CHAPTER 11
THEORETICAL CONSIDERATIONS
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White oil or while-mineral ¢ -wm_,n mineral oil is transparent,

White Oil

colorless or almost &

i Z“\'ﬁ‘.‘lﬁ'v , oily liquid obtained by the
refining of crude peure

5 boiling point in the same range as the
lubricating oil. In & hit > petroleum feedstocks are
refined to eliminate ; \\\ \ sulfur, nitrogen, and oxygen
compounds, reactive Mydrocarbons 1 \\:.\ aromatics, and any other
impurities which would preys : ing white oil.

1. Classificatior
V.

i

There are shree classes of whlte oils, recently defined by the UK

wh“”“ﬂ“%ﬁﬂ’%’%ﬂiﬂﬂ’]ﬂ‘i

1) Medicinal or Phannaceuttcal grade- a highly refined
mwcw ﬁﬁmww %ﬂ;%ﬂ odorless and
MEteles?, complying with the requirements for Liquid Paraffin ( light, medium,
heavy ) of a relevant Pharmacopoeia.

2) Food grade- oil as described above, not necessarily
complying with Pharmacopoeia requirements in respect of viscosity, although it
should not be below 5 centistokes at 40°C.



3) Technical grade- a highly refined transparent, almost

colorless (Saybolt +20 minimum) oil having a viscosity not below 5

centistockes at 40°C.

Table 2.1 Specificat
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Saybolt color

Viscosity, ¢St at 100 'ﬁ

Density at 15.6°C, g/cm
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Direct UV absorptivity *

at 275 nm
295 nm
300 nm

1.60 max.
0.20 max.

0.15 max.

1.60 max.
0.20 max.

0.15 max.

ood grade Technical
grade
+30 min. +20 min.
5.0 min. 5.0 min.
0.845-0.905 -
pass -
ﬁ 0.1 max. -
- 4.0 max.
f] ﬂ i 3.3 max.
2.3 max.
0.8 max.

“specification of Germany




2. Application

White oils are used in a wide range of applications and industries.

Technical grade white oil 1s usecl in plastic industries as extender and

plasticizer, in textile machinerie: bricating oil of synthetic fibre
processing. Also used fc Teathe per manufacture, wax polishes,
agricultural spray boxgseemouid release : &aments ect. Both food grade white oil

and medicinal grade whilg®1hare usec .: ustries as lubricate machinery

or base for a wide variety

ir preparations, lipsticks,
manufacture of industrial skin
. Moreover medicinal grade

of creams (beauty,

etc., and used as ingrgd
protections, toiletries
white oil is used in drag 'ﬂaewellknnwnareuscdasa

laxative, and used in_masiy-preparations including balms, ointments paste

3. Propertiesy

ﬂuﬂ’mﬂﬂi‘iﬁﬂ’]ﬂ‘ﬁ
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1) Specific gravity
Specific gravity of oil is defined as the ratio of its density to
the density of water at a specified temperature. The standard temperature is
15.6°C or 60°F. In the petroleum industry the API gravity scale is almost
universally used as the measure of the density of petroleum products. API



gravity is an arbitrary scale, calibrated in degree and related to specific gravity
by
141.5 - 131.5
ARL= 3D. O
(at15.69C)

value increases as the specific gravity

decreases. \i I/ ity chance with the temperature,
determinations are made-at.d con and corrected to a standard

temperature by using.st | ‘-"""

‘e of its internal resistance to
flow by reason of 'molecules. It decreases with
increasing tempera e. The instrument used to
determine the viscosity

Saybolt and Kineti
measured by ti ';?_:__n_ng___ #i through a capillary tube
under gmvitatiﬂnaiﬂ)me A 1 pera.lre Test temperatures are
usually at 40°C and 100°€ for centistockes unit.
AUEINENINEINT
3) Viscosity indéx o 'Y

AR ARPZ UPANIRELE Bt s
the eﬂ‘:ct of temperature changing on the viscosity of the oil. When the
temperature is increased, oil films thin out or has lower viscosity. The higher

iscometer. Generally, two types are

iscosity_is the more common and

the viscosity index, the smaller its change in viscosity for given change in
temperature. The viscosity index of oil is calculated from viscosity determined
at two temperatures by means of table published by ASTM.



