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from the partial deconsposition of raarine animals and

. hydrostatic pressure of natural gas. Alternatively, it
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218 PETROLEUM ‘

Petrol crudeoil (petra = rock ; oleum = oil), isa db\;‘{g;ééjngié}bb wn,
viscous o(z?l f:uﬁglcxllegi i earth’s crust. It is composed mainly of various hy;irggqrbong
(like -Straight-chair‘x paraffins, cycloparaffins cr naphthalenes, _olefing ann
aromatics), together with small amounts of organic cqmpounds c?ntauunf oxyge d’
nitrogen and'sulphur. The oil is, usually, found floating upon a layer lof n.ne.aét_
has a layer of gas on top of it. The average composition of crude petroleum is : C =
79.5t087.1% ; H=11.5 to 14.8% 1 5=0.1t03.5%, N_+_O =0.1t0 0.5%.

Classification of petroleum : The chemjcal nature of the crude petroleum
varies with the part of the world in which it it found. There appears, however, tobe
“three principle varieties ; . o
(1) Paraffinic-base type crude is mainly composed of k4 saturated hydrocar-
bous from CHy to CgsHy, and a Little of the naphthalenes and aromatics. The
hydrocarbons from CgHag to Cg5Hyg are semi-solids, calied ‘wazes’,

* (2) Asphaltic-base type crude contains mainly cycloparaffins or naphthglenes
‘With smaller amount of paraffins and aromatic hydrocarboris, :

(Nophthalene) (Methy] nephthalene)
(3)Mixed-basé type érude containg both paraffinicand asphalﬁc hydrocarbons

_and are, 'generally,_ rich in semi-solid waxes. -

Origin of petre eum:According to modern theary, petroleum has reseiteq

vegetable organisms of
pre-historic forests. Changes in earth - (like voleano’s, etc.) had burried these

materials underground, whiere they have bieen subjected to intenge pressure and
heat, during the ages of time. The conversion of these materials into various
hydrocarbons has béen going on either under the influence of radioactive substances
(like uranium) or by the bacterial :decomposition under anaerobie and strongly
reducing conditions and-temperahirg.under high-pressure. % '
- Mining of petroleum done by drilling foles in the earth’s critst and smsang
pipes upto the dil-bearing porous rocks. Oil, usually, gushes out itself due tq
| i xqaybemechanjcallypumped
up py,ugmg eitherlift pump or air-lift pump. The latter consists of two co~axialpEpes,

gas . e

(Y

-Whereby‘?ilcomesoutthmughth mpressedwmfomdthmughtheoute:pqpe,

basystémofpipdings, v re oo Fig-£). Theoll s oonveyed to réracry
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.electrodes. The colloidal water-drop

- formation of copper sul

n?de oil : The crude oil is geparated into various useful
distillation and finally converted into desired specific
ed “refining of crude 0il” and the plants set up for the,
neries. The processs of refining involves the folldWﬁlg

Refining of ¢
fractions by fractional
products. The process is call
purpose, are called the oil refi
steps:

Step 1. Separation of water (Cottrell’s process) : The crude oil from the
0il well is an extremely stable emulsion of oil and salt water. The process of freeing

ail from water consists in allowing the crude to flow between two highly charged.
; lets coalesce to form large drops, which separate

out ffom the oil. .
| Step £. Removal of harmful sulphur compounds involves in treating oil

wit’ﬁ copper oxide. A reaction occurs with sulphur compounds, which results in the

phide (a solid), which is then removed by filtration.

| Step 3. Fractional distillation : The crude oil is then heated to about 400°C
in an iron retort, whereby all volatile constituents, except the residue (alphalt or
coke) are evaporated. The hot vapours are then passed up a “fractionating column”,
which is a tall cylindrical tower containing a number of horizontal stainless steel
‘trays at short distances'(see Fig. 7). Each tray is provided with small ciimney,

7 o=t ‘Diosel oft

|, ; Lubrcatng
ol

Fig. 7. Fractional distillation of crude pstroleum.

covered with a'loose cap. As the vapours go up, they become gradually cooler and
fractional eqndensat:ioﬁ takes place at different heights of column. Higher boiling
fmction.ooridenses first; while the lower boiling fractions turn-by-turn. Various
principal fractionation products thus obtained are given in Table 5. .



