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Crude Oil Distillation

1. Overview of crude oil distillation

The crude oil stills are the first major processing units in the refinery. They are used to
separate the crude oils by distillation into fractions according to boiling point so that each
of the processing units following will have feedstocks that meet their particular
specifications.

+» Higher efficiencies and lower costs are achieved if the separation of the crude oil is
accomplished in two steps as shown in Fig .1:
1. Fractionating the total crude oil at essentially atmospheric pressure.
2. The high-boiling bottoms fraction (topped or atmospheric reduced crude) from the
atmospheric still to a second fractionator operated at a high vacuum.
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Figure 1. Atmospheric and Vacuum Distillations

Vacuum distillation still is employed to separate the heavier portion of the crude oil into fractions,
because the high temperatures necessary to vaporize the topped crude at atmospheric pressure
cause thermal cracking to occur, with the resulting loss to dry gas, discolouration of the product,
and equipment fouling due to coke formation.
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Typical fracticn cat points and beiling ranzes for atmosphenic and vacmm sl facions are given
mTable 4.1 and Table 4.2.

TABLE 4.1
Bailing Ranges of Typical Crude Oil Fractions al Atmospheric Pressure

Boiling ranges, *F *0)

Fraction ASTM 18P

Bulines snd lighter
Lighe siraight-run (LSR) naphtha A0-220) (32-104) SO 140 (12-8K)
Heavy straight-run (HSR) naghiha 180400 (82-204) 1590-380 (83193}
Kenmine I30-540 (166-242) IS0-520 (193-271)
Lighe gas cul (LGO) 420630 (216-338) 200610 1271-521)
Armerpheric gas anl (AGO) SS0-830 (283-443) GI0-B0 (321-427)
Vacuum gas ol (VGQ) TS-1080 (399-5060) SOO-1{1%0 (427-84)
Vacuum reduced crude {(VRC) LO50+ (566+) 1050+ (566+)

TABLE 4.2

TEP Cut Points for Various Crude Oil Fractions

114 EP
Cut F ("C) O Processing use
LSR gasoline cut w0 (i) 1500 132) M. lighe gisoline
WA 150 138} Normad LSR an
RO 2 EH) Max LSRR ant
HSR gowline Inapliha) LED (82) 330 (193) Mas reflomming cal
190 (R3) 3RS Max jet fuel ope.
220 (104) RALNRICa] M relonining vet
Kemene I3 (16h) S Mas. keroaine cul

330 (166) L850 (259 Mus jet-50 cut
IN0(195) S22 Max gasoline operation
Light gas oil A6 BIF 021 Max diesed Tl
480 (249 AIF 321 Max jet fuel
5200271y OI0¢ 3210 Mas Rerenine
Jeavy zis oll 113GO) 610 (221} B 427 Cauadyuc cracker o hydrocracker toed
Yacuun gas oil B0 427 IS0 (505) Deasptualier of cutalstic cracker food
A0 42T 050 1565) Catalylic cracker o hydrocraches foed

2 BasicInput Data
2.1 ASTM Disdlladon
< ASTM disillaton is cariad ouat in a relatvely simpls appamtos comsistes of a
flask boldng the sample conmactad to an inclined condanser, which coodensad the
Tising vapours.
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+» The fractions distilled are collected in a sraduated cylmder.

Th= tempemime of the isine vapours is recorded at a spedfic mismal of the

callacted dishllates.

This is essentially a tanch distllatiom wich cma equilibriom saze md no refhox and

e mimitmom ceparadion ef the commensents af thes fractons.

The tanmperaiure at which ths first drop of condeneate s collscted is called tha

indtial beailine point (THH).

Th= endpaint (EP) is the maximm vapor terperanoe when almest the eniire

samyple is distlled (above 05750

For pazoline. kerpsens, =w5 oil and similar lisht mnd middle distlates, the 45T

mearkad DAE. which is camied out ot ammespheric pressore, is ased

Heavy peireleom products, which tend to deceompose in the AW D8 merhod but

an be panially or commlesly vapmized af a maxiomon temperaros of $0H0 °C {730
and pressures down 0 1 mm He, are distillsd wsing the AST DITED mehod

Ti 5 camied ot af pressores befmeen 1 and 760 mm H=

< Mfmimmm faciemates ccrurs n ASTM diedllatien and compements i the
miiwnure do not disdl one by one in the erder of their bodling paints. e rachst as
miiwnures of successivaly hisher bodline points.
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2.2 Trae Bailing Point Distillation( TBP)

The data from TBP distillaton provides a mxre detailed charactenzation of the
vo]nﬂ]ir)ofcmdeailorpanolzmnhcﬁm

ar=fux ado of 5.

