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Abstract: Purification of 2,6-dimethylnaphthalene(2,6-DMNA) from the distillate containing a mixture of dimethyl-
naphthalene(DMNA) isomers of very high concentration was investigated by crystallization-recrystallization combina-
tion as a after-treatment for separation and purification of 2,6-DMNA in the light cycle 0il(LCO). The separation of in-
dividual isomers of DMNA was studied by crystallization with the distillate as a feed. 2,6-DMNA, 2,7-dimethyl-
naphthalene(2,7-DMNA) and 2,3-dimethylnaphthalene(2,3-DMNA) were concentrated to crystal, and it was fould that
separation between a group of 2,6-, 2,7-, 2,3-DMNA isomers and a group of the other DMNA isomers was possible.
However, it was not possible to separate 2,6-, 2,7- and 2,3-DMNA from one another. To select the most suitable
recrystallization solvent for purification of 2,6-DMNA, several conventional solvents, which have been employed com-
mercially as recrystallization solvents for high purity performance, were tested, through measurement of solubility of 2,
6- and 2,7-DMNA. The solvent used were hexane, iso-propyl ether, ethyl acetate and ethanol. From the solubility
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results for 2,6- and 2,7-DMNA, ethanol seemed to be the most suitable solvent for purification of 2,6-DMNA. F inally,
with crystal recovered by crystallization as a feed and ethanol as a sclvent, recrystallization experiments were conduct-

ed under various conditions. Purification of 2,6-DMNA was easily done with increasing operating temperature and sol-

vent to feed ratio. These results show that the crystallization-recrystallization combination is an effective one for sepa-

ration of individual isomers of DMNA.
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Table 1. Physical Properties of Dimethylnaphtha-

lene Isomers

Component bp.”[*C] mp.[T] c.d?[A]
2,6-DMNAY C,H,, 262.0 112.0 5.80
2,7-DMNA  C,H,, 262.3 98.0 5.80
1,7-DMNA  C.H,, 262.7 —14.0 6.55
1,3-DMNA  C,H,, 264.8 - —4.2 6.55
1,6-DMNA  C.H, 265.7 -16.0 6.20
1,4-DMNA  C,H), 265.0 6.0 7.20
2,3-DMNA  C,,H,, 269.2 105.0 5.80
1,5-DMNA  C,,H,, 269.1 82.0 6.20
1,2-DMNA  C,H,, 2714 -35 6.20
1,8-DMNA  C,,H,, 270.0 65.0 6.55

a): boiling point, b) :melting point, ¢): critical dimen-
sions of molecules, d): dimethylnaphthalene
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Fig. 1. Schematic diagram of crystallization appara-
tus. 1: cooler, 2: cooler tank, 3. pump, 4:
crystallizer, 5:glass filter, 6. reservoir, 7:
temperature recorder.
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Fig. 2. Experimental method.

Table 2. Systems and Experimental Conditions

Crystallization

System
Feed: distillate*
Washing solvent: ethanol

operating time, [h] 2.0
temperature, T['C] —445~~12
mass of feed, [kg] 1.0x107°
Recrystallization

System

Feed I : pure 2,6- or 2,7-dimethylnaphthalene
II': crystal recovered by crystallization of distil-
late
Solvent: hexane, isopropyl ether, ethyl acetate, etha-
nol

Washing solvent . ethanol

mass ratio of solvent and feed, S/F[~]

5.0~15.0
operating time, [h] 2.0
operating temperature, T{‘C ] —-50.0~-10.0

mass of feed, [kg] (25~75)x107*

*: distillate containing a mixture of DMNA isomers of
high concentration recovered from LCO by extraction-
distillation combination[17]

HR-1, GC-8A capillary column PLC)& A}&-3c},

2. 837 % =7

Table 2| 7+ Ztof AL&-® EAA 9} APzAL
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Table 3. Composition of Feed" for Crystallization

Component mass fraction
Naphthalene 0.0
2-Methylnaphthalene 0.00853
1-Methylnaphthalene 0.01244
a mixture of 9 isomers of DMNA 0.58694
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