4) Pour point
The pour point is the lowest temperature at which the oil
will jest flow under specified test condition, and is roughly equivalent to the
tendency of oil to cease flowing from a gravity-fed system or container. Since
the size and shape of the contai the head of oil, and the physical structure

of the solidified oil all influe

of the oil to flow, the pour point

of the oil is, and not an mperature at which flow ceases

under the service The importance of the pour

point is limited to : vliere low temperature are likely to influence oil

flow.
5)C
is measured as S;aybnlt color,
a number related to the erial which color is compared
with specified gl mber is +30 ( lightest color ) to -
16 (darkest h;‘,«i-: —oit—is—darkertf ay lt color -16, its color is
measured as Visualgﬂﬂr‘ parg the color of the transmitted

light with that transmitted by series of pumbered glass standard. Color varies
rom part i i a3 padhe o bbfR, e rane ofthe e
is 0 to 8. The lower number is indicated thatthe color of oilis lighter.

ARTANNIUNAIING 16 Y

3.2 Chemical properties [3,9,10,11]

The three most important tests are designed to determine

the purity of white oil as follows.



1) Light absorption
This method is measurement of direct ultraviolet absorption
over the range from 295 to 400 nm. It is a very sensitive means of detecting the
presence of aromatic compounds. It is reported as the value of absorptivity, an

absorbance per unit of the concentration of 1 g/L of white oil in iso-octane and
of 1 cm of path length of '&

‘ \ tive is low, the white oil is high
purity. This test involvesmedicin an e white oils of Germany.

e for the examination and

evaluation of white@ils " Al \ 25 iite oil and 25 ml of hexane
is extracted with 5 rufl offtliethyl Sulfoxide ‘and\the ultraviolet absorbance of
the extract is determificd L the .- trom 260 to 420 nm for food and
medicinal grade white ofls % 1 0 nm for technical grade white
oil. The absorbance speci cat ‘7 £ 1 ils are shown in Table 2.1.

fi ] \"

D

It is necessary for fopd and pharmaceutical grade white oils

to test cmboﬂaugﬂga%sﬂ %ﬁ WIﬂ@ﬂ %th an equal volume of

acid of prcscn‘!)ed strength under specified conditions. Ityshall be reported as

pasin sl G99 b bl &b 6 chdnc 6 olor and when e

acid Ia}rer is not darker than the reference standard colorimetric solution. If the
oil layer is discolored or if the acid layer is darker than the reference standard

colorimetric solution, white oil shall be reported as not passing the test. It is
considered an indication of purity, the purest products developing very little

color.



4. Processing [3]

White oil can be produced from most types of crude oil, in varying

yields and degrees of difficulty, by two types of process- acid treatment and
hyrotreatment.

Acid T, - .:c iz Gas and

— b A Y Hydrodesulfurization |

Sludge ! Zatad . ™ Tight oil
sbtreated Oil

Acid Hj

S;:ul d'gr._ izdti Hydrogenation |__Gas and

s Light Oil

e AR AN 8

(b)

Figure 2.1 Processes for production of white oil

a) Acid treatment b) Hydrotreatment



10

Generally, the first step of production of white oil in both processes
has been the removal of lighter portions, such as gasoline, naphtha, kerosene,
and light fraction, from crude oil by fractional distillation. If the crude oil
contains wax, it is preferably dewaxed by using a solvent, such as methyl ethyl
N W c., to obtain oils with a pour point

1 &vy to determine the pour point

| T—

ketone, methyl iso-butyl ket
below about -15°C. After d¢
by that required in the £

out using an aquemﬂ alcohc .
the oil-soluble sulfonig g:lds fﬂrmed the operation, in the form of their

e i S A P e s o

finally mntactgi with activated bleaching earth, which uces the required

wite 6. Wb b bl akins b ma« acid, however,

have hccn subject to objection in recent years since acid treatment is costly,

m hydroxide. This removes

low product yield, high sulfonate by-product, large quantities of acid sludge
disposal and pollution problems. Furthermore, such processing of high
viscosity fraction is very difficult because of emulsion and setting problems

