BNCHI101DET

A s

(Petroleum Chemistry)

Gz MM

*

r!/:/,: Jlnlg
(L) iy

A FITaduebz i
&”»jg»mj%;m’wr

= A 32 s\ T



Copyright © 2025, Maulana Azad National Urdu University, Hyderabad

All right reserved. No part of this publication may be reproduced or transmitted in any form or by any means, electronically or mechanically, including
photocopying, recording or any information storage or retrieval system, without prior permission in writing form the publisher (registrar@manuu.edu.in)

ISBN : 978-81-994195-1-3

Course : Petroleum Chemistry

First Edition : October 2025

Copies : 2100

Price . 65/- (The price of the book is included in admission fee of distance mode students)

Course Coordinator

Dr. Qasim Ullah, Senior Assistant Professor (Chemistry), School of Sciences, MANUU. Hyderabad. TG. India.

Editorial Board/Editors

1. Prof. Salman Ahmad Khan Professor (Chemistry), School of Sciences, MANUU.
Hyderabad. TG. India.

2. Prof. Pathan Mohd. Arif Ali Khan Department of Chemistry, Maulana Azad College of
Arts, Science and Commerce. Aurangabad. MH. India.

3. Dr. Salahuddin Syed Associate Professor (Chemistry), School of Sciences,
MANUU. Hyderabad. TG. India.

4. Dr. Qasim Ullah Senior Assistant Professor (Chemistry), School of
Sciences, MANUU. Hyderabad. TG. India.

5. Prof. Lutfullah (Retd) Department of Chemistry, Aligarh Muslim University,
Aligarh.UP. India.

6. Prof. Anees Ahmad (Retd) Department of Industrial Chemistry

Aligarh Muslim University, Aligarh. UP. India.

Production

Prof. Nikhath Jahan, Mr. P Habibulla Dr. Mohd Akmal Khan,
Professor (Urdu), Assistant Registrar, Purchase &  Assistant Professor (C)/Guest Faculty,
CDOE MANUU Stores Section, MANUU CDOE MANUU

Mohd Abdul Naseer Shaik Ismail, Syed Faheemuddin, LDC

Section Officer, CDOE MANUU UDC, CDOE, MANUU Purchase & Stores Section, MANUU

On behalf of the Registrar, Published by:

Centre for Distance and Online Education

Maulana Azad National Urdu University
Gachibowli, Hyderabad-500032 (TG), India

Director:dir.dde@manuu.edu.inPublication:ddepublication@manuu.edu.in
Phone number: 040-23008314 Website: manuu.edu.in

CRC Prepared by the Dr. Mohammed Arifuddin, Assistant Professor (Contractual), Chemistry,
CDOE, MANUU.

Printed at: Print Time & Business Enterprises, Hyderabad


mailto:registrar@manuu.edu.in
mailto:dir.dde@manuu.edu.in
http://www.manuu.edu.in/

4

5

6

A ¥
7
21
38
56
77
79
99

.

=

& /}j;’g;/ld}é’f}l)fturr)’; lguju
A PO Qb S o 08
FTIus

e

Lt L) et "N E s
{(}’/}f;j}u!J}:'JIJTL'U}’"#JUUT:&MG
)L@,«f
Dr. Mohammed Arifuddin, Assistant
Professor, (Contractual)/ Guest Faculty,

Chemistry, CDOE, MANUU

A

ety

Y ECe YA
SIATIR Iy
AP N L s
3L E S s

,g/,,&l;'l;!"

J#r

S

)

=3

-4

gt I T b JF1E) et gt 7 5+ (Proof reader) 4o,

4
N

§aep i1 (Title Page)GJ



eI P e sy 5 L -GS LKL ot 1998 (MANUU) G s F¥ iiTeu
qu:éj:fwnffi‘gfm;m:; @) s fbins (1D it LB E sl 1o U6 A+ 2 e b S
12Ut gt 23 5 S @S 1} 2 25 Z 25 b Gt i Gty (3t (L
d’wmruig;dﬂuffu:2020‘%5@’"’(}}_@7&%1}‘;Vg.~_muwa/ﬂ:ff_awwf/rw/ﬁ[ywﬂ’/

e Wil S S Uiy

»/!.f&/d:)’;@-L(gé&uv'f&v/.fuﬁw/;l(}‘d/’é L&LI;L@UIIL&UFW K'C)/'Lfkéj)‘éﬁul
bt S AP F L 2 st 3250 236U ml i 350 s UL z:(f’ujgu/!-‘aduuf G5t

-
¢

G”{nm.,Q“A:;_1/&,0(@“"dﬁié./ﬂ/’nyu:wu:up,&//dm&wLuﬁ,ézozoqdrwg"’/g'gwn
ujt‘u.fuil,yuﬁfﬁobj‘”],g,«?mux"éz_/ff&_fréd?:(ﬁd/ﬂfﬁjlb/ i 5 o) S ap e
b8 2 K e o e (40 Sotr U ol G e s 3 f = s Lty o
K 3143721818 E s

35155 (CDOE)H ATt 5.6 65 oyl Lo e S £ i ™ L L b FuT o (e
e bR S (SLM U5 Ut i

Ln,éju;i}u:é_/J’uH‘41;'1»/(»,»,_9@/@),@&»1& SLM &L £ b L FuT s diket MANUU
eSLM qu//dz/?!/dM'/»/hgﬁ" LL[&{{/!@//ULJVJJ(*M-‘L?«?’)/?&'EKVLMéLJ;/;
_‘L.L;’?LA//??J“&Lﬂufl;”aﬁ‘/vb"/v%;gﬂf’ujgj

S K1 S U 0l AI-Beenl -G FYUG s S M L= e §5% 30 S $h e &
L5y S esimS § SLM) s QU8 L Ldwr § o L BN ATt (Tl 210 ee
Ju,vZunJGLL/@;JL@/J&;@QLualgwlaj.;s&;uruiw;fzr;ﬁf%gﬁé_%%%';

LS G Gt L £ Iy f 5 s L5y

1AL Usd

U’J I 4 s

I w@l&’:’



play
a/Gcﬁw/.’ég}'u“J}Juf)lﬂdkzﬁl‘at‘@gf:u/?/?Lﬁw/.’ég},gﬁ"/ﬂ/&?;xt/vpJ/Q}/W&WUJ/»MZ%

waccﬁ,L(g:;_rz,né//j,»/agu/d:wd}quuiz ul,];ui(f{Lui’uf{’u/lJK&:‘;!JTL’U/‘-Q’!L&/%I
WILTE KA L (2 Qb ) 1 50T 8219988 syt JZTes 1S Dok 3 46
LL vl 2 B L 1l fet S sb 20040
il L1y e wF L5 (ODLIES 5 st - Lot o S A1 L ui'é_/(”/?;ﬁ/‘?/(f‘jruﬁ S Gy
QUL JSISH-5 G g-tto 8 LQSISHG Ggett s J(CDOE) & #1 T i 74k S nel Sy
oA Pt £ Lot S dar £ Y L 103 S S0 Qb Socsins g &S BT A B L A ety
GRS Ml}'»z;l“&u’l:‘a(}/ A Jelsd, (ﬁj 3 UG v,//;fdwuﬁ+& S G )i fe 3 18 xy
(Self st QU156 U7 VU S (CBCS) ™ e e St L8 S Je 3 Zuk e, L33
_96?@4/?4;/ LJ’[&/L(:/ .L,’;./ulufl:”’é ¢ &.¢Learning Materials)
JE 1 L 2l o3 3 BBt P b/ i 1S (19) A1 F(CDOB) A 1Al it 56 i
G £2020-G61ef1 = 2025802 GG e e LEs 2E 1 g Gyt E AL AL
J"bdﬂ)ﬂ/&;&kgﬂfwgﬂwL.guu’w[uruf;pﬁér(@nu’uiu}cguQ_‘ggf)lzu’k{(r/i/?&g
U J/wutjfdidjjlr|/ﬁ){:g|dé’&2026‘2025d(/-g bkl S
S T2)s P Fo s g (F S st o s 6 e Byt s)s o i L Lo § B
.,w/,tﬁjuu-‘ag@ft?d’f}’f?ﬂVgu:tjl,;,o,wﬁur_+gﬁGJ,¢g@“;VQK(qu/U,@m,‘ci{uﬂ
dwfn/,uuiw/,wﬂug+/@LUg;B:VQ}‘*I»U’;/?J}/A (LSCs) /-".nu;“/')ugjcugrugmféu;}“ﬁ/
,’V“Zr!/;!‘at‘/JL’;f‘Uz/fKéJ&Tdfu!f/(/dw}luld:w&,l R T u’"’“ﬁzu/"-’f-f@ Sf en
_‘aL“/(u/'&u@égésrdvuﬁ.ﬁ/uﬁurlﬁ/’
Lo 93T ol wz@g&n/.,,l;w;/?&v%; S w1 Gy J”’LG}&QK:J;/ SSLM ) b d L b
Lu?%u”utgJﬂ/’f&%d@u@djl,/,tﬁ_dufjo,wLm-u:zz,tgéﬁu/'/?&v%;fuﬁi.ﬁ/@/
L il b T A Lo s b1 I e 2 2 8 Uikt S Lo S 125
e S AU (RemediaD 44U Lt AN L e Uy 2 S st
A;/ffl,{!uﬁé_/JLf‘fqu/LwLﬂg(j/’f&;ﬁo;u{{,/?u‘zbful&wﬂé!JUUT,‘Z:;!J:/LG}E./,@;&@JA{I
NI e EIma TS b o1 sl b ENEP20200 545 G 22 Faf 55 K i
_JLM ui’Ll;.;.T/Km/“?,g]/,/w}L.ﬁ/u}’ﬁywu;

UB»J«‘JIL}/}/:‘};/?

SIS F A0



B J/

%)u‘w’_g}édﬁ)jgwuff ;iJTL‘Urﬁ‘LGf et el £ ()L (5; A
W d L Rde? 1?952020—&’] gu‘f‘a $F U et SO L
‘ak{dir,g/?u/,;/,¢‘¢y4u{ﬁ(4) oS 7e K o ng_‘adz’&”/,uﬂ?».,w KU1
LU S g U S s e S A2 S U (@) e 7
VLA b S T2 5L AL ™ S Ui LU bi@) de S 2 S
A Sy e QT F S

VL 0@ s S b1 F7 Sl S 660 ok (DL B
30§ s U AU L U6l SR - W@ g St 21T P U
G EPSE L B S AP AL s s I L e 2l F s

_guw&@*;;//,wwudﬁ:éaqm‘wv&s‘wmwG»‘M-‘Lac)wét‘/d/éw..{!/;
et i p e U FE e UL st Lo L L b 1 L3 L
/W:J&,gffu:uafzm,ug-%ngazfg@&@*;;/gdv;ﬁfutjra.,,ccu:%wu
M T S e 3§ - TS o Q61257650 AT LU el
PR SN LA U1 A P AV SR

,d'n(.‘.j

idﬁ/f}i}/!{



agfjw;)'wczjﬁ‘(fﬁ)ﬂ: :1—@&

(Unit-1: History of Petroleum, Composition and Related Theories)
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. . An Oil Derrick In Okemah Oklahoma In 1922
Pumpjack Pumping An Oil Well Near Lubbock, Texas, U.S.
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OCEAN OCEAN
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N . Plant & Animal Remains Oil & Gas Deposits
Tiny sea plants and animals died Over millions of years, the remains Today, we drill down through layers
and were buried on the ocean floor. were buried deeper and deeper. of sand, silt, and rock to reach

Over time, they were covered by The enormous heat and pressure the rock formations that contain
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OIL AND NATURAL GAS FORMATION
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50-100 million years ago
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~ Plant & animal remains Oil & Gas Deposits

Tiny sea plants and animals Over millions of years, the  Today, we drill down through
died and were buried on the remains were buried deeper layers of sand, silt, and
ocean floor. Over time, they and deeper.The enormous rock to reach the rock

were covered by layers of heat and pressure turned formations that contain oil
silt and sand. them into oil and gas. and gas deposits.
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Y4 K(i:/%:[}flb‘ L u’f/é/jgyg (Biogenetic Origin of Petroleum) ¢/.4x/ 8&:’? 2 L;(i:/fé
Jo oF o/ oslJ J > /,-f sZooplanton  <Planktons S <&(Dead Organisms) =l o/
@/Lim‘adr}'gﬁﬁ'uﬁy;d/VJ@!JJ}/’,-‘L(}nc—g;Jﬁ"ugjfﬁ_‘at'ﬂa—(Decaying)d/,/:g
Tersisterial & Marine )f(éu’lgcj//&K&@/&J}/"Ji-u@ﬁf‘jﬁ?;l}?iJl’a’utdj‘}ﬁ'v{l
uﬁSedimentary Basin _,chuﬁp) u’./‘deg/}'z (Buried)cfx ufjd//M//(LiVing Things
P LUk @g{m G G ynt 2l 2T Ger 4 oy mﬁZ 25 23 ZSlits
-Jz’&)-%L%J'buﬁyJﬁ;ﬁ:uﬁf.T‘LJ@f/Kerogen Formation s/ Diagenesis s ¢ <
(1.6

Organic Origin-Biogenesis : 1.6-;}{’&
_‘LJ:’J..':«;&L?('Zide/(Organic Origin) ¢/.&x/ &lf‘l. d/(fj:/’%
-c‘_an;ﬁy‘@/(mwﬁ/%u’ﬂ,.fy&Kfuﬁ_ﬁj;ﬁrd/ul. Jytuﬁzi,&’f}buﬁSedimentsd/uﬁj-1
Lot Qb ' 2 L o S et o2 o2 £t S (Porphyrin Pigments) Ut pU31 (2§ 2 2 22
Lz LurUsdles BRIy, s &VL‘/?/;}’ Sl s (U",:Jv‘/x.(c‘_ D{JOrganic Origin
:/.:/)bﬁdt"»‘uji
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-+By—Pr0ductK L fe YL (Ch101r0phyll)dfu,~K L U2yl e LIPS % Porphyrin
_ujZ_ﬂJ'ilaLHydrolysis u(ufﬁf,:u((lr%ljulg(l/“f}?‘afﬂlKAmino Acidsfﬁu?;/"/t,}??
Vegetables or ﬁ;}iﬁ-:,ﬁ/‘a [Zwﬁ d/aL J! d/);?r’ J(C27H46O) Cholestrol J~ &)/53/? (‘o;}é (V“_S