*; distillate[ 17]
vrebdch Ao AT EXNE $E5-FFY =@
& LCORY-H 348 DMNAo|AR &3&E9 ¥
Zd& AMEATH{17]. Table 3o AHzks wtalea
A 24& el 55dF e, gaeko] v
4+ Ao AsFo] ZaFH 1,8-dimethylnaphthalene( ¢]
< 18-DMNAZ <7])& AYgd 9279 DMNA
o] dA7L FAR <F 60 wt% FHHo glglen, 2
6-3 2,7-DMNA9 YASEE 17 wi% Axo|g
th AZAY] dEEHE &% 26-, 27-DMNA
(Apthigesd: 2429 £x 995% olah)et A7)
Bz Fed AL, A SozA=
Hx, Ipe, Ea, Et& Al&8ic) =, 7+ Zzto 2B E
&9 249 AALNEAE EtE AL
ZAA L AATA fRAA A, 2ALE, £1)/9
5 A)E w3z

=2

B.j: (yt/xl)/(y/xl) (2)

T4, A7H M55, 1996
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Fig. 3. Effects of operating temperature, (a) for
concentration of component(or mixture) i in
crystal. (b) for selectivity of component(or
mixture) i in reference to 2,6- and 2,7-
dimethylnaphthalene mixture. feed: distillate
containing a mixture of dimethylnaphthalene
isomers recovered from LCO by extraction-
distillation combination[17].
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Table 4. Composition for Feed* of Crystallization

Column temperature  $57°C
Range 1600

Sample sjze 2.0
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Fig. 4. Gas chromatogram of crystal recovered by
crystallization. T=—44.5T, feed: distillate

[17].

o} sxof vis ok 4uf o]A Eokth oo ulthE,
DMNA FollA Agd A& 239 1,7-dimethyl-
naphthalene(o] ¥ 1,7-DMNA & ¢<}7]), 1,3-dime-
thylnaphthalene(¢]% 1,3-DMNAZ <}7])3} 1,6-
dimethylnaphthalene(¢] ¥ 1,6-DMNAZ <F7])&3t
L dEFdAE 7R 8 FEE HehlSddz
E7eE, 2A%Y s A @ik 2,6-3 2,
7-DMNA E¢E¢ 7|F22d 7 A (FL £%
2)9) HUEE 03 ojsE rhehjel, A4S )
2,6-3 27-DMNA &3 E3 1,2-dimethylnaph-
thalene(o]% 1,2-DMNAZ <¥7]) 2 = ute] DMNA
EJEFHY Ft rbsEe ¢ 5 ok DMNA 7+
ol A9 §AHE Hbdsted(1,7-, 1,3-3} 1,6-DMNA
23HE), (1,2-DMNA), (1,4-dimethylnaphthalene
(e]1% 1,4-DMNAZ <k7]), 2,3-DMNA9} 1,5-
dimethylnaphthalene(¢]3 1,5-DMNAZ <¢}7])) &
e o 26-3 2,7-DMNAEFET Hejr}
golHot.

WAzl oja DMNA ol 43 427 e
=8 54k, 10552 DMNA o)} B
A 7153 gas chromatographe] A}go] g FHcl.
w2} 4], capillary column PLCE A28} —445C
o A o4 348 AHE 24T AYE Fig 4
o, Akd ehdles XHE9 XS Table 4] Zbzt
Uehdek. Table 4ol Fuzdd] s 74 427
2elo) AES sdstel HHURY ZAE PrhAo
Age} AHZo] 2,6-, 2,7-7} 2,3-DMNAS] 5T 9
HEg Ed, Au) 4o ol Jo4ATY Rais
TRete g & 5 Aotk 2AFY 26-, 2,7,
2,3-DMNA¢} 2-methylnaphthalene(o]% 2-MNA =2

