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Abstract: Light cycle Oil(LCO) contains 2,6-dimethylnaphthalene (2,6-DMNA) which is used as the basic material for
high performance engineering plastics and liquid crystal polymer. This study was experimentally investigated to concentrate
a mixture of dimethylnaphthalene(DMNA) isomers in the LCO by extraction-distillation combination as a pretreatment for
separation and purification of 2,6-DMNA in the LCO. Furthermore, concentration of a mixture of DMNA isomers in the
L.CO compared between distillation and extraction-distillation combination. The recovery of aromatics in the LCO was per-
formed by batch cocurrent multistage extraction with dimethylsulfoxide and water mixture as solvent. The concentration of
naphthalene group(carbon number : 10-12) in the extracted mixture is higher than that in the LCO. The yield for naphtha-

lene group increased with decreasing carbon number. The yield for a mixture of DMNA isomers obtained in 5 equilibrium ex-
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traction runs was about 65wt%. The separation of individual components with extracted mixture was tested by batch distil-

lation. Furthermore, for recovery of a mixture of DMNA isomers of high concentration, distillate containing DMNA was dis-

tilled. As a result, a mixture of DMNA isomers with high concentration such as 60wt% was recovered. The extraction-distil-

lation combination was more effective than the distillation to concentrate a mixture of DMNA isomers in the LCO.

LA B
ASE A AZTAY FAEY shial 4%
#74-(Light Cycle Oil : o]% LCOZ </ &

4 B¥S AEE Rtz doh 2 FelA=
2,6-dimethylnaphthalene(°]% 2,6-DMNAZ
7NE ARV Eopag P 1ia 4A FY
% 4524 FEHG. AFAHA Fhel EFH
2% A48 3 9 LCOEXRH 2,6-DMNA
e 4 WIS "3ead 29, AASE
7FsstA = 2 oule dd] F leldh
LCOZdl= dimethylnaphthalene(c]3 DMNA=Z
7))ol A7 AR F SwiB sl AT, o
A7t gobA LCOZF Y 2,6-DMNAS] ke oF
1wt% A Eo|c}. Table 1o A)A|& uiel zo] DMNA
zk o)A S vlAL wig ZAHH Jong FF o
g AR 2ee 2R 4 4 Aok gehy LCO
ol 49 26-DMNAY] £2], AAE dafii: 2
¥ 75 &9 Bl 9§ LCOFoll §+% DMNAo|
AA EFEE 55319, T DMNA|AGA £33E9
5o 2Ry A 2,6-DMNAE 8], A
Agte oA Ayl 228 A2 Azhgd
FFel g LCOFol %% DMNAo| A &3

g
-

A8 dm o Hm

7

—

ool e
-1}

29 $50) nas] YAV[1], o FF 2 5
Fo2t LCOFS W45 4¥3} sjeha o] T
HMERES TF H5Ae] BART olgt 2L olf

2 & ATolAE, $8-279 ZHo LCOF
43 DMNAoJAA £¢4E 55& HEHS. o
A, dimethylsulfoxide(o]3¥ DMSOZE. ¢k7])48-of-&

Tabel 1. Boiling Points of Dimethylnaphthalene

Component b.p.”['C] Component b.p.[TC]
2,6-DMNA® 262.0 2,7-DMNA 262.3
1,7-DMNA 262.7 1,3-DMNA 264.8
1,6-DMNA 265.7 1,4-DMNA 265.0
2,3-DMNA 269.2 1,5-DMNA 269.1
1,2-DMNA 2714 1,8-DMNA 270.0

a) : boiling point, b) : dimethylnaphthalene
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Fig. 1. Experimental method of batch cocurrent
multistage extraction.
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Table 2. Experimental Conditions for BCME®

System

Feed 1 LCO

Solvent : Dimethylsulfoxide(DMSO) + Water
contact time, [h] 0.5
initial mass fraction of water in solvent, [-] 0.03
number of stage, n[-] 1~5
rate of impeller, [s™'] 6.67
temperature, [ C ] 30

volume of liquid, [m?] 2~10"°
volume ratio of solvent and raffinate phase

1
entering stage n, S,/R,-,[-](n=1-5)

a) : batch cocurrent multistage extraction
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Fig. 2. Details of batch distillation apparatus.
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Table 4. Composition of LCO

System
Feed
1) LCO
2) Mixture extracted by BCME
3) Distillate recovered by batch distillation of
extracted mixture

reflux ratio, [ -] 7
volume fraction of recovered disitillate, [-]  0~0.7
volume of feed, [m?*] 4~107¢
Shimadzu GCBA PF, CRSA
Carrier
2 Capillary Column ULBO\I HR-1
4 0.25mm x 50m
Inject temperature  300°C
1 /} Column temperature  100-280C
3 Prog. rate 5¢C/min.
a Range 1000
Sample size 2.0p!
d 5
i L zeLl k ]
_Lb L M‘M b ,Jl -MM'LWJ\.V..[)LIMJ\M.L.LL_
ERE 2 ® 8 S I ‘é’: ﬁ 8
Legend time[ minutes ]

1 : Naphthalene, 2 : 2-Methylnaphthalene, 3 : 1-Methylnaphthalene,
4 : a mixture of 10 isomers of Dimethylnaphthalene