_‘at'nd'i >« Animal Matter

r&’»&uumyj@/rf;ﬁﬁ;zruﬁumﬁ 1.5

(Reﬁne)ﬂ’f:’/Cmde OilE (lafuﬁu)‘L Chemistry Setup 1%L/3/ < Refinery b~ {1/

Paint s re gl Jo) Naptha ss/Aviation Fuel Diesel ‘Gasoline J < Products eyl
S 2e (2 145) Complex Facility £10il Refinery e AU 1- <t s U4 (Ut 2 Thinner
_+&b&bi LL/ReﬁneuﬁUseful Productsb.if;/Cmde Oil

L c)L/J d/df“ % Assam -+ 1880 %Lw S Bsx2-< Oil Refineries Vgi L?/ui' Gbaxs
Oil »25 Ut giase 41.7-F LT Ut LB U%19020% Dibgoi § Oil Refineries J% (§ #1-
-‘4(3? Srer d/ Refineries
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REFINERIES OF INDIA

10CL,

CUWAHATI 10CL,
HMEL,

BHATINDA

10CL.
BONCAICAON

10CL, o 10CL,
PANIPAT \,M BARAENY
“f.|OCL
NER. loCL, MATHURA wi
VADINAR'\ A Bk 'fvmm ~ NUMALIGARH
jV}r & }r}\“m’ﬂ\?
anes @ @ QA
RIL, SEZ BPCL&% - D
JAMNAG::LR & w ) 10CL,
: BPCL, MUMBAI
JAMNAGAR o KiebIasR
HPCL, MUMBAI Y
HPCL, VIZAG
L]
L ]
MRPL, MANCALORE
S 2 CPCL, CHENNALI °

®
Q. 3°
b’c‘\’ o

.
BPCL, KOCHI

o

% ‘
IN® TA
M. 'S

INDIA
India’s Oil Refineries Map :1.7—&

sle l"/z’(/ =2 e Capacity ol J & o’ J Oil Refineries ‘Indian Oil Corporation ek
- s##Refineries 9« (=23 d/J>
d/ J /;!§.Reﬁnery S e — d/ {’sJamnagar Refinery d/ Reliance Industries Limited

-<Nelson Complexity Index 21.1 Capacity
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ag«#m&w/ﬂ',}g 1.6

Folie s THC WL n i s b Gz L L2 E (bl fam S Ut Zle A S e
SN e E L s e T e LN b L
(1.8 - bbb =t L “Black Gold”

(Napthalenes) «(Parraffins) Alkanes sl U U /647 44 (e U<Composition s (»Jo s

p{vs :«Lf/ i u%;/”/brjl”:uf:fl’uw Z Ui Aromaticu%/%/i'jl,;/;:J3lecloalkanes
J‘.’.@UJL«/?/) (b d/u’f (ﬁﬁ/’i{--uj"glgLg(f'{VanadiumAl/?Kqﬁ:U/’T,J/ﬁTraces of Metals £
)-LL&}?/.:)&:&'JUJMJ{{J:@.:«A'LL&MJQ)J:{:/}(&UQ-LL&MJQ (Molecular Composition)

(1. l-dug
Composition by Molecular Weight :1. l—dug
Elements Percent Range
Carbon 83 To87%
Hydrogen 10 To 14~
Nitrogen 0.1 To 2%
Oxygen 0.05To 1.5%
Sulfur 0.05 To 6.0%
Metals <0.1%
—J}A?) -c‘-t'nﬁ/’;g% d/Oils:/u! ‘at’mf“;’%w’ — ¥ J"/%//?QJ‘:';»?}” ~Crude Oild'f(l}
(1.2
Composition by Molecular Weight:1 .2—Jug
JE K Average Range
Paraffin’s 30To 60 #
Naphthenes 49 To 60~
Aromatics 15 To30%
Asphthaltics 6% Remainder
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Property Units Gasoline | Diesel Light Heavy Intermediat | Bunker C
Crude | Crude e Fuel Oil

Viscosity mPa.ssat | 0.5 2 5t0 50 50 to 1000 to 10,000 to
15°C 50.000 15,000 50,000

Density g/mLat | 0.72 0.84 0.78to | 0.88to 094t00.99 | 0.96 to
15°C 0.88 1.00 1.04

Flash Point | °C 35 45 30to 30 | 30 to 60 80 to 100 >100

Solubility ppm 200 40 10to 50 | 5to 30 10 to 30 lto5

in Water

Pour Point °C Not 35t010 | 40to 30 | 40 to 30 10to 10 51020

relevant

API Gravity 65 35 30to 50 | 10to 30 10 to 20 S5to 15

Interfacial mN/m 27 27 10to 30 | 15to 30 25 to 30 25to 35

Tension at 15°C

Properties of The Petroluem :1 .8—% t

éaqm 1.7

TSl mllue L1 S bkt G e A L s alb o1 & b L i
ﬁ;ﬁ_ﬂ?mruﬁub;m’g;&);f-uﬂj‘ual.)’”u‘fut;/gng}j‘}""é U1l sty
§ e & 2o i(Compositions) o 7 s Lol Ut ATt F U Al L Refineries
S bt

sS4E 1.8

1+ S 2 2TYellowish Black Liquid U2t 49 3.5 L% s 1
_‘LL“}’Z J'::/ gf‘/gufifl[
J,?ngnPreserve// nProtectLDegradationJ/ fieo 2 TE. .:«l;'//d“lu% P /:,( o) / 2

»Exposed JToxic DegradationiL&’;Lj);fﬁéaoﬁTKayK/d“lg
gt
fuﬁgﬁ‘LquﬁiCategenesis&"J"LJ?/.guﬁdzg‘d/Oil:Categenesis : u:&hf:;
st u"f/%/jjl,;gn’ﬁf Z Crackinge Organic Kerogens
LI~ u"’u%/jjl,/’/)"b J~(Composition) b,[]d/‘/.‘.,/g. td 7 Jﬁo;j{y 4

T | &~ s/(Napthalenes) Cycloalkanes«(Parraffins) Alkanes~
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EEL e\ p LS Fle /Jqffu’ otk Zri- s Aromatic
u:!Z_lgL.L.uﬂ’{\/anadium/ﬂ/fq_ﬁ:c)/’i’fﬁ Traces of Metals

ey 1.9

:«Ullepﬁ:&lX(f}/a’

eV FL s

_?‘Lt'ng}}b/,ﬁ«‘//dﬁf(fﬁ/f: 2

?c 13 (Geological Condition) = Wbt & E i S fym 23
sl i« Categenesis -4

-g}m}mﬂf J s 4 Comets uutg:Meteorsuf(Planets)uuy; /»L‘j} (Uﬁ) -5
O S e il -6

eyl ez

_gguj}?/?d:@um,m‘f‘%;; -1

_49 < JBiogenetic Origin of Petroleum -2

—Eulf =G ASOrganic Origin /1 dpt Sfs -3

~Z Ukt AL Oil Refineriess 2o Eulass  —4

elrJel=liz b

3¢ Kerogen Formation (U S -1

oS At S LS s 2
_“éug,!ﬁuﬁ;/gLijf,ﬁqﬁmrutubm 23
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Jﬂ?éw;ldfbﬁdﬁ/% ) :é(ﬂ

(Unit-2: Physical and Chemical Properties of Petrol)
121 L S
A 2.1
#2222
el QOGS s 23
(LPG)L ¥ 1% Liquefied 2.4
Compressed Natural Gas (CNG) 2.5
Liquefied Natural Gas (LNG) 2.6
EedLd L i et GF S Quality) AL s 2.7
Lol 28
SISE 2.9
=3B 210

*

A7 2.1

-

Home 'Diesel Fuel 'J;};Gasoline Sz < (Liquid) él. s Lg/?u)’ &/,5 ..{l f‘d/”:i-
b ar Ji1 uﬁd/gd/(alﬂ“’”) 2 A L 6)/;/» ss/'Wax'Asphalt 'Lubricating Oil 'Heating Oil
-

-c‘-LOil[j’/ Z OleumsiRock($" L U~ "Petra” 4‘-@%;@&0@ Kﬁj)/’if:

Z Aromatic Compounds.s/Alkenes, Alkanes 2 < TComplex LI¢ NI (~J~: ¥
29 ujéjaf)ﬂCrude Oils gtk d/Compositiond/u! ‘Lt'}fg}}b{:d?:/fj}’ cﬁ;j«’t:)lfjvjv
Y S Y2

e 2.2
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ST EL S b e A L3S0 L L Fae S ot (e
Liquified Natural Gas s/ Compressed Natural Gas (CNG) « Gas (LPG) u’f (‘u  #Liquified
Ignition Temperature’ f4 SIrilz L fiﬁ/’ﬁ-ﬂo/;tlb palle 1 u’:/:kad) d/ﬁlwtf/utcﬂ Z(LNG)

_lfi.lg.t‘lﬁfuﬁé.zyLM&K&LUL%JWIiﬁé@/ﬁjaﬁm’vﬁ’bﬂéﬂash Point

o QLGB SUs s 23

Y Gf/'//,fa Jf LReﬁning,J/:? e él. &/ﬁ.{lCmde Oil | ri)/}:;'LL“LlF f"flf:?
- /f sHome Heating Oil<Jet Fuel, Diesel Fuel<s /’%:Gasolinef <ZProducts
YA qe ﬁ’}&
_wd;'.,/v{wguﬁu?ulenguf(Forms)(LﬂJ@uﬁc«/ﬁgf&/%/iﬂ[&ﬁjﬁ:
=(Commercially) ;s &/lf #letlll Fe (CLCrude Oil/ﬁ:}i’.{-: Liquid (%s % Liquid (1)
-‘a&cc‘ﬁ I
L % =bFree o 22l < b xLighter Fraction § TN &L(»Jo; /4% » Natural Gas : Natural Gas (2)
- tbLlur=bDissolved
Heavy 5. UfSemi Solid FormsiSolid £ (#6347, | (%1% - : Asphalt, Tar and Pitch (3)
(2.1 —J;y)-uthnguﬁFraction

Chemical Composition of Typical Petroleum : 2. 1—dug

Elements Natural Gas Crude Oil Asphalt
Carbon 65807 82-87+% 80—-85%
Hydrogen 1-257% 12-15+% 9-11%
Sulphur 0.2% 0.1-67% 2-87
Nitrogen 1-157% 0.1-27* 0-27%
Oxygen 0 0.1-57% 0%
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Crude 7nlj< bl i o % S/ L KA 5 uf/ﬁo}f&Liquid {Crude Oil
i WS At S Ol
Paraffinic Oil (A)
_‘aébégc_g]f/iﬁf d/Parafﬁn’suﬁﬁ)/’:’?:liquid LCrude 0ilJSL AU
Paraffinic — Naphthenic Oil (B)
Jui»dﬂ!_‘a(}ﬁ/,l/,/iﬁf JNaphthenesz:lParafﬁn’sufﬁa}:éliquid LCrude Oil:C(DJl
el 507
Aromatic Intermediate Oil (C)
u’lui‘a&n[LSOZ/lﬁfd/NaphtheneSMParafﬁn’suf ff‘o}/fS:Liquid L Crude Oilﬁf.}u’l
_‘L&}’ZU&)/I/&" J ASphaltenesmAromaticsuf
Physical Properties of Petroleum :«yr" d‘b J ﬁ;/f.’v @)
K bbye ST Ui el & AL b b e UK
(Specific Gravity) Jgu.":fu’ﬂ; ) (Density ) =37(D

Viscosity (4) (Volume) (; 3)

(Fluoresence) u/‘f 2% (6) (Refractive Index) L/g f’cuf}i/ A (5)
Colour (8) Optical Activity (7)

(Boiling Point) 52 45 (10) (Odour) ¥ (9)

Freezing Point  (12) (Melting Point) st#1.45 (11)

(Distillation) 4% (14) (Vapour Pressure) sty (13)

Flash Point (16)  Calorific Volume (15)

(Ignition Temperature) <17 > Kﬁ (17)

Bhge)

_+QYOlumeé Kl& Z U 1(Mass)es6Us o /c(Density)cﬁlj/J Js &

..//:’/a.l:ﬂr‘? S J;“W (»Jo;/’iﬂ Sl il -<Parameter (J/{=+ Y Kélp:’/a/;ﬁ Js el
et Jend LS
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AEEE A LU S 7 e e E6E nlun LUl S 7 leor® A1 S Us 30T AU
J Kerosene.#/Gasolines £ +* & uf,’/ aﬁfu’: Productsfjd  # (Ratio of its Mass to the Volume)-‘a
< 3!:800 kg/m3 Q,}J quJd;ﬁ+vugu:; Kcax;" d/Gasoline 23 Lu’l ‘L&b u(u.‘.‘; d//l,&'f
J/ﬁ‘a&nd‘SOO kg/m3 Er‘u?%anzﬁ;/?;gJ(:’JJ,)’;M:‘Lén/f"/,(ﬁ‘fgucf&ﬁ%
e bk oS Us il o 9076807850 S
< (3%800 900 kg/m” =30 U1 {(Crude OID K 6
< 35800 - 880 kg/m’ =3 S (LightPetroleum) (%1%
_‘aén{c;SOO ke/m* =30 S :rf-;ﬁ;-Super Light
35730770 kg/m’ =3 EUs Al s0 : (Petrol) Us %
< (35820 - 860 kg/m’ =3 U : (DieseDJzs
P @

sl # & Specific Gravity < J/4*Dimensionless Y (Specific Gravity) JJ u::f S g
6= SG =P Substance/PHzo /Jln!ég.,wlﬂ'(uy»L&WJ&&J;I&WJJJ%/?J?“J!}
e bbb g ¥ 15°C 102 s Specific Gravity <t
d/(j;/’i:ﬁ bl 4P L Reference Point:’/u“i e 3% 1000 kg/m3 /,:40C :AL:(J‘I J&E/.:ub b
ﬁ&-c‘-gnﬁé)@u((lﬁ!d/u@peciﬁc Gravity
(s £0.86.210.79460°F Specific Gravityd Crude Oil 2 (6
e Gre 5 L£0.82.510.95 ,60°F Specific Gravity§r1 Diesel Fuel Oils 20
e x5 L£0.860.7 Specific GravitySUT :Gasoline
_‘L&nuyﬂio.ﬂo £0.720 Specific Gravity d/Pump Gas ‘Pump Gas
(Scale);«@._{’ (APD) Institutefia  ~American id:u“j g.d/ Relative Gravityl Specific Gravity
fc".ﬁflfDesignC/Jl/.t@.J!Z:API_c;_l:'lgyUlpréJ_é:Liquidsﬁ)}f:(ﬁfﬁc“_gDeVGIOped;’/
Specific d/Oilf/u/%L“lgy//zw uﬁDegrees,?u:’/u’!u!‘LQTUﬁ10%’700 API Gravity Values Jd’

