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Boili Specific

Overall Structural* Molecular o mng. gravity
formula formula weight p(‘i“;;’n)c d :5

Qiquid)
Methane CH, C 16.0 —161.5 0.260
Ethane CyHg c—-¢ 30.1 —88.6 0.377
Propane CqHy C—C—-C 441 —-42.1 0.508
n-Butane CyHyp c—-Cc—Cc-cC 58.1 —D.5 0.585

C
Isobutane | C4H,, | 58.1 -1L.7 0.563
C—-Cc-C

n-Pentane | CgHj, C—C—C—C~C 72.1 +36.1 0.631
n-Heptane | C;H;; |C—C—=C—C-C—-C—C 100.2 98.4 0.688
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Overall | Structural® | Molecular BNH“‘E‘ dravity
formula formula weight point, °C 15
(1 atm) *
Qiquid)
e
Cyclopentane CeHig [ I 701 49.3 0.750
c—=C
Methyleyclopentane | CgHpy | I 84.2 71.8 0.753
[
c’c“*c
Cyclohexane CgHis | ] I 842 80.7 0.783
CpC
C
Methyleyclohexane C.Hy, | | 98.2 100.9 0.774
C ot
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Boiling. Specific
point, °C | gravity d}f
@am) | Qiquid

Benzene CgHg @ 78.1 80.1 0.884
C
Toluene CyHy @ 92.1 110.6 0.871
- c—cC
Ethylbenzene | CgHy @ 106.2 136.2 0.871
- C
o-xylene CgHyp 106.2 144.4 .884
~~C
C.. - C i
maylene CgHyp 1062 | 1391 0.868
- C
pxylene CgHyy 106.2 138.4 {1.865
C/
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Owverall Structural Molecular
formula formula weight
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1-butene CHy=CH—CH,—CH,
cis 2-butene CH;—C=C—CH,4
[
H H
H
|
trans 2-butene CHy— C=C—CH,4
|
H
Haw
isobutene 3 C=CH,
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Boiling, Specific

QOverall Structural’ Motecular point, °C | gravity d 15
formula formula weight Q atm) Qiquid) 4
Ethylene CqHy c=C 28.0 —103.7
Propylene CqHg C—C=C 42.1 —47.7 0.523
1-Butene C4Hg C=C—-C-C 56.1 -6.3 0.601
c C
Cis 2-butene C4Hg ~ C—C/ 56.1 +3.7 0.627
C
Trans 2-butene C,Hg A c=0r 56.1 0.8 0.610
.,
C
C=C=C
Isobutene CyHg | 56.1 ~G.9 0.601
c
1-Pentene CHyp | ©=C—C—C—C 70.1 +30.0 0.646
1.3-Butadiene €, Hg C=C—C=C 54.1 —d.4 0.627
C=C~C=C
Isoprene CgHy | 68.1 341 0.686
C
C-=C
& A
Cyclopentadiene | CgHg c c 66.0 40.0
>
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Numberof Boiling point

carbons range
I Gases 1-4 0-30°C
Naphthas 5-10 30-180°C

Kerosenes 10-16 180-260°C

Gas oils 16-60 260-350°C

Lubricants >60 350-575°C

Fuel oil =70 >490°C

Asphalt >80 >580°C
Petroleum distillation tower Petroleum fractions
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Refinery Product Classification
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Liquid petroleum gas (LPG) e

Gasoline (petrol). e

Heavy Naphtha. e

Middle distillates) glwo <l pudads
Kerosene e
Automotive and rail -road diesel fuels e
Residential heating fuel o
Other light fuel oils

Heavy distillates) K &l puladi
Heavy fuel oils o
Wax o
Lubricating oils e

Asphalt e
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Lubricating oil a Power plant/ Factories
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Crude storage
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Fuel Gas

| LPG

Light Ends

Gasoline
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Hydrotreater
& Reformer
________ h
Hydrotreater I| . Jet Fuel/Stove Qil
1 FCC Gasoline
________ i
Crude -
Alkylate
Hy DieselHeating Oil
|
———————— -
Atmospheric Resid
Vac Gas Ol VGO HOT [
———
FCC/Hydrocracker
Alkylation Light Cyele Oil
Slurry
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Vichraak 1
| Fuel Oi
Kero
Gas Oil I