encountered during the operation.
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some helium). The intermediate zone contains oil saturated with dissolved gas
under the conditions of temperature and pressure prevailing in the reservoir
rock; and the bottom zone is occupied by “connate” or “interstitial” water,
traces of which are also present in the pore of reservoir rock in the oil and gas
zones. Oilfield waters (or “brines”) contain relatively large amounts (frequently
more than 10° ppm) of disselve / ic salts principally chlorides and

sulfates of sodium, potassiumi, calciunt. esium,

wells today was formed many

millions of years ag®. IS bélieved to have beeniformed from the remains of

‘o v/

T T Nrep——
light, mnhile,mstraw-culnred liguids containing a large proportion of easily
st QAN S D HIRAD HDfeocs o v
very litdle material can be removed by distillation before the onset of thermal
decomposition. Densities generally lie in the rang 0.79-0.95 g/cm’ under
surface condition, and viscosity varies widely, from about 0.7 centipoise to

more than 42000 centipoise.
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highly-branched paraffins are high poor point and less good viscosity index.
Both of them are lower in specific gravity, or higher in API gravity than the

others.
- Olefins or alkenes
They are unsaturated molecules, but are comparatively

rare in crude oil. Certain re o however, do produce long amounts
of paraffins by crackin : “They are more chemically active
than the others and subjecido-gxidation or palymerization forming gums.

| | | / ‘*L é \ truct.urcs 'hased on five-or
six-member rings. T sity ;and viscosity but low pour
point and viscosity indé> 0 w smely stable compounds.

ﬁ'ff
= SO tl'@s Sl s A
.t‘i?ﬂ" he
Gy arC Ty ructures with conjugated double
bonds, based on the ix-membered benzene ring. They have density and
h ave-stll hicher. Viscosity index 1500 al rath
viscosity whic ﬁ = i i gener er poor but

pour point is low. 7 Iﬂ
2) anﬂdmcarbuns

A @Wﬂ i e Soil incorporate  other

elements sometimes or as functignal groups Atlacked to hyil}acarbun structures.
it Qi F AT DA e v
contain m molecules. Within the boiling range appropriate to light distillate
almost all of the sulfur and nitrogen compounds are heterocyclic molecules. In
contrast, the principal oxygen contain molecules are carboxylic acid. In the

production of white oil, these compounds, including olefins and aromatics, are

removed.
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The second type process is hydrotreatment. This process eliminates
by-product disposal and pollution problems and advantageously is capable of
handling high viscosity feedstocks. The first hydrotreating stage is a catalytic
hydrodesulfurization, which, after removal of hydrogen sulfide, formed in take
process is followed by topping operation which removes the low boiling

compounds, and produces an il ‘0f 5 E’Efactﬂw volatility and viscosity. The

hydrogenation operation, which
,.J

ensures the complete samratio f m hydrocarbons present. The
process of this inveg / found to be particularly effective in
providing technical oil of high quality and high

Crude Oil

al“composed principally of

hydmcarbons which occur in the gaseuus or hqm state in geological traps; the

b, A Y aae) gy et o

crude oil. Urderground reservous adopt vannus forms, and the oil is usually
o LRSI LN AL 1o M—
fluids o€cupying the interstices in the rock are arranged in order of increasing
density with ill-defined boundaries between zones. Uppermost is the gas zone
or cap which contains so-called associated (i.e. with oil) natural gas; this
comprises low molecular weigh alkanes-methane (predominantly) plus its Cp-
C; homologous: ethane, propane, butanes, pentanes, hexanes, and heptanes)-
together with inorganic gas (carbon dioxide, nitrogen, hydrogen sulfide, and
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Crude oil consists of a very complex mixture of saturated and
unsaturated hydrocarbons with minor amounts of non-hydrocarbons consisting
chiefly of sulfur, nitrogen and oxygen. Also organometallics are usually present
as traces. Examples of these types are shown in Figure 2.1

paraffin- branch

naphthene

N
organonitrogen

Figure 2.2 alypwal organic compounds in ﬁrude: oil.

ARIANN TN URIINYA Y

In Figure 2.2, the following are the same of the different properties
of these compounds.
1) Hydrocarbons
- Paraffins or alkanes
They are saturated linear or branched chain structures.

The linear paraffins have high viscosity index and low pour point. In contrast,
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The boiling ranges of the compounds increase roughly with the number

of carbon atoms:
1) Far below -18°C (0°F) for the light natural gas hydrocarbon

with one to three carbon atoms.

