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Abstract : This paper compared selectivities and mass transfer rates of valuable aromatics (naphthalene
group: carbon number 10-12) in the light cycle cil obtained from solvent extraction (SE) with those obtained
from liquid membrane permeation (LMP). An aqueous solution of dimethylsulfoxide (DMSO) and an aqueous
solution of saponin and DMSO were used as extraction solvent of SE and the membrane phase of LMP,
respectively. Selectivities of naphthalene group in reference to n-nonane obtained from SE runs were rapidly
increased with decreasing the operating temperature, whereas, those obtained from LMP runs were remained
constant throughout the operating temperature. At room temperature, selectivities of naphthalene group obtained
from SE were greater than those from SE. Furthermore, mass transfer rates of naphthalene group by SE and
LMP were measured in a baffled batch stirred vessel. It was found that the extraction rates of SE were faster
by about 280 times than the permeation rates of LMP.
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Table 1. Systems and Experimental Conditions

I : Solvent Extraction(SE)
Systems
Hydrocarbon feed : Light Cycle Oil (LCOA

Solvent > Dimethylsulfoxide (DMSO) + Water
mass fraction of water in solvent, ywo [-] 0-04
solvent/feed volume ratio, S/F [-] 1-10
stirring speed, N [s] 333
contact time, t [s] 3-300
operation temperature, T [C] 30 - 50
total liquid volume {m’] 4 x 10"
I : Liquid Membrane Permeation (LMP)

Systems

Hydrocarbon feed : LCO A

Liquid membrane : DMSO + Water + Saponin

Solvent . Hexane
mass fraction of saponin in membrane [-] 0.002
mass fraction of water in membrane, vvo [-] 06 - 08
volume fraction of feed in membrane solution (-] 05
solvent/emulsion volume ratio, S/F [-] 1-10
stirring speed, N [s”] 10
contact time, t [s] 10 - 300
operation temperature, T [C] 30 - 50
total liquid volume [m’] 4 x 107
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Table 2. Solubilities of Aromatic Hydrocarbons in

wvaterlﬁ). o0

Component Solubility{ppm]
n-heptane(C:H;q) 293
n-octane(CgHyz) 07
naphthalene(CoHy) 317
1-methylnaphthalene(CyH;o) 285
2-methylnaphthalene(C;1Hp) 254
1-ethylnaphthalene(C)-H;») 107
2,6-dimethylnaphthalene(C;-Hp) 2.0
2,3-dimethylnaphthalene(Ci;Hy») 3.0
1,4-dimethylnaphthalene(C:H,») 114
1,5-dimethylnaphthalene(C;:H») 3.38
1,3-dimethylnaphthalene(C;-H)») 3.0
anthracene(C4Ho) 0.073
phenanthalene(Cy3Hio) 1.29
pyrene(CiaHis) 0.135
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Table 3. Composition of Feed (LCO A)

Component (mass fraction)
n-heptane CHis 0.006
n-octane CsHix 0.005
n-nonane CoHeo 0.005
naphthalene CioHy 0.01200
1-methyInaphthalene Ciitio 0.01148
2-methylnaphthalene CiiHio 0.02565
a mixture of 10 isomers

of dimethylnaphthalenes — CpH)» 0.05043
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a : specific interfacial area between dispersed phase
and continuous phase (m™")
E : mass of continuous phase (kg)
F : mass of feed (kg)
. continuous phase overall mass transfer coeffic-
jent (kg - s?-m?)
. dispersed phase mass transfer coefficient (kg -

-1 2
s -m°)

=

o

: equilibrium distribution coefficient (-)
. stirring speed(s™)
: overall permeability(kg - s - m™)

T T Z 3

: permeability in aqueous membrane phase (kg -
st-m?

: mass of dispersed phase or feed (kg)

: mass of solvent (kg)

. operating temperature (C)

: stirring time (s)

* volume of total liquid (m”)

: mass fraction in dispersed phase (-)

. yield defined by Eq.(1) (-)

y* © mass fraction of continuous phase individual

interfacial (-)

y © mass fraction in continuous phase or aqueous

<R T g N T

membrane phase (-)
Bi; : selectivity of component i in reference to com-

ponent j{-)
Subscripts
c : continuous phase
DMNA : dimethylnaphthalene
DMNAs : a mixture of 10 isomers of dimethina-
phytrhalene
DMSO  : dimethylsulfoxide
d . dispersed phase
Hp . n-heptane
Hx : n-hexane
I : component i
j . component )

gugel, A 8 A A3 3%, 1998
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