LCO I Cutter
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T e e e e o
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/sHyS + NaOH — "/;Na,S + H,0
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MEROX REACTIONS
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RSH (hc) + NaOH (aq) ———  NaSR (ag) + H,0

Hegene.rarfon
NaSR (ag) + % O, + 2 H,0 Laayst s 15 RSSR + NaOH (ag)
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Catalyst
RSH (ho)+ %0, ——'> % 1, RSSR (aq) + % H,0
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Wax Wt.Z| #,¥Y | V,¥V | VY, ¥¢ 7,08 7,07 b,AY £ 2,40
D.Me.Point of
NG oY oY N4 oY o \g Ny
Wax °C
C.CR Wt.Z| §,00 | V0 YAY AR Y,va AR ofY | %8
Ash Content
Wiz 0,0\ | o0\ o,0\A o070 o,0\f o/00) 0,04 | o0¥F
Acidity
0,00 | 0,00 0,00 0,000 0,00 0,00 0,00 | o,00VY
mgKOH /g
Nickel ppm AA A\l 0 ¥4 Q N Yy 7,8
Vanadium ppm Yy Yo 7Y Yol \nd YA Yy \¥F
Iron ppm Y, f AY YA Y5 Y A \Al v
Lead ppm <\e <\ <) <) <\ <\ <\ A
Sodium ppm| fA ) Yy \e \td g} Yo Yo

1399 Jguz 3 coliiw! WSS

Yo Sloy )b S puSileo azess baosls 51 gylews a5 Sl 51 (0
5 oelple asl s gzl Jhsles 5l o)ls Jleaml ¢ o0 allu S,
@ APT a5 oS (63)50 55 Lo - Casl 003 plosl o o5 Slesl slaed,
Sy90 33 53,505 aeled s Hlas ;o b (lg8 oo ol dtigs YV, o) &g
B YYL Y e g0 |,

Conradson Carbon) ¢ygama|,sS™ y5g) 45 19,5 085Leu8L C.C.R 31 ygkaia (¥
-2l oo Residue

4 2B oS el (Total acid Number) L TAN los aal 5l jgkacs (¥
)50 R S M

Base Sediment & Water &S slaasleas g layod (xo 0 B.S& W (¥
b oo o> 2opd (Sl o]

-2 g0 Drop melting Point of Wax (glxe 45 D.Me.Point of Wax (&

el oo 03yl 1y gz 10 YU Jsaz & bgoye (taleil slayss, (8
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Specification Test Method
SpGr@ \o,#°C ASTM D \YaA
API Gravity ASTM D \YaA

SulfurContent ~ Wt.7

ASTM D VooYorD FYFY

HS Wt.ppm Potentiometery
Total Nitrogen Wt/7. ASTM D f£vy4
B.S&W Vol.7. ASTM D a#
Water Content Vol.7 ASTM D 46
Salt Content PTB ASTM D YYY.
Kin Vis.@Ye°C ~ ¢ST ASTM D f¥o
Kin Vis.@Y-°C cST ASTM D f¥0
Kin Vis.@ ¥-°C cST ASTM D f¥o
Pour Point °C ASTM D ay
R.V.P psi ASTM D ¥vY
Asphaltene Content ~ Wt IP \FY
Wax Wt. 7 BP yYv
D .Me.Point of Wax °C IP ™
C.CR Wt. 7 ASTM DAQ
Ash Content Wt. % ASTM D fAY
Acidity mgKOH /g ASTM D ##¥
Nickel ppm UOP Y4\ (Atomic Absorption)
Vanadium ppm UOP YA\ (Atomic Absorption)
Iron ppm UOP Y4\ (Atomic Absorption)
Lead ppm UOP Y4\ (Atomic Absorption)
Sodium ppm UOP Y4\ (Atomic Absorption)
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P dosods