2) About 27 to 204°C (80-4ﬂﬂ°F) for gasoline components.
3) 204 to 343%€ ( ‘ for diesel and home heating oils.
4) Hi : m‘ m]s and heavier fuels.

3. Refinin

Crude o1 hes u
most cases, it is sepj o inarny :\\ hich in turn require further
processing to supply 8, of
cases, the first step i fémave. . crude certain inorganic salts

suspended as minute crystals ot dissolye'in.entrained water. These salts break

plug heat exchangﬁ -.-w poison catalysts used in

subsequent process. 'Elg‘cfnrc, the cgjde is mixed with additional water to

v o el KR HEBIY Futne

desalting, thescrude is pﬁ:d throu a tubular furnace
(rigure 1] Wk o el NWEP@ %Eiﬂiﬂ%l refinery usually
conmsts of connected lengths of pipe heated externally by gas or oil burners.
The mixture of hot liquid and vapor from the furnace enters a fractionating
column. This is a device that operates at a slightly above atmospheric pressure
and separates groups of hydrocarbons according to their boiling ranges. The
fractionating column works because there is a graduation in temperature from

bottom to top so that, as the vapors rise toward the cooler upper portion, the
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higher boiling components condense first. As the vapor stream moves up the
column, lower boiling vapors are progressively condensed. Trays are inserted at
various levels in the column to collect the liquids that condense at those levels.
Naphtha, an industry term for raw gasoline that requires further processing, and
light hydrocarbons are carried over the top of the column as vapor and are

diesel fuel, home heating fuel, and

condensed to liquid by cm}

heavy oils (called gas o r;;;___. de cuts from the successively

lower and hotter levels g /, -
A hea 4C ke Bumosphieric resids s drawn from the bottom of

decompose at temperature

the column. Becaus
;\\ oils must be distilled off in a

about 371°C (700°L}
>duced pressure in the tower

red hydrocarbons compounds.

separate vacuum fraco
markly lowers the bgil
Bottom materials from theé vacuum re for asphalt, or are further
ion separated by crude distillation

The character of their

processed to make other praducts. “Th

are sometimes re

hydrocarbon consﬁtﬂ:n S

ﬂ‘lJEJ’J“fI?JﬂﬁWEI']ﬂ‘i
ammnim NN Y

T
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tizpiha
¥irogine
Lignt Ges Gil

Hexvy Gas Cil
Light Vacuum G2s Qil

Heavy Vacuum Gas Oil

Retiduim

AULINENINYINg

MINTUNMINENAH

Figure 2.3 Crude distillation unit.
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4. Fang Refinery [4,17]

Up to 1500 barrels or local crude oil can be refined at Fang Refinery
per day. The refinery products are consisting of

- straight un o1l 6%

{'Jnce oil from Mae Soon Huanas shipped to Fang Refinery,

the wal:er W ﬁmmgf treat-o-lite is used as a

emulsifier. Afier the crude is ;Eheat exchanger and its

tem il from vacuum
e 1 "'ﬁﬁl’f’i@m“ NG L

it 1s then to 340°C i atmosphen ater (H-1) and

charged to atmospheric fractions. The liquids withdrawn from this tower will
contain straight run oil, kerosine and diesel. Reduced crude from the bottom of
the atmospheric tower is sent to vacuum heater (H-2) and its temperature raised
to 365°C and is then charged to a vacuum tower where it is separated into light
distillate, heavy distillate and heavy fuel oil.
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Hydrotreating Process

Hydrotreating process involves the reaction of compounds with
hydrogen in the presence of catalyst. The types of reaction that occur in this
process are shown in Figure 2.4. [18]

i
|

J

]
AT wng ”

RIASDIUNNNINYAY
O,R + Mg —= P/O\Cﬂa

Figure 2.4 The types of reaction in hydrotreating process.
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Figure 2.4 Continued.

Hydrogenation

+ H2S

hydrodesulfurizatio ‘I

ﬂ‘lJEl’J‘i’lEWlﬁWEl'ﬂ‘i

1. Hyd®bdesulfurization Stage

PMININTAMINY AT

1.1 Hydrodesulfurization Reaction [18,19

d hydmgmanun

Hydrodesulfurization is a reaction between sulfur compounds
and hydrogen with the presence of a catalyst to produce hydrocarbons and
hydrogen sulfide. Sulfur compounds in light distillate are mainly heterocyclic,

having an aromatic character. The reaction of these compounds appears to start.
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by the saturation of the heterocyclic. The ring is then cleaved to give hydrogen
sulfide and the corresponding hydrocarbons. The following is examples
illustrating some of reaction of sulfur compounds during hydrodesulfurization.