The emulsion-free crude is heated in pipes in a twwace heated
by burning gas or oil. The vapours are passed through a tall

cylindrical fractionating column which is provided witha number
of carefully designed fractionating plates, see figure 3.6. Asthe
vapours move upwards, the higher boiling fractions condense and
fall back and only lower boiling vapours move to higher plates
where further condensation takes place and some more liquid falls
back. As the freshly condensed liquid comes to the lower plates, it
gets heated and vapourized and again condenses on higher plates.
This process of condensation and vapourization takes place many
times causing séparation of hydrocarbons accordiug to their boiling

f Gases

atontig [l [ Gidlrmer |- Pewl
Colsmn | — =, [" Gondenser | White Spiris
=C . Condenser |+ Gus

Heater j—

et B L ey B
Crude Qil =

-400°C © Vaeuum
e ¥y  Column

Unvapourized ¥ cater
Crude Oil

e HUTITHH S}

Pitey
Fig. 2.6 Petroleum distillation

points. Thus the higher boiling fractions condense towards the lower
part-of the column  The lower the boiling point the higher is the
position of the plate on which a fraction - condenses. Pipes are Je|
off from different poiuts taking out- mixture of vapours and r,nsmmr .
of the desired boiling points which are condensed separately avd:
different fractions are obtained. [Fhis gives straight-run petrol,- kero-
sene (or white oil) and gas oil fractions. Operations from drilling
to the final use are shown in figure 3.7. .

If the entire crude is distilled at atmospheric pressure, as des-
cribed abave, considerable thermal decompasition of the r._mra-...v.oﬂ,
ing hydrocarbons would take place. About half of the unvapourized
crude oil is removed from the bottom ani distilled under veducei
pressure in a similar fractionating column and’ heavy -gas, oil and
lubricating oil fractions are separated. The redidue gives pitch,

Of all the fractions collected petrol has the largest denaud, but
the yield, by the above-described method, is only »o.o\e of the crude.
The result is that there is surplus of heavier fractions. Mareoves
the straight-run petrol is not of sufficiently high quality for mw&ah
use in-internal combustion engines, It has to he properly blended
To overcome these difficulties, the heavier fractims are fithjected :h
cracking whereby the larger molecules are brokea down to smaller
molecules giving lighter fractions which are more nsefal. Two meths
ods of cracking in usc are the thermal and the catalytic cracking, -
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. ««.. Natural Gas

It is an important primary gaseous fuel which is obta.lncd from underground strata
either as such or associated with crude oil. It is also found in places quite remote
from oil-bearing strata, from wt.zre the gas might have migrated through porous
rocks. Petroleum consists of low-molecular-weight or lighter hydrocarbons w bich
may t gaseous under the cenditions of their occurrence or may becomc gas :0us

p:-..x)k,r. 3o L‘.Az.._' taidre! cas. it £as foasics L‘S@u(l..lh d) H miXte Of

methane (70 10 90%), cthzne. propane and butane (20%) and other gases like COs,
H.S, N, and traces of rare gases. A natural gas containing mainly raethane out not
higher hydrocarbons is said to be lean or dry gas whereas that contining apprccia- :
ble amounts of propane, butane and other hqmd hydrocarbons like pcntan“s, hcx«5
ares, etc. is called rich or wet gas.