>

BP Lugd pl> S (33!
ol R S he 99

s olwesl | obylJle|  API | Density g /cm” i;iﬁl/r
RNE ¥ | ey o,AF Ao Y,
Oyl oS VA48 Yo, #A o,AYYe 1Ay
Oyl oS 44 Yo, 4% o,AYey VYO
Oyl oS a4y Yo, YV o, AV \AY
Oyl oS 149) Ya,8% o, AYYQ \/AF
Olyl s Yool YY,s o, AOFO V0o
Olyl s 149) AAARS o, AOAD \,0f
Olyl s 1490 Y'Y, ¥ o, AOFe \FY
Oyal s s | vy, o, AS Yo \, 0o
Syl eles \ar | YY,Ve o, AP\ \ Ve
Olg¥ bglses VA48 Y'Y, ¥ o, AOFo \AY
Olg¥ bglses Vaq¥ Y'Y, ¥ o, AOFo \,AF
Sy Y444 YY) N Ard \AD
ORgpw Yooo Yo o, ATYO YAY
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4

gy055 § S gw gyl SLo3,Iiiu!

e b ‘smo\li)‘ JéLxA o)|5
oS AL g Jguaste Carbon Monoxide Cco
S IS Total Hydrocarbon THC
Ol e sl 3 S5 00 None Methane Hydrocarbon | NMHC
Oiars slaas] Nitrogen Oxides NO_
) | Ni 7
9 059y ST g g0ome itrogen Oxides + HC4NO
IR Hydrocarbon x
‘ . ‘.‘ .sL; . . ..‘ 2
oD ‘Sw ] 7 =3 Particulate Matter PM

w}w
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3o 3RS 9 (3 SLgy095 (Sl Woui¥T jlxe ua Sbg )l 3ylusbin!

(RoghsS 2 £ comn> 12) S 2 B luno
Tier Date CO |THC|NMHC| NO_ [ HC+NO_ PM  |PN [#/km]
5 &S
2.72
Euro 11| July 1992 - - - 10.97 (1.13)|0.14 (0.18) -
3.16)
Euro2 |January 1996 1.0 - - - 0.7 0.08 -
Euro3 |January2000| 0.66 | - - 0.50 0.56 0.05 -
Euro4 |January2005| 0.50 | - - 0.25 0.30 0.025 -
September
Euro Sa 2009 0.50 | - - |0.180| 0.230 0.005 -
September .
Euro 5b 2011 0.50 | - - |0.180| 0.230 0.005 6x10
September 1
Euro 6 050 | - - 10.080| 0.170 0.005 6x10
2014
O
2.72
Euro 11| July 1992 a16)| " - - 10.97 (1.13) - -
Euro2 |January 1996| 2.2 - - - 0.5 - -
Euro3 |[January2000| 2.3 |0.20 - 0.15 - - -
Euro4 |January2005| 1.0 |0.10 - 0.08 - - -
September -
Euro 5 2009 1.0 |0.10| 0.068 |0.060 - 0.005 -
Euro 6 Segtgllzber 1.0 [0.10] 0.068 [0.060| - | 0.005%* | 6x10"5x

* Before Euro 5, passenger vehicles >2500 kg were type approved as light commercial vehicles N -1

** Applies only to vehicles with direct injection engines
5% 65102 /km within first three years from Euro 6 effective dates
T Values in parentheses are conformity of production (COP)limits




YAD
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39 3RS 9 iz SLgy095 Sl i i jlme w> Sligyl 0yl

