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.! ., I ' ...,;-, · .. ·.,~ : 2.18 PETROLEUM r .. . _ ·. ~.,J } ·) {. /· rtJ .... -~ P tr 1 · d -0il(petro· - rock· oleum::::: 011), is a cf(zrkgreenr.sh-brown.;, e o eum or cru e - 1 
- - · ' • h d b viscous oil found det~ ;::-, earth's crust .. It is composed mainly of vanous y roe<:!-r ons (li. k · st · ht h ·' __ s:e;~,. cycloparaffins c:- naphthalenes, olefins and e . rrug -c am pan.1..u.ll!», . •d t · · · · aromatics), together.with small amounts of organic ~mpoun s con 8llllng __ ~xygen, ·tr d' 1 1.. The oil is -usually, found ,floating upon a ~ayer of bn:ie and m ogen an su puur. , . . f d t leum 1s • C -has a layer of gas on top fl{ it. The· average compos1bon o c~ e pe rQ · -79.5 to 87.1%; H =-11.5 to 1:4.8%; ~:::: 0.1 to 3.5%; N.~ _O ~ 0.1 .to 0.5~. Classification of petroleum : The chemical nature oft~~· crude petroleu~ varies \Yi th.the part of the world in which it it found. There tlppears, however, ~o be · three principle v~eties : . · · _ (1) Paraffinic->base· type crude is mainly composed n( tl,::i ~aturated. hydrocar~ ~ous from Cli4 to CgsH72 and a _ little of the naphthalenes_ and aromatics. 'fhe hydro~bons 'from C1sH38 to Q35H72 are semi-solids, called 'waxes'. 

. (2) Asphcilti.c~base type crude" contains m~ly cyciop_araffin~ ~r naphthalenes . . with smaller· amount o_f paraffins and aromatic hydrocarbons. . 
CHa oo · 

· (Methyl ntphthalcne) 
©© 

<Naphthalene) 
. . 

. . (3) Mixed-b_ase type crude contains both paraffinic and. asph~tic hydrocarbons and ~e, ·generally, rich in semi-solid wax~ .. · . . . 
. Origin.of petn. e~: Att9rd4lg to modern theory,petroleum. hiu resultea · from the partial deccni~sition··of .,aari,ie animals and vegeta.bk · organism.$ of pre-historic fc,rests~ Changes in earth · (like volcano•s, etc.) had hurried these ma~als ~derground,_ymei-e they.have heen subjected to intense:ptessure and heat, during the. ag~s of time. The · conversion of these.· Jru1teriala into various hydrocarbons has been going on eith~ under the inijuence of radloactive substances Oike .uranium) or by-the bacterial , decomposition under anaerobic and strongly reducing · conditio~ and-temperature. under bigh-prcs~. · . · · . · 

J 
( 

_ _., · Mining of petroleum don.e by drilling iwles in the earth's cnwt and· sm ,ong · pi~s· upto the_ oil-bearing· porous. rocks~ Oil, uaually, gushes· out itself du.e· tQ . hydros~tic P;.e~ .. of natural~- Alwrnatively, !t ~Y ~ mechanically punped up ~y.us_mg e1ther_lift pu~p qr cur-lift pump~ The latter-CC>tl$1Sts ~f two co~pi._pes, 

\ 

Fig. 6. Mln1ng of :rude oft end use of ~r.a« pump, 
lowered ~t9 the base of oil bed. Comp~ air is ~ tnto .. n-t. the. outer· · · · . whereby ~il comes out~ the inner · · · - ·. · '-'6.u. p::1pe,_ by a ~1. f ·..v.,:- .. ~pe <see Fig. m. The oil is oonveyoo to reineey . ':'lo~mo pl~OO. - · · 
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Refining of cn(de oil : Thl- crude 011 1s separated mto various .us~ful 

fractions by fractional distillation and fin;all~· converted into desired specitic 

products. The process is called "refining of cru.de_ oil" ,and the plants set up for the. 