-« bl L/u/ 25 ZAPI Specific Gravity Conversion Formula Ui - fGraVity
1415

SG(oil)= (API +1315)
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HC)

Ll K‘d}’:ii LZ“L itz s Z Measuring Containers/(% L (‘u}:&
(2.2 -Usw) -t 5 Unit 361
2.2 -Use

Unit Thousand Million Billion(10°)

Cubic Meter M E3m3 (Some E6m’

Times) Refered

As9''dec)
Barrel Bbl Mbbl Mmbbl
Standard Cubic | Scf Mscf Mmscf Bef

Feet

nanMConversion FactorsKL/&iuﬁ m®tobbl =
m’ To Bbl (or Stb) Is 628981100
m’ To ScfIs 35.314666721 <} 5o Gas Conversion Factor(“Scftm? =
Viscosity of the Petrol (4)
_‘L@/ucrc"gau?bacjl/&ul!d/Oil(f'{(f(Viscosityd/Crude Oil-:qﬁ;ﬂgd’/f.&?’
“The Viscosity in General Defined as The Internal Resistance of the Fluid to Flow.”

cb-t'lggf/zlb'cSymbol g (V/Viscosity-g.&ﬂ (Heavy Oil) 100 cP 0.1 cP/ﬁd/Viscosity
£ e brf WL Z High Viscosityl A UT-ceber® B Al et L1 S Crude Ol s
— t’na&b«ﬁlﬂ KWL IsLow Viscosity

d/Gases £ < 8&7 GJ‘{Viscosity d/Liquidle/a’l/ il ui?“ J/‘L/'/) JE =l Ul
_%U“WZZVJVLJL}M:J{ViSCOSity

_e;dnaf'ﬂ / &KViscosityi Z:Lubricating Engine Oils PI‘OdLlCtS('J'} Y3
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Kinematic -tk .L./Measure W e d/ Kinematic Viscosity s re A Viscosity d/ Liquids
(Ratio) o & W2 Z Absolute Density sl Absolute (Dynamic) Viscosit < sl < Viscosity

_‘L( V=) Absolute Density-<
p

Saybolt sl <Saybolt Universal Second (SUS)<Centistokes (Cst) SKinematic Viscosity
et 361 SFurol Second (SFS)
15138°C (IOOOOC)U}’.:”»/?/) (ln’/(Values) Usss J Kinematic ViSCOSityUQ' -/§3,47\Pure Liquid
ettt 3 Cst,(210°) 99°C
(fc Diesel J~ #Gasoline - &n O’ LCentipoises (cP) 0.5 1510.4 Viscosity d/Gasoline
Y d/Viscosity (}‘1 &./Diesel ' (Combust) ssVaporise &VT@Diesel 2 1< U »Danser
_‘pr/ Lubricate&lxﬂ,flnj ector ComponentsLDiesel Engines.s/Fuel Pump
‘f“(jﬁé{ 2(5)
J Substance! J % taa.l:u" d’b Physical Pr0pertyJ SolidAlLiquidf o/ Refractive Index
Refractive -< J/ Measure #1 Ratiog/l* 2 LVelocityd/Light U~Vacuum 2/ Velocity JLight
L Parameter L_1s s Ji1 &4 L JCharacterize Composition L Fractions £ ﬁ) o /Tndex
_Lat‘lggdlﬁ"! 40
Refractive (& Industry K‘" Z - U'x1.427 ;Room Temperature « Refractive Index ¥ Petrol
Methods J_1s &_s Je&1 gl el L/JL»"”I SASTM Methods 2 £ J__/Measure #Index

-fD1747./ASIIM D1218,D2140

(Fluorescence)u‘;f-/ . 6)

SUltraviolet Lightss -6 U /46 # Visible Light 55 & 1™ Sl o
Sl S e

uf.’J(: d/ Fluorescencebgt‘lggExposed 940L4 W"Ultraviolet(UV)?e:’/ Crude Oil/;lProductfi; A
12y J40il Jf §Fluorescence U* (i;}iﬂ -t "'&/Fluorescence (i;/”é S S A K usLE
_ujf_njl,vl/:'lJifdl;'_,x’/?u’w!cb;t’ﬁ!/j:fg;,?u;(gf;ﬁrd/Aromatic Compounds
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oL
& UL LQuarters ssIFluorescence 21 ) £ Chemical Composition | ot Jg{
by
et b7 4 Fluorescence J J! §Optical Density /}!Viscosityd/Oil fj}/’:’? ::«.lgr“; d}
gl Je 4 LS Analyze/ Refined Oils ss/ Crude Oil & Fluorescence Techniques
2f£/‘¢Jl¢Z::/ﬁlL}?:/f<Technique
-Lat'lggdlﬁ/lgFiber Optic ProbesZ. £ Remote Sensing (%1 :Non-Contact
-‘aﬁClgy/Detect/ J)}?}”J J;‘/Kuij | Aromatic 2Z_5Z /I :Highly Sensitive
:Easy To Miniaturize
4 re :(,/“ L Fluorescence -< b (Simple) mb- (§ = Instrument K,ijluorescence
—e bl JW!&LL@:&J s 29§ Crude Oilylss £ Drilling Operations
Optical Activity of Petroleum (7)
/Fractions m{L ﬁﬁ/‘fﬂ- -2 < =20 sl £ <« Optical Activity | «bl u’/lx‘ d/ (ia/f'é
Lf»?/d/:alx,f (-Chiral =~ ﬁ;ﬁ:l@fﬂﬂ J! c‘-L}/Rotate/,:Plane u?c‘-t'lgblﬂ/cPolarized Light
L/’/u”l} Iy, P, S Jﬁ d/OiI/,: L »Decompose LOrganic Matterfﬁc‘- 3//;[15:’/
L@LgCompoundsJC/ u(SterolsuﬁJifc‘-&//;w:(c&Jl:,/;! c‘-élaff: uﬁFractionLﬁﬁjf:
_ & »Chiral S 2t
=Ll izt 4L Optical ActivitydlsZbBLUt (B %
LUz iz /%Carbonv{i J e J> Organic Compoundup'{ (}/ -2 (Chiral Molecules) <UL d{
Lg/u v{u g L"M(Chiral Molecule) - J/,. < L"//gw /%"(o)"b/u!‘ab’yz e 7«5/%
_ugZ_M Enantiomersnlu}é’_lgé_.l;u: J@ d/ Mirror Image
: (Origin of Chirality) /&1 S =l).Z
231 el -Chiral -(fZt (i; -2 sDecompose J ZMarine Organisms ‘Plants (&4 <L
~t& S 6/ Chirality <

Measurement
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4 &_ i {Plane Polarize Light % 25* Sz < Ul &'(u)j 23 LPolarimeter:’/o:%”tp);V

-‘Lt‘t‘%)’/(Degree of Rotation) yljéf)jg;u’fd/}"a&//z lE/J:/
Interpretation

Ul < (}lp Jg ~Higher Molecule Weight Fractions ) ﬁa}:’? Y P o =l y
_‘L‘Elgéggﬁﬂﬁf /?'/ ChiralityufFractionSUl_ujZ_lgLgResinSJJlASphathelenes

_‘agl//i; ,»J/Sterols & 1 (}KZJ_ ) &;&f‘la/"bf s z_lp J.L.uﬁ (f})iw_ UIM*/V.{! GJ/
il v = UL-Chiral' Sterols
Application of Studying Optical Activity of Petroleum

OIS 5 e Lk foe S s
Source Rock Identification (A)

+3Cb d/ Identiﬁcation&Organic Matters s+ U~ ﬁ)/f.f:,g/} Py &.'J{K;);bf d/(ia/’if-
_+Cﬁ@gf(#f/(653&p/!) Geological Source L(faﬁu’f,gu'éu’w
Maturation Studies d/ ﬁf: 4 (B)

Kf;}if: bl 5 EMaturation Process £ f‘d}iﬁ 25 L I e fli S (»Jd/’%
L :«l&@&lﬁ’fo{{y J@Organic Matter L J/l/; &/ﬁfuﬁ J> < Jf LI sl £ < Maturation Process
/Degree OfMaturationd/ﬁ;/?:chi‘fﬁ&,«{" uﬁ&‘;&’l&)‘”’t«'@/J’J!-UjLani e ﬁ«)/i’-’:,g{/)’
—e bl
Environmental Studies (C)
— tbl/Tdentify Ol Pollution 25 L s £ =e Sir S 23
Color (8)

Greenish, Reddish, . <@ u‘}) ug < t» §Black Brown Color tBlack 4 s (lp (‘.5/’,‘;.
/,:‘COmposition:C Jzul(ui’jl, IRV STV asl KColorL ﬁ}/”.:f:_c“_b’nuﬂ‘{TranSparentQYellowish
-y

Odour (9)
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4 d/Gasoline_‘LJn/’?/,:Reﬁning Processmr’?u(f;fdmujiz (Odour)# d/(:}f(‘o;]é
:/}l+@LU’)Zi£+vgfﬁ‘LgﬂLyﬁ JJ/ Q‘)"é}ﬁruﬁu’l}xdm%&nSWeet & Pungent
_+&n / « Chemical Compositions#s* - iy d/ Crude Oil_‘at‘lg‘agguﬁ J’ J Gasolinel”
_‘agno”% U SGasolines* 5§l :Sweet Crude Oils
e bl $Sulfur o) £ e dnl P ticne 4 §0ilse : Sour Crude Oils
J255(10)

¥ 7 2 55 LProducts ﬁ}}?uc;_‘a '+ 1000°F t651°F Q}J'u:fﬁ 6Distillates (»Jo:/’.’%
_%ﬂ)uﬁg}"}@u:(d?w&n
—et2>6"C [Lqu“’ﬁ,!i%»! :Gasﬁ:}:::
~cb2205°CE40°C U 2 Bt eI Uk Cars S 2:Petrol
-~ t%300°C & 150°C 26961 Kerosene
—e by 350°C250°C % K- 1:Diesel
et 593°CE300°C 2 L9671 Lubricating Oil
L2 £SOIV6ntuﬁLaboratorieS/,:ub ”lﬁfﬁul cL_Fraction.{! Kﬁ;ﬁfﬁEtherf‘«;ﬁ: :Ether%s =%
—ebrgpnd 60°CE3S'C IR LU b e
Marine Diesel,Heavy Fuel Oil
Marine |Heavy Fuel Oil:’/ch‘_ g% JilaTOXiC Residuelngﬁﬂ L Distillation £ Crude Oil
e bl s £500°CE 350°C (W) U 2 L3615l & Diesel
Uk (11)

22w 4, Composition £/ TMelting Point< (%3 % Product
—< UL 110 -70°C Melting PointKJuzJelly(f,}:-.-
(99°F) Melting Point gJ?Colorless Soft Solid u{’ o= %{ue/Wax ﬁ}/”f:/gﬂ :Paraffin Wax
<t lp.L/JL?"i ~Electrical Insulation.s/Lubrication, Candles/ Paraffin Wax-<"#3 7°C
b v 402 TExact £ JE K4\ 29 U4 Melting PointéPetrol :Petrol

_Lgt'nf/c 73°C Melting Point 61 :Etherﬁ:j‘.n‘:
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Freezing Point (12)

Freezing 6/ /,:ub(lp‘gt‘ﬁ.i@ sl by /5' /,:Compositioné ¢lFreezing Point§ Petrol
—etnglend-50°C - 40°C Point
Vapour Pressure(13)

(lu’/ g ‘at’lp.l.ﬂjj @.4‘:/'/ Jex1/Reid Vapour Pressure (RVP)S Vapour Pressureccfﬁﬁ o
_‘at'lgy/ReportuﬁBarnga Psigsb
- t'%58.9 Kpa «Normal RVPE_s % :Nominal
< t'58 — 14 Psi<Typical RVP6Us 4 :Typical
Distillation (14)

s O] )’/Crude Oil,J/uf J> < J’f LI "'&/gf'{Fractionation/J?Distillation (.Jo}/f-ﬂ-
J;;’ — Jj KDistillation ﬁ)}f&--‘ab‘n//vBoiling Points Jg)l Jidni ‘Lt‘lg .L;'/o,«gf ~Fractions
-‘LL“}'Z‘}::}‘ 4 S 7/
aVaporizet 2 Sk ie 23§ U7 bkl 7/ £600°CUAFumaces$%S % Crude Oil Heating-1
Sl
e bl StilLS Y Distillation Column 52T 2 ¢ /o1 Feeding-2
Top (1< b »Separate U~ Fractions k¥ 48 L}/Boiling Point 2T J& L # I :Separating -3
-c v Separate J~Bottom Heavier Fraction,?.c‘-l;;//,: Lighter Fraction
LfCollectuf Distillation Tray/ Je /;@LCOlumn:’/ Fractions—it* uﬁwf‘ - L 2 1:Collecting-4
_l?yzd; S OrderKFractionséiCollectC / Jietl
('J'} #Gasoline < Kerosene < Jet Fuel < Diesel Fuel < Residual Fuel Oil< Asphalt < Liquefied
Gas (LPG) < Naphtha
L;l,«;/?(ufqﬁl’fuﬁ U) < JfChallengingd‘ A .{'Distillation fo{)/f'? J/é"—/() Jfl? =l .Ul
_‘Lttgg)rl;'%;g,z_zf,,j,wan,gf/
Calorific Value of Petroleum (15)
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DAY o Jf;‘Lt'lg i e Jf LCombustion/,:ub J‘;:J/J// uj)l/ < Calorific Value
[ﬂ-‘gﬂ,&» J(Heat)ét!?di;é,/:d/la
Calorific Value Refers the Amount of the Heat Produced by Unit Volume of A Substance *
by Complete Combustion”
-Lat'lgy(/;w Un (}ﬁ J kj / kg Kilo Joule per Kilogramf Calorific Value
Jno;gjc;d’/j‘Caloriﬁc Value JJJ};_‘L(}/MS,OOO Kj /Kgd/dajz.@y‘}Caloriﬁc Value J(»Joa/’.’%
_‘Ltfg; J42.3-Uswe S 5 S Calorific ValueJFuelsﬂlﬁg-‘L

2.3 ~Jwe
Flue Calorific Value Of Fuel (Approximately) kj / kg

Cow Dung 8000

Wood 22000
Coal 33000
Biogas 40000
Diesel 45000
Kerosene 45000
Methane 50000
LPG 55000