Hr oY

and Crystal Recovered by Crystallization

17 Dimedinaphihatene —445C

: 2-Dimnethylnaphthatene

{EE Dimenam ol . mass raction

: 2.3-Dimethylnaphthalene omponent Food Crystal
2-Methylnaphthalene 0.00853 0.03179
1-Methylnaphthalnen 0.01244 -
2,6-DMNA 0.09000 0.41028
2,3-DMNA 0.4370 0.11003
2,7-DMNA 0.07800 0.28441
1,5-DMNA 0.01870 -
1,8-DMNA - -
1,4-DMNA 0.02020 -
1,2-DMNA 0.04330 -
1,3-DMNA 0.10430 0.01111
1,7-DMNA 0.09340 0.00834
1,6-DMNA 0.09530 0.01253

*: distillate[17]

7))8 5 94839 26~ 2,7-, 2,3-DMNAS}
2-MNAS] Z7d] vls] =A debdor, o]F 44
T o199 A¥e AAFY = 1.3 wt% oJEFE
veho] AMzatd g 2,6-, 2,7-3 2,3-DMNA
o] 3o} A 9 5Fo] 7

3.3. Z4&H
3.3.1. BojMH

ST uhh o), A &% 26-, 2,7-3F 2,3-
DMNAS 34%7ke] Rele zdglong, 2 Ao
Ae 2,6-3 2,7-DMNAS z+% Lojo] B Lo
$ 245 olF 24209 2ol BYY $0iE
AR ek,

Fig. 5o 7+ 4viE AH87t 4§29 2,6-DMNA¢
S (o]lF Hyxo2 <79t Hyt 2,7-DMNAY
$H=(o]F HpZ %7])9 ul(He/Hy) oo BAS
veldith Hy 2 Hy/Hy e Et<Hx<lIpe<Ea<] &
A ehc. Bt $4018 #4513 glong 2
AFol AHEE & Follde Ao M B L)

2 A7 oA, = 2,7-DMNAE zs-DMNAon H)
A EA Aol ol FAo] ¥ HAeq 474y
o} dutyog TAo] Zo ﬁ.u]}‘_—. FAo] =& 3
T8¢ 2 447152 E1E 902 447 A5l
2014 Hys @ Hos/Hyol 71 A Uebd o2

J. of Korean Ind. & Eng. Chemistry, Vol.7, No.5, 1996



874 Az - 24
1 ‘5 T 1
Ea
- °
% Ipe
= @
3
= E Hx
t o
o
0.5 ’ .
0.01 0.02 0.03
H, []

Fig. 5 Solvent comparison. T=—30 C, Hy: solu-
bility of 2,6-dimethyinaphthalene, Hy, :
bility of 2,7—dimethylnaphthalene, Et: etha-
nol, Ipe: iso-propyl ether, Ea: ethyl acetate,
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Fig. 6. Effexts of operating temperature, (a) for

concentration of component i in crystal. (b)
for selectivity of component i in reference to
2,6-dimethylnaphthalene. S/F=10, feed:
cryatal recovered by cryatallization at T= —
44.5C.
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Fig. 7. Effects of solvent/feed ratio, (a) for concen-
tration of component 1 in crystal. (b) for se-
lectivity of component 1 in reference to 2,6-
dimethylnaphthalene. T=-10 T, feed:
crystal recovered by crystallization at T=—
44.5°C (keys are shown in Fig. 6).
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Fig. 8. Gas chromatogram of crystal recovered by
recryatallization. S/F=15, T=—10C, feed:
crystal recovered by crystallization at T=—
445¢C.
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Fig. 9. Concentration and yield of 2,6-dimethylna-
phthalene obtained by each operation. LCO:
light cycle oil, Extrac.. extraction, Distil.:
distillation, Crys.: crystallization, Recrys.:

recrystallization.
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C : mass of crystal [kg]
F : mass of feed [ke]
H : solubility [ke/kg]
S @ volume of solvent [m?]
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A - W IE BB
T : operating temperature [c]
x ! mass fraction in filtrate [-]
Y : yield defined by Eq. (1) [-]
y : mass fraction in feed or crystal [-]
B . selectivity [—]
SHEA}

1 = component or mixture i

} = component or mixture )

0 = at initial

2,3-DMNA or 23=2,3-dimethylnaphthalene
2,6-DMNA or 26=2,6-dimethylnaphthalene
2,7-DMNA or 27=2,7-dimethylnaphthalene
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