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The ssieative removal of aromaties from & narTew cut of nephia, 63-69°C, by Hquid-Howid extrscfion wing sulpholans
and M-methyipyrrohdone has been iMwestigeted. The experimental studies, casrled out 10 generate design data, for the
production of [ood grade hexans, were perfortaed in a pucked coluren snder conditions 1o obiaio 8 ralfinate corjorming 1o
fond grade hexane specifications and Lhereby verifying the viability of the separation techniges even [or 2 feed papivtha from
Bonbay High erude off, unusualiy Migh in stomatics coniest. The experimesial rons ware simlated using & model it which
ot the dispersed and eontinuous phases wers assumed 19 e axdially snixed. The drop sires, doidops, mass Lramsfer
coefficionts aod axmd-mixiog cosflicionts wese extimsated fram literalure cormintons. The snalviical sointion ta the sxial
dispersian moded equations given by Miyauchi spd Yermeulen lor inearized equilibrum relstionship was used 1o cajeulaie
the concentration profiles, The model prodicied the sromatics soncenuration level in the reffinute reasonably well, It i
concluded 1hat food prade hexane czu b convenientdy made even lrem a cut contlaimng 145 by weighs arorsatios wsing Liguid
exlraction. T he puccesful simuintion of the pucked colusy Hguid extractio rens wortd snggest that scale-up (0 commercial

unHé Wirid be steaighioreand,

Hexuane used as a solvent for oil seeds extraction hasto
conierm 1o food grade specifications. For example,
the Indian Standards Instifution {I8]), stipulates a
maxirum in the aromalics content of 1% by volume
for L3G by wid{or this produgt!, The source {or food
grade hexane v siraight run naphtha with 2 nerrow
63-6%% Ccut. This cut, however, usuaily contains more
thae the specified concentraiion of aromatick, pre-
dominantdy benzene. For exampie, the 63-68°C culs
from iranian Light and Rombay High crude ot con-
wmin abouwl 4% and 14% by weight of aromaiics,
respectively. Selective removal of aromaues irom
these naphilia cuts 15 Ltherefore noessary. In principle
both oxtractive distillation and tiguid-higuid exiract-
toa with polar scalvents can be employed {or removing
the aromalics 19 produce 2 raflinate conforming fo
food grade hexanc speciiwaiions. Broughior and
Asselin” have provided some data ou the selscrivities in
extractive distilation gmd Liquid-ligud extraction us-
tay sulphulang, Their data show tha for the bodling
range under constderation, 53-69°C, liquid-Tiguid ex-
iraciion has higher selectivity than exiractnve digil-
gtion, Since the solvent recovery steps are identical in
both cases, it is (o be cxpecied that liquid-hguid
cxtraciion would ofler the more ceconome alterpative
(o weleciive removal of wromatics from this stream.
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Accordingly, this study concentrates on the Hguid-
hanid extraciion concept,

To verilv the technical feasibility of using liguid-
liquid exlraction for producing food grade hexane
[rom Iranian Light and Bombay High naphihs cuts,
cxperimienis were carried outin a packed column. Two
wypical extraclion sefvents, sulpholane and N-methyl-
pyrrolidone {NMP} were used. Experimentally mea-
sured equilibrium data with these solvent systems were
used, slonmg wilh litersture correlations for bydro-
dynamics and mass transfer parameioes, fo simulate
the packed column experiments with an axial dis-
persion model.

Esperimentad Procedure

I'he properties of the feed naphitha 63-69°C pus
ustd in these experiments are listed in Table 1. The
suipholane used had 2 boiling poiny of 287°C and
refraclive index of L4810 a0 30°C and was supplied hy
M /s Shell Chemical Co., USA, NMP was supphied by
Mg E. Merek, Schunchardy, Wost (iermany, and had
2 boiling point of 264°C and relractive index of 1.4684
2t 2P, Both golvents were vacuum disulled before
[NEY 18

Genvrgiion of Hquid-fiquid equilibrium data—).1-
gaeid-Hquid equiiibrivmm trieasurcinents on ive systems
hexane-benzenc-suipholane containing 159 by wei-
ght wizer and exanc-bensene-NMP conlainiag 105
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Table! System Properties Used in Simulation of Experi-

mental Runs at 30°C

Liguid viscosity, mPa

Dispersed phase 9 2.475
Conlinuous phase 0.29 0.29
Dilfusivity ol aromatics,
10" ms'
Dispersed phase 0.214 .66
Conlinoous phase 4.7 5.59
Property System*

i 11
Liquid density, kg m
Dispersed phase {solventi) 1261 1035
Conlinuous phase [[eed) 669.5 669.5
Duistribution coelliciemt 1.03% 1.1325
Inlerfacial tensiou, aNm ' 13 5

*Syslem L. Exiraction solvent sulpholane
System 1I: Extracuon solvemt NMP

by weight water were made in a glass-jacketed mix-
er-sewtler provided with a stirrer. The mixer-settler
could be maintained to within £0.05°C of the experi-
mental temperature by circulation of thermostated
water. A diagram of this unit is shown in Fig.I,

Solvent and hydrocarbon feed mixture of known
composition and weight were taken in the mixer-
settlcr and stirred {for 25 min, which 1s a sufficient
icngth of time as determined in trial experiments for
establishment of eqnilibrium between phases. The
equilibrium phases were then allowed to settle for 30
min, and were separalely withdrawn and analysed.