_‘L&yzwg)cKerosenqu} ez 3<Calorific Valued/ LPG
Flash Point (16)
e v s Vaporize ‘Liquidgél.gf'{ é;’/ /.:J? < Lowest Temperature 33/ # < Flash Point
W”-ujf_%bﬁﬁ;(:& O/(L:"l Ju’Flash PointL K}/’if:_cé'_t‘l’a a},‘TIgnitable
sHighly Inflammable —{iGasoline '« 4§ £ U1 < t'5- 43°C Flash Point €~/ :Gasoline
‘gt‘bu‘a /. wJ & U~ Vapours < f;zr d/ Spark|External Flame ./ % ‘gél.Volatile
e bt 96°Ct 52°C<Flash Point§Jz} (DieseDx3
—e -1 8°C Flash Point6U! :Etherﬁ:jzn‘:
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ﬁ’., /% Ignition Temperature (17)

Ignition (Catch The Fire) &b S J S 4 U~ Lowest Temperature »s § J / up/ u/
-<-220CeIgnition Temperature §Us 4-< g Temperature
V< J /4 g < Lowest Temperature s2Autoignition Temperature :Autoignition Temperature
-l xlgnite 157 Z:Spark.l..Flame

e byl £280°C L"2470CrAutoignition Temperature| f‘u

(LG Gas) ¥ (23 A Liquified 2.4

fuﬁf%ﬁWGasJ’f/Ky,@f&d-%Gasﬁjﬁffﬁ:Liquiﬁed S #2(LPG) Liquid Purified Gas
&lgﬁLiquiﬁed/,:Moderate Temperature L&L/Tf Eagl ButanesButene ‘Propene Propane Gases
Heating /.:u}’ (U /LPG-‘L (3(9 u(d{ (TraHSport) J}:" dlzf sl G‘Cb d/Store = &L«TLPG o=
- $”J Properties<Clean Burning » L -‘at’lg.tf'vbvpi/v 2+ L Vehicle Fuel.s/Cooking
J~Commercial LPG -.lf.tf‘/Jl.’«"’! /,:ub Z Portable Fuel Source %1860 4:, ../}’/LPG
-‘amggu’ (‘LOdorantJ/ #) Mercaptan ss/Ethylene, Ethane
=ler? AISLPG
& SIS s e S sl Lu’!uicb-&m}}b/’ButaneulPrOpane éfual}LPG :Composition
U Butylenes/Propylene
State at Room Temperature
_‘Lt‘L‘an‘Liquidd/,:Pressuregfp&‘ / ug < GasAtmospheric Pressure ‘LPG
3}1 J’i by s £By Productls» LProcessing d/Natural Gass#Refining d/ Crude Oil » :Source
<
High Quality .s/Portable <Readily Available <«Clean Burning S &z £19 £ LPG:Benefits
< §” /Density
~Industrial Application.s/Vehicle Fuel Heating<Domestic Cooking Je16 1 :Applications

,‘gt‘ndhﬂf‘ﬂ

32



Compressed Natural Gas (CNG) 2.5

,J/ x ‘L&ndyy +4Methane (CH4)J/ 7 +Fuel Gas .,{1 Compressed Natural Gas (CNG)
200 — J~Hard Containers/ V! ‘L& /:if ,; { =14 ?Volume(f l)/,:Standard Atmospheric Pressure
-t Z.n:CSpherical ShapeLCylindersf £t VJ///,: Pressure Bar<250
Lo CNG-< 'k L ButanesiPropane, Ethane <# K42 e 3r0ste £ Methane JXCNG
CﬁlggDetect)’/Leakage JJ‘ZJLJ?bL&TSmCHJ: J{/LJJK}*‘ u(fl’ A Jg‘LJ{)’L
:J}};/v 2 CFuel {CNG < &ﬁDisappears = S 4 Leakage - 2 Jle [Sn uqc 5 CNG -«
tDual Fuel Vehicle, Dedicated Vehicles f CNG sl ZJUl +&b d/dl.»"”l e ugi& ,;J/LPGLJ'/“;"
_+t@y(JW1 J~Bio-Fuel Vehicles

deuibal:‘f‘&vaqu%}%ufjv Ll}é_/dlaaf’i/?ub Z Vehicle Fuel‘&ch/CNG
e WAL PTG TS i e
£$LZCNG

S LJe1 ZCNG
LGasoline:«{»j,c‘-J/@lﬁ Ku/fu“fl[ ;/C;ijfl/f!ﬂi/d/K{CNGfg ‘Reduced Emission (1)
e Qs U 37 4 @ﬁéu/fulﬁ' AU
e (sNoisef 507 L L Uy U730 SCNG Reduce Noise (2)
_‘Lt‘lgggu.?’BenzeneulLeadufu’lul‘LJiNon ToxicV{lCNG :Safe Fuel (3)
-‘L&}’Z[ e’ UK S #130perational Costy. U#/€CNG :Low Operational Cost (4)
3] d/ g ‘L&/ Contaminate (§.<3/ ‘L&/ Dilute(ﬁL’:’/ Crankcase Oil<CNG :Increased Oil Life (5)

_‘Lu%?, d/l)d/Lubricating Oilse

Liguefied Natural Gas (LNG) 2.6
/.f »le [}lp d/b)‘; Z ikt o~ Jg Jéh S i J{&/ﬁ .{lLi uefied Natural Gas (LNG)
¢ L4 ¢ q

_c‘;&b d/ Transport
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27600 (Volume)(% §Natural Gastf J l+t@gd’ lw/,:é./lﬁ 4~ 26OOF/ Natural Gas /] LNG
_‘Lb‘lgﬁf/

How LNG is used

e b U= U AU JING

U -t .lf’/TranSport 4 Terminales i ks S ufftankers/ LNG :Transportation (1)

«Companies A 23 Z,Pipe Line < Ul sl < bk .l,fdl,&' 9 J‘KJ;L‘ o/@)J/LNG uﬁ'{/,‘,Terminals
_‘Lt'tgg.lf?’éflndustral Consumers.s/Power Plants

-‘at'lggfa 2 3Store Super Insulated Tank ;atmospheric PressureLNG :Storage (2)
Commercial ./ Generating Electricity <Heating Home :Cooking/,:ub L fuel/LNG :Fuel (3)
_+t@yfdvv¢4/k L Fuel J%Vehicles

J:Guﬁu’iuwﬁul_%&ﬁy/vu'fMethanec% -95 Z/,:ubrtaLNG :Composition of LNG (€))
J’i >« Natural Gasiu’ f _4‘/}' &3’7 J LNG+&lggngitrogenA!Butane, Propane, Ethane U~ /I 4
-‘L&n/’v/,:SourceA!Processéé_/

<Dust Soot<CO, f/fz.(cc- L"lgy(/r‘jCleaner Gas c«»”, L Fossil Fuelse 72 JLNG :Benefits (5)
& J LNG-<« &nNon Toxic#/Non Corrosive <t & Yy & LNG-< 3/'/ s Particulates s/
Un- 7 < le d/TranSportation 23 LPipeline usIShips §% $ S —2 & Challenges $%

-4_&%/!)»5(! Global Warmingf L7 §_&nLeakS Combusted ‘Methane

ébék{ g Ll;LnJWluﬁ&lf g (Quality) A s % 2.7

_u,?é'_lgidl.’;”lMég‘:ﬂjj.,/’éLé_/élgMonitor/(Quality)/gvJJ;/";

-<Common Test o (e ¥ &S = fProducts (~J~J /~Finished - :ASTM Distillation-1
U < Group Of Standard ¥American Society For Testing And MaterialssASTM Distillation
e bl e L s s LS Listillation S

“gt’lg.t/pj‘” e :ffiuu( (Combust)d/ Zd/ Product(i; A u’{ u/ ;J,,J:‘LFlash Point :Flash Point-2
Octane -< bl y/(}’“‘ S Antiknock Qualityd/ Product (i; Y RV -+ :Octane Number-3
&J/f?:.,%c“_t‘lgg.///:{?w d/é./'/Resist/Knockingufu’l u,?ﬁ,/uﬂ’{Octane Ring/fNumber
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e Jf s < b /“,:g C} s U“Internal Combustion Engine S 2 Ignition Premature <Product
J~Numbers &2 b0 - ,f[ug :JOctane Number}’/wllﬂ d/é_/'/Resist)’/Jf 1 ujTéKnocking
(Measure) f @.d/ Burning Efficiency .s/Stability d/ Fuel ) iOctane Number/:() 58 ,,‘L&/: J’j b
_E wEfficient usIStablel" Fuelss l(mJQJOctane Numbertxz_‘L

—e bz uﬁy d/Octane Gradesﬂwf‘fd}/”;

-<b %87 Octane NumberbFuel/1:Regular

_€%89- 90Octane Numberp( Octane Fuel-Middle Rangec‘:C /’ 1 ‘Midgrade

-< U »Fuel<Efficient.s/Stabless| e o v ! 98}79 1-94 Octane Numberd/ Fuel, ‘Premium
Sulfur Lat‘lg .({f/:u; < Weight Percent u( /1’ IR Ja /”1.}’/ Sulfur Content :Sulfur Content -4
< $50.1650*WtContent

—e bl i L e L Specific Gravity] Productsf‘d < :Specific Gravity (5)

e bl el SProduct s 5 25 L e Viscosity Viscosity (6)

iy (:} 231 (Purity) =<6 SUiLS —+* Vapour Pressure £ Product (~J~5 /< :Vapour Pressure (7)
d/Gases J ~.Crude 0il/ Material Gas Fuel /Testing (~J~;)’:<~ S S -§.CClg =
—Cb—t.t?&fdh”p’i L2 /Checks/ Quality

Lo 2.8

8801 S S bbb Bt A L AP L s b o L i & ol £ (610
Liquefied Natural ss/Compressed Natural Gas (CNG) «Gas (LPG) (ﬁa 4 Liquefied L;@'w
‘Ignition Temperature S SIslZ L ﬁﬁffﬁ J_;Q«w patle £ 1 -&l;d/%’lg U A LGas(LNG)
S bk T e N Lo d L L0l o2 L2 b f s o L #- L Flash Point

ISE 2.9
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Lt 3 bt F = b Crude O 4Liquid
_LLQ/J;‘/:‘Z (St

ts (Lighter Fraction)Z€|6(7 /65,47 yg(f; /4 «Natural Gas
ettt oL o T e

2 Utz I Semi Solid LSolid & il =

-rZ b2 LUt (Heavy Fraction)

('Zl.ujcjf/ugfta :«/V&J{f/@ﬂm/cﬂash Point

Z:fi; e bba 2T Ignitable U v/ wVaporize
_ujLnJc;/gl‘w. d/(tﬁl d/u!Flash Point
fuﬁf%ﬁTKGasu:’/l(u/?l[ Gas’ﬁ%&Liquiﬁed
ModerateL&L«TI Eadl \ButanesButene ‘Propene <Propane Gases
23/ -‘L&C b d/ StoreL&L«TLPGd-uj &lgnLiquiﬁed/,: Temperature
Heating Cooking./# (l&/ LPG-LL&@ d/ i (TranSport)(fij dtxf
«Clean Burning £ o - L"lgﬁ/dh»’“l/,: 2+ L Vehicle Fuelus!

-« s Properties

:ﬁ:}:‘: él- (D

W I0)

:Asphalt, Tar, Pitch (3)

:Flash Point (4)

:LPG Gas (5)

=@y 2.10

oUleréaylzd;:}’

?ujf_lngProductsd'/qurude Oﬂ&(iﬁffﬂ' -1

el /.L((LNatural Gas -2
St e Ut s 3

St P Ll Sodnd bl n -4
_?ﬁ;&ﬁu’ﬁ/;fd/Gasoline -5

S btx'F U 2 HDistillatesF1 2 -6
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AN Py

-4? < J/Classification Of Crude Oil -2

-g:fuy:’/(Speciﬁc Gravity) f“‘f‘"fu‘ﬂ‘ 23

_”&g’ <9 Optical Activity of Petroleum 4

:«Ulr‘Jbé:«ylﬁJj’

IO PV A

_“éuyc;&.‘j;’/féi Fluorescence J‘“fu;ﬁ Ll w22

_“&g e Ll Lid e L2 65 (Quality) AL s s 23

37



JQEIK)@'/‘&J}/{& :3 —(3('

(Unit-3: Expression of Concentration Terms of Petrol)

0 LSl
w31
M 32
A 3.3

.

ek 35

St 3.6

PAPEEY

Parts Per Million (PPM) 3.8

S S Ll Ot Sl 3.9

S S &I Z i s 25 3.10
ét:@t:fu 3.11

SIS 3.12

e U0 oy 313

6t 34

0

A7 3.1

-

LUl b et S el r il S ae Cund bl 1t G s 50 Ut b A e
e bl Y S by P 0 Jzﬁdulﬁ;étd;ﬁfgﬁ;t’ndvpl F b LSl A
&:}/(Mass Percent)q@(%{/vub(lu()&“/l£J;ﬁ,<}. J!ﬁ'_d/}/"&;(ll/()‘”/)&"/léél.
-é"_t.L?&‘(/Zu U*Parts Per Millions.s! '(Mole Fraction) | U) - "(Normality) ﬁ Lt '(Malority)
S5 SaE Tt 25 i Jb & el St # 1 Qb2 Ut st st S Us otk £ 1
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L 5§ 41 £ Petrol - Industryl d%ﬁ)ﬁ:@/u’l-‘ab‘lgy//;lﬁ L/*//UJ;J,&/ LJ/
-9{6}%1(}?];}}@/&1/%!