: 2,6-and 2,7-Dimethylnaphthalene mixture

. 1,7-, 1,3-and 1,6-Dimethylnaphthalene mixture

. 1,4+, 2,3-and 1,5-Dimethylnaphthalene mixture

. 1,2-Dimethylnaphthalene

. 1,8-Dimethylnaphthalene

5 : Hexadecane, 6 : Phenanthrene, 7 : Anthracene

® a0 oo

Fig. 4. Gas chromatogram of LCO.
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Component mass fraction
Naphthalene(C,,Hs) 0.01218
2-Methylnaphthalene(C,,H,0) 0.02604
1-Methylnaphthalene(C,,H;o) 0.01165

a mixture of 10 isomers of DMNA(C,H,;)  0.05120

a. 2,6-and 2,7-DMNA mixture 0.01440
b: 1,7-, 1,3-and 1,6-DMNA mixture 0.02194
c: 1,4-, 2,3-and 1,5-DMNA mixture 0.00682
d: 1,2-DMNA 0.00563
e: 1,8-DMNA 0.00241
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Fig. 5. Effects of equilibrium stage number.
(a) for density of raffinate and extract, (b) for
yield of aromatics and naphthalene group, (c)
for selectivity. NA : naphthalene, 2MNA : 2-
methylnaphthalene, 1MNA : 1-Methylnaphtha-
lene, DMNAs :a mixture of 10 isomers of
dimethylnaphthalene.
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Fig. 6. Gas chromatogram (a) of raffinate(R;), (b) of
extracted mixture (legend is shown in Fig. 4).
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Table 5. Composition of Mixture Extracted by BCME

Component mass fraction
Naphthalene 0.01948
2-Methylnaphthalene 0.03932
1-Methylnaphthalene 0.01753
a mixture of 10 isomers of DMNA 0.06116
a: 2,6-and 2,7-DMNA mixture 0.01787
b: 1,7-, 1,3-and 1,6-DMNA mixture 0.03066
c: 1,4-, 2,3-and 1,5-DMNA mixture 0.00693
d: 1,2-DMNA 0.00570
0-6 T 1 T
1
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Fig. 7. Relation between mass fraction of naphtha-

lene group in distillate and distilled tempera-
ture. feed : (a) LCO, (b) extracted mixture.
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Fig. 8. Gas chromatogram of distillate at a tempera-
ture range of 241-277°C (legend is shown in
Fig. 4).
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Table 6. Composition of Distillate at a Temperature
Range of 241~277C Recovered by Batch
Distillation of Extracted Mixture

Component mass fraction
Naphthalene 0.0
2-Methylnaphthalene 0.06738
1-Methylnaphthalene 0.04466
a mixture of 10 isomers of DMNA 0.30867
a: 2,6-and 2,7-DMNA mixture 0.08497
b: 1,7-, 1,3-and 1,6-DMNA mixture 0.14966
c: 1,4-, 2,3-and 1,5-DMNA mixture 0.04655
d: 1,2-DMNA 0.02754
1 Y —
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in Fig. 7(a) 'Y /’/’\
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> ’ \
0 *——Boag clen
240 250 260 270 280
T C)

Fig. 9. Relation between mass fraction of naphtha-
lene group in distillate and distilled tempera-
ture. feed : distillate at a temperature range
of 241~277°C recovered by distillation of
extracted mixture.
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Fig. 10. Gas chromatogram of distillate at a temper-
ature range of 260~270C. (legend is
shown in Fig. 4).

Table 7. Composition of Distillate at a Temperature
Range of 260~270°C Recovered by Batch
Distillation of Distillate.

Component mass fraction
Naphthalene 0.0
2-Methylnaphthalene 0.00853
1-Methylnaphthalene 0.01244

a mixture of 10 isomers of DMNA 0.58964

a: 2,6-and 2,7-DMNA mixture 0.16802
b: 1,7-, 1,3-and 1,6-DMNA mixture 0.29302
c. 1,4-, 2,3-and 1,5-DMNA mixture 0.08264
d: 1,2-DMNA 0.04326
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£9 dimethylnaphthaleneo} 5 &£32¢& ot a4zl
FE49 ¢t A3 Aroma =aromatics
HAEEANHF 49 dimethylnaphthaleneo] DMNAs =a mixture of 10 isomers of dimethylnaph-
A EHEY F30e A2EHAGY AY2En thalene
o FE-5F9 =g o agAolgc}. DMSO =dimethylsulfoxide
E =extract phase
Z At i =component 1
j =component j
HEEAAFE AFoto] T4 olelulx T4 F4  n —number of stage
3| Abol] ZAte T, NA =naphthalene
R =raffinate phase
AMEINS 0 =at initial(t=0)
IMNA  =1-methylnaphthalene
E  mass of extract phase [kg] 2MNA  =2-methyaphthalene
n : number of stage [-]
R [ 'mass or volume of raffinate phase [kg] or[m?] 2235
S : volume of solvent [m?]
T : distilled temperature [c] L. HF$%E, Tu=74 v 7 X, 43, 83 (1991)
x [ mass fraction in raffinate phase [-] 2. S. J. Kim, R. Egashira and J. Kawasaki, The
Y : yield [-] Third Korea-Japan symposium on Separation
y - mass fraction in extract phase, distillate ~ [-] Technology, 595 (1993)
B : selectivity [-] 3. S. J. Kim, R. Egashira and J. Kawasaki, Sekiyu
o : density [kg/m?] Gakkaishi, 38, 114 (1995)
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