Solvent was removed {rom the raflinate phase by
water-washing and from the extract phase by azeo
Lropic distillation with water. The aromaties conlent in
the solvent-free extraet and raffinate were determined
by gas-liquid chromatography. The analytical techni-
que has been standardised and reported elsewhere.
The solubility of hexane, relative to benzene, as
determined from liquid-liquid equilibrium darta on
hexane-benzene-sulpholane eompares well with that
reported by Broughton and Asselin®.

Packed extraction column experiments — The labo-
ratory extracrion column used 1n the studies was of
Pyrex glass, jacketed, with provision for circulating
thermostated water. It had an i.d. of 34 mm and was
filled to a height of 1.5 m with metallic PROPAK
packing {type 316-55, size 4 mm>X4 mm), supplied by
M/ s Scientific Development Co., USA. Settling zones
of 0.15m were provided at the Lop and bouwtom of the
column, The feed and solvent were pumped from
separate tanks to the extraetion column by metering
pumps supphied by M/s Lewa, Himmelbauk, Tub-
ingen, West Germany. The experiments were carried
out at two tcmperatures, 30°C and 40°C, and the
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Fig.l Diagram ol mixer-settler used in liquid-liquid equilibrium

MEAsUrements

column was operated with solvent {sulpholane con-
taining 1.59% by weight water or NMP contaiming 109
by weight water) as the dispersed phase. A schemalic
diagrain of the experimental set-up is given in Fig.2.

After steady-state had been achieved, samples of the
raffinate and extract phases were collecied and ana-
lysed as given above. Eight sels of experimental runs
were carried out with both solvent systems and the
results are summarized in Table 2.

The experimental results show that raffinate of
food grade hexane speeifications 1.39% by wt
aromatics) can be produced using liquid-liquid extr-
action with these solvents. Sulpholane would require a
higher solvent/feed ratio (=3.0 wt/wt) compared to
NMP (1.0 wt;wt) at the same operating lemperalure
with this eolumn. The technical viability of the liquid-
liquid extraction process has thus been established.
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Table 2 -~ Experimental Results Obiained i Packed
Exwraction Column

Pucking size = 3,00 mm
#acking void fraciion = .94
intetfacial area of packing =176’

Run Soivent Temp. Wit aro- Phass Dew T3l Withaco-
o s ;::;M in Q;ﬁpcmﬁ Ce:r_:i;mmous %ﬁ; il:
. B¥
i Nuipho 30 i HTERE . N A
fans
1 Sulpho-3 3% 18512 8.7%10 HE
iane
3 Sulphe-3 39 2883 2.5793 043
jame
4 Sulphe-4f 39 11780 1137 i
fane
5 NMP ¥ 19 87578 $.7832 ..
& NMPF ¥ 1% 14634 87449 a3
T NMP & 18 g.7a0 4,2 5%
2 NMP 4 46 G.9945 8.73%8 {80

For scale-up, it 15 nocessary to shomalate and model the
experimental runs as discussed helow,

Simulation of Experimenial Resulis

A compuier simmulanion exereise was nndertaken ta
predict the aromatics content in the ralfinate for the
etght experumenial runs reported in Table 2. The
simulation required estimation of dispersed phase
hotd-up, drop diameter, mass transfer coclficients in
dispersed and continuous phages and axial mixing

6504
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Sehemanic diagram of laboratory-packed exiraction columa

coefficicuty in the two phases. Literature correlations,
ay discussed below, were used to estimate the hydro-
dynamic and mass transfer parameters using the
properties, either measured or estimated, as listed in
Table 1.

The dispersed phase hold-up was caleulated frem
an lerative solulion of 1he slip velocity egaation
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Watson and McNeese*- suggest that for low dispersed
phase hold-up, the superficial slip velocity 35 a better
correlating parameter for estimating hold-up than ig
the characteristic veloeiry, They have veporied an
average slip vélocity of 6.02 ms ™ for s packing of size
3mm, As the packing size is ¢lose to the one being used
in the present study, a siip velocity of 002 ms ' was
assnmied 1 this case also.

The packing size being grester than the oritical
packing size for thissystem® thedispersed phasedrop
size could be calculated using the correlation dus to
Gayler and Pratt®
d,= 141
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Ou the basis of the caleulated drop sires it was
determined that faminar circulation regime within the
drop would prevail’ and accordingly the dispersed
phase mass transfer coeffisients were estimated [rom
the Kronig-Brink modet®
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The correspoading continuous phase mass lransfer
coefficiems were calculated using the Ruby-Elgin
correlation
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1 using the correlations (3) and (4}, the diffusivities of
Faromatics in the dispetsad and continuous phases were
estimated using the methods in Reid o’ ; the
“values thus oblained ase given in Table i,

The experimentally measursd Hquid-hquid equili-
hrium data {or the sysitems hexang-benzene-suipho-
iane {coplaining |.39% by wl water) snd hexane-ben-
rene-NMP (containing H9% by wt water} indieate that
in the region of interest the eguilibrium reiationsinp 1s
lincar as depicted 10 Fig. 3.