»#3 3.2

::J/(Mass Percent)qlf(:a;{fﬁ u:‘é’./ﬁéé_//zw:{)&ﬁlﬁd;ﬁ,ﬂw uﬁ&ﬂu’!
2Ltk A L Parts Per Millions.s/ '(Mole Fraction) UJ - "(Normality) gl./t '(Malority)
0.74/ /Equivalent Weight | (s J,Cv‘ 20 s Jl/ s cal,-’// &VL/{ 23 &VL/L«(& ot JI - 4
AL TP F S Ui ik L1 S § el e A LS (Calulate)
LSS U
0 3.3

Al 3t P S 2o Claggsl Complex Liquidui b i g% 315 L 2
ALEL LG8 wles 2 L 1 B foe S e S e b e Tl
ST s S asle £ (e §esordf) Pkt Gk e o S A o
_‘L(}lg(jgzlﬁfTrace d/u?lejal OV

Jd;ﬁ,uﬁpﬁ‘TPetrol E‘La;ﬁy‘uﬁoxfﬁdﬁﬁ,fﬁ ,/b@"&.&JPCU"Ob’/L/‘&“J’LJJ/%
"94_/»qli'KJ;/”:,uﬁoﬁ,‘fﬁPetrol;!/g/‘%"/lLJ;/”; “J/O"J'-C‘-L}Uv/)&“/! JJ;/”;J}‘?JUI&
S 2 0TI 6l ss Sl A2 sl 1 i JJ}/%,:/JL}"{-C‘—LD/,’,}}KGTOSCHCJL;’.‘?C’L’J//
et S

Ko 56027 V19 bie12% Kerosenes! 127 Petrol J 20 27 ﬁ‘«;/f-é Lf//!/,:ub ZJe

Exn12756
’M/KUJ)’;/?/?(l&c"_C%Petrol,J/ﬁ/iﬁfQ’&'d//VﬁUI;!/cCompositiongé’A&JJ}}’;
%82.87 U~Elemental Composition&&bd)gd/daﬁ,/vub(V_c;_l:’f//Jc}l/ulcﬁ}j"/t oy
e Qe dLeP A 1111510
Srduimeds il e et ea 360/ o L e S S 5L AU
e U= 650K
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e tblte UR PS80 L s U

(Percent by Mass):«,{ e A

(Molarity) :a:'l/ 2

(Normality)&l./t‘ 3

(Mole Fraction) / U} v 4

Parts Per Million (PPM) .5

L rd 7S Uit 251 S Eell St F Qb 29 s stk & U1
P e 0 s u LT s F st

{ (Qualitatively) Mg//ﬂu}r+ o ol AL 66 Lo 8k E s
BTG F S P e A1 S U5 1 b 26 %1 (Quantitatively) 46
e Ui wlieat §F) F ple Ui en

ﬁ,gu'éufe/uu,wé/ﬁwg uy;;@udn,&»ﬁmlLd)f(c,gu‘fu%uz%)&féu
_HES L ES NS < J¥ L2 A

-Zu:‘”zr_‘,}:‘ﬁuﬁd;’wﬂ/u;%}muyuwfu;/v,;

(Mass Percentage W/ W)u"—z{ #‘é 34

Ul ML.:«{U(J/J/J! g&JMJD%T(ﬁ/‘fC’/LMaSS Percentagel &'—{,{/Vﬂi.’

-4‘-L"lg.l,//zl£c W/ W)U
Lézrd)go}uffcuﬂdl;c‘_&g ‘/i/(60 /;iEthonal"i/QOfuf U~ Bottle .,{’/,MLJC»
Eub7240 >

_LLG%JUL,.@/J&@MJ@JM J(Substance)fu’fgfrédﬁuéu/

elid= =L IDzp¥ X 100

JﬁJU/;_,VJE‘KJ!?%&C/f%]o/uﬁdkdﬁ :«:{Jr?d/dﬁ .{!/flu?
J¥ o 1000t £ L2 VWS S p 10 A 8 o1 0z
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e b U et udl e bl b 25 L e d w0 L reme Qb e b S0
Lo A Pty K JH 35 S 2 s e e dF A
L’}Lﬂdt‘p'/?/)brkc}g%&ﬂ/j?/?ﬁd/d}ﬁ _,;’/}'(}?d/!'ﬂubﬁruﬁPetrolfUla-‘Lb‘ny

_‘ad;’yﬁ.g,é/}'d/Petrol
Carbon - 83-85% A
Hydrogen - 10-14% 2
Nigrogen - 0.1-2% 3
Oxygen—-0.05-1.5% 4
Sulfur - 0.05 - 6.0% 5

Metals - Less Than 0.1% 6

(Molarity) »:—:-'P 3.5

-‘L)IEJU})VZ:WD,@J’JJ&}JV{M/Q (Molarity)& -“1;*1/

sl ude L ¥
U HAEH
J#(0.25 M) L 10.25 Mol ' £ NaOH 4+ ZJe
e 025 ENaOHUE Hfi Syl L
&n/’?/?ﬂ,@f d/Soluteuf‘fu’r"g£Solutionu?y‘uﬁdﬁu’i (Molarity) :‘:J‘”LPetrol

b=

-

bt S e

< 2 TEU K44 Volatile u;ﬂ% Yy 1

e BAAIG s S L e L 2

¥Moles "Solute 1.000% U L1 231 = Js 4L Solutiond_15& et Mg 1.00 3
ek

-<Mole 6.1 64':cfyjd/Octaneda/”z.,J/‘}%cé'_t‘n;ﬁ/Mole "Octane 6.1 6&&}}:}3&{!
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a2 6l p e ool P st o e A e 2 160 AU i e S
“iu’!ujz_n/é’/vwd/ag/)ﬁ}”uﬁulfﬁu,?ngLgPetrolsL(;)JC;J/UZL@(}%,KZ/
-‘LL“}’ZU:‘:/ Chemical Formalae o~ J/ §Petrol

23 Calculation Jjwuﬁc«/ﬂu’@‘a‘_}:&/vOctane IOOZJJﬁfégi///r‘jd/ﬁlﬂt’
-+C‘C bl e $Us 4

Density of Octane Is 703 G/L &C’/JOctane A

The Molar Mass of Octane Is 1 14.2/Mole -"—;{UJL«JOctane 2
—-€ %Octane 703 Gru* XLIL AU

G/Mol = 6.16 Mol Octane In 1 Litre of Petrol114.2 / 703

(Normality) C&LJb 3.6

Gram d/Solute uﬁ%didﬁfﬁfi%,@)f@@&mi (Solution)Jﬁu‘{f@m
-uj':é uﬁ Equivalent Concentration[ J !c‘-t‘/ /;u;/;tﬁ J Equivalent
Normality = Number of Gram Equivalents X [ Volume of Solution in Liters]'
Number of Gram Equivalent = Weight of Solute X [Equivalent Wt of Solute)”'
-<Meg L_IL Eq L_lugwd/:)JNormality‘L&//;WLN' '/.:u}’(l;/@l./l?
et Uil £ S Quality AL J# bl Bt
e b UL L S S L 25 2
e bl s 5L b fe” Ut Titration F ¥ Bk
N = Molarity X No. of Equivalent
,Lgt‘lg.l((g/,gwéabwdj./’f&bt ,z{/:‘ﬁTitrationJ.f Solution Lf{u/
N,V =N, V,

N, = Normality of the Acidic Solution

V, = Volume of the Acidic Solution
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N, = Normality of the Basic Solution

V, = Volume of the Basic Solution

-Limiationy J15 L_1sd_seitit 21 Fik
-‘L&ﬂ/‘f"/r‘j‘%@bt :u'%“.l
—e ol Material L_isd_ s A 165t Material .2
—e bl J Ju ég{;lﬁl 1 @L/L’ :Chemical Reaction .2
Per Unit Al-‘at'n/ﬂf"/?g)@&lg:.';‘ac;/'lé“ﬂL;@lé%}?y‘uﬁd:ﬁ;l/g &L/L‘ d/(i;}é
—e tb Y26 & No.of Equivalent Weight % Volume
Solute u’r‘g U - .fx.'/&n uff @L/L’ J:’/JGasoline \ Petrol J/‘a S JG’ =l . U
J !L%‘LL"%JI; JU-H Kﬁtzt/,:Gasoline/}ﬂPetrolJ/ p u’i it u.ff Solutiond_/s é/Concentration
- L"lggMeasure,z,’/:’ZiOctane Rating/ Qualityd/ Gasoliness/Petrol £
:‘}’/@chﬁbtd}eﬂol
e bn g I S LU 4 1
I F S s I L L e bnf Uede g f S s 5
e b S A SN 25 L 1S P E s )i L 1S bt
Octane Rating.2
Resists] Knocking g Engine./” ﬁc‘-t"lgg/zw,gu'éOctane Rating.;/+ "lp/ Qualityur Js x

(Mole Fraction)//u} - 3.7
ZI#FssbiddMolel F 25 Ut ¥ Ui (Mole Fraction) LI td
—e =2 n LI Moles
_4‘_8/ 6560 £ J# S 2 Unit Less Qualityf1 - S
X — __ MolesofSolute WISUAL 7 A

Total number of Moles Lz Ju,x‘f‘él‘jir»[}
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X = Mole Fraction

cebnl-L1 2 AU R LJFEST
e 3w 361§/ 501 S e Dimension “‘Quality Less £ /UL 2
Moles of Soluie
Moles Of Solute+ Moles of Solvent

Mole Fruction of Solute =

n,

H , + iy

Moles of Solvents
Moles Of Solute+ Moles of Solvent

Mole Fruction of Solvent =

n,

1, + My

L2520 o Us 560 SMolesZ Componentt 1522 s 31 = JVLJ, ¥
—Uf<Mole
Moles of a Component of Petrol(A)
Total of a Moles of Petrol

“i L J_/Determine/\/apour Pressure < (! 3! L/ugfjﬁ”/! Z urf//u}bfﬁd}j:
L
P RINT-Y N LT PR
e bl L5 Sl Lo s SUe
Determine ¥ Vapour Pressure Lo Yl L Similar Liquids & 733 32+ x Js j’f.f / L; v 2
et L L3S
s =2,U% Molar AmountZ_ Component s/ UJ;(} (- U<Molar Distribution of Moless J1 3
e b UL L2

Mole Fruction of Petrol =
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Ll AL S Ui S Ll e L E U G 4
b L L e n L L i b (N L it

Parts Per Millions (PPM) 3.8

Tl St IR E S 4% S % Unit(lIParts Per Million (PPM)
Mass ,Jiid}ngass or VolumediJ/c»J. éLfy}jf/ﬁd/PPM_‘aangJW!gj_ i /S

_J nJ’l ] d/ PPM/,:L/ MultiplyeOne Millions J! ﬁ’;/;ibat‘lgy/(:ﬁ < of Volume
Mass of Solute(g) £10°

Mass of Solution(g)

—€» b UParts Per Million (PPM)JE 6 U127 AU

_Lat‘lgy/dl.’v"”l/?/;b"lo,.J/}?LLMeasurernent Term.{lPPM uﬁg;u"v
Kefil Gt Measurementb €5 ) U ﬁv&Wwyff& ab,ﬁﬁfu.?"c.laﬂfw
J/u”r‘; U2 TLarger fﬁ‘a.'é{/Ul:LnJL»“’lc;a}(ugPPM uﬁMeasurementsu!-‘LJb

PPM =

-LLD’)EL}/& u/,:CompositionZiSusbtancesb.ic; 375 e T sl ‘at’// Quantifyf/lﬁfJ
uﬁJZ.QLJJL;Researcher .3{/5&&4,[,//’}?/7»}’ éTool(’Zl ugPPMu: di’)a/)ud/@'f
&S Quantify £\ L Great PrecisionufPPM/J&“/!ﬁg‘/ ya2ria
Manufacturing Process Al i/, Analyze S Water Samples ' Polutants s U< 1%/ PPM
Manage s/ é e Environment'PPM { } V-« L”lg.l/JL’:‘“! “& LS Check/ Product Qualityuf

:‘LJ;}?/’Formulae K‘L/b’«}j}(PPM-LLt’}’?;’/:L&U’L"‘&gUﬁJ—/
Mass of Solute(g) <10°
Mass of Solution(g)

_BEL 2Ll Jedi S, FrpM
et LIPPM s L Fed
4’,/541..:4;! 1

PPM =
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cbnp /e o e Ot £ VU Fsalt oS 020t 8421 S0P/
Calculation J;:J“i Ld./()h’wl}'g/lﬁ/ d/.ﬁuﬁ&g_fl_bar!/@.{(l :«,{Mufdt‘*u!“iu’l
b
Salt Concentration = (O.2g/ 1kg)= 0.0002 (Parts Per, Part or Parts Per 1 Kg)
-t/ Multiplye 10, 1,000,000 & L& 47 PPMS S

Salt Concentration in Ppm = 0.0002 X 10 =200 Ppm

PPM Conversion from Percentage

u( Percentage Per Hundred £ £ Cﬁlp gd; & Ldt/f JPPM L Percentage/)%"/l u‘{ u/
Formulaeb Jﬂ“b/ﬁJPPM/.:é_/MultiplyL 1 0,000:'//ﬁd/Percentage ”iu’l LLL“//:UJ///}'
e i

PPM = (Percentage Value) X 10,000

Parts Per Million (PPM) | Percentage (%)
0 0
5 0.0005
50 0.005
50 0.005
500 0.05
5000 0.5

- LS Convertc&l/(uﬁ PPM+Value J Percentage<Formulae L/?;l _;TZ/ / J!
-Lgbncaf/uﬁu;”"’d}?/JWIKPPM

Water Treatments N

Aqua Culture / Aquarium 2

Pharmaceutical Industry 3
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Food and Beverages 4

Environment Industries 5

/3l Automotive Industry .6

Industry,/la o 7

2SS to Ui L& S ePPMA LS Sulfure16PPM 2 Pt 4
e by 7 £ PPM ’10 PPM¥Sulfur b+ £ Bharat Stage VI (B SVD.JS. <7 Emission Standards
_%lgtyzu?}”ufMillion Part lﬁﬁd}ﬁ:Part IKSulfuref‘LG”Z,gﬁ

=& 42k ZPPM U Petrol
Lower is Better. 1

f/ Emmissions/€» Fuel Ulsd_s Burns ’Cleanly " A Lw,;?{‘_lg&n/ﬁLower PPMd/ Sulfur

K s
Emmission Standard.2
% d/ Sulfur J4Js & br £ StandardsZ— ¢ v il? Standard6Emmission % Us® ¥
— bdtPPML S
Impact of Environment 3

_€Z % Air Pollution % =9 19 d/ s J«PPMbosl I 43 d/ Sulfur /1 S

S fendL L\l At Sadit 3.9

e G (Step)abi bl Lo S S e Ll p Qptunliet 2
-t/ ¢#* (Chemical Formulae),bgu&g{ |
-%lg&n")h"ﬂﬂd/u;/;ﬁé (Element)/i/:u?/uf%f/ 2
-t/ s,/ (Atomic Mass)e S T I 3
A Multiplye e S 2SS Us 2L 45 o 4
(L& i Values AT

Explanation &by
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C et s U S 2 Lo (il bz LSt undb S ST
<t wAvarage Weightt <* 1% P U1 =d 12

~utlnf Ui Ut Calculation JTH,06S s u);JVKLL«L&%M ZJe
S L KT T RS et o p &L
L Multiplye s SEU ed$ enl pnPoddy 2
Multiplye s IS ed$ 2l r2 LT 3
tSAddS U P e AT