The recovery of higher-molecular-weight hydrocarbons from natural gas is im-
portant since they can be used like gasolene after proper treatment. The recovery
proggsses are compression, absorption by oil and adsorption by active charcoal. The
wet gas may yield upto 3335 litres of gasoline per million litres of the gas and this’
gasoline is called natural or casing-head gasoline. The natural gasoline thus ob-
tained cannot be blended with petrol as it contains dissolved propane and butane,
which tend to escape by bubbling out. The natural gasoline is thus appropriately
called ‘wild’. At low pressures, the dissolved gases released in the fuel supply lines
cause an interruption in the fuel supply and so such gasolines are susceptible to
produce ‘vapour lock’. This gasoline is hence siabiiized by disulletion under pres-
sure 1o give stabilized natwral oa@ohnc and a gas, from which propane and butane
may be obtained.

Liquefied petroleum gas (LPG) is a mixture of pmpane 2nd butane liquified and’
stored under pressure in steel containers. To detect any possible leakage of the gas
it is usual to add tetrahydrothiophen, which even in traces can be detected by its

characteristic strong smell. Jt is widely used as a domestic fuel and is especially

suitable as a portable fuel. LPG has also been sufgested 25 an alternative fuel for
internal combustion engines since it permits the attainment of high compression
ra:ios without produ_cing knocking (Sec. 7.10.4).

Usss of Natural Gas

Natural gas can be used for generction of clectricity by using it in fuel .ccils {Sec.
4.6.4). In UK and USA it is used in the manufacture of “town gas’ for use as fuel.
From natural gas, E5S aad CG,, if present can be reracved by scrubbing with
monoethanolamine (NH,CH,CH,0H). The reaction with HZS can bc one of the

following: ,.
2 HOCHZC.I’{gNHz + st —_ (}{OCHZCHZI\,}I3)ZS el e

or (HOCHZCHZNHz)2 H,S and HOCH,CH;NH,SH - :

On neating these, H,S gas i< literated. A part of the liberated st IS OX ixzod to
SO, and it is allowed to react wi‘h the remaining H,S to give S, - .

2H,S+80,~—3S+2H,0

~Natural gas besides being used as a fuel can also serve as raw material for the

m.nufacture of carbon black (filler for -ubber) and hydrogen (ammonia synthesis).
St nthetic proteius have been obtained by microbiological ferment.ition of methane
and gas oil by dispersing yeasts of the candida species in a gas-o -water emulsion
cotaining ammo- ium salts as nutrients. The mixture is agitated with sterile air. The

pr- teins are reported to be comparable to those of animal crigin. At prcscm these -

are being used as animal feed.
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- incorporated. The whale is heated with hydrogen at 450°
% 200-250 atm for about 1.5 hours, during which hydrogen co

- thereby causing gum and sludge formation

objectionable, 8o the the disulphid

. oxidation reactions, thereby improving

processes to meet the required specificationg,

() Bergius process : The low ash coal is finely powdered and made into a

paste with heavy o0il and then a catalyst (composed of tin or nickel oleate) js

vqsaagﬁ
coal
o @ . Omamv\mn
“(Snor Ni
oleate)

: Corwertor at -
ﬁ 450°C and 200-250 ptm ~ C'ude

oil

—— ——mae :Niﬂ””l.ll..\””l\

Fla. 11. Bergius process of hydrogenation of coal to aasoline.

2.21 REFINING OF GASOLINE

‘The straight-run gasoline (obtaine
petroleum ox by synthesis) contains some u
hydrocarbons and sulphur compounds, The

d either from fractionation of crude
ndesirable unsaturated &Bﬁﬁ.og?
former gets oxidised and polymerized,
corrosion of internal combustion engine,

' Characteristics of an ideal gasoline : (1

ntrolled addition of S,

compounds into disul-
phidés (Doctor’s process).