Sulfur Class

Mercaptans RH + H»S

Sulfides RH + HjS

Disulfides 2RH + 2HS
Thiophene L \ CH3CHpCH2CH3 + H3S
Benzothiophene | 2 @sza HpS

Dibenzothiophene v

AN NN Y

The main objection in this stage is to remove sulfur compounds.
However, hydrodenitrogenation, hydrooxygenation, and hydrogenation occur
simultaneously. Generally, in light distillate, there are the amount of sulfur
compounds more than other non-hydrocarbon compounds. This stage is called
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hydrodesulfurization stage. To prevent the poison on catalyst in hydrogenation
stage, sulfur content in feedstocks will be have dropped to less than 50 ppm and
more preferably to less than 10 ppm. In plant run size practice, it is preferable
to reduce the sulfur content down to less than 1 ppm. Catalyst poisoning

typically results from strong chemisorption on the surface of metal. The

adsorbed poison either blocks the ! ghe 'snrpﬁun of reactants or blocks the

stable compounds with.ihe.ictal s‘facﬁcal]y severe poisons. Sulfur is
the most prominent of thes€ b€cause of the grea smhlht}r of metal sulfides. In
addition cracking reaci |

become more importanifasdeih peraiuses are raised to maintain catalyst activity.

radcsulfurization in the first stage can be
of any of the s rotreatment catalysts some

of which are conve ’F?I‘“."'a y empl ‘aieatment of both light and

heavy petroleum 01[3 These catalysts typically cﬂ'lpnse a major amount of a
support and m onent in an amount
effective to pﬂnﬁm ﬁcﬂﬂ mn f mﬁ?disnllatc Examples of
suitab g up VI-B in the
Pennd?rﬂle 1e§nmmum, tﬁﬁﬁﬂ g’ d metals of the
iron group, i.e. iron, cobalt and nickel. These metals are often present in
catalytically effects the specific examples below illustrate, these catalytic
ingredients are generally employed while disposed on a suitable carrier of the

solid oxide refractory type, e.g. a predominantly calcined or activated alumina.
Commonly employed catalysts have about 1 to 10% of an iron group metal and
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5 to 25% of a Group VI-B metal ( calculated as the oxide ). Adantageousity, the
catalyst is cobalt molybdenum (CoMo) or nickel molybdenum (NiMo)
supported on alumina. CoMo catalyst is by far the most popular choice for
hydrodesulfurization, particularly for straight-run petroleum fractions. NiMo 1s
often chosen instead of CoMo when higher active for polyaromatics saturation
or nitrogen removal is required, jor jwhen more refractory sulfur compounds
such as those in cracked il ] esulfurized. In some application,
catalySt appears to offer a useful balance
of hydrotreating acti ieke] tungsten ca talys "(NiW) is usually chosen only
when very high activiggfosarommati m\-\ required along with activity
4 catalyst has not had wide

for sulfur and nitroges

application because of gheif rélati ¢ metallic component can be

employed either as the sulfide of such metals

' refractory type carriers known in the

o

art may be umug;glmg pport for ayd the second catalyst, the

p]‘efen‘ed 17 ) "H:;m{ia?— | ,\"*l ca]cined, or OﬂlEI'WIB:E
activated, alumina. If is preferred that the a]umifa have a surface are of from

about 25 m’ wiﬂiﬁﬂﬂgﬂﬁmﬁn comprises a major

proportion of &a taly's ly a a %, by weight of the
¢

- P D

90%, weight of the séc ‘ t. ' The' al

hydrous alumina predominating in alumina trihydrate, alumina monohydrate,

amorphous hydrous alumina and mixtures thereof, which alumina when formed
as pellets and calcined, has an apparent bulk density of from about 0.60 g/ml to
0.85 g/ml, pore volume from about 0.45 ml/g to about 0.70 ml/g. and surface

