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Separation of Aromatics in Light Cycle Oil by Solvent Extraction
— Re-extraction of Aromatics in Extract Phase —
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Abstract : Recovery of aromatics in extract phase which was obtained by batch equilibrium extraction between light cycle oil(LCO) and
dimethylsulfoxide(DMSO) solution as solvent was investigated by re-extraction. To select the most suitable re-extraction solvent for
recovery of aromatics in extract phase, distribution equilibrium was measured between extract phase and solvents. The solvents used
were benzene(B), toluene(T), m-Xylene(mX), n-hexane(Hx) and n-Octane(Ot). From the distribution coefficients and yields of aromatics,
Hx seemed to be the most suitable. Furthermore, effects of operation parameters for re-extraction of aromatics in the extract phase were
studied by batch equilibrium re-extracion with Hx as solvent. Yields of aromatics were found to increase with increasing solvent/feed
(extract phase) mass ratio(S/F), while distribution coefficients of aromatics were fixed irrespective of S/F used. Operating temperature
did not affect distribution coefficients and yields of aromatics. Distibution coefficients and yields of naphthalene group(carbon numer : 10
~12) increased with increasing cabon number. Mass transfer rates of aromatics were also measured with a batch stirred vessel.

1.4 = TEAE LulE ALF FE2HS Hed7] A= A2 &
e AHgSte] FEH 02N EME 93228 "ot g

ANENA AZH1-4] 5 FZ-ZF-AN 9 28| o8 B HFAET BFE B2 FHE dole £4F289
£2 87 (Light Cycle Oil: 0|% LCOZ /))Zo] 3989 1 &< naphtha, gasoline 53 Zo] H|wd Au|d Z7g50
F7EA HE F9) $4Q) 26-dimethylnaphthalene(o] ¥ 26- 2EFEE HA[5-85tn AT LCOS} 2 wmA )
DMNAZ o7])e] ¥22 #AEs) gou, 2 a7 2223 FTUE SUFS NG A7E ANY FUHE gy
of ol F2EMZ AMEH dimethylsulfoxide(e] 3 DMSOZ Fol AFSEE SA9H EMZES] B Fo] FEE7) gRo) 259
ok7])e) BR(189T)0] FE5(0]E EMORZ ob7))el T1A(ISS o2 §AIS EMZe] Belvt Zdste] A ol 2 gk
~30C)H FEH7] wWEo] FHet e ME 224 F9 SAFEA 4 wuH FURHES SLFES AT ¥
EME 33dt7] 2@t geha, LCO9 24akEd DMSO T furfural, furfuryl alcohol 29 E#EL LCOZ 354

967



968 a4

FFE F28A2, xylene? naphtha EF2 S F24d) &
8 EM9 342 93 922 422 A48 redex H[9]e)
gov o] W Fafe) Mesl $4e FERG d7o)9l7)
Hiol dFzol A% 22459 EMY 540 go 497
HEZ 0] vk oA, A4 5L 100 224
(DMSOF84)2te] e %Zo) A dojn 2242 gz A
&dtel 4F32S P8 25459 EMY §42 Hugg o
A, BE 4E 9324 o4 —*r%*o‘%ﬂl EM9) ﬁl#%: HEY
oo HEZ 98ld, WA o

o2 Agatef 29

b
o 349 89 2340 BYYE 2AH) 324
O

ARE FAE) A, 2% Lcog
calfischer TE A (5% F THB - MKC-3P)& A} & 310 ] g
94 rHeg Azd ¥ Lol (DMSOFEN= 500 m 9]
dAERLIe Yo, o] Zerzmz Ndenz FANA

T LEE S Yol 2AANZF AEAA Ho) E“’“]Zﬁ
g =22 ¥ 105S X, XA A b}

#a
2-cg x}ﬂom AR, ol Qef 23

r’
=™ o,
o
ftjo oZ:
N e

KN

=
o]
o

NIN o

DMSO«I gas chromatogram-“% EMY 238 2257 yi
o, 20 mee] EMel 120 moe FTHTG 20 e ArtaiA
IAIZE Bt E”'O}Oi EME @402 dxz9dg oay o
o] EM& Zghehs slabge E*—?BH*‘] EM9 248 AAF
, 1 AN 4719k 2L ol g2 10me] 234
mfe %%—’F% H7FA 1AIZE Bk wukete] Egabzo)
ZUE DMSOE AAS 3 2ago

FEe EAole BE o]23) 227 (flame ionization detec-
tor :FID)7} X1 ¥ gas chromatograph (FEBFRTSY : capillary
columm ULBON HR-1)& A48t} Table 19] BYEZZ0) A}
£d B2 2 A 4532‘1% LR

=

2.2. 91""_‘

z ﬁéﬁé"ﬂ —l—a/\]ﬂ ¥ F =
B ABINE/HE WA M2 be ggahe agg.