~

194

;yfu(dwwuﬂsz{h{unﬁzéu?,/jjg;;+ﬁﬁufuﬁu¢f+, C;’”LJ?%HzoK&g
st Sutd LL/*//UJ;JVJJVVQ L&gc}w-%m&ﬁ{l’m 1o £ 26CP 008,
—et/Addy
H,0
H,(2) +(0) 16 = 18 Grams/Mole =

-gnGram/Mole 1 SUJ;u}VgJVVQ é&g@/u’l

0LEBthylene-o (P o s L6 29w 1 S 2Ethylener (ke U AT
S 2P i 12058 £ 28 K 2 L s A K2 U2 26 M2 AN S (e CH,=CH,
w;u} \-6Ethylene Monomerl ~ I~ 1ls
CH,=CH, =2(12)+4(1)=28 Gram/Mole

%

JU¥ 2L Bthylene U Ut Zb 2L 91 - 1 S Ut U? Polymer{ K Ethylene. 104 51
2L P IAAA000.9 82000 b 2L 2 260001416 5 Grams/ Mole 28,0005

-q-gubdﬁzi‘f/m{zidwd/uiu”/,//w,JVL.;M/(V,{;;;

1 (N2 (23) 3" (0) (16D T () (14)¢%s 76 () (1200 (1) (1) R s
e b () B9 F

Ly unde el
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NaCl, Table Salt 1
K P o58.42 520 i £ 2CI(35) #INa(23) L dLE

NaCl=23 +35=58

(NH) L 2

N AU 2t 2 L Pt s F ol U1 S e bsiNH, b
e U L isS f 28 s A 1 1A 172

NH;=14(1D)+1(3)=14+3=17

-mengwaMNH@ AU

(Acetic Acid) Vinegar CH;COOH .3
L U1 S 5 e CHI00H b Ll ¥ st e S 7 Qb L1t 20 (F Vinegard U? Acetic Acid
%t?ggﬁégkdjy)[#w&b’ggﬂ?'Lj‘fz_tg";gﬁ}?éd?)/jglﬁl-/}‘/gﬁiﬁ?ﬂﬁﬁgcﬂjg

C=12X2=24

0=16X2=32

H=1X4=4
60

€ 260es L ACetic Acidy CH;COOH’ Vinegarl AU

L‘f‘L/f St/ det # Qi UL Crude OILS Y 2 s o S Ut Eo A S e
il UJ;J (2

i el Bt nd b i Lt
U~ 60,27, Aliphatic .1

(Unsaturated)s 4> 2 /z’ ‘(Saturated)s 4> 7 SHS f<»Open Chain Hydrocarbans »

-t wBranched.s/Linears!
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Aromatics.2
_‘La.LJ//Hydrocarbn, Aromatics 4
Kerogen .3
.l:fb."jf—ﬁ%’./’J..}'b.*”yu/"ujb’gtf’J/GJ?‘LC240H322032N785J2!L"’L)JVgLﬁ-xJ//vg'd
_‘afﬁlp
C140H32,03,N5S5
e/ Multiplye s IS I Ui r2 L Us p2 )
8C =12 x 240 = 2880
H=1Xx322=322
O=16%X32=512
N=14X7=98
S=32%x5=160
Total Mol Wt: 3972
_£%3972 Gram/Molew;u)l/K§.C240H322032N785ngwu}VKJ%KeSOgenZ//J’Jl

A Qi #
e At A i
Sulfur .1

_‘L&ndf,}_,/’\/alenCy JJI‘Lt‘nggufForm, Multivalent}l’,mLab’lgg.l;}l’uﬁd;/”;
6 rt4. +2,0,-2
Iron .2
L"lgg.l;uffValenCy States } jo” 18l Multivalent Element uﬁ{ ,§_tuggu" TronUsUs &
+3 0042, O-c"_
Vanadium .3
JI1+5.81+4, +3, +2“Lt'ly.t,guﬁ\/alen0y StateJ“}b,/,:/;!Lgtlggguﬁdj/";ué\/anadium
Sl W el e Uil pak
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Water .1
Magnesium ss/Calcium Sulfate’ Magnesium Sulfate’Sodium Chloride/.:/)’ 2
R T 2Y SV~ Us A s? d/ Saturated Solutiond_ Chloride
Nitrogen .2
_‘al:‘la.tnlzuf Jﬁ J Hydrocarbans Derivaties /s ~ ¢
T3
e bblL A S Derivatiesd Ao T
21 Organic Compounds "(S,N,0) Hetero Atom Compounds’ (CH) “Crude Oil L J} ¥
_‘aﬂlﬁ.uf 3. l—yf/gj?uflnu?}”’(Ng Ca+2,Cl_) Salts.s/Metals '(Ni, V, Fe)

Organic
Compounds

Heteroatom
Compounds

Hydrocarbons
(SN.0) N\

Inorganic Organic
Compounds Compounds
(Na*, Ca*, CI) (Ni, V, Fe)

Constituents of Crude Oil :3. I—L)(j

c/o_'a}jl((j])dpégf(/&;/)'d}zj 'V 27 3.10
Loy s’ sl uodser Fundim & I pd Zasf gurzs tJ¥ S

-
Molar Mass
Basicity
Bases = E = Molar Mass
Acidity
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Molar Mass
Number of Electrons Gained

Oxidizing Agent = E =

Molar Mass

Re ducing Agent = E =
Number of Electrons Lost

(Explanation) =253
Cone Mole’ (H") Hydrogen TonsJ#» LI JGJ'J/:?‘LL“nMaSS b 22U Uik 2 1
-‘alz;éi
-‘at’/fl;/Electronu{lfﬁMassuKu’bi/c; UJ}JJ*”Z:J/‘&J 2
_+V/Electron Loss ugfﬁ‘LMassuKu’m/L uJ}J,&/‘LJ/&; 3
_Zunu‘”u/» uﬁu’!;”‘at/@a//uﬂd/&f < Hydrochloric Acid, HCl/ﬁ
Determine the Molar Mass of HCI A
Determine the Basicity of HCI 2

By Using the Formulae 3
P Molar Mass
Basicity
~ES A U ZHCL 25L
- (35.5)H(1)sleb 30557 KCLIIHL G Atomic Masses Z HClwis JSHCLE, .1
v )J;_anasicts 1 Jw“&w%gwuﬂ* —LIHCI 2

1+35.5 36.5
1

EquivalentWeight £ = =36.5g/equivalent

Is$sl+EGasoline|, Jr &

LJJ/J’?.J/‘L s Su e b u:‘?ldl.»""! 4 e Term € is Sobr R d%/d/Gasoline.L. Js &
Energy geﬂt".‘gt'nuf‘; isJi S| b{lJ/KJ;};%J!LLt‘nDﬁTKJ:‘/Kqu’l,Gasoline L
LJ’-‘LV}’Z/,’/, Z Tonnes of Oil Equivalent (Toe) 1.05 d)ﬁ/’%v{l;"‘c&n =\ JEquivalence
-i;%Tonnes "Energy 1.05J&V L Crude Oil fd}j:fc"_,: &
gﬁ’(zlﬁgé dir L 4
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No Single Value .1

Pure (b Sl e b i P Li6Us ad e Groasm B8 Us 57

-< b »6Compounds

Energy Comparison .2

Energy < Fuelse— ~ 1 Jd’}’:d &3’1),§+b@%/fguj;div uﬁdﬁ’f._)
_‘Lt‘lggf/;w ~Tonnes of Oil Equivalen (Toe)/,:ub"ta,f 5 ‘Lt'/ 6] Equivalence
Density Matters.3

Compositioniu’ ] ‘aénVaryJw/:/,:/;}’ ¥Specific Energy Conent d/ Petrol

443;4 /5’ 4 Density.s!

Lo 3.11

e d SE B S I L S S0 L s s SE e S5 1Y i L2y S

Parts Per s/ '(Mole Fraction) O) - "(Normality) @L/L‘ '(Malority) -“«:J“ (Mass Percent)

i mund el At At W Z -, Pt JF e e L Millions

'Sl sl 270k L. JJ"FE =l U/uﬁz_/L Z &S (Calculate) ?K;/Equivalent Weight |
LSk AL §F S

IS4 3.12

T Eds s cstrdiodT & a0 F S ol e 4L s o AL D s -1
Spe AL 550 é’ﬂ-c‘-&MJ&“z!J s 5 U '9/’»3*&5/ Jr AU

G"J‘-C"-“— vﬁ;}Keroseneﬂf:}?é‘//(u’G/”e’@gt)’/%d:vﬁfidﬁﬁ

e S i s s 2T e s L p S sst i s o S

-
¢
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ULAL AP K b DT S pe i el 2
e bl e (W/ WU

A BEUA LT F EIFE At pe e e 3

e 3PP LUF ST Fe s Fe
e b SIS S LT AL IS

ey 2y 3.13

elirJol ez s >

?‘Lw‘}}b (e o ‘Léhogyﬂbé_lgk g/?ub&/ﬁuglf zﬁu A -1

_EW AL ) s 2

& U(Blemental Composition) =SSl Us sl -3

Sl b6 Kerogen -4

Setbltt U Al S

*<dxi Valency Stated Vanadiumd_hd_be L5 -6

ey Jo ez A

_,//;wu’:ﬂé;«quu_‘amrut&g(l/%pgﬂ//l 0 -1

o’ bt i J# 1 S0y ) 4_’4’9 294 ; (Mole Fraction) /- -2
s

_JO e AL = ALt /j,,;&ycu,é_tga%/k(wﬁd, A3

_dEnd, unlim L Gasolineb s s -4

wvlrdbﬁaylzdi’

_d’d St AT v J§ (Normality) Fist si(Morality) L e SUs s -1

S S FuSHPO, 0.1 M

e un’d;’g (LLgEPPM -2
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%}.ﬁé.ﬁ’@/&fﬁ/iﬁ 14 Jkﬂ
(Unit-4: Different Methods of Refining of Petroleum)

121 L S
w4
w42
Gl s? 6 Ly, 43
ap LS L ey, a4
S b asl 5055 as
DIl ey Ik 46
P odn -t SUs e 47
S md s erld 48
Lk s 49
ém}ufu 4.10
sISE 411
U3 412

0

A7 4.1

-

S e 0w a2 £ S5 Crnude OIS A e st e By P S R

J“(Usable Products)= b5 Ji&1 JG’/ i L—Jf é(Reconﬁguration) 7 N e R

'Gasoline -« ﬂ@*m{g}/alp;’” u!-u,?é/.:,;ﬁi (}Kuﬁ di‘} d/u/b/aw‘“‘, -UJLbZJ,«?
-2 sKerosenc'Asphalt 'Diesel

t‘gd’f“//}féd"!/ LTreatmen‘w!Conversion'Separation 'J;,«? /“).Lfd/d%ﬁffgf d/(i;)fé

-
¢
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S P IR Setr= fond Kb an LS L g frjmay
Generate 4] Electricity »s/Roads PavingHeatingez.7 s L (Fuel) 4/ U= Transportation
e bW U L3S

#3 4.2

/;lgwuﬂi ZyJ KLGLU’QM“U:G/LL (Concept)/r‘jz:v@lé{/d/ﬁﬁ/’ifucpw uﬁéﬁul
Treating & Reforming 'Cracking, Fractional Distillation <% Us# b ¥ £ G4y, g (i; ¥
_uqlgd/("'!/'oLk’UﬁLz@Lo})Blending

’@/t’ul/}“?Kzﬁ. 4.3

o :’/(Impurities) =5« (Substance) J LSSt < Jf Ll LIRefining M
-‘at'lggwlpuﬁ(Pure Form)Jﬁ f&fSubstancng/u’l’C/’u’wl‘at'kg
U~ Transportation S dei = by Jﬁ)}fﬁ:é:/Reﬁne S Crude 0Oil, (2~ & K ”lanJ'}/)f?'
BULSL d/ Lf‘.‘.'/AIL/ Generate 41 Electricity »s/Paving Roads<Heatingee/.7 4 1 Z(FueD) " 4/
_ujL//J/J’ uﬁujé'_,lgidlﬁ“i/?/) Z (Feed Stock) S
a,fL(Reconﬁguration)yf}'uy» Selectively uf/v’f}"at//’/j;’buﬁ ]J;:’Uf (l}f(ﬁg
Petrol 4‘/’@1K5/if:-u3"%)(Products)~:«lcr’”é’_/’//}f¢,JfL/.,f@/ﬁ;/‘iﬂ:_w"%;al;i‘”é’_/’//f
(4.1& 2)‘_)9“-9[3;4(}’-4@9% Ju}*:‘” ‘ﬁ"ul(Complexes)oi«gvo}&)dﬂo%Reﬁneries

| Crude Oil |
- y - .
Refinery . Removal of corrosive salts
Desalting .
Wastewater and suspended solids
. Separation into major
Distillation | ~__p- . . IU
distillation fractions
— : - Change of molecular
Air Emission Downstream Processing ‘ structure of hydrocarbon
(c.g. Ha5) molecules
b . . . .
. Denitrogenation/Desulfurization/
Purification

Demetallation

Refining Process of Patroleum : 4. 1—&“
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Carbons
Gas |

Naptha

iy
i)

Gasoline
¥

o [}~ Reformer

Gas Oil
or Diesel

Lubricating Oil

Unit Heavy Gas Oil

| [ Coker

Boiler Distillation Column

Flow Chart of Refining Process : 4.2 -J{’&
4P (j)ﬁi:f}? ‘L(Chemical Engineering Process)Jf K j}.‘.‘;l Jé‘{.{l Jf KV@L}{/ (ﬁ;/f.f.-,g/
Diesel Oil, Jet L Gasoline<LPG J{(i;/f? Ol (Crude Oil)Jf(G 23 Lqu’l el Ji

Residual

_‘LL"}’ZJ; & J~Fuel Oil.s/Fuel, Kerosene, Petrol
History of Petroleum Refineries: b d/ 27w r."., %

