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Abstract — The separation of sulfone components using light cycle oil(LCO) after oxidation was carried out by sol-
vent extraction method using various polar solvents such as water, n-methyl-2-pyrrolidone(NMP), dimethyl sulfoxide,
ethyl acetate, acetonitrile, dimethyl formamide, and methyl alcohol. It was found that phase separation between LCO
layer and solvent occurred under mixed solvent adding a proper amount of water. The mixture solvent of NMP and
water was a promising extraction solvent due to the selective removal and high distribution coefficient of sulfone com-
ponent in LCO. 99.5% over of sulfur contents in LCO can be removed by 4 stages equilibrium extraction.
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2-1. AJ2F 2 X2
LCOE SKolUA| ()R FE] Al g o}l AR8-3131 2 #(SK-LCO),

ppm&] AtskElsigteo] 3k o] QISITHI). stdkEe] BAS =
Foll & ARgsle] 443 = Z 3435t GC-PFPD(Pulsed
flame photometric detector)g AFE38lo] #431%1em™, GC A7
BP-1(30 m x 0.32 mm capillary)©] ™, £ A &3 AHL T
200 °C/25-//10 °C/min//300 °C/2%- ©]%iT}.

LCOoel| 3k Akstaslad 1 F5ol vl thsle] B3
@42 YeRlSl=T), Aok ]lo] 7hs$ DBT(Dibenzothio-
phene, Aldrich #|3%, 98%), 4-MDBT(4-Methyldibenzothiophene,
Aldrich A|3%, 96%), 4,6-DMDBT (4,6-Dimethyldibenzothiophene,
Wako #|35, 97%)E T-§te], ©dd el wat alslas) Aas 4
Algk 5, GO vASIAE FEl 2 Al ERE S EklEith
TS gk A2 S8k A7) (Total sulfur analyzer, Antek,
9,000 LLS)E AMg3Fltt. mpeto 2| gull% AFA] ARG &
2] FF+= Table 19 AIASHITE. =, G5l oJ8l LCOZH
B ARlEs3tE-S e o g AAS] A8l gulle] A2 wl-
S8, LCO7F &1 ¥, of 7)ol 3k Absladslela-2
& 2 W5733AE 2 Q7] wiEel vhekst SA4ES 7l

712 Ayt

22, AlE Y

2HEE-S LCOE Yu= AREsle] of7]o] 23 Abslsdslst
S 2] 8 s AR 7)) R FE AT A |
we} FE 225 AAEITHY, 10]. A8 A= TR wnk
717} A28 A% FRlatERE ARSIl FEAES e, A
stellA A7dere] gulol LCOE wykzeell Fistar, L g st wnt
475201 200 rppmOlA 208 % WS AABPEA B EEAIN
% AAAA, F2 e (raffinate)?} T2 (extract) S 2 ATEE A
oh 3 T HPFEAols F4E A 319 EFES A

Table 2. Typical Experimental Conditions on Solvent Extraction
using LCO after Oxidation

System
Feed : LCO after oxidation
Solvent : n-Methyl-2-pyrrolidone(NMP) + water

H]_%% 0_'999’ A 8,000 pp m,_’,ﬁ_ﬁ\_ A 796 _p pme| v, & ﬁl?gﬁ(totiﬁlrﬁe(rt{;:;)tion of water in solvent [-] 0.225(38.35

ks SRS 81.9 vol%(mono-H &S 6.3%, di-aFs: 75.1%, Number of stage, n [-] 1-5

i35 0.5%), S Al BIERS 271 H13e 288 °C, HEHIRS Rate of impeller [rpm] 200

350°C ©]9lt}. AP AT T AFEFE LCOE SK-LCOE AMg3le] A Temperature [*C] 25
~ Volume of liquid [ml] 2-100

ek Hhgell o3l AR E R AT 5 ARESIGl o (o] Volume ratio of solvent and raffinate phase entering stage

3} LCOR YY), REg- 5 8- - A w]o] AlAw ] 3,750 n,S,/R,,[-] (n=1-5) 1

Table 1 Solvents used for Solvent Extraction of Sulfone Compounds in LCO

Solvent CAS number FW b.p. (°C) *Solubility parameter S.G. (g/ml)

n-Methyl-2-pyrrolidone (NMP) 872-50-4 99.13 202 23.7 1.026

Iso-propylalcohol (IPA) 67-63-0 60.10 823 23.4 0.782~0.795

Dimethylformamide (DMF) 68-12-2 73.09 153 24.7 0.952

Dimethyl Sulfoxide (DMSO) 67-68-5 78.13 189 26.4 1.100~1.105

Acetonitrile (Ac.N) 75-05-8 41.05 81~82 30 0.789

Ethyl acetate (EA) 141-78-6 88.11 76~71 18.2 0.902

Acetic acid (AA) 64-19-7 60.05 118.1 1.05

Methyl alcohol (MeOH) 67-56-1 32.04 64.7 29.7 0.79

Water 7732-18-5 18.02 100 48 1

*Hilderbrand solubility parameter
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Fig. 1. Typical GC-PFPD result on sulfone compounds in LCO after
oxidative desulfurization.
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Fig. 2. Removal ratio of total sulfone by 1’st solvent extraction using
different kind of solvents at constant solvent/LCO ratio (sol-
vent : water : LCO = 0.75 : 0.25 : 0.3 (vol%)).
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Fig. 3. Effect of LCO/mixed solvent on the removal of sulfones by
1’st solvent extraction at constant solvent ratio (NMP : water
=0.75 : 0.25 (vol%)).
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Fig. 4. Effect of LCO/mixed solvent on the removal of sulfones by
1’st solvent extraction at constant solvent ratio (NMP : water
=0.6 : 0.4 (vol%)).
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Fig. 6. Effect of NMP/water on yield and distribution coefficient of
LCO by 1’st solvent extraction at constant solvent ratio (water:
LCO = 0.25 : 0.3 (vol%)).
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Fig. 7. Effect of equilibrium stage number on sulfones extraction (sul-
fones in LCO/sulfones in Feed) by multi-stage solvent extrac-
tion. 1’st -4th extraction; mixed solvent (NMP : water) : LCO
=1.0 (0.75 : 0.25) : 0.3 (vol %).
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Fig. 8. Effect of equilibrium stage number on sulfones extraction (sul-
fones in LCO/sulfones in Feed) by multi-stage solvent extrac-
tion. 1’st extraction; NMP : water : LCO = 0.75 : 0.25 : 0.3
(vol%). 2nd - 5th extraction; NMP : water : LCO = 0.75 : 0.25
: 1.0 (vol%).

BlaslglEe] Felof st FE8me] I 969

100

—O— : Conditions of Fig. 7

80 | —/— : Conditions of Fig. 8

60

40 1

Yield of LCO (%)

20 A

0 T r T T T
0 1 2 3 4 5 6

Number of equilibrium stage (-)

Fig. 9. Effect of equilibrium stage number on the yield of LCO (amount
of LCO/amount of feed) by multi-stage solvent extraction.
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Fig. 10. GC-PFPD analysis on multi-stage solvent extraction by same
conditions with Fig. 9. (A) 1’st extraction (B) 3th extraction,
(C) 4th extraction.
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