purpose, are cal~d the oil refineries. The processs ofrefining involves the followfug 

steps: · 

Step 1. Separation of water (Cottrell's pro_cess): The crude oil from the 

oil well is an extremely stable emulsion of oil and salt water. J'be process of freeing 

oil froiµ water consists in allowing the crude to fi.ow between, two highly charged_ 

. electrp_des. The colloidal water~droplets coalesce to form large drops, which ·sep¥ate 

out ftom the oil. 
j • • 

/ Step ~ •. Removal of harmful sulphur compounds involves in treating oil 

wi_th copper 9xi.~. A reaction occurs with sulphur compounds, which results in the . 

. · ro·rfnation·of copper sulphide (a solid), which is then remo".'e~ by filtration . 

. j s·tep 3. Fractional distillation: The crude oil is then h~ted to a.bout 400°C 

in an iron retort, whereby all volatjle constituents, except the residue (alphalt ·or 

coke) are evaporated. Th~ hot vapo~s are then passed .up a ':'fractionating column", 

fohich is. a tall cy!indrical u.,wer containing a nllniber of horizontal stainless steel 

·'trays ·at short distan~·(see Fig. 7). Each tray is provided with small :chim~, 

c: ... -~ ... 
oil ~Ul'TldC8 

at-400°C 

( 1_ti ··_ ~=OU,, 
Gasollno 

- Naphtha 

. ~ - Kerosene 

·mose! oll 

Lubricating 
oll 

Flg. 7. FractJonaJ dlstlllatlon or crude patroleum. 

covered with . a · loose cap. As the vapours go up, they become gradually cooler and 

fracn.onaI . ~densatiori t.;k~ pla~ at different heights of column. Higher boiling 

~~-ro~~e., [i!st; while the lowf!! boiling fractions ·tum-by-tum. Vatjous 

pnncipal ·fnictionation product3 thus obtained are given in Jable 5 . . . 
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Natural Gas 
le is an important primary gaseous fuel which is obtained fr~m und~gro_und straca 
either as such or associated with crude oil. It is also found m places quite remote 
from oil-bearfog strata, from wt..:re the gas might have migrated thrQug~ porQUS 
rocb. Peh-oleum consists of!ow-molecular-weight or lighter hydrocarbons wbich 
may t ! gaseous under th~ conditions of their occurrence or ma~ become gas :ous 

.;, -- ~ ' · ('> • ' rc C. ·, .J . ·r 
r :::,~ok:.im ;:. c '.i~-~ r,.i ,.i ;·:: ! f::s. ,-, ;):u~.;J g:i~ c0 :1si<'.; _; c.-sei'i r1::1IJ -01 a mixrure o 
meth:me (70 to 9017,). cth.!ne. prop;ine and butane (20%) .:i.nd other gases like CO:, 
H1S, N2 and traces of rare gases. A natural gas containing mainly methane but riot 
higher hydrocarb9ns is said to be ica11 or dry gas whereas that con~ning apprecia- · . . . . . . , ·r 
ble amounts of propane, butane and other liquid hydrocarbons like pt?ntanes, hex~ 
ane.s, e.t~.-is called rich or wet gas. . . .·. . . . . . , _.,,: .:,._, J\. ..

0 
• - , • 

The recovery of higher~molecular-weight hydrocarbons froin' natural' gas· is im­
purtant since they_ can be used like gasolene after proper treatment The recovery · 
prO'fSSCS are compression, absorption by oil and adsorption by active charcoaL~~-
WC( gas may yield upto 335 litres of gasoline per million litres of the gas· aiid this: · l. 
gasoline is called natural or casing-head gasoline. ,'.I'he natural gasoline thus ob- I 
tained can.not be blended with petrol as it contains dissolved propane and butane, 

1
., 

which tend to escape by bubbling_ out The natural gasoline is thus appropriately • / 
c.;.lled 'wild'. At low pressures, the dissolved gases released in the fuel supply lines I 
c:wse an interruption in ~he fuel supply and so such gaso} ines are susceptible 1o 1 

produce 'v;;pour lock' . This gasolin;! is hence S,:ibiiized by distillation under pre~-
st:,e to give stabilized natural gasoline und a gas, from wnich propane and butane 
m::y be obtained. 

