $till remain. Trace amounts of inorganic materials such as sodium
sulfate and sodium carbonate are also present in the oil. Clay treatment and
filtration process is necessary for removing such substances.
Great losses occur in the process of oils as a result of exhaustive
treatment with acid for the following reasons:
- polymerization of some hydrocarbons,

- formation of sulfonic acids,
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- absorption of oil by the acid sludge.
The physical and chemical treatment has been drastically reduced
recently because of the high costs and difficulty associated with disposing
large amount of the acid and clay waste byproducts produced by the

process.

For further treatment which,i main purpose of this wok, to
diminish the diposal probl w pyproducts and to reduce the
environmental impact whi : ni*w directly by the catalytic

e —

Catalytic hy on 145 @ process, to) catalytically stabilize
lubricating oils and/ or @m@vé dhjectiongble elentents from the used ol or
products by reacting themyWwitlr hydrogen b lization involves converting
unsaturated hydrocarbons _su
diolefins to sat

. and gum-forming unstable
ectionable elements
ypen, halides and trace

metals

o

Gcnﬂlgu ﬁﬁwz ﬁgﬁ Wﬂﬁrﬁ? oils with the
catalytic hydrogenation process, usually need the specific reaction called
wogrsa N T AN AN A
mu’cahng isa pmcess%lcmaljdgll}r stabilize p-euialleum products
and/or remove objectionable elements from products or feedstocks by reacting
them with hydrogen. Stabilization involves converting unsaturated
hydrocarbons such as olefins and gum-forming unstable diolefins to paraffins.
Objectionable elements removed by hydrotreating include oxygen, halides, and

trace metals.



39

The main objective of the hydrotreating reaction is desulfurization
but many others take place to a degree proportional to the severity of the
operation. Typical reactions are:

- hydrogenation of aromatics and other unsaturated molecules,
- ring-opening, especially of multi-ring molecules, .

- isomerization -’k"*

, '---\:m"

amount of stable polyes ICS
The extend high/ saction types occurs is
determined by the type 8 the atalyst sed, theprocess conditions and the
basestock composition. : Ho”
comfortable, and can be
considered. ks
Hydrotreating is : i eedstocks from naphtha to

catalyst in ‘use,more
ported catalyst shoud be

]
fiedlly for sulfur removal it
{

reduced crude.
is usually called hydre :su]ﬂuizamn or HDS.

H,,..,,@Mmuﬂmw 4N
%mm&mmammmm

oxides on alumina, nickel oxide, nickel thiomolybdate, tungsten and nickel
sulfides, and vanadium oxide. The cobalt and molybdenum oxides on alumina
catalysts are in most general use today because they have proven to be highly
selective, easy to regenerate, and resistant to poisons. The catalyst generally is
sulfided in situ prior to its use.



Reactions

The main hydrotreating reaction is desulfuriztion but many others take
place to a degree proportional to the severity of the operation. Typical reactions
are:

1. Desulfurization

— CgHs + H,0
7 C;Hys + 2H,0
4. Dehalogedation "

¢ RCl+H, > RH +HCI

b "ium%’wmm
c{ﬁ‘?ﬁ‘@ﬁm IKANPNAY



Mechanism
1. Molybdenum Sulfide Desulfurization

Gnffith, Marsh and Newling proposed mechanisms for
hydrogenation of thiophene over th‘ atalysts which they employed. It was

thought that the reaction p ulybd:nmn sulfide catalyst
according to the followi

a. Two-poin .a pair of adjacent Mo
atoms in an exposed

b. Conversiafi tosthe half-hydrogenated e by reaction with a

J &l '_.- N

hydrogen atom adsorbéd of ' N

c. Rupture of the ;action of more hydrogen

atoms with the half-hyd l A Nhich the sulfur atom has
become linked to a molybdenus
d. Conversion of the ¢ olecule to butane or butene by

continued reactio M’f 1

2. Raney Nﬂ‘d Desulfurizntinn )
Aﬂ“u EJM ﬂmmi '1 . ‘L p—
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has a high settling rate so that a reaction can be conducted and the catalyst
allowed to settle, then the product can be decanted from the catalyst which can

be used in the next batch.
Bougault, Cattelain and Chabrier had proposed the mechanism of
desulfurization over Raney nickel that the reaction occurs through the free
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radical involving, as the first step, the chemisorption of the sulfur
compound on the catalyst surface through unshared sulfur electrons. The
carbon-sulfur bond is thus weakened and a free radical is detached. The
hydrogen present on the catalyst surface then reduces the radical to the
corresponding hydrocarbon. A simplified mechanism is roughly

W“f“““@l/y,
/Zé\\\\

— 7/ /£~ m\\\

ﬂ]’thejf MA’

dicals may react in other

v

B H,CH.
nﬁ%&rﬁ%ﬂﬁwmﬂ‘i

q ﬁwm A R ) ) 21
- hydrogenation of polycondensed aromatics into
polycondesed naphthenes:

oot — COO’

V= —60 =20
Freeszing point > +50°C Freezing pu int= 2 +20°C



- partial hydrogenation of polycondensed naphthenes :

R.' Rl R.‘l 4 R? Rl
COO™ — 0 - M
R} RS R'® R?
Vi=20 VI =110-140
‘ Freezing point £ 0°C

—
' C—Ciq
C,

~ c,

CVI=119
reezing point = —40°C

racking reactions such as

paraffin and isoparaffin hydocracking aid. acid hydrodealkylation of

alkylammaﬁcs : 1".5_.5""“:‘_‘*"‘“"‘""""—'i-'rr:.'.;:;-.'.-%:."r:a::;.""‘ »ad to lower Yldds
of lubricating base  ils d higher consumption of

hydrogen. .