(RoghsS 2 )5 o ) S (556
Tier Date CO | THC | NMHC | NO_ | HC+NO_| PM | P [#/km]
K
October
Euro 1 272 | - - - 0.97 0.14 -
1994
January
Euro 2 1.0 - - - 0. 0.08 -
uro 1998 7
January
Euro 3 0.64 | - - 0.50 0.56 0.05 -
2000
January
Euro 4 0.50 | - - 0.25 0.30 0.025 -
2005
September
Euro 5a 0.500| - - 0.180| 0.230 | 0.005 -
2009
Septemb
Euro 5b el;gﬁero.soo | - {oaso| 0.230 |0.005| 6xio"
September "
Euro 6 0.500| - - 0.080( 0.170 | 0.005 | 6x10
2014
October
Euro 1 272 - - - . - -
uro 1994 7 0.97
Buo2 | ™ oo | o f - | - | os . .
1998
January
Euro 3 2.3 10.20 - 0.15 - - -
2000
Euod | ™ 1o loao| - |oos| - . -
2005
September
Euro 5 1.000{0.100| 0.068 |0.060 - 0.005* -
2009
September i
Euro 6 2014 1.000{0.100| 0.068 |0.060 - 0.005*| 6x10

* Applies only to vehicles with direct injection engines
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Tier | Date | CO | THC |[NMHC| NO_ |HC+NO | PM [PN [#/km]
K

October

Euro 1 5.17 - - - 1.4 0.19 -
1994

Furo2 | “AMUAY o5 | - - 1.0 | 012 -
1998
January

Euro 3 0.80 - - 0.65 0.72 0.07 -
2001
January

Euro 4 0.63 - - 0.33 0.39 0.04 -
2006
September

Euro 5a 0.630 - - 0.235| 0.295 | 0.005 -
2010
Septemb

Euro 5b e‘;gﬁ “loeo| - = 0235] 0295 | 0.005 | 6x10"
September .

Euro 6 0.630 - - 0.105] 0.195 | 0.005 6x10
2015
October

Euro 1 1 - - - 1.4 - -

uro 1994 5.17
J;

Euro2 | MY 40 | - - - | o6 - -
1998
January

Euro 3 4.17 | 0.25 - 0.18 - - -
2001

Eurod | ™ 1 g foas0]| - |oa0| - . .
2006
September

Euro 5 1.810 { 0.130 | 0.090 | 0.075 - 0.005%* -
2010
September .

Euro 6 2015 1.810 [ 0.130 | 0.090 | 0.075 - 0.005* | 6x10

* Applies only to vehicles with direct injection engines
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Tier Date CO | THC |NMHC | NO_ | HC+NO_| PM |[PN [#/km]
K
October
Euro 1 6.9 - - - 1.7 0.25 -
1994
January
Euro 2 1.5 - - - 1.2 0.1 -
uro 1998 7
January
Euro 3 0.95 - - 0.78 0.86 0.10 -
2001
January
Euro 4 0.74 - - 0.39 0.46 0.06 -
2006
September
Euro 5a 0.740 - - 0.280 | 0.350 | 0.005 -
2010
Septemb
Euro 5b e‘;g'lnl “lozao| - - |0.280] 0350 |0.005| 6x10"
September i
Euro 6 0.740 - - 0.125| 0.215 | 0.005| 6x10
2015
October
Euro 1 R - - - l. - -
uro 1994 6.9 7
J
Euro2 | MY 5o | - - 0.7 - -
1998
January
Euro 3 522 | 0.29 - 0.21 - - -
2001
January
Euro 4 2.27 | 0.16 - 0.11 - - -
1T 2006
September
Euro 5 2.270 [ 0.160 | 0.108 |0.082 - 0.005* -
2010
September i
Euro 6 2015 2.270 | 0.160 | 0.108 |0.082 - 0.005*| 6x10

* Applies only to vehicles with direct injection engines




s sloonysl st s tlagSs e dlys e IS sl | VAA

i (320 SLyg3g0 1y Ld 0¥ 5lxo us Sig,l 3)luslin!

