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The s;;N<::tivc lemo\-ai of af{lmlllict; from II nllfn'", CUi of llaphlha, 63-69"(:. by hquid-nqllid tlX_tI.!Ielllln using ~ulphuwl': 
and S-Jill'lnylpyrrohdone ntH been iM1:!til!ated. The expefim~nwJ studies, 'IUrled OUI UI ;tener.,te dmgn dala, [or 1M 
productionnf foM gmde ~J;!II.ne, 'I'IeTC performed in a p»cked ~olurun undeeconditions 10 obtain II t.mnale cOn:ottnm, In 
rood grade heltJ ne specm";~W>1li imd thereby verifying I hr y:abilny of tbe separati<)n techniqlle even fnr a feed Pllphtha from 
Bombay B;glt erude nil, unlisuaHy1ti&h in ammnd'5 conteoL The exp:rimeuta\ runs were simulated u~ing a model in which 
:Mod! dtt4.r.red and tOnl"inuo\!S pllilia:!i were iliSUmrulO be axially mixtd The drop !i~. ill)ldll[l!i, mlWJ U1I.utftr 
t"1)efficil'mt:; and axNHniAiog coefficients _ e:>linu.led from lit..ratllH' "()ftl:lat.on~. The analyt.;,;.al ~n;l)lion to the axial 
dIspersIon mood eqlllOllU.M !liven by MiYllllclri nd Vnmeukn Jor hoearlsed ~uili!;.rium rellltiofl$.hip was uliCd \0 ea.lculllte 
tile concentl~!ioo profilet;. The mode! pn:ilicte.1 Ihe llromati($ roneenuation level Ut dl(~ rltffinllte reasooably well. It is 
cnndudro lltllf fO¢d grade he:taneellu btcor,veOlently mlldeevenfrum a cutconWimnj! 147f, hy weigh, arvmaIWf\r!;1Jlg liquid 
eXlraction. The rroett$liful simuilltloo oflhe pll(kcd columo liquid ~xlrac!jon rllm W(lu\d S~l ,hllllM:l.lk·up II) eomnerCHt! 
unib wO\IJd b!: slHuglt,forwAn), 

Hexane used as u solvent for oil seeds extraction has to 
coniorm to food grade spedfications. For example. 
the Indian Standards Institution (lSI). stipulate5 ~ 
maximum in (he aromatics conlent of 1% by volume 
(or I.3Sl by wt)for thi~ product l , The source for food 
grude hexanc i~ straight mn naphtha ...... ith a Mnow 
6~_69u C cm, This cuI., however, usuall)', contaim- mort' 
than the spcd.fled concentration of aromatics. pre­
dominantly bemene. For example, the 63~9"C cuts 
!"rom iranian Light and 8omba~ High crude oit!) con~ 
lain about 4!jc <lno 14% by weight of aromatics, 
rc~pectively. Selective remova; of aromatics from 
these naphtha etlt!; is therefore necessary. In principle 
DOln extractive di~tillallon and !iq(lid~liquid extract­
ion with polar !-ol"vcnts can be rmployed for removing 
the aromatics to produce a raffinatc conforming. 10 

food g.rade hexane ~redfications. Broughton and 
Assdm' have provided !)omedald on theseJec1.jvilies in 
;:"xtractive distillation and liquid-liquid extr<lction \\~­
ing sulphuJane. Their data show tnal for the boiling 
range undercom-idera1ion. 63-b9"'C, hquid-hquid ex­
traction has higher selectivity than exlractl"e distil­
lation. Si nee the solvent recovery lIleps are identical in 
Doth cascs, it is 10 be expected thaI liquid-liquid 
cx.tra.:lion would oller the more economic alternative 
I'or ,declive removal 01 aromatics from this stream. 

Accordingly, this study concentrates on the liquid­
liquid extraction concept. 

To verify the technical feasibility of U"Sing liquid­
li4uiJ exLracl:ion for producing food grade hexane 
from iranian Light and Bombay High naphtha cues, 
cxpenmcnts were carricd out in a packed column. Two 
I ypical extraclion soivents~ sulphoJane and N~methyl~ 
PYHolidonc (!'<iMP) were used. Experimentally mea­
~ured equilibrium data with these solvent ~y-steml< were 
uS\:d, along ...... ith litemture correlations for hydro­
dynamic~ and mass transfer parameter;_ to simulate 
the packed column experiments with an axial dls~ 
persion modeL 

Experiment.' Ptondure 
rhe propetties of the feed naphtha 63-69""C cuts 

u~cd in these experiments are listed in Table L The 
~l1lpholane usrd had a boIling point of 287"C a.nd 
refractive Index of 1.4810 al3(}¢C and was supplied by 
Mi s Shell Chemical Co., USA. NMP was supplied by 
M: s E. Merck, Schunchardt, West Germany.andhad 
a boiling point of 204"<.." and refraclive index of 1.4684 
at 2if<..". 80th ~lvents were vacuum dl&li!led before 
u"e. 