area from about 50 m*/g to about 500 m*/g. The alumina supports may contain,
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in addition, minor proportions of other well-known refractory inorganic
oxides such as silica titania, zirconia, magnesia, natural or activated clays
(such as kaolinite, monotmorillonnite, halloysite, etc.) and the like. However,
the preferred supports are substantially pure alumina derived from hydrous
alumina predominating in alumina monohydrate, amorphous hydrous alumina

and mixtures thereof. More prefa . the alumina is derived from hydrous

1.3 Mechafii: ‘ . 'i nchaction [24]

rization reaction based upon

the remote control ool :» th P i \\\-: *d by Delmon. The concept
distinguishes between thefroleiof two. - of species on the catalyst. One is
active in creating spill-over -'¥== s d the other is catalyzing the reactions.
The spill-over h ydroge . .ated on the fc per phase(donor) and/then

fent types of active sites are

migrates to the latci p!

created by the spill-over hydroge ; 'mmrg much less active than the

acceptor in i ions. &/
ﬁﬁmﬁauxﬂsm ﬂ ﬁha.lt sulfide phase acts
as do ' ﬂ;ﬁm mﬁu | ?jle phase acts as
the amﬁi i c ":it ‘ r:jn é-Steps: generation
of spill-over hydrogen on the cobalt sulfide phase, migration of spill-over
hydrogen from the cobalt sulfide phase to the molybdenum sulfide phase, and

activation of the molybdenum sulfide phase by the spill-over hydrogen.
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1) Generation of spill-over hydrogen on the cobalt sulfide phase
Spill-over hydrogen has been commonly accepted to be atomic
hydrogen formed by the dissociate adsorption of molecular hydrogen. The
atomic hydrogen may be an ionic, a radical or a bounded hydrogen, depending
upon the circumstances. The hydrogen in the gas phase in the first
dissociatively adsorbed on the cobalf 5 ifide phase. The atomic hydrogen then

spill-over to the catalyst support and £y aearby molybdenum sulfide phase.
This is considered tﬂ HEtTinSica : than the former step.

2) Mlgraum/ Wy Isogen from: cobalt sulfide phase to the

molybdenum sulfi

Spill-over n It sulfide phase can migrate to
the molybdenum sulfite se/The driving force for this migration is the
concentration differenc ni" ‘spill-over: ,;-;-- between the two phase. The

mass transfer rate alsc epends :; - ACia .surface area of the two
phases. The latter y— = on ot the Tg, cobalt and molybdenum
sulfide phases and jthe degree of cont: @een the two phases. The

dispersion is reflecteddnsthe surface arga, and the degree of contact is reflected

in the i of bl ard e i b b | aece arcas. hertore

the interfacial surface: area between cobalt.and molybdenwm sulfide phases is

mwﬂnﬂﬂ o B Vebduct bbbt Wit bueddl ke b i it inertacia
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3) Activation of the molybdenum sulfide phase by the spill-over
hydrogen.

Delmon proposed the existence of three types of sites on the
molybdenum sulfide phase during hydrodesulfurization: unreduced, weakly
reduced, strongly reduced sites. Before the reduction by spill-over hydrogen,
the unreduced site is only potentially active in the hydrodesulfurization

reactions. It can be weakly o asite. active in hydrogenation only, or
strongly reduced a site actiy

Spill-over hygd n the \.h:n sulfide phase may be
involved in various it 1s needed in the creation of
weakly reduced and strongly

.. cduced and weakly reduced

hydrogenation sites
reduced sites are creai€
sites, respectively, with Spi “ovar mulybdenum sulfide phase.
During the site conversiofi, sl f ulybdenmn sulfide phase are

rearranged and may be re;ec -» dmn ‘; A5 phase as hydrogen sulfide.

