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Abstract

For high-purity purification of indole (IN) contained in crude methylnaphthalene oil (CMNO), this study was reviewed by
adopting the re-extraction method using n-hexane as an enrichment method of IN contained in the extract phase recovered
from equilibrium extraction of CMNO and formamide aqueous solution. The raw material (extract phase) contained three types
of nitrogen-containing compounds (NCCs): quinoline (QU), isoquinoline (IQU), and IN; and four types of bicyclic aromatic
compounds (BACs): naphthalene, 2-methylnaphthalene, 1-methylnaphthalene, and biphenyl (BP). The distribution coefficient
and selectivity of IN showed almost constant values regardless of the change in the initial volume fraction of the re-extraction
solvent to the raw material. Compared to the distribution coefficient of IN, those of two types NCCs excluding IN and three
types BACs excluding BP, respectively, are about 4~7 times and 190~394 times higher. In addition, the concentration of IN
in the raffinate oil recovered through equilibrium n-hexane re-extraction run of the batch co-current five-stage under constant
re-extraction was 54.6%, which was approximately 2.5 times higher than that of the raw material. From the excellent IN
enrichment efficiency of this study, the re-extraction method using n-hexane was expected to be a new IN enrichment method
that can be an alternative to the distillation method.
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Table 1. Physical Property and Composition of Compound Contained in Feed (MFEP)

Compound Physical property Composition
Boiling point [K] Melting point [K] (wt%)
Naphthalene (NA, CjoH) 491 351~353 1.94
Quinoline (QU, CoHyN) 511 257 27.29
Iso-quinoline (IQU, CoH;N) 515 299~301 17.54
Indole (IN, CsH;N) 526 325 21.66
2-Methylnaphthalene (2MNA, C;;H;o) 514~515 307~309 12.33
1-Methylnaphthalene (IMNA, C;;H;o) 513~516 251 5.44
Biphenyl (BP, Ci:Ho) 528 342 2.69
Others - - 11.12
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Figure 1. Schematic diagram for equilibrium re-extraction method of
batch co-current 5-stage. R: raffinate phase, E: extract phase, MFEP:
mixed formamide extract phase (X7_, £,), which is a mixture of
each extract phase recovered from CMNO through formamide
extraction run of n = 1~5, i: component i, 1, 2, 3, 4, 5: number of
equilibrium extraction.
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Table 2. Material System and Experimental Conditions of Re-extraction Operation

System

Feed MFEP’", raffinate phases’

Solvent n-Hexane
Experimental conditions

Liquid-liquid contacting time, t (h) 24~96

Number of equilibrium extraction, n (-) 1~5

Operating temperature, T (K) 303

Volume of fresh solvent, Ey-E4 (ml) 300

Volume fraction of solvent to feed in initial state, E¢/Ry (-) 0.5~3

*: Mixed formamide extract phase (which is a mixture of each extract phase recovered from CMNO through formamide extraction run of each stage (n = 1~5),

**: Raffinate phases recovered through equilibrium re-extraction run of n = 1~5.
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Figure 2. Gas chromatograms of (a) re-extraction feed (MFEP; mixed formamide extract phase (Z]‘n_1 E;) which is a mixture of each extract phase
recovered from CMNO through formamide extraction run of n = 1~5), (b) raffinate phase (Rs) recovered through n-hexane re-extraction run of
n = 5, and (c) extract phase (E;) recovered through n-hexane re-extraction run of n = 1. Peak number; 1: naphthalene (NA), 2: quinoline (QU),
3: iso-quinoline (IQU), 4: indole (IN), 5: 2-methylnaphthalene (2MNA), 6: 1-methylnaphthalene (IMNA), 7: biphenyl (BP). Experimental conditions:

n=1~5, E/Ry = 0.5, T=303 K, and t = 72 h.
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Figure 3. Effect of volume ratio of solvent to feed in initial state (E¢/R) on (a) mass fraction of compound i in raffinate oil (x;;, solvent-free),
(b) distribution coefficient of compound i (m;;), (c) residual rate in raffinate phase of compound i (Ri;), and (d) selectivity of compound i in
reference to IN (5in)1, obtained through n-hexane re-extraction run of n = 1. Experimental conditions: n = 1, T = 303 K, and t = 72 h.
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Figure 4. Effect of number of equilibrium extraction (n) on (a) mass fraction of component i in raffinate oil (x;,, solvent-free), (b) distribution
coefficient of compound i (m;,), (c) residual rate in raffinate phase of compound i (R;,), and (d) selectivity of compound i in reference to IN
(Bim)n obtained through n-hexane re-extraction run of nth stage. Experimental conditions: n = 1~5, E/Ry = 0.5, T = 303 K, and t = 72 h.
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