= Rising vapours ar= condensed and collectad either at a constant rate of bailing

poinss ot a constant rate of the sample vaporized.

The operation of the TBP at 760 oom Hg for boiling points below 400°C (750
53)

For hagher bailinz pomt fracticns. the distilladon is condacted at raduced pressures
& lowas 05 mmHz

Rasults from yacum operations are extrapelated to Simosphacic pressurs.

The hizh degred of factiomation in this test gives an AcOmate component
distributicn.

Bacause the dagree of separation for a TBP distllation test i rmch hizher than
that of the ASTM distllation test, its IBP is lomer and its EP is higher than thosa
of the ASTM test.

The TBP curve (2 plot of the NBP versus the par cent volume of sample distillxd)
is uswally wsed as a basis for the charactenzaticn of aude il or a petroleam
prodact for desizn and analysis.

S

Dintiliotion Sywtem ot J
Avmosphernic Prossure . i

- 15

Figure 3 True boiling point (TBP) distllaticn system
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23 Conversion bermesn ASTM and TBP Diztillation
Since TBP distllation is bedh t=dicns and tme-consaming i cooparisen with the ASTM
method there has besn an incentive to develep a cerreladen to coovert ASTM to TEP
disdllation vhils at the same fime achieving the benefit of the demiled sepamtion of TEP
with the bide effort of the ASTM dictlladen.
L5 ot gl o 6 5 ASTM i s 83 i Yyl By Goatgy ties TP Gk i o) Ly
i AN it Ay gl b RS e TEP Al Ladd dodh 3dat as TBP i B ASTM L
ASTM

Tha followine equaton suzgasiad by Ring and Darberr (TR50) and publishad by the 4PT (1292
i5 used for the infercomversion, refarred to as the APT mathad:
el ALE ThmiberT A0y A8y peald § AP 9 G cined 0 ASTM i o THE et s S0 i 8
=1
TEP =alASTMDEG) " . ......(4.]1)
where a and b are ceostants varying with per cent of ligoid sample distilled as given in Table 4.3.

Tahle 4.3 cometame of equaten {(4.1)

Volume %

diseilled a &

il 09167 [RIEIRY
1k 0.2277 I USR]
0 01,7420 10425
Sih (1,502 L TR
FiL 0.ETUS 1022,
LI (154450 10114
03 (1.BN0E 1.01355
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- 'l'EPis.tmelH:-lengp:limtampammsatD.ID.SD.SD.?D.SFI]LaJulDSEmhmEpE:EII::
{ ¥ %3) distilled. in dapress Bankin

= ASTMH DG is the cheerved ASTM DEG temperanmres at correspondns velume per cent
distilled. in degrees Rankin

= The avemze emor betmesn the caloufated and measnmed TBP &5 othe e of 5 5C (41
:F}-

3 4 Eqalitmitzn Flash Vaparizatian (EFV)

» [k asinele-stazs separation fachmique.

= A liquid mignre fasd is puorped throash a heater to rize the temperanome and enthalpy of
the miRrure.
It then flon= throuszh a valve and the pressure is redoced. casing the lquid o partially
Taporize. Becase the vapoar and lgoid are i sach close confaot up untl the "fAach® aooars,
tha prodact Hgaid and vapor phasss appreach equilibrinm

