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Abstract
The crude methylnaphthalene oil (CMNO) contains nitrogen compounds (NCs) such as quinoline (QU), isoquinoline (IQU),
and indole (IN). These NCs in the CMNO are treated as impurities contained in the CMNO due to contamination of the
atmospheric environment and unpleasant odors. In order to improve the quality of CMNO, this study examined the effect
of extraction experimental factors on the reduction of NCs contained in CMNO using CMNO as a raw material and an aque-
ous formamide solution as a solvent, respectively. The increase in the volume ratio of solvent to feed in initial (S/F)y in
initial increased the distribution coefficient of NCs and the selectivity of NCs in reference to 2-methylnaphthalene (2MNA).
Additionally, an increase in operating temperature (T) increased the distribution coefficient of NCs but conversely decreased
selectivity. The compositions of QU, IQU, and IN in the raffinate oil recovered through equilibrium extraction under a con-
stant condition (volume fraction of water to solvent in initial (ywo) = 0.1, (S/F)o = 9, T = 303 K, liquid-liquid contacting
time = 72 h) were reduced by about 58.5 wt%, 61.9 wt%, and 73.4 wt%, respectively, compared to those of CMNO. The
formamide extraction method in this study was expected to be an effective reduction method for NCs contained in CMNO.
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Table 1. Gas Chromatography and Analysis Conditions

Gas chromatograph HP 6890 (Hewlett Packard Co.)

Column Capillary column HP-1
Length [m] 60
Inner diameter [mm] 0.32
Film [um] 0.25
Carrier gas N,
Split ratio [-] 0.025
Flow rate in column [mL/min] 2
Sample volume [pL] 1
Injection temperature [K] 523
Column temperature [K] 383~593

0 (for 0~3 min)
5 (383~523 K)
14 (523~593 K)

593

Increasing rate [K/min]

Detector (FID) temperature [K]

Table 2. Material System and Experimental Conditions

System
Feed crude methylnaphthalene oil (CMNO)
Solvent aqueous formamide solution

Experimental conditions

Liquid-liquid contacting time, t (h) 24~96
Operating temperature, T (K) 277~343
Volume fraction of water to solvent in initial, yyo (-) 0.1
Volume ratio of solvent to feed in initial, (S/F)o (-) 0.5~3
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Figure 1. Gas chromatograms of (a) CMNO [2], (b) raffinate phase, (c) extract phase. Peak number 1: naphthalene (NA), 2: quinoline (QU), 3:
iso-quinoline (IQU), 4: indole (IN), 5: 2-methylnaphthalene (2MNA), 6: 1-methylnaphthalene (1IMNA), 7: biphenyl (BP). Experimental conditions:

Yoo = 0.1, (S/F)y =9, T =303 K and t = 72 h.
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Figure 2. Effect of volume ratio of solvent to feed in initial (S/F)y on
(a) residual rate of raffinate phase (RR), (b) mass fraction in raffinate
phase (x;, solvent-free), (c) distribution coefficient (m;), and (d)
selectivity in reference to on 2-methylnaphthalene (Bisvna), of
component i. Experimental conditions: y,o = 0.1, T = 303 K, and t
=72 h.

HEUZEI(IMNA) = 15.11 wi%)°] E7 °F 56.92 wt% sk 1] #d
(BP)°] 8.03 wt% F=o] AUATH2].

N

ot

AN

R

>
off I E P

-1 o
1o

=
EARE & 5 gk o=rE 2 o
AEAA BYel £LAZ,

I
~
[\S]
=
offt
rO
£
1o

3.3. 2HIES

Figure 2(a)-(d)°ll L8 2 (ywo = 0.1, T = 303 K, t = 72 h)3}ol]
A FREE] AEERR), T U9) SR 9] AERE(x), SHE
9] WA (m) 2F 2MNAS 7153 3H5HE i9] ATE (B iawma) ©l
WA= (SF)S] B3 A2 UERICE RR, miS} B iowats TSl 78
ojAlel &l 47} AE

RR = R/Ry x 100% 1
m; = }’i/Xi (2)
B i2MNA — mi/mi,zMNA (3)

o714 R} Rei= 22t Bl 24t ol 250 ) WAz
2 419] AZCMNO)Y] AL, x) yi= BuHY 24 Fofl 358

@ ® = o i
-@-i-Qu
100 T T T T -O-i=1Qu
@ i=IN
Q -@- i=2MNA
X 10 4|-O- i=1vmNA
; i\i -O- i=BP
~ b

s
260 280 300 320 340 360
T (K)

=
2

0 280 300 320 340 360
T (K)

(CMNO)

(c) 1| T d s

P L, MU S U SR 3 S S T I
260 280 300 320 340 360 260 280 300 320 340 360
T (K) T(K)

mi (')

BI,ZMNA O]

Figure 3. Effect of operating temperature (T) on (a) residual rate of
raffinate phase (RR), (b) mass fraction in raffinate phase (x;
solvent-free), (c) distribution coefficient (m;) , and (d) selectivity in
reference to 2MNA (Biavna), of component i. Experimental

conditions: y.o = 0.1, (S/F)o =1, and t = 72 h.
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