Generalion of /lquid-liquld equilibrium Ool(]- Ll~ 
quid -tquuJ equilibrium measurC'ments on lhe systems 
nClianr-benzenc--suJpholane containing J.5% by wei~ 
ghl wmcI and hcxam>hl:nlene-~MP containing lOY;' 
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Table I System Properties Used in Simulation of Experi­
mental Runs at 30°C 

Liquid viscosIty. mPa ~ 
Dispersed pha.~f 9 2.475 
Contlfluou, pha.e 0.29 0.29 

DiffuSIYlty or arumallcs. 
10 'm:s I 

Dis{'ersed phase 0.214 0.66 
COlllinuol.lS phase 4.7 5.59 

ProperlY System* 
II 

Liquid den~ily. I<g m • 
Di~persed phase \solvent) 1261 1035 
ConlinuoU!o ph~e (feed) 669.5 669.5 

Dlslribulion coefficielll 1.039 I 1325 
Inlerfacial tensiou. mNm 

, 
13 5 

*SYSlem 1: Extraction solvent sulpholane 
System 11: Extraction solven! NMP 

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

Solvent and hydrocarbon feed mixture of known 
composllion and weight were taken in the mixer­
settler and stirred for 25 min, which is a sufficient 
length of time as determineJ in trial experiments for 
establishment of eqnilibrium between phases. The 
equilibrium phases were then allowed 1O settle for 30 
min, and were separately withdrawn and analysed. 

Solvem was removed from the raffinate phase by 
water-washing and from the extracl phase by azeo 
tropic distillation with water. The aromaties contem in 
the solvent-free extraet and raffinate were determined 

by gas-liquid chromatography. The analytical techni­
que has been standardised and reported elsewhere3. 

The solubility of hexane, relative to benzene, as 
determined from liquid-liquid equilibrium data on 
hexane-benzene-sulpholane eompares well with that 
reported by Broughton and Asselinl. 

Packedextraclion ('olumn experiments - The labo­
ratory extracrion column used in the studies was of 
Pyrex. glass, jaeketed. 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 mmX4 mm), supplied by 
M/ s Scientific Development Co., USA. Settling zones 
of 0.15m were provided al lhe top and boltom of the 
column. The feed and solvent were pumped from 
separate tanks to the extraelion column by metering 
pumps supplied by M/ s Lewa, Himmelbauk, Tnb­
ingen, Wcst Germany. The experiments were carried 
out at two tcmperalures, 30°C and 40°C, and the 
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Fig.! Diagram of mixer-!ieltler used in liquid-liquid equilibrium 

mellliuremenls 

column was operated with solvent (sulpholane con­
taining 1.5% by weight water or NMP containing 10% 
by weight water) as the dispersed phase. A schemalic 
diagram of the experimental set-up is given in Fig.2. 

After steady-state had been achieved, samples of the 
raffinale and extract phases were collecled and ana­
lysed as given above. Eight sets of experimental runs 
were carried out with both solvent ~ystems and the 
results are summarized in Table 2. 

The experimental results show that raffinate of 
food grade hex.ane speeifications 1.3% by wt 
aromatics) can be produced using liquid-liquid eXlr­
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 temperature 
with this eolumn. The technical viability of the liquid­
liquid extraction process has thus been established. 
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Table 2 - Experimental Results Obtained in Packed 
Exuaction Column 

Paddng ~iZt: "" 4,Obmm 
Packing void fraction =0.9-4 

Interfacial area of packing ""116m! 