Wapenamnn L1V

a5y
.n"JI Fipaldferram Flish
| B
"EEF

FELPET PP L I -

il 5 o g a0 e A s TR G e D i

JHaBy A W N L A ) L i Sl e O D T e
A o gl By B Tl 50 " g B atng g e e

1.5 Ceoversion betmeen EFV ip ASTM Distillatien Carves
Incnmmﬂ:ehn-lnvmemnreﬁ'nmﬂﬁmmm equaticn (4.2) 1= appliad.

EFV =a(ASTM) (sp.gr)*

The termperature should be in Ramidn FF)
Tahle {(.4) is wsed to find the censtants (ab, and ¢} i equarion (4.3

o d43)
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Table {1.4) constant for equation (4.2)
ASTM D B4
Vol e 3 b g range,*"C
L 2.9747 0.84566 0.4 205 10-265
10 1.4459 0.9511 0.1287 G0-320
30 0.85046 1.0315 00817 S0-340
50 3.2680 0.8274 0.6214 110-355
T0 82873 0.6871 0.9340 1 30400
Q0 10,6266 0.6529 1.1025 160=520
100 79952 06949 1,0737 190430

2.6 Average Boiling Foint

Baxsed on the distillation curve different mrempe boilms poinds com b ecfimated Amwms these
the vohums averaze hailing point (VAEF) and the memn averaze bailine poins (MaABF) are the
most widely used in property estimarion and design.

1- Viohme Averaze Beilme Point (VAEF)

2- Weight Averaze Bailing Peint (TWAEF)

3 Malar Averaze Boiling Boint (ALABF)

4 Mezan Aversma Bofline Deints (AleARF)

1- Yohma Aveaze Boilme Pomt (VAEFR)

Given the ASTM DEE distillation. the VABD can be calcalated a5 the averazs of the five beiing
tempemnares at 10, 30, 30, 70 mmd 90 voboe per cent disgllad (Wol te).

V'q;]jl:l _ ..II.||;| T ..II:1-| T ..Il.in T -f.jll . 'J'i;-u

I W 443

Where I1%s = Tenmp. at 7 vol. 75 distilled.
- whem all tsmpemhoes are m FFL
For chertont Beding Point (having chert B.P). FARP =T

Weisht Averaze Bodline Point {TWABE)

ke

il‘:-‘;ﬂrf.‘-’= "rll.'l'- + :lrllll"-

+ Fipy T erravavarad gy,
&)

{34y

- Ti¥e=Temp. ar fveight Yo distlled
- whem all tsmpemhoes are m FFL
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3- Mplar Averace Hoiline Print (ATABF)

Tx1+Tr2+Tx3+=Trn

HAEP = T xitxztxdteam )

- Tor=Tenmp. at i mel x diztlled x is the oo of mola

- The relationship bermeen the melar averagze boiline point (MABF) and volume averags
boiling peint (WABP) is cl=ar m equation (.4)

MNEAFR? =T ARFP + AT
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SLCPE OF THP CUAYL="F/%
Fizure 5 Mplar averaze bailine point of pemaleum facions
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+ Mzap Averags Bodling Points (MeABF)

The MeABP is calculated using the folloming equaden:

McADBDP? — VADBIDI? — 4

Where( <1 ) is the Differential in (F) given by

lin A e 094302 — OGS (VAL — 321757 2 gage) st
=R
-a{4.72)
Where SL is the slop cf tha VAEP

o The MeABP is calculated using the slop and Figure 6:

DIFFERENTIAL, *F

MLAN Av BP = VO AV B P -DIFFERENTIAL-S u%
8o b - R EE RN ~ -
et . esaaias SO ]
70 % ; ‘\\’\“.GI i
- 1T T i’golllk 1
() - 800 .
&0 +> +H4atr - &%bﬁ F ¥ v
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Figure 6 Mzan averaza beding point of perelaum factons
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Fractionaton Taorrers

After desaltng & chorn i Figure 7 and 8 | the code ail is panped sthroagh a
seriag of heat epchaneer and its temperarore raised to aboat 550 o F (285 o C ) by heat
exchmze with product and refhag sirzams. It §s then further hagfed to about 750 ¢ F
{399 *C ) in a fumace (Le direct fired beater or "pipe 560" ) and charged to fash zona
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Figure § Process Sow diagram of the vaomm disolaion wmit
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The fomace discharge tempematare is sufficently hizh o canse vaporization of 21l producs dren
above the flach zore (+ aboat 20%:) of the botiom product. The 20 %5 "over flach™ allows scme
fractionation to ccomr on the fays just abeve the flashing zere by providing mternal reflux above
cida sirsarn withdramals.