2RSH + NagPbOy — Pb(SR), + 2NaOH
Lead plumbite
Pb(SR)3+8 —— PbS(s) + RSSR
, Disulphide
¥ filtration. Since the disulphidesin gagoline are also
e8 80-formed are extracteqd with a suitable solvent.
of gasoline are v

_ . . .:m:m:w.nm.goq&vwvon.
colating gasoline through fullers eqrth!, which adsorhg preferentially only the
colours and olefins. - : A

The PbS (s) is removed b

(3) After the refining of gagoline, gome inhibitors are added. These retard the
storing qualities of gasoline,

Even after refining, the gasoline does not haye good combustion qualities and
itis, generally, blended suitably with o 127 fractions produced by catalytic cracking

TR Y R A N B e ey e L

on storing. Sulphur compounds lead to-

removed by treating
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2.27 NON-PETROLEUM FUELS

1. Benzol is a product of coal carbonization, having a distillation range of

70~150°C and it contains about 70% benzene (CeHg), 18% toluene (CeH5CH3), 6%
xylenes {CeH (CHy3)s], and rest other hydrocarbons. Its calorific value is about 10,200
kealkg and octane rating ranges between 87-90. It is a good fuel for internal
combustion engines. However, its freezing point is 55°C, so it cannot be used in cold
climates. It is mostly used as a blending agent with gasoline.

- 2. Power alcohol : When ethyl alcohol is used as a fuel for internal combus-
tion engine, it is called power alcohol'. Ethyl alcohol is not used as a prime fuel,
butitis only used asan additive to motor fuel. Blends containing upto 25% of alcohol
with petrol are used. "

Advantages of alcohal-blended petrol : (1) Alcohol has an octane value of

about 90 ; while petrél'has. octane value of 60-70. Consequently, addition of alcohg] -

to petrol increases its octane number., Hence, alcohol blended-petrol possesses better
anti-knock properties. (2) Alcohol-petrol blends have lesser starting difficulties. (3)
The great advantages of adding alcohol to petrol is that alcohol is capable of
absorbing any traces of moisture present, which may otherwise find its way into the
petrol system. - ' ‘

Disadvantages of alcohol-blended petrol : (1) Alcohol lowers the calorific
value of petrol, because its calorific value is only two-third that of petrol. (2) Because
of its considerable surface tension, alcohiol is difficult to atomize, particularly at low
temperatures. Hence, specific arrangements or starting alcohol-petrol blends in
carburetor is to be provided, (3) Alcohol is eusily oxidised to acids. Hence, alcohol
may cause corrosion. =

Manufacture of power alcohol ; In India, alcono! is manufactured from
molasses, a viscous semi-solid material, left after the crysiallization of sugar from
concentrated sugar-cane juice. It contains about 50 to 60% sucrose plus invert sugar
(glucose+fructose). The molasses are dil uted with water to bring its sugar concentra-
tion to about 10-12%. Then, some nutrients (like ammonium sulphate dnd am-
monium phosphate) and some sulphuric acid are added to bring its pH value between
4 and 5. Then, proper quantity of yeast (an enzyme mixture) is added and the
temperature is maintained at about 30°C. The invertase (of the yeast) converts
sucrose into glucose and fructose,

Invertase
C12H22011 + H20 ———  CgH905 + CgHyy04
Sucrose (in yeast)  (Glucose) (Fructose)

and the zymasé (of yeast) converts glucose and fructose into ethyl alcohol und carbon
dioxide, the latter produces a lot of froth during this so-called fermentation process.
Zymase '
CeH1206 —— 2 CoH;OH + CO2(g) .
. (in yeast) :
© The total timerequired for the completion of the fermentation Pprocessis about
36 to 38 hours. The fermented liquid (called ‘wash’) contains abou 28-20% alcohol.

-

The wash is then fractionally distilled to get.rectified spirit, why 'contains 90-95%

/alcohol. For getting absolute alcohol (i.e., 100% alcohol), the\‘gisttiﬁed- spirit is

digested with lime for 2 days and then distilled. The first and')

fractions are
rejected. " ’
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