‘a LY, |

T G S PN B o o

simultanously agtivate :
¢ o v/
PORITIANANLNY,
) clization of naphthenes plus hydroisomerization of

paraffins and naphthenes.

A combination of reactions require a bifunctional mechanism
(Figure 2.10) consisting of a hydrogenating, dehydrogenating function and
acidic function. .

The hydrogenation catalysts , especially hydrotreating catalysts
which can be suitable applied for production of lubricating oil comprise at



least one or more metals, metal oxides, or metal sulfides of groups VIB and
VIII on a carrier support which comprises one or more oxides of elements
of groups II, Il and IV,

Because of an economic aspects of the catalyst costs, thus , this
work , the reactions ,not only used hydrotreating catalysts such as
but also studied the reaction of

NiO/MoOy/ Al,O; and NiO/W 03(A10, |
Raney nickel catalyst. In compari uich Raney nickel catalyst is not
hydrotreating catalyst,butat-can v 2 &dmgenahon reation, and
its price is quite m icethan those hydrotreating catalysts

This process™fias / d ‘.f :\\‘ conventional physical
and chemical p "f;\l\ were messy and gave

waste disposal probl ./[ ~,  | ”* o _mssmhjghcrmd

ﬂ'lJEl’J“flﬂ'ﬂiWEl']ﬂ‘i
Q‘W’W&Nﬂ‘iﬁu UAINUINY
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Figure 2.10 Reaction mechanism for bifunctional catalyst




Under much more severe operating conditions, hydrogenation of
aromatics and ring opening reactions become important and the aromatic
content of the lube base oils is substantially reduced.

Environmental considerations of used lubricating oil [1]

There are three basic dispos? | for used lubricating oils:
0sal.0 “recycling of used oils, the

Of the three‘basi _!
AN

most efficient in tes g sation;. in' that it displaces an

o7 \! a fuel. The flue gas
are PCBs, PAHs, dioxins
and heavy metals. Some preiigatis : tof & Joil will be required to ensure
that emission standards for these mat

equivalent amount of gil, i§ tlie ust
components of principa

sdrenot exceeded when waste oil

is used as fucl Shouls possible_the oit-dnust be considered a

hazardous waﬁtﬂ ! il ated acce @
Disposal of waste oil as hazardous wasfe requires that it be
o uires

e BT Ty e o s

PCBs and PCTs) ;

i s
\ m,ﬂ g . : ‘ a product
of sufﬁqmsmﬂ; ity, the gmm‘EEMidemﬁun

concerns the disposal of the byproducts of the refinery process. The
effluents/ waste products from some re-refining process can be highly toxic
and / or potentially carcinogenic. If these wastes are not disposal properly,
they represent a potential hazard to the environment, which is at least as
serve as that of untreated used oils.
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Economic Aspects of Lubricating Oil Need of Thailand [43]

As the growth of industries in Thailand, lubricating oil is a choice
of demands for a necessary chemical used in the production processes. The
more productions , the more quantity of oil is needed. Thailand’s economic
data can be shown in the followin Vlﬂi

Table 2.8 Mo 0 cmde oils in 1993 and in

\\\\
(N e

U

# i A\\\ 1994
e 1,525.074
1,563.849
1,854.683
7 L2, 711.741
May 18 ;.;:.‘.:.;:—,) 830.552
1 Y ,616.529
1,992.417

R 1 2 s e e

U
October | ,1,682746 _ | 1,924.344

47



Table 2.9 Monthly import of lubricating oil in 1993 and in 1994
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Table 2.10 Monthly domestic sales of finished oils in 1993 and in
1994

21 88 21.975
24.480 19.464

026 . 26.205
21.649
23.780
25.738
21.465
25.909
23.209
22.836

27311
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Table 2.11 Monthly export of finished oils in 1993 and in 1994

Month : (Quantity (million liters)
1994

0.624
0.346
0.489
0.207
0.317
0.279
0.308
0.106
0.338
0.185

;é-'l-l"' 0244
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Forecast of Lubricating Base Oil Demand

Table 2.12 Forecast of lubricating base oil demand

3 ¢ o e/
ARAMAD T WAL ANEL s
productions, the more demand of lubricating oil in Thailand. Then,if some
used lubricating oil can be recycled to the new process, we can save some
quantities of oil in use.
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