Liquefied petroleum gas (LPG) is a mixture of propane 2.nd butene liquified and· 
s10red under pr_cssure in steel containers. To detect any possible leakage of the gas 
ii is usual to add tetrahydrothiophen, which even in traces can be dete.cted by its 
characteristic strong sme!L It is widely used as a. Qornestic fuel and is especially 
suitable as a portable fuel. LPG has also been sukgested as an alternative fuel for 
in:ernal combustion engines since it pennits the attainment of high compressi~ 
ra:ios without produ~ing knocking (Sec. 7.10.4). 

[}s,;s ofNa.t1m1.l Gas 

:!\':;rural gas ~an be used for ger1er..:•ion of electricity by using it.in fuel ~ils (Se.:. 
~.6.4). In UK and USA it is used in the manufacrure of ·cown gas' for u:se as fuel. 
From ,1acural gas, P,2$ ar.ci CC2, if present can be remcved by scrubbing wili 
monoethanolamine (.NH2CH2CH2OH). The rc.1ction with HzS can be one of lhe 
followjng: · . . · .· . · · · ____ i, . :.· . ·,; · 

2 HOCH2CH~~2 + H2S ~ (HOCH
2
CH~'l·hhS ; ·. -,.. .. _ ... - --.·-. 

or (HOCH2CH2NH2)i · H2S and HOCH20IzNJI3SH i:--0 ,: .·· 
On heating the!>e, H2S gas ~ liter.ited. ; A part of the liberated H2S is -.o~. jizcd to 
S02 and it is allowed to react wi!h the remaini.ig H2S to g1ve S. • i , 

2 HiS + 3 0 2 ..:.:..➔ 2 S02 + 2 H2O 

2 H2S + SO2 - ➔ 3 S + 2 H2O 

. Natural gas besides being used as a fuel can also serve as raw materiai' for the 
m.,.nufacnire of carbon bJack (filler for 11bber) and hydrogen (~nionia synthesis). · 
S:- nthetic protei11s have been obtained by microbiological fennenution of methane · 
and gas oil by dispersing yeasts of the candida species in a gas-o: .-Wat~ emlllsion 
cc,taining ammo· .ium sal~ as nutrients. The mixture is agitated with sterile Air. The 
pr-_ .reins arc reported to be comparabl: to those of animal origin. At present thei . 
are being used as animal feed. , · 

····· ~ -
;·-. ---- --- -·- -- - . ---- - ___ .........._ __ . ': ' ,-,: __ ___ . ,.. ____ ___ ___ 
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 m
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ressu

re· 
l 

.. \ ... · 2
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0
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ra
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v
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u

st. T
h

e m
id9-le -oil is 

hydrogenated in
 vapour-phase in

 presence of. a solid catalyst to yie!._ds m
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r b

y
 synthesis) contains som

e undesirable u
n

sa
tu

ra
ted

 s~raight-cha~n 
hydrocarbons and su

lp
h

u
r com

pounds. T
h

e fo
~

e
r g

ets oxidised an
d

 polym
erized,_ 

. th
ereb

y
 cau

sin
g

 g
u

m
 a

n
d

 sludge fo111UJ,tion o
n

 storing. S
u

lp
h

u
r com

pounds lead to
 

corrosion o
f in

tern
al com

bustjon engine. 
. 

