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clohexanone, ethanol, ethyl ether, ethyl acetate, isopropyl ether, methanol, n-hexane, n-heptane, pyridine, THF, toluene,
methanol¥} acetone®] ZF-E1l)E AlE3to] A% ﬂiﬁ% st A3} 60 vol% methanol¥ 40 vol% acetone®] Z3H-g-1j
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The high-purity purification of 2,6-dimethylnaphthalene (2,6-DMN, 10.43 wt%) from the concentrate of DMN isomers re-
covered from light cycle oil (LCO) through distillation-extraction combination was examined by a crystallization operation.
To select the most suitable crystallization solvent for purification of 2,6-DMN, several conventional solvents, which have
been employed commercially as crystallization solvents for high-purity performance, were tested, through measurement of
purity and yield of 2,6-DMN. The solvents used were acetone, cyclohexanone, ethanol, ethyl ether, ethyl acetate, isopropyl
ether, methanol, n-hexane, n-heptane, pyridine, THF, toluene, and a mixture of methanol and acetone. The mixture of 60
vol% methanol and 40 vol% acetone (M/A = 1.5) was found to be suitable for purification of 2,6-DMN in the concentrate
of DMN isomers based on purity and yield. Increasing the operation temperature and the volume ratio of solvent (M/A
= 1.5) to feed (concentrate of DMN) resulted in improving the purity of 2,6-DMN, whereas the yield decreased. The crystal
recovered by crystallization run using the concentrate of DMN isomers contained about 76 wt% 2,6-DMN. Furthermore,
for recovery of high-purity 2,6-DMN, crystal containing 76 wt% 2,6-DMN was crystallized. As a result, crystal with 99.7
wt% 2,6-DMN was recovered with 40% yield.
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Table 1. Physical Properties of DMN Isomers

Component b.p. [C] m.p."[C] cd."[A]
2,6-DMN 262.0 112.0 5.80
2,7-DMN 262.3 98.0 5.80
1,7-DMN 262.7 -14.0 6.55
1,3-DMN 264.8 -4.2 6.55
1,6-DMN 265.7 -16.0 6.20
1,4-DMN 265.0 6.0 7.20
2,3-DMN 269.2 105.0 5.80
1,5-DMN 269.1 82.0 6.20
1,2-DMN 271.4 -3.5 6.20
1,8-DMN 270.0 65.0 6.55

*boiling point, **melting point, ***critical dimensions of molecules
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Figure 1. Schematic diagram of batch crystallization apparatus. 1: cir-
culator, 2: PID controller, 3: temperature recorder, 4: variable-speed
mixer, S: crystallizer with a double jacket, 6: glass filter with a double
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Table 2. Material Systems and Experimental Conditions

Material systems

Feed I : concentrate (extract’ recovered by equilibrium extraction of distillate’)[10]

Feed II : crystal recovered by crystallization operation of concentrate

Solvent : acetone, cyclohexanone, ethanol, ethyl ether, ethyl acetate, isopropyl ether, methanol, n-hexane, n-heptane, pyridine, tetrahydrofuran

(THF), toluene, a mixture of methanol and acetone
Washing solvent : ethanol

Experimental conditions

Impeller speed, N [rpm]
Methanol/acetone volume ratio, M/A [-]
Operating temperature, T [C]
Operating time, t [h]

Solvent/Feed I volume ratio, S/F T [-]
Solvent/Feed 1l mass ratio, S/F II [-]

200
0.25~4
-30~-10
0.33~3
2~9
9~19

*distillate (temperature range of distillate: 255~277 C) recovered by batch distillation of LCO
**Extract recovered by equilibrium extraction [solvent = a aqueous solution of dimethylforamide, ywo = 0.04, T = 25 C, S/F (distillate) = 3] of distillate”

Table 3. Physical Properties of Organic Solvents

Table 4. Composition of Feed I (Concentrate)