Rome, Phillippines, China, Egypt, J*(Fashions) ji& ¥ S (~J~} v J; = #2319
+.4: $(Petroleum Industries) = (:)}’5" S bbbl o B U e U# leCaspian See.s!
't Jf Ko_J JKerosene & Coal _Abraham Gessner ZNova, Scotia, Canada —2 Jn - 1846
d/Hand Dug Oil%/n éﬁf’Krosno LPolandLIgnacy Lukrsiewio U* 18548/ (§.8 Z 1 .l{‘/h:/;&))
f&@lx uﬁfPloesti£RomaniacReﬁneryﬁ‘~;/’5:dkéf’~{uf 1 856-&’/&/& L‘/’//.l}':’/Kerosenech’/
_@nggReﬁne/Jfo}ﬁ}”uﬁ/lﬁf}(fuf

y/Drilb’/ First Oil Well < Ontario /;7‘ c':!fi;:( Z_James Miller Williams _* .{ /ld@’ J~1858
— /“ £Penn5ylvania L_Edwin Drake —2 én‘ 1895 = bs /" d/ Industries (~J~5 Y3 Stk Sl
Oil J/J’/u) S 8/0’/9’ d/Kerosene ol Ll sl @%&/’/57 =i MTW, J~1800 :J:)Qu d/Jf
J&1 31 S KInternal Combustion Engine J 2 2 ¢l & $a@  #2% Bl U J1 U2 Lamps
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Py J]JGJﬁ e WJJ}}‘.;LC}JU;I@L}?JL}! e bﬁJGaSOIiHC/}”}’ZC};‘ J~Automobile
g

—urdwUnits A1 i Fufs gt o
(Main Processing Units of Refineries) U":‘f ué.t’"!/,‘, “"f Ve ?jlé{/ -1
_Q,?Z_néid"jy/’uf.'Ju;l‘aL"n)v/%KReﬁnery(iaﬁd :Treatment (1)
(Crude Oil Distillation Unid’ 2642 §UE 6 (A)

a L&gé./ufﬁujl_lg2’:JilaFractionsJC';Al‘Lt'nf(ﬂ(fﬁ(l}u:&gg‘l
43)F - n e

Crude oil distillation unit and products

boiling range products

lighter
(lowboiling point) | ——> <85°F ——> butane and lighter products

—> 85185 °F ——> gasoline blending components
—> 185-350 °F  —> naphtha

——> 350-450 °F ——> kerosene, jet fuel

—> 450-650 °F ——> distillate (diesel, heating oil)
—> 650-1.050 °F ——> heavy gas oil

heavier )
ey ——> > 1050°F  —> residual fuel ol

Crude Oil Distillation Unit: 4.3-F
Jf 1] J‘ be (Distillation Unit )~y § /..,J d/ J’f (l} U~ &4 J1 *Vaccum Distillation Unit (B)

Jf Z(Vacuum Distillation)/g"f Sl ils { « (Atmospheric Pressure)3ls &yih}’/(Residual 0il)
(4.4)y_u3ng£JIbDistillation Fractions,g]/’//l,v/a,
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eeeeee

Feed Pre-heat-

Vaccum Distillation Unit : 4.4-;}{’&
Naphtha Hydrotreater Unit (C)
(4.5)(){’& - L”lgLfDesulfurized/ Naphtha Fractionéu‘f (l& 23 LJL&’! Z Sk (% Unity

L

s
T | - >Penex
rogen
, ' {
EE) B8 ) Heay
| ¥ ,

Hydrogen Reactor Separator Stripper

Naphtha Hydrotreater Unit: 4.5-;}{’&
Catalytical Reforming Unit (D)
Octane 3‘ S e Jf Z Hydrotreater "=l L Desulfurized Naphtha (= &y (1
End L Gasoline or Petrol J 2 ﬁla Produce SReformate /& <l 4&, LAY VPV
(4. 6)()(’& -u:iLsz' LProduct Component
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Hydrogen,| =
5-45bar J

Naphtha™

£>CG) from NHT

de-sulphurized, reactor
de-pentanized,

de-hexanized)

reactor reactor

Hydrogen

Methane, Ethane, !
Propane, Butane

Reformate
(Benzene, Toluene
Xylenej

Stabilizer ség;:,to,
Catalytic Reforming Unit: 4.6—‘_){;‘
Alkylate Unit (E)

2T LGasoline S 2 < bl { Converts U Alkylate S Butylenes .s/Isobutanes (& &°¢ ('
(4.7)J¢_u,72'.n' End Product 7 u:.‘b/l’dl, el

Isobutane recycle
Fresh acid
HF recycle
—f————= Propane
Acid itripper — n-Butane

Depropanizer
__-
Debutanizer
Reactor I
w o R e

Alkylate
Acid oils .—I
Deflnorinator |_.

Alkylation Unit : 4.7 - f*

Olefins,
isobutane 1

Isomerisation Unit (F)

61



'U/J“,&'uﬁ ‘el Higher Octane Branched /o/:’; n-Pentane <% =ld\- Lf}u:gﬁ}{’g_ﬂ
(4.8)% _uj"%)/?u}’ Lali”jT/Gasoline///fLJfLBlending fﬁ-‘ab‘lg

Isopentane fraction Product RON 91-92
n-pentane recycle

Compressor & .

Reactor section

n-hexane recycle

Deisopentanizer Stabilizer Deisohexanizer
Depentanizer

Isomerisation Unit : 4.8 —Jﬁ
Distillate Hydrotreater Unit (G)
Distillation _1s s J*b < Distillation Unit & £ b £ FUol U 2oy U
(4.9)F -c‘-t'lngL»“’liLL/’/ DesulfurizedsFraction

¥ Mako-up Hydrogen Gas ﬂ

}
=
—
7
—=p

 f— | o
© e ]
C.
Distillate Hydrotreater Unit : 4.9 —Jﬁ’
Merex (Mercoptan Oxidizer) or Similar Unit (H)
e Jf JI-< bl .l/Desulfurize 25 L Oxidization /J et Fuel {Kerosene<LPG U« 2 ¥ (/1

(4.1 O)y _u,?f_ndj A uﬁOrganic Disulfides ‘Undesired Mercaptans
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LFE Sweetened LPG

i control valve

(2] normally closed valve
R&H  Mercaptan

MNaSR  Sodium mercaptide Water
RSSR  Disulfide Water
MalH  Sodium hydrodide
MasH Sodium hydrosulfide

Excess air
went

Rashig rings
-
Dizulfides to
(—b fuel orto
Separator Hydrotreater
Dizulfide layer|

Drain

Lean herox caustic

Caustic layer
Anthracite 2
Fresh (trayed) coal
caustic -
batch Creidlizer

Caustic
Prewash

-,
a5 needed ' Packed bed

Lean hderox caustic

Compressed
air Pump

Spert Caustic caustic Steam
heater

CHEMICAL REACTIONS I LPG MERCK TREATING

Caustic Prewash: Extraction:
MNalH + Hy S — HaH + H,0 2RSH +2NalH —+ ZNasR + 2H,0

Crverall Mercaptan Conversion: Regeneration:
4RSH + 03 — 2RSSR +2H,0 ANasR + 0y + 2H,0 —+ ZRE5R + 4HalH

Merox Unit:4.10 —Jﬁ
Fluid Catalytic Cracking Unit (T)

/ Jlw J’i b « Crude Oil Distillation J/~ #Heavier Fractionsd_/s Higher Boiling e Y
(4.1 1)&“ _Lab‘lg.l,-u', & J~Valuable Productsd—/s "Lower Boiling.s/Lighter

« Introduced in 1942
* Excellent integration of reactor with catalyst regenerator for

high thermal efficiency
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catalyst — LCO
— HCO
riser T
1000° F Decant
oil

regenerated$
catalyst

Regenerator
1300 - 1400° F

Reactor
Feed (300 ° F)

heat steam

Fluid Catalytic Cracking (FCC) Unit :4.11 -_f*
Auxiliary Processing Units of Refineries

Pretreatment
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Steam Reforming Unit : 4.12 -J{’“
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-
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-
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Sour Water Stripper Unit :4.13 —J{}
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IS ica;t'ﬂf/ 4 Treatment Unit($ ~»s/Dissolved Air Flotation (DAF) Units<API Separator
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Waste Water Collection and Treatment System : 4.14 —Jﬁ
u@ 1y L/o/f3 4!. L els Y] Jf rB D)
(Storage Tanks For Crude Oil And Finished Products)
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I
!
% 1 |

Spherical Storage Tank  External Floating Roof Tank Internal Floating Roof Tank

Storage Tanks for Crude Oil and Finished Products : 4.15 - gf’
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U~Refined Products a2l J <2500 S(Crude OIDJE e ey ﬁd}% Sutz b ("'J/lr:?
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Crude oil distillation

Fractional Refinery Gas
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Crude Oil Distillation : 4.16 - F*
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Cracking of Patroleum :4.17 —Jﬁ

(Different Method of Cracking) & ¢ ¥ £ &
_‘Ldj}?/fﬁ‘abw;‘u4A£w%}ﬁf€f§/

Thermal Cracking (A)
St ki L g 38 25 L Free Radicals.sl F Bt 3 pn L S

(4.18)

FEACLOF BTTIUENT
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cyclone vessel
flue gas

stripping steam
catalyst
regenerator
siripper
standpipe

regenerator riser reactor
standpipe

air —}

air heater

lower feed injection

"
dispersion steam

Cracking Of Petroleum :4.18 —J{’“

Catalytic Cracking (B)
5@)/}!(}5JJQ'J&U’V",:Mc‘-t‘ng})&@f@]{:/)rl;fﬁdl;dﬁu:@)JiéCracking
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CATALYTIC CRACKING
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Catalytic Cracking of Petroleum : 4.19 -Jﬁ

Hydro Cracking (C)
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y Stripper/ | LVGO
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Catalyst Heater ! Biteh
HVGO Recycle ] e

Hydro Cracking of Petroleum : 4.20 —Jﬁ

-c‘-t’n/.:JbU'a/;!fp:u?uV;lK@Wlp/}b)&.«@/gﬂfﬁ u@/fc‘-//)gfﬁ'cal,duli{,

(Reforming of Petrol) (hﬁ“}"] ok d/ ));g LV Qe d/ J’ /‘.‘54 4.7

e gﬁ/%/ﬁjl( J/uﬁ Jr < JiL,{l -{' - u}%{(ﬁCatalytic Reforming ;‘/J%Reformationﬁ}]z.
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Reforming of Petroleum : 4.21 —ﬁ
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Lot T &gBoiling Tube S £, U/ U UeBreaker £ d&f Combination < Thermometer
i
Bubbles 3 ¢ (5., 2 611 (AN 2 g S fe/ e WL S S o £ (6)
ST s 6 Ut F Sstream st L+ —{IBubbles o, —2 sl - Z» e U~ Capillary Tube ,
- L/Record/u:‘?: d/u“f;-c‘- U C;/" L‘ﬂfﬂ) U~ Capillary Tube<Liquid—=2 /(> g /Heating
EnJ }?Jaﬁgu'g:’b

Report
i Jb = —0C G2 K
N

KPS S T2 B2
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e VWi me GUAS IS 5 PSP S Fr 8 L o

eSSl LSS FlamecFes2-35 L1 L 1S Capillary TubefI & e (1)
-ugLuﬁBoiling Tube{15 Acetonest Z il (2)

ol el 6 1 S0 A1 J4(Solution) J#¥ L Boiling Tube s Capillary Tubes! & 1 4(3)
i

-2 < Thermometer/] Boiling Tubes L1 (4)

ss/Boiling Tubejbfd:bgﬁl é(/ﬁ-;mﬁ/’Benson Bumer/L&&&V"3/4uf¢./G?50ml/g (5)
-ngy@;"uﬁ ST L}gBoiling Tubeé:ézc S ui'Breakerzi(}g[ Combinationd_ Thermometer
<Bubbles /:?g44gfi Jiﬁ’%l (Acetone)éhdﬂﬁ u:/(@/" L/(/’i@&ﬁ/)lg///ﬂ ﬁu’! (6)
B U F S Steamsl LA {IBubbles oz £ -tz s QWL & sl Fistlls U Capillary Tube
SH St n b Ut Capillary TubecLiquide U A Uems /4 S Heating <3 5170
_gﬁfﬁﬁgAcetonedL//&]

Report

J 7 Li¥Acetone
ow&wb= Ko

Reported = °’C

& S
J2LK) ks 3
oﬁ,‘TKUJLnJ@JﬁﬁLcﬂHydrocarbonch;,:fft‘%d&ﬁﬁ&ﬂg&fﬁj)ﬁ:
76, S 2Gasoline -a_tx & L7 A7 ja f ¥ 22 30°C- 400" CU 2 BIK AT ot Pl i

L Fraction 7 m{z:ﬁ?ﬁ:_ﬁ;t’ﬁupj’ﬁﬁfﬁ;l:’n'i.d/lﬁfJ/ﬁDiesel,?.c"_L“ﬁf/Jﬁﬂl{:{_t'ﬂ
_wiL;éJ“iﬁ

Sr.No Fractions Boiling Point(’C)

1) LPG <20°C
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2) Petrol >40-180°C

3) Diesel >250-400°C

4) Lubricating Oil >400°C

_u:ZZ_/'/ 0.74)} v u’“ £y P I /,u+t@gﬂ,ﬁ¥ ;J/)'LFractional DistillationsT Fractionséf‘d ¥
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J)/J’:S:zf(lmmiscible Liquids ) _.,L;L} LN’L‘ 2= ’; q
*0
t/l/bﬁ{‘)@.gﬂ‘dﬂ'c&gjﬂ

(Unit-2: To Separate two Immiscible Liquids Like Liquid Petrol and Water, Benzene and

Water)

S I siey 3L Liquid Petrol <56 /0 L5 Gt

-l:/oﬁf‘}’/&gulu:)'fdgmLiquid Petrol ,J/d: .:«L’J/L/JG'L‘ 2393 45 l(,/,“u’l

Jrel

e rokifed e LS Ve pnficrel el ic slnea S b S
2 ERT NS ps St 22T P 52T Ul g 2l e \Meiscible s U sl gr 2l e U
4.&51,1011&(@”@ A m_w{{(lmmiscible Liquid) =& L/‘; JoeS g U;Lb./f Ll
_‘at‘/Float/?}lﬁ&L:/vutg,J/G/u (Oil)/,:ulff,yf/;/».{!fuﬁu?
< (:‘L‘a.l((aﬁﬂ‘ 2 L(Separating Techniques )u}?./ Z ui&{‘ J;/,:/)’ ((o/ﬁrﬁ .:«bfl./JJG'l:
Liquid .s/Evaporation 'Sedimentation 'Distillation <Filtration -(Jf J,’, B V{l £2 e
2L J ,«i{‘ d/ J Z.( Z c«bfl./'/“ JG’L‘ e / (Liquid-Liquid Extraction U U+ / (l/" ¢/I-Extraction
e PG
:Liquid-Liquid Extraction

.{l :’/Immiscible Liquid J - ‘f < K3 ) W] ug! KJ Aﬁ{‘ Liquid-Liquid Extraction

_+t@gfaﬁ¥ 245 &Separating Funnele— < 7

:gﬂ&d;ﬁm&k 1
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gatﬁﬁ! Liquid ufJf b/f o sl bl Q-(o,&fi 23 LSeparation Funnel ¥Tmmiscible Liquid s
u(?i“LiquidU!)éj.:JC(wLJm‘LL“/Float_/lg J4ﬁl+aniquid Ul)é/g‘ﬁcf[ﬁ%t‘nﬁé’/vcﬁﬁ
L Sl o b L et nt

fpléy:'.//:l =TS

_‘g(}n;d}/u(ApparatuSJal;“wJl)’_riéj.4’12.//,}.1}!
Separating Funnel 250 m1 (1)

Stop Cock (2)

Beakers 250 ml (3)
Jism @
& ®

S at

s b ‘Lb‘lggdl.ﬁ"l §Separation Funnel £ LLL%&LGE/‘L{KJ/K}//?QIY Js

S el N L Kt L5 U Do Fr ¥ b b e Ui st sy

£ LOrganic SolventUs % & w9 1 bl .l,-(oﬁ{‘ L(}EL/ Dissolved _~Organic Solvent
K2 i e QLT

SEPARATING FUNNE!