= WA 8em, o] 8epe] YEH
glass#] mwtz= A}%ﬂ\:}. impeller+ six-flatblade turbine

A8 A A6 3, 1997

Table 1. Systems and Experimental Conditions of Batch Equi-
librium Extraction

System

Feed : LCO

Solvent : D1methvlsulfox1de + Water
Feed/solvent mass ratio, [*] 1
Operating temperature, [C] 30
Operating time, [h] 48
Mass fraction of water in solvent at initial, [-] 0.03

Table 2. Systems and Experimental Conditions of Re-

extraction
Batch Equilibrium Re-extraction

Systems
Feed : Extract phase*
Solvent : 1) Aromatics(Benzene(B), Toluene(T), m-Xylene(mX))
2) Paraffins(n-Hexane(Hx), n-Octane(Ot))
Conditions

Operating time, t[h] 48
Operating temperature, T[] 18~40
Solvent/feed mass ratio, S/F[-] 0.29%6~5.56
Re-extraction with Batch Stirred Vessel
Systems
Feed : Extract phase*
Solvent n- Hexane
Condltlons
Operating time, t[s] 2~120
Operating temperature, T{C] 30
Rate of impeller, N[s'!] 667
Solvent/feed mass ratio, S/F[-] 0.29%
Volume of liquid, [m’] 4x10™

" Extract phase obtained by batch equilibrium extraction between
LCO and DMSO solution.
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1 © Naphthalene, 2 : 2-Methylnaphthalene, 3 : 1-Methylnaphthlene,
4 © a mixture of 10 siomers of Dimethylnaphthalene

a : 26-and 2,7-Dimethylnaphthalene

b : 1,7-, 1,3-and 1,6-Dimethylnaphthalene

¢ 14-, 23- and 15-Dimethylnaphthalene

d : 1,2-Dimethvlnaphthalene

e : 1,8-Dimethylnaphthalene
5 ' Hexadecane, 6 : Phenanthrene, 7 : Anthracene

Fig. 1. Gas chromatogram of re-extraction feed.

Table 3. Composition of Feed* for Re-extraction

Component mass fraction

Naphthalene CioHg 0.005200

2-Methylnaphthalene CuHio 0.016900

1-Methylnaphthalene CuHio 0.004427

a mixture of 9 isomers of DMNA** CpHp . 0.013367
a: 26- and 27-DMNA mixture 0.003710
b 17-, 1,3~ and 1,6-DMNA mixture 0.006600
¢ 14-, 23- and 15-DMNA mixture 0.001924
d : 12-DMNA 0.001133

Weight fraction of extracted mixture in extract phase : 0.175
* @ Extract phase obtained by batch equilibrium extraction
** : Dimethylnaphthalene
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Fig. 2. Solvent comparison.
(a) for mass fraction of solvent in raffinate phase, (b)
for distribution coefficient of extracted mixture. T=30C
EM : extracted mixture, mX : m-Xylene,
Ot : N-Octane, Hx : n-Hexane
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Fig. 3. Effects solvent/feed mass ratio (a) for distribution
coefficient, (b) for yield. (keys are shown in Fig. 3
(a)) T=30T
NA : naphthalene, 2MNA : 2-methylnaphthalene,
IMNA : 1-methylnaphthalene, DMNAs : a mixture
of 9 isomers of dimethylnaphthalene
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- continuous phase

DMNASs: a mixture of 9 isomers of dimethyl naphthalene

d : dispersed phase
2 A} Hx  : n-Hexene
i : component i
B ATE 1907d F2A0sm oy A7l st 4 mX f moxylene
d=on oo e AAE =i} olgy B d7e T3 NA* naphthalene
Rl YEEAZf8 AFelel FU oldvz 4 #4544 O ¢ n-octane
A= P T} EM ! extracted mixture
T > toluene
M-I E 0 * at initial (t=0)
IMNA : 1-methylnaphthalene
a * specific interfacial area between solvent and 2MNA '+ 2-methylnaphthalene
re-extraction feed [m™] " o -
E - mass of extract phase(continuous phase) obtained g1Fd
by re-extraction (ke]
o : mass of re-extraction feed (kg 1. S. J. Kim, R. Egashira and J. Kawasaki, The Third
K - over-all mass transfer coefficient (ke - m™.s7] Korea-Japan symposium on Separation Technology, 59
k * individual phase mass transfer coefficient (1993).
kg - m?>.sY] 2. S. J. Kim, R. Egashira and J. Kawasaki, Sekiyu Gakkaishi,
m - equilibrium distribution coefficient (-] 38, 114(19%).
N  rate of inpeller [s] 3.S. J. Kim, S. C. Kim and J. Kawasaki, /. Korean Ind &
S " mass of re-extraction solvent (ke] Eng. Chem., 1, 162(1996).
T  operating temperture [c] 4.S. J. Kim, S. C. Kim and ]J. Kawasaki, J. Korean Ind &
t * operating time [s] Eng. Chem., 7, 869(199).
v : volume of stirring vessel ('] 5 G. H Deal, Jr, H D. Evans, E. D. Oliver and M. N.
X - mass fraction in raffinate phase obtained by Papadopoulos, Petroleun Refiner, 38, 185(1959).
re-extraction (-] 6. E. Guccione, Chem Eng., 73, 78(1966).
Y * yield defined by Eq.(2) [-] 7. B. Choffe, C. Raimbault, F. P. Navarre and M. Lucas,
y * mass fraction in extract phase(continuous phase) Hydrocarbon Processing, 45, 188(1966).
obtained by-extraction or mass fraction in 8. D. Read, Petrol. Processing, 7, 839(1952).
re-extracion feed [-] 9. A. L. Benham, M. A. Plummer and K. W. Robinson,
y * mass fraction of continuous phase in equilibrium Hydrocarbon Processing, 46, 134(1967).
with a certain mass fraction of raffinate phase [-] 10. Vermeulen, T., Ind Eng. Chem, 45, 1664(1953).
11. Barker, J. J., Treybal, R. E., AIChe J., 6, 289(1960).
&} 12. Calderbank, P. H., Trans. Instn. Chem Engrs., 36, 443
B . Benzene (1958).
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