Phu: now TlIieRunSoivent Temp. W;% aTO" Wt%aro­

:Sf!, we malj<:~ ill Di$pencd ContimlO\l) matics in 
fred nUfinatcgs" " Sulpho 30 J.' Ll076 1.06')7 ::L30 

~" , Sulpho-30 3.9 H,;!2 U.791O lAO 
lane 

) Sulpho-JO 3.' 2,0483 OS;?J OA3 
,,~ 

4 Sulpho..4(\ 3.9 LI76t) 1.136i 2m 
l<om 

, , 
5 NMe 30 3.9 0.757; (ti;)2 ..,Q 
6 NMP )() ,i.If I.4t:>M 0.74J9 0,20 

NMP 4Q J.9 u.7403 0.70&2 0.'15 
NMP 14.6 0._ O.7JMl 0.""'" 

For scale-up, It is necessary to simulate and mode! the 
experimental runs as discussed below. 

Simublthm (If Experitnenlal Results 
A computer simulalion exereisewas undertaken to 

predict !he aromatics eontent in the raffmale for the 
eight experimental runs reported in Tabie 2. The 
simulation required estimation of dispersed phase 
hold-up, drop diameter, mass tramfer coefficients in 
dispersed and continuous phases and axial mix.ing 

L-"iF'-..'~-:~~-
",Tlit 

coefficients in the two phases, Literature correlations, 
a~ discussed below, were used to estimate the hydro· 
dynamic and mru;s trallsfer parameters using the 
properties. either meru;ured or estimated, as listed in 
Table 1. 

The disper~ed phru;e hold·up was cal-eulated from 
an iterative solution of the slip velocity equation 

,. ,(1) 

Watson and MeNeese 4_ suggest that for low dispersed 
phase hold~up, the superficial slip "'-elocity is a better 
correlating parameter [01 estimating hold-up than is 
the characteristic velocity. They have reported an 
averageslipvclocityofO.02 ms-1 fora packing ofsize 
Jrnm. As the packing size is-eiose to the one being used 
in the present study, a £lip velocity of OJ}2 ms:'" was 
assltmed in this case alsO", 

The packing size being greater than the critical 
packing size for this systemS thedispe;rsed pha~drop 
size could be calculated using the correlation due to 
Gayler and Pratt~ 

,., (2) 

On the ba~is of the calculated drop sizes it Wah 

determined thallaminarclrculation regime within the 
drop would prevail 7 and accordingly the dispersed 
phase mass transfer coefficients were estimated frotn 
the Kronig-Brink. model II 
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The corresponding continuous phase mass Lransfer 
coefficients were calculaled using the Rllby~Elgin 
correlation 

In using lhe correlations ~3) and (4.1, the diffusivities of 
":;~ihmatics in thedi~per"ed and continuous pha~es were 
e~llma!ed using the methods in Reid el o(!) ; the 

. values thm obtained are given in Table L 
The experimentally measure<lliquid·liquid equili· 

brium data for the systems hes.ane-be-nzene·sulpho­
lane (eontainJng 1.5S';; by wL water) and hexane·ben· 
:r.ene-NMP(containing W% by wt water}indieate that 
in the region of interest the equilibrium relationship is 
linear IH~ depicted in Fig.. 3. 

Linearised distribution eoefficienu were obtained 
from this data and were used 10 calculate the overall 
mass tramfer coefficient based on the continuou'<; 
phase, Kc<. from the values of ko and k.q determined 
by Eqs 0) and (4), The height of tramfer unit was then 
calculated u~;ng 

V. 
HTlJoc ~ -K~'- ;

oc" 
The "true" number of tramfer units NTU"" were next 
calculated from known eolumn length, L, as 

L
NTlJ ~ ~--~ 
t "" HTIJ", 

The diffusion model equations have been used to 

account for axial dispersion in bo.th phases. The Peciet 
number for the continuous phase was estimated using 
tP! cOTr.clation given by Wen and ranll for various 
paeking sites and shapes 

Fig.3 Liqm(Hiquid ....qudibrium distribllti(l.n curve 

with 

• < • {8} 

For the dispersed phase a Comtanl value of 0.35 was 
a~sumed for the Peclel number as recommended by 
Jord(lIP:. The general solutlom of the diffus]on 
model equations which have been given by Miyauchi 
und vermeulen u have been used to calcUlltlc the 
concentration profile of aromatics in the raffinale 
phase ~ 

X""Aj +/\:exp{A;ZI+AJexp{)"Z! 

+A.exp{,"Z) ~~~(9) 

where the A,S are the foolS of the characterislic 
equutiOli und the coefficients A. are fum:tionsoitheA,s 
and Peclet nurnbersl~. The concentration of aro­
matics in the outgoing rafiluate stream ealeullted 
using this equation is given in Table 3 for each run 
along with the cOJTellPQndingexperimentally ob&erved 
value!;. 