J 
· C

hlU
'.R

cleristics o
f an

 id
eal g

aso
lin

e : (1) It m
u

st be ch
eap

 and readily 
available. (2) It m

u
st b

u
rn

 clean and produce no corrosion, etc., o
n

 com
bustion. (3) 

it should m
ix t~

d
U

y
w

ith
 a

ir and afford uniform
 m

anifold distribuµon, i.e., it should 
-easily vaporise. (4) .Itniust b

e kQ
oclt-resistant. (5) It sh

o
aj~

 not preigrute e
~

y
. (6

) 
It sh

o
u

ld
 n

o
t ten

d
 to decrease the volum

etric efficiency o
f the ,n

g
in

e. (7) I\ m
u

st 
ba-ve a h

lg
h

 calorific value. 
· 

· 
-

, 
R

efin
in

g ~ (1) T
he su

lp
h

u
r co

m
p

o
u

n
d

s. are, generally, rem
oved _by treating 

gasoline w
ith

 an elks1ine solution o
f ~odium

 p
l~

b
ite

 w
ith

 controlled addition of S
. 

T
his refining process (called 'm

eetm
ing) converts sulphur com

pounds into disul-
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2.27 NON-PETROLEUM FUELS 
· 1. Benzol is a product of coal carbonization, having a distillation range of: 70-15D°C and it contains about 70% benzene (C,Jl6), 18% toluene (C<iflsCH3), 6% ~lenes [Ci;H4(CHs)2l, and rest other hydrocarbons. Its calorific value is about 10,200 kcalJkg and octane rating ranges between 87-90. It i~ a good fuei for internal combustion engines. However, its freezing point is 55°C, .so it cannot be used iri 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 comb.us~ tum· engi,ne, it is catled 'power alcohol'. Ethyl alcohol is not used as a prime fuel, but it is only used as an additive to motor fuel. Blends containing upto 25% of alcohol with petr~l ar~ _lJ.Sed. 
. Advantage_s of alcohol-blended petrol: (1) Alcohol bas an octane value of about 90 ; while:petl1)th3.$· octane value of 60-70. Consequently, addition of alcohol 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 ot.herwise 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. (~) Because of its considerable surface tension, alcohol is difficult to atomb:e, particularly at low temperatures,. Hence; specific arrangements for starting alcohol,petrol blends in, carburetor is to be provided, (3) Alcohol is easily oridised to acids. Hence, alcohol may cause corrosion. 
~ . Manufactu,-e of power alcohol: 1n India, alcohol is manufactured fro~ molasses, a viscous semi-solid material, left after 1:he crystallization of sugar from concentrated sugar-cane juice. It con~ about 50 to 60% sucrose plus invert ~ugar (glucos.e-tfrµctpse): 'f.he molasses are.~ilrited v.rith water to bringits sugar concentra­tion to a.bojt• 10-12%. Then, som.e ·nutrients (like ammonium 'sulphate a.nd ·:am­monium phosphate) and some· sulphuric acid are added to bring _its pH v(Elue 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 (o( the yeast) converts sucrose into glucose and fructose, . 

Invertase 
C12H22011 + H20 --- C~1206 + C6H120s Sucrose (in yeast) (Glucose) (Fructose) 

and· the zymasi (of yeast) converts glucose and fructose into ethyl alcohol dlld carbon dioxide, the latter produces a lot of froth during this so-called fermentation process . . z~e 
CGli1206 ~~- 2 Cili60 .. H· + ~C02(g) . (in yeast) \ 

. The total time required for the completion of the fermeb.tationprocess is abo'.lt 
36 to 38 hours. The f~ented ~q~d (called '!f{JS~? con~ ~~J!:1E1~2<;>% alcohol. The wash is then fractionally clistilled to getrecti_fied spirit, whicH;contslns 90-95% /hlcobol. 'For getting absolute alcohol (i.e:, ~00% alcohol), the ~'!ectified · spirit is digested with lime for 2 days an.d. the~ distilled. The fµ-st '?1d la._st fractions are rejected: . 
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