The "* st supf tiole in the catalyst activity.
It influences the ﬂlmmu and contact of m@t and molybdenum sulfide

] O T TS L e
e v e itk (1RRE
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Co phase i Mo phase
;
i
Generation Migrat ! Co ti Side
..._pl Hs’{:n ! i Hs Mo reactions
]
Catalyst | ion of
coditioning | active sites
A ; |
Hg Seron y
el Oganosulfur
sites
Y
HDS
reactions
4. 'A% Hydrogenolysis
A \ enation 4

\\\.
; t'\' ST nfhydrﬂdtsulﬁn'lzaﬁﬂn

el -:l‘ A
Figure 2.6 Flow diagrin fﬁ m

T s )

W r”y"r‘ alumina is used as the catalyst for
. c_-m.- .
hydrodesulfurization; = INicaTef N Fan replace Mo in these
mechanisms. m 1l |

AU8I BN TNYNS
QRIABAAIAULBIA N Y

In the hydrogenation stage, the product from the first stage is
contacted with hydrogen in the presence of highly efficient hydrogenation
catalyst such as platinum group metals to ensure the complete saturation of all

aromatic hydrocarbon present. Example of hydrogenation reaction are shown
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in Figure 2.7. However in hydrodesulfurization stage may produce saturated
hydrocarbons.

““

AN
\

AU IEININEINS
U
: € _a o
B RO IR TINY 10 8
2.2 Hydrogenation Catalyst [25]
The hydrogenation catalyst in the second stage comprises a

major amount of a support, a catalytically effective amount of a platinum group

metal component, and a minor amount of at least one halogen component
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present in an amount sufficient to improve the hydrogenation activity of the
catalyst. This second catalyst is to be distinguished from the first catalyst in
that normally considered to be the sulfur-resistant catalyst. The catalyst
includes catalytically effective amounts of the platinum group metals of Group
VIIIB, for instance platinum, palladium, rhodium or iridium, which are present
is catalytically effective amountsy igenerally in the range of about 0.01 to 2

weight percent, preferably-about 0.] ight percent. The platinum group
metal may be present i dic med c:m as a sulfide, oxide or other
combined from The( int i r constituents of the catalyst

v
ot

entirely known, ﬂle]alugen component may be
with the 1 m of the catalyst. This
combined hﬂyﬂ] ﬂ Hﬁr and mixtures there of
thcse,ﬁ Eﬁﬁﬁ W‘Eﬂ ogen may be
added to umina supglm y suitable preparation

of the support, or before or after the addition of the compounds of the platinum

&errcd to as being combined

group metal. In any event, the halogen will be added in such a manner as to in
a fully composted the second catalyst that contains from about 0.1% to about
4% and preferably from about 0.6% to about 2.5% by weight. During
processing, i.e., the period during which hydrogenated oil in the presence of
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hydrogen is being contacted with the second catalyst, the halogen content of
catalyst can be maintained at or restored to the desired level by addition of
halogen-containing compounds, such as carbon tetrachloride, ethyl trichloride,
t-butyl chloride and the like, to the hydrogenated oil before such the second

contacting,.

2.2 Mech ‘ _ Reaction [26]

he platinum metals group are widely
¢ eompounds to be naphthenes.
udimentary understanding of the
mechanism of catalyfic \ has been developed. At high
‘temperature, the working" | rf > of metal s nearly clean; but at low
: C us residues. It is possible that
there are catalytic for hydrogenatio 3 n addition to those provided by the bare
metal surface. . ’ adserbed on o metal s ace and then carbon-
carbon multiple bongs
which the organic molspulc is strongly adsurhed
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Figure 2.8 shqows the mtmnedmte of hydmgenauﬂn reaction
or Y bR A ) b & s of caton
atoms n? the Allen bond, as shown in B . The n-orbitals of the alkene are used
for bonding to metal surface. Hydrogen adsorbed on the surface can be added
to the organic residue leading to C, a monoadsorbed species attached to the

riace, forming intermediates in

metal surface by what approximates a sigma bond. This intermediate can react
with adsorbed the other hydrogen atoms to give the saturated compounds.
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Figure 2.8 Mechanism of hydrogenation reaction.
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3. Conditions of Hydrotreating Process [27-29]

In hydrodesulfurization stage, oil is conducted at temperatures
of about 310 to 400°C, hydrogen pressures of about 1500 to 5000 Psig. The
hydrodesulfurized oil from the first stage is then subjected to hydrogenation

conditions, for example, at tem l ’ , ,-.\ of about 230 to 330°C, hydrogen

pressures of about 2200 rovide the less severe reaction

conditions, the average ~ aturgof enation stage is at least about
50°Cﬂ:|anﬂ1ehydm arizain
AT d LECLA il ‘\\\’

in a temperature range from
330 to 480°C to remo drocracked ﬁ, her light products.
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