Lincarised distribution coelfficients were obtained
from 1his data and were used 10 ealeulate the gverall
mass transfer coeflicient based on the continvous
phase, K., {rom the values of k. and ks determined
by Fgs {33and (4), The beight of transfer unit was then
calculnied using

~ (L3
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K. a d,
The “true™ pumber of iransfer units NT1,, were next
calculated from known ecluma length, £, as

L

The diflusion model equations have been uged to
aecount foraxial dispersion in both phases. The Peclet
aumber for the continutus phase was estiniated using
the comclation given by Wen and Fan! for various
pazking sizes and shapes
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For the dispersed phase a ¢copstant value of 8.35 was
assumed for the Peclet number as recommended by
Jordan'™®.  The general solutions of the diffusion
model equalicns which have been given by Miyguchi
gad Vermeulen'? have been used to calmunic the
eoncentration profile of sromaties in the raffinate
phase ax

X A+ Aexp il A+ Aexp {2
+ Ajexp i Z) L

where the A are the rooiws of the characterisiic
equation and the coetficients A are flunctions of the As
and Peclet numbers'?,  The concentration of aro-
matics in the outgoing ralfivate siream caleuinted
using this equatien is given in Tabde 3 for each run
atong with the corresponding experimentally observed
vaiaes,

Resuolts and Discussion

A comparison of the experimentally observed con-
peniration of aromatics in the raffinate stream with
that obtained from the compuler simulation exercise,
for each run as givenin Table 3 indicates that there s o
fairly close agreement between the two vaines with the
deviations varying between-$.0044 apd +(1001 5. This
agraement 15 especially gritifying in view of the large
number of assumptions thal are necessary in model-
fing the behaviour of the extraction columa, The
successful simulavion of the packed column experi-
ments with twa different solvent systems under dif-
ferent conditions of feed composition, solvent/feed
ratie and temperature substantiates the models used in
describing the hydrodynamics, mass transier and axial

Table 3 - Comparson of Fxperimental and Pregivied

Arcmatic Concentrazion i Rallinate

Run No, Wi fraviion armegatics in salfnate
Expenimienial  Predicied xevistion

1 HEEIRT B2s7 =007
2 [ERIFE i) GHIZT + 00313
p 30643 GAKITE —0.0K135
& G.0218 0.0254 —{5 0044
5 00126 aH2% 3 (NS
& 0.4020 B2 i3 SEY
7 HEE LA 40050 b G 0RS
8 3,008 HIRE 15 RREEG H NS

Hi3



dispersion characteristics of packed column extractors
as well as the basic data used in the simulations. The
basic system properties and models may be used for
design of a solvent extraction plant for production of
{ood grade hexane from a 83-59°( naphtha fraction
using these solvents.

Conelasion

Twe extracticn sobvents, sulpholancand NMP have
been investigated for selective removal of aromatics
from a 63-69°C naphtha fractien to produce food
grade hexane containing less than 1.3%% by weight
aromatics. The experiments indicate that this product
can be convenmigntly made even from Bombay High
naphtha cut containing (4% by weight arcmatics.
NMP would reguire 2 lowsr solvent/feed ratio al the
same operating iwmperature. The expetimental tuns
were simulated osing 2 mode! in which both phases
were assumed to be axially dispersed. The successful
simulation of these runs substantiates the modelling
and provides valvable design information for sgale-up
to indostrial extraction plangs.

Nomenclaiure

= jpterfacial acen per unit volume of dispersion, m™

= goeflicieny in sohulion to diffusion model equation

= gomeenieation, kg m”

w= grop diameter, m

= purking sire, i

w diffuseity of aromatie, my

= pxiraeiion facter, ./ mik

w anteierstion due 1o grevity, ma

= height of ransier nni based on continuous phase, @

individual mass fransfer coellicient, m s

= gveral masy transfer cocflicien: based ou continunus
phase, s

wn fength of ealvactor, My .

= glope of eyuilibnnm lime, d0dC

= ggmber of Ciree’ overall ransfer unids based on
wontinnons phase

R o R B AR

Vi
e
¥

#

ARl

:"Ej

606

Py = Pralet suniber

¢ = yolumeine llow rate of phase, m's '

' @ ypdochy, m s

= gharscteriste velooly, g5 | .
w slp veloity, m | }
s drmensionioss aromatic concenieatian in fgad phuse
= parammerer defined (5 Eg. {8

= fraestonnt logrh sloog sxiracior

w Hiehdeug

w youl fracvion of packing

= denshy, kg o

= viscosily, mPa s

= nterfacial sension, mN m™

= rools of characiensiic equation [Rel, 13]

= sphericity of packing

E-?'Q‘F?S”'ﬁ-mwhq:q}:w

Subscripts

€ =gomignnus phisss (feed)
3 = dispersed phase {solvent)
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