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250~255 C)2 A5= AHgsto] & AAgl 2242 ol Q=9 1wk FAE HEAT 45 5942 84d(quinoline,
iso-quinoline, indole, quinaldine, 1-methylnaphthalene, 2-methylnaphthalene, biphenyl, phenyl ether) 0.2 3= o] St} A4
g} 22re] §ulEAM = 2TIARS, Wl EA = vEE 58950 : 50 vol%) S A7 ARSIl e, A e AR ZAE AR
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Ao}, dow &5 AstAlrh AFa A AxA glo], IS &= ARESE & A3t x4l o) s
5(99.3 wi%)9] Q=S AFTE(50%)E 3|58 = Ut

The purification of indole from 54.3wt% indole fraction (temperature range of distillate: 250 ~255 C) recovered by ex-
traction-distillation combination of coal tar fraction (temperature range of distillate: 240~265 C) was examined by solute
crystallization. The feed consists of eight components such as quinoline, iso-quinoline, indole, quinaldine, 1-methylnaph-
thalene, 2-methylnaphthalene, biphenyl and phenyl ether. Hexane and an aqueous solution of methanol (50 : 50 vol%) were
used as the crystallization solvent and the coolant, respectively. A batch stirred tank of glass material was used as a crystal-
lization apparatus. By increasing the operation temperature and the volume ratio of solvent to feed at initial, the purity of
indole increased, but yields of indole showed a decreasing tendency. Solute crystallization method using hexane as a solvent
was excellent because the purity of 99.3 wt% indole was recovered at the yield of 50% without washing operation.
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Figure 1. Schematic diagram of batch crystallization apparatus[13]. 1:
circulator, 2: PID controller, 3: digital thermometer, 4: variable-speed
mixer, S: crystallizer with a double jacket, 6: glass filter with a double
jacket, 7: aspirator.
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Table 1. Material Systems and Experimental Conditions

Systems
Feed : distillate”
Solvent : acetone, acetonitrile, chloroform, cyclohexanone, etha-

nol, ethyl acetate, ethyl ether, formamide, 2-propanol,

diisopropyl ether, methanol, THF, N,N-dimethyl acet-

amide, n-hexane, n-heptane, pyridine, toluene
Washing solvent : n-hexane

Conditions

Impeller speed [rpm] 200
Operating temperatures, T [C] -10~0
Operating time, t [min] 5~120

Solvent/feed volume ratios at initial, (S/F) [—] 0.5~43

"distillate (temperature range of distillate: 250~255 C) recovered from coal tar
fraction by extraction-distillation combination.
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temperature 300 C, sample size 2 pL, splitting ratio 100 :
temperature 120 C (41417t 25 min), 5255 3 C/min, final tem-
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Appl. Chem. Eng., Vol. 21, No. 2, 2010



240 244 -

12‘

6
T e
i ni A f-::.;,._;:.;".i‘;.(ré‘.'f“‘ﬁhyw'ﬁ.‘}

Retention times (minutes)

Retention times (minutes)
(a) (b)
Figure 2. Gas chromatogram of (a) feed, and (b) crystal obtained at
conditions of t = 60 min, (S/F)y = 21, T=-10 T and N = 200 rpm
(without hexane washing). 1: quinoline, 2: iso-quinoline, 3: indole, 4:
2-methylnaphthalene, 5: quinaldine, 6: 1-methylnaphthalene, 7: bi-
phenyl, 8: phenyl ether.

Table 2. Physical Properties and Composition of Each Component in
Feed

Component b.p. [C] m.p.”[C] COT‘ES)Z; 1on
1-Methylnaphthalene (CiHio) 240~243 =22 0.1267
2-Methylnaphthalene (C;1Hio) 241~242 34~36 0.1137
Biphenyl (Ci2Hio) 255 69 0.0064
Indole (CsHsN) 253 52 0.5432
Iso-quinoline (CoH7N) 243 26 0.0917
Phenyl ether (Ci2H;00) 259 28 0.0015
Quinoline (CoH;N) 238 -16 0.0751
Quinaldine (CioHoN) 247 -2 0.0374
Others 0.0043

*: boiling point, **: melting point
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Figure 3. Time course curves for concentration of component i in crys-
tal obtained at conditions of (S/F)p = 21, T =-10 C and N = 200 mpm
(without hexane washing). Keys: @: I = quinoline, O: I = iso-quino-
line, l: I = indole, [J: I = 2-methylnaphthalene, A: I = Quinaldine,
A: 1 = 1-methylnaphthalene, ¥: I = biphenyl.
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Figure 4. The effect of operation temperature for (a) concentration, and
(b) yield of component i in crystal obtained at conditions of t = 60
min, (S/F)o = 21 and N = 200 rpm (without hexane washing). Keys
are shown in Figure 3.
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Figure 5. The effect of (S/F)o for (a) concentration, and (b) yield of
component i in crystal obtained at conditions of t = 60 min, T = -10
C and N = 200 rpm (without hexane washing). Keys are shown in
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