In mamy petroleum disdlladess, st=am is adomirted to the space i which vaporization aooars, the
stEam reduces the partal presswe o the vapour fy Dafvon’s lor, and fhe boiling point of a
material may be reduced m only tmo Tays:

1. Thepressare may be reduced

2. Qrsome memt gas such as steam sy be mmaduced

P(total) = Ef | { Daltan's Lov)
TWhera Piroraill: iz the recal prazcire, Y - 5 e parial precoive af gas ima mixnre
Alzo ibe mols fractien of Zases in a ooixeare can be calodated from dhis Eqrearion
P

Xl = Fleptal) ~--rreenee e (Mole fraction)
- The distilladen cawses the factons to separate n morsasing order of bodling point as
chomnin Fimoe Q.

- The tap prosduct being hishly veladle has to be condensed in a refhux conderser, some
portion of the condemesd fracticn ppes back as refioe.

- Al ¢ther factops fomm the side drav pedocs of the distllaten coloom these
fractioms are wsually classifisd as beasy naphtha  kerosens and gas oil

- Botom prodict of the atmespheric cohmm s now amin rooted throagh a fomace to
readlatampemreuf{ﬂﬂtuw{:jmdua.’lnn‘admﬂashmawmmnﬂm
vaoram =as odl hesvy dissal hobmicatiom oil oofsfpressure distillates chall be the sida

CUI3.
—
racshar == F
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Fizure 9 Tha Fracticration process of ASTH and YVannm distilation cohmm
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Heat and Material Balances
1. The vapoar-liquid feed entars the tomer at a high temperanre. and the product is
withdrawn af a lomer fenpemaiure, bence heat pmst be remyorved. and it is referred as
" reflox heat "'.
2. The most sansfactory temmperanre daum is the VRporizer temperature because
this temperahrs can be goomately estimated and is the temperanre aboat which the
the endre desipn af the tomer and pipe still hinzes.
3. Byusing this Sarom plans the heat balance consists simply of the Sensible heat
required to:
& Col each product from vaporizer temperarare to it withdramal tarmparamie.
b. Condense the products that are withdrann as the liqubd.

:Qs = mrp.n!l.']" e em —(ensible heat)
Where £ s semsible heat (B}, me is the mass flom mie of f2ed steam op: &5 the heat

capacity and the AT is the difference In temwpemmes.
Alza. to chizin the dat ofbeat balance cam b ectimated "latent heaf™ from Equation-

-QI = Im .il SR i - -5 | i T
Whara O is H1-= lm:nl: heat remaval [[iu), A= is the specific latent heat of vapour during
the vaporization prooesses.

To understmd thesa balances revievwed Example 3 in "The Calculation and Eramples ef Cruds
Cel Doznllation®.

Einds of Reflux
Wass of repworving beat ar= mdicaed in Fignre 10 belon-, the types of refime
1 Cold Reflux :is defined as refhix that is supplisd at seme temperanre belomr the _
temmparahoe af the top of the tomer. Each poumd of dhis reflux rempses a quantity of heat equal 1o

the its latent heat and the cersible heat required to raice it fenperanme fom the storape Gmk
femparahoe in the tenmparwhome af the top of the iomer

O =md+mep{lJAT.............[ Forcold reflux)

1 Hot Reflox :Admired to the tomer af the same temperatore . Reflug or over flow
frem plate to plate inthe tower is esseniially hot refhux becase it is alwans subsantally atis
boiliz pet. Het reffux capable of remosing anty the latent beat bacaase po diffarencein

temperaiore is molved

Q=md . { For hot reflux)
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3. Circolating Reflux - f i =ot vapodized. It is cchy 2bls to recoonw the Sensiole Bead teat &
Taprasanted by o chames in temparanrs ac it ciroulate, T rafhm i withdreen fom & ioma a5 2
ligrd at a kighs n-:u;-uau.u:na:lhqmﬂ.md.m'rm:ndmﬂ:ntma_rhﬂzghmcmlni

Q=mcp(AT. . e AFor ciroulabion reflux)
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Figure 10 Tipe of disollation refhos