Component b.p. [C] m.p. [C]
Acetone 56.1 -94.7
Cyclohexanone 155.65 -31.2
Ethanol 78.3 -130
Ethyl ether 141.97 -95.35
Ethyl acetate 77.11 -83.55
Isopropy! ether 68.5 -85
Methanol 64.67 -97.49
n-Hexane 68.7 -95.4
n-Heptane 98.4 -90.6
Pyridine 115.5 -42
THF 65 -108.5
Toluene 110.6 -95.2
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Figure 2. Gas chromatogram of Feed 1. 1: 2-methylnaphthalene
(2-MN), 2: 1-MN, 3: 1-ethylnaphthalene (1-EN), 4: 2-EN, 5: di-

phenyl, 6: 1,7-dimethylnaphthalene (1,7-DMN), 7: 2,7-DMN, 8:
1,3-DMN, 9: 2,6-DMN, 10: 1,6-DMN.

Composition of each

Component component (wt%)
2-methylnaphthalene (2-MN) 0.1639
1-methylnaphthalene (1-MN) 0.1178

1-ethylnaphthalene (1-EN) 0.0118
2-ethylnaphthalene (2-EN) 0.0134
diphenyl 0.0930
1,7-dimethylnaphthalene (1,7-DMN) 0.0778
2,7-dimethylnaphthalene (2,7-DMN) 0.0680
1,3-dimethylnaphthalene (1,3-DMN) 0.1576
2,6-dimethylnaphthalene (2,6-DMN) 0.1043
1,6-dimethylnaphthalene (1,6-DMN) 0.2456
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Figure 4. Effect of methanol/acetone volume ratio on purification of
2,6-DMN (without washing). Feed used: Feed I, solvent used: a mix-
ture of methanol and acetone.
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Figure S. Effects of S/F I volume ratio and operation temperature on
purification of 2,6-DMN (without washing). Feed used: Feed I, sol-
vent used: a mixture of methanol and acetone.
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Figure 6. Effect of operating time on purification of 2,6-DMN
(without washing). Feed used: Feed I, solvent used: a mixture of
methanol and acetone.
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Figure 7. Variations of concentration and yield of 2,6-DMN based on
crystallization operation and washing of ethanol. Crystal I: crystal ob-
tained by crystallization of Feed I and a mixture of methanol and
acetone. Crystal II: crystal obtained by crystallization of Feed II
(crystal I) and a mixture of methanol and acetone. Recovery con-
ditions of crystal I: M/A = 1.5, S/SF 1 =6.5, T=-30 T, N = 200
mpm, t = 2 h, without ethanol washing. Recovery conditions of crystal
I: M/A = 1.5, S/IFIT =19, T=-30 C, N = 200 rpm, t = 2 h, with
or without ethanol washing.

¥} v)wshd A3t 9 AEd A4 &l Aol uE BeEY AAE
RlIgk = vk A3t 284S ol HFHoRE Aol HAEL ()2
99.7 wt%2] 2,6-DMNC.ZAX], 4o E4-5<] 2 7-DMNS 383}l
e ASE ERIFGIL) o) F5 Ak Fa s wEr |7} 7=
BAV|E Ago] =W, dojxl Ad=el F4%<] 2,7-NDAE st
U= 7FsAdol vkl ddtEo A, Ak ARl qlolA 2,7-
NDAE HAEZR 2,6-NDAS] FxolddAo)7] wfite] Fad-gol
Slo] t&ate] glehgailel] ks mAA] FetEE B 9kl 3
T8 ECEERTE AEE wiAe] 22 AskE s 4

Bt
| o=

10

—X
=

1

|
L

h S
s . A\
Retention Time (min)
(a) (b) (c)

Figure 8. Gas chromatogram of (a) crystal 1 (without washing), (b)
crystal II (without washing) and (c) crystal II (with washing) obtained
by crystallization operation. Details for crystal I and II are demon-
strated in Figure 7. Peaks No. are shown in Figure 2.
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