Results .rut Discussion 
A comparison of the experimentally observed con­

centration of aromatics in the raffinate stream with 
thai obtained from the computer simulation c.o;ercise. 
for each run as given in Table 3 indicates that there is a 
fairly dose agreement between the two value~ with the 
deviations varying bel ween- {i.OO44and +O.()Q 15. This 
agreement is e~peciany gratifymg in view of the large 
number of assumption:; that are necessary in mode~w 
ling the behaviour of the extraction column. The 
successful simulation of the packed eolumn experi­
ments with two different solvent systems under dif· 
ferent conditions of feed composition, solventifeed 
ratio and temperature substantiates f he models used in 
describing the hydrodynamics, mass transfer and axial 

--~~~~~~~-~~~ 

'Iable J ,Comp;)jf!~on uf fxperimental and Prcdtcled 
Awml).tic Concentration in Raltlnafe 

Run No. WI fract,,,o amrmltiC1 in raffinak 

E~penmen!a! Pr~dil:ted Deviation 

I 0.0230 tUl757 -0.0021 
2, , 

OJJi40 
o\j()4J 
0,1)210 

('-0127 
IHJ(1); 

0.0254 

+0.0013 
--0.0035 
-{U_ 

S 0.0120 0.0125 -n~OOI)j 

6 0'(!{}20 0.0072 M··{lJ,~2 

) 0.0095 (1.0090 ""'0.0005 
8 OJI08{) Q.0Cl65 +OJXIl5 

~~~...­ ~~----~~~----
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disperslon characteristics of packed column extractors 
as well as the hasic data used in the simulations" The 
basic system properties and models may be used for 
design of a solvent extraction plant fot' production of 
food grade hexane from a 63~69"C naphtha fra .. 'tion 
using these solvents. 

CondusioD 
Twoextraclion solvenl$, su]pholaneand NMPhave 

been in:vestigaled for selective removal of aromalics 
from a 63-69° C naphtha fraction to produce food 
grade hexane containing less than 1.3% by weight 
aromatics_ The experiments indicate that this product 
can be convenienlly made even from Bombay High 
naphtha eut containing 14% by weight aromati.cs. 
NMP would require a lower solventlfeed ratio at tbe 
same operating temperature. The experimental runs 
were simulated using a model in which both phases 
were assumed to be axially dispersed. The successful 
simulation of these runs substantiates the modelling 
and provides valuable design information for scale-up 
to industrial extraction plants. 

Nomenclature 

, "" inlerlacial area per unit volume of dispenioll, m-) 

A, "" cucfficienf in ~ohl.Lio.n to diffu6ion model equlltion 


C "" t:Qnctnlration, kg rn~' 


d, "'" drop dilUTleter, ro 

<L = packing ~in::, m 

D = diITUMvdy of aromatic, m:s~' 


£ =. t'KI,;W;;tioft faclor, \!.I m0 

g = &CCI:iendioll G\It: tu gravity, m ~-' 

H1T.. = beiFitt of trannllf unit based on continuQ\I$ pbaO'e, m 

k ;:: individual row transfer coefficient, m i-' 


1(", """ oVllfnll rolUS tfannercoclIicien! based ou coniinUDl.lS 

phue,ros~' 

L length of e.o.lnlcfor, m 
m "" slope of equilibnum line, dC1idC·, 
NTU", = number of 'true' overall transfer un,ls ba9td Oft 

COl'lunoous phase 

Pc =- l"tdet oumbtn 

Q = yolumetric flow rate of pha<.e, ro's ' 

~ yclocl!y, m !~' 


P. = C!:idrntteflMlC velOClty. fIlS-I 

V. = ,lip vducitj, rfl) , 

X dlJntn$lonles~ lilomatk. rottcentf31;0l1 in f«d phaJ.{ 
Y -..... parameter defmed In F.q. (8) 
Z frlW1wnaJ leug;h along cxttaclor 
9 ·.·.0 hold-up 
~ '" void frllClwn 01 pacl.ing 
p = densIty, kg n-,~' 
~ ".".", viscosity, rrPll S 
~ iruerlacial H:n~ion> roN m-' 
A, '" rooh of tharac[er~lic equation [Ref. 13] 
'" ",. sphericity nf packing 

Subscripts 

<.: =cominnous pl:i!1§e{ieed) 
d di5pt"rnt:i phase {sol\":J\t) 
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