el OlgahsS 3 035 oy
Tier Date Testcycle | CO | HC | NO, PM |Smoke
1992, <85 kW 4.5 1.1 8.0 0.612
Eurol
1992, >85kW 4.5 1.1 8.0 0.36
ECER-49
October 1996 4.0 1.1 7.0 0.25
Euro IT
October 1998 4.0 1.1 7.0 0.15
October 1999 EEV
clover * |ESC&ELR| 1.0 | 025 | 2.0 | 0.02 | 0.15
only
Euro IIT
October 2000 2.1 | 0.66 5.0 0-10 0.8
ctober N Toloas |
Euro IV October 2005 ESC&ELR| 1-5 | 0.46 3.5 0.02 0.5
Euro V October 2008 1.5 ] 0.46 2.0 0.02 0.5
Euro VI| 31 December 20132 151013 04 0.01

* for engines of less than 0.75 dm® swept volume per cylinder and a rated power speed
of more than 3,000 per minute. EEV is “Enhanced environmentally friendly vehicle”.

Syp s T cpaivlo (Slys W 00T 5lxo o byl oylastiw!

Euro norm emissions for category N3, EDC, (2000 and up)

Standard | Date |CO (g/kWh)|NO_(g/kWh)HC (g/kWh)|PM (g/kWh)
Euro0 | 1988-92 12.3 15.8 2.6 NA
Eurol | 199295 4.9 9.0 1.23 0.40
EuroIl | 199599 4.0 7.0 1.1 0.15
Euro III {1999-2005 2.1 5.0 0.66 0.1
Euro IV | 200508 1.5 3.5 0.46 0.02
EuroV | 2008—12 1.5 2.0 0.46 0.02




WA | (Rl sloails it sloosyshd b (lisl: Jgl ol

&1y0 g Ml

30 Sfed dmw A5 ((dlail g (655L8) s VL Fygain . 6l IS 15,8 gl en
WA 050 Pl Ol ¢ (BBLAINS 12535 0 shamdllgn] 25 sy 0,8b Somatyecn
Whepgs ol cdasdlsl 5555 e Jlbecass Vb gl m
WA Gy i 2o¥h oK igleslcoliogs (5,051 m
Glacole plo 5 i glaosyghd (asu o 2Vl 5 b Sy gomsy slacole g m
E3290b Ladyeynine
= ASTM International is an international standards
» Petroleum Refinery Engineering W .Nelson
» Crude Oil, Petroleum Products, Process Flowsheets Institut Frangais du Pétrole Edited
by :Jean-Pierre Wauquier
» API Standard, 1995, Manual of Petroleum Measurement Standard, Chapter 2, Tank.
= API Standard, 2002, Manual of Petroleum Measurement Standard, Chapter5,
Metering , American Petroleum Institute.
= APl Standard, 2001, Manual of Petroleum Measurement Standard, Chapter
12,Calculation of Petroleum Quantities, section8, Liquefied petroleum Gas
Measurement, American PetroleumlInstitute.
» API Standard, 1994, Manual of Petroleum Measurement Standard, Chapter 3, Tank
Gauging,American Petroleum Institute.
» API Standard, 1982, Manual of Petroleum Measurement Standard, Chapter 9, Density
Determination, American Petroleum Institute.
= API Standard, 1981, Manual of Petroleum Measurement Standard, Chapter 10,
Sediment and Water, American Petroleum Institute.
» American Society for Testing Materials, the Institute of Petroleum, 1962, Report on the
Development Construction Calculation and Preparation of the ASTM -IP Petroleum
MeasurementTables (ASTM D1250, IP 200), Institute of Petroleum and American
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Society for Testing Materials.

Wiley J., 1987, Institute of Petroleum Measurement Standard, Part XVI Procedure
for oil Cargo Measurement by Cargo Surveyors, Section I Crude Oil, The Institute of
Petroleum, London.

Calculation OF Liquid Petroleum Quantities Class 2050 Peter W Kosewicz Assistant
Director The University of Texas

https:/ /www .cheresources.com

API Technical Databook GPA Publication 2145-82

Maxwell’s Databook on Hydrocarbons
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