—L

£ i u\
Separating Funnel :2. I—JZ’“
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st f i L L8 S S
-2 bl Ethyl Acetate ST Organic Solvent£1¥ s ﬁ&cw (D
_ﬂLu’.ﬁ' Separating Funnel /| &E/}Uﬁ L Ethyl Acetates! Js 5 U1/t (2)
- S ShakeF 3 u’/”;”? % Stop CockS Separating Funnel +/ ZJ1(3)
e b M Stand2 L (1 Omin).;» d/”;; L Separating Funnel #! Zu @)
UlsDensity [_{n/y +Densities p{! Jﬁ.lf by i U~Layers ssMixture 4 Zu (3
€x e LiquidihDensity( 1€ b d 2s/Liquid
£ $ LAl S (Liquid) J# KEthyl Acetate s Js 5 Ut a1 (6)
~U“Beaker{| u:/U’l laa,:'»vzl’/c«/?Layeru@gu(é,g/}LSeparating Funnele! Z 1 (7)
_Jg//d'élauﬁBeakerg/uu"{}’/Layersd/Ethyl Acetatess! Js 4 d//,:)u’! Zui(8)

Js s A 4 N Evaporate S Ethyl Acetate £ Layer ZEthyl Acetate ./ Js 40! Z
4 nJ’I b
Jﬁ/’i{- L/u‘l ‘Lt“lgl[wf‘,g/j Ldel L&g/,:ub ub(ﬁ/ﬂ £Ethyl Acetate:rdj/’if:-(Note).‘w7
-C‘-Cﬁlgy/b/&ﬁ{‘u}j})&g/}l
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SESEL g @

Liquid & o & U1y s Miscible U a0 I Uds G st 7 S Ut 2 (2 S Lo
_‘LCClay/oiy L&VTK,;@{ /’ Z Extract

LSeparation ZLJ let stHeavier éj_u’ l/}i‘aﬁ'é//Densityupc_c[ /'.fdkf u.?Z‘_laﬂJ/ Le
et e S LAt

Separating funnel

Benzene
(lighter liquid)

<— Water (heavier liquid)
Immiscible mixture

<—Stop cork

Conical flask

Water

Separating funnel.

J/‘— 2.2:Separation Of Benzene And Water

S at

b S S, L LS S Y
-2 LUk UAEthyl Acetate S leOrganic Solventf1¥ ¢/ 4 e o (1)
-ﬂ L Separating Funnel &gmdﬁ L Ethyl Acetates! ¢f 7 U1t (2)
- /Shake £ 825 /¥ Stop Cocks Separating Funnel&/ Z 1 (3)
b BeStandZd- L (1 Omin) ., d)’f? S eparating Funnel 4/ Zu (@)
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UlsDensity {_{n/’? +Densities d’/! diib o] ng? ¥ uﬁ{i uﬁLayers ssMixture 4 £ O
_gn_'jlg d/éLiquidUbDensityﬂ;l g}’iub d//.:;lLiquid
_g}f.‘jlg d/éd.t/;i./la J@;I(Liquid)d% 6Ethyl Acetate s/ ¢/ % s 1 (6)
_ufBreakerwgl Q/flac;;ﬁff&/,:LayerJ&gJé,’g/5£Separating Funnel &/ Z,u’! 7
_ug/v'ilau.fBreakeré./»f/Layersd/Ethyl Acetatez:lujﬂu(/,:ﬂﬂ! éu’i (3)

¢z S 4 N Evaporate Py Ethyl Acetate £ Layer ZEthyl Acetate s/ ¢/ % #! £ 1
N4 nJ’i b
¢ Z// J! ‘Lt'lggaﬁl‘ 25 Z J’f 1 zi&g/?ub c.«’bfjf z:Ethyl Acetate/u:)‘é_:(Note)b"J
-‘LCJ:%GA‘U}»&&A!

88



d/gd/dﬁd/guigyf/gyt/mthtm{:_%—@m

(Unit-3: Preparation of Standard Solution of Some Organic and Inorganic Compounds)

SSI# Gk £ (L Qe dean T (D)

A

PV o

_SAeSUH Solae 2250 € (Oxalic Acid)£21-01T0.05 M

e T

4 ,;i:J"y,Jé_/uJu o Bz g B Sz bt ‘waduj-lzso

LRIV

Sl o S ST

Ul

(Standard Solution)J# .4+ "¢ 242 (Concentration) 6 SEU? (Solution)J# o258 A6
Fb U b Zeiss A § (Oxalic Acid) i fiT 2 S pd L8 Saed ¥ Glon et
-+

S u’:,}w%[}u{)&“/u w%nﬁd/driJ"”mr&dﬁ}&{ll@&tgﬂfbf
(Mol/L) # U306l Wy sle bl 6 =MSE Wy e VW6t 4 (Concentration)
_4‘-_(3;4

—e b e blo i Gy

M = (W/Mw) x (1000/ V)
(1000/ 2 K& (WDEEIEXW) (b )/ Mweis SLE = (MG S
K bkt o ik S
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(1000/ 2 (VEEJ# X (Mw) UK X DG W SUH# = (Wb
bl TGS el S s papsny Shid ST S 2T e
C,H,0,.2H,0

CoH,04.2H,0 bl $tia (1T
LS Us pzsmer S ST
C=12 =L 25 (Carbon) 6
H=1 o828ty 1620 =d8 28T
—e bl e 3 b2« (COOH),2H,0 bledL Lot undubia g
u)}u)t/ = 2XC+2XH+3X0O+2XH,0

=2X12+42X 1+ 4X16+2X 18
=126 ¢

SrfiTL L3t J#M0.05 22500k et 126080 1. K 17Te b
S e bl Kkl T L L UE S i
SE 110000 2 (DEEIFEOD XL X MG EU# (W) =ssbf™
W =M X Mw XV/ 1000
LU
u};dvmg;.@ff: M
S ASFRIF =
&/Urd/d)figtu@ffz M
Weight of Oxalic Acid (W) = 0.05 X 126 X 25/1000 = 1.575 g

Kok ST #0101 5754 LS SUF Sl LT 0.05 M K250 AU

-‘gt’)’c‘
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Jat

S Ut (Weighing Bottle) S #dtsd /0o s o L0 LT 17507
JS

s B L bl Sl o) T 1 F 9815 S s (Chemical Balance)ssiS3Ld e 2
et e WISy S

I a8 LB B3 3 Slo 20250 (00 T L0 S obw s 3
-/

_Q/J";utj,gu,@f!’mruiwcwf,wé.,féﬂuf&gogfuf (Wash Bottle)f % ¢#s—1.4.
DAL o a DT ca o f < QUTU 2 0 Sh =T 2415 s Lo
A8 L 5050 S Sl s

Skl T = U U1 bse I A6 T2 zi/w,geluwf”/,ﬁwu{»!zim.s
Kb ¥

PP e g i b E S W, LaubFadeslur 6
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SESI# G £ (L0t o Koty (B)
S SUF S £ (L Qi Dt it St £

PV
LS JH# S HE2508 (Gt £) et K3 MO.05

e U760

cJte Fe S AEL Sbeine 36ime 3L e iFe (Wash Bottle) 1w #s' S PRy 250

b
21

f?’/(/)

(Distilled Water)(}go,.«f’/ «(Solid Sodium Carbonate)&j;ﬁz((:;”yd &

U
L Qe Lt 2 ENIFE Slarb e d s -t U et d 3167 o
e LW it s 3 AU 5 UF Sk eid K s F e (P
: (Concentration Of Solution) & A§J#¥

e MI U S G f 1 bl §UF IS Ur EF s ¥ AL
-c‘-&w (Mole / Litre)/"JJJ}/J%J&/Ur-w&/
:u),dw..f_yﬂé;y

ki sy e b L SGS L § p 28U pn iy S e sy

- Na,CO3 blo

tedUpnSUsp oy Jhsid My
C=12: S 2duk
Na=23:ed§ 285
0=16 :ed 27T
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e bl ey i e Nazcoybgu‘fvémuj,‘fw.zy,/%jy
UJ}JV =2Na+1XC+3X0
=2X23+1X12+2X16
=126
Ui K6 Na,COs - Z Sz U Lm_{nﬂf 106u;,Jt/ﬂf Kl Kl PU
—e bbb’ 25 blo s
/100002 2 (VEEU#EX MW KX DG A SIHF (W) =k
L
W = MxMw Xv/ 1000
_ubu}txmagzﬁﬁfy= MUl
CAASAEUE =
_ G SUF o k=M
—Unbe Kliy=W
W =0.05 x 106 X 205 /1000 = 1.325 g
L& I J# S 250 £ s KEMO.05 L U1,1.325 geiisbec s KL AU
Ensnei Kl /13254

Jat

—e bbb e 3 AL U b b
S Ut (Weighting Bottle)f #disdfeiisclfs s Sl 19 g b fsw 1. /1,325 21
B S e WIS Py S i bt e s F s 20 o 2
P s U812 5 1363 S 2501 s e il L2 S oW s 3
/S
ISP Gt snr L8 35 L SF A3 sY Ut (Wash Bottle) f 402t 4
sz.tgnd’.bgi.%éﬁrﬂ?,,e-z_tgnd’z_[}tfl’uﬁ(ﬁﬂ"u:u"cw;«:T;»:T/qu‘-iéw
AL HS25058 S L Sl a
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d/ﬂ,v{éjizgﬁﬁrLC/Jl_ngnuL{)@'ﬂKJ&.(L“LU: L/tpgeuuf»/u&usfméw.s
K2 bup ¥
e (P a6 ¥ et 2 25 a7 SIWois S 2 Z U6
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:’)Jﬂffdjkx/,g/@d)v&v JJ%?MJ?QK?/ :4—(3{’
o NaOHs L

(Unit-4: Standardization of Sodium Hydroxide Solution using Standard Oxalic acid Solution

and Estimation of NaOH)

L d

PV

L1 SU10E# 250 mLst G der SUH#NaOHe su SUHF £ E 51T e 0.05M &L s
S

i

F o g i a1 P S f oS i i oS dor G128 dn 250

o IOk
Qo4 2 (Phenolphthalein) u:W e € (NaOR) AT A v e J# Sarb 5T

Ul

Pb i (NaOH) T gy Edvr o o 25 15 1 (Oxalic acid) 27 M1T Ut Z U
Neutralization )W (&7 ¥ JU U1 - U b 3 ot 2 £ S5 2 AT UF Ui oo
S uj‘”’dw Vot LGS N E T 6 SIS i £ ot 2 (Reaction
o bl YU B

COOH COONa
+ 2NaOH _______ 5
L | +2 H,0
OOH COONa
Oxalic acid Sodium
oxalate
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J 2t

U & (NaOW AT A Eir s gs S ol S Bs Sos b F e Q4 f 1
SIS L e I S 5 S

J’L; K,//Jl/u,-} &20;)» d/)vtu*(ComcalFlask) 1V &;}.C?Jlm.flul 2
-g}’J/é_J/KJ}gJI u’"iﬁ/db}(/}’”u‘wa;}}»Luﬂu"u’lmJJ

I UAE s Lo Il 2B Ut L S ¥ ENaOH o B o5 = 6 i 3
LY,

LT 5086 S F e Lo L Fs S U5 o B NaOH 25 L6 f ot 4
S ok b QK UF L LB L BTl b QU
_ug/'/ =4 /(Burette reading) S oy - o) VA S (Neutralization point)

Sl N Se T U o ks S Feaut Zipn Eu S S o s
- ‘J (Concordent Reading) h-fng./ &'f..)/( S

27 6(H,C,0, Vs NaOHD L £ (il sar (% L £ (M) G Sl T2 Edy 141 oo

(V)¢ 6J#NaOH (EEOF S ) | IF L 200 TGk | AL
Y7 : : SHS (v
(FinaDJ(7r | (Initial )14/
0 20 1
0 20 2
0 20 3
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COOH COONa
+ 2NaOH 5

+2 H,0
COOH OONa
Oxalic acid Sodium
oxalate
g}i(éb7‘niqpheﬁb

J}; Kjam/,’ijlzﬁﬁr : (Burette) J/J’
Ve Mtﬁf 25T J’ZO : (Conical Flask){§1 ~ Lfﬁ/
j; GJKQ, : (End point) ,’C’fﬁl L

(Molarity Formula) o (51 »*

M1V1 /nl = M2V2/ 1'12
L LUF L T sy L LJ¥ L ST
7 = (M) G ST i = (M) G $ 25T

A= (V) A6UF Sl Tuadsr | 220 = (v)A¥UF Z 25007

Ipey d/df‘ £%,L/Tu§f%$’rui’ Ju J:’/vj n; s JJ/ L}]Jﬂ?uﬁ Ju J;,vj

2 =n, = 1==
= (M) & § J¥NaOH
M,V, %)
MZ N Ill V2
M = (M) Gy S NaOH f f

97




s S ¥NaOH x (Lo §NaOH = i { NaOH 25 £ J¥ A1
HdpSaoxwm, =
_LLC))}U)L/K NaOH 400l
= 4 U NaOH Ut J# 4 J250
A 250801 (250 X s ST A E S X & ENaOHD / 1000

= (M,) &0 {NaOH

Hép S —meemee = e ENaOHs2# U J# #1
$250 § 1S o= 15 NaOHs 22 Ut U# & 250
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MAULANA AZAD NATIONAL URDU UNIVERSITY
B. Sc. II Semester Examination, April / May 2025
Paper- DSE-1-Lab
Paper Code: BNCH101DEP

Paper: Petroleum Chemistry
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oA 23
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