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This study has been performed the process optimization for an extraction distillation process to produce highly
purified MC with a purity of 99.9 wt% and mass fraction less than 1 ppm from waste organic solvents containing
94 wt% of MC using DMSO as extracting agents. For the process optimization, thermodynamic model was used
and Aspen Plus of Aspen Technology company as process simulation software was utilized. As a result of analyzing
the optimum feed stage for introducing the heavy stream flowing out from the bottom of the extraction solvent
column (T-01) into the solvent recovery column (T-02), it turned out that the optimum feed stage of the heavy
stream is the fourth stage. It was analyzed that the optimum D-F (Distillate to feed ratio) of the solvent recovery
column (T-02) was 0.10 and the optimum reflux ratio is 2.00.
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Mass flow rate

Component Mass fraction (=) (ke/hr)

MC 0.94 1,880
Methanol 0.01 20
Ethanol 0.01 20
Acetone 0.01 20
Hexane 0.02 40
Water 0.01 20

Total 1.00 2,000
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webd FEA 34 Column(T-02)¢] D.F= DMSO2 [% 3] T-02¢) DF(Distillate to feed ratio)o] w2 AR e I8
;g H
Mass Fraco] 0.9999 ool MCe] =127} 0.9999]w, DF Re—boiler heat duty (kcal/nr)
G 240] 1 ppm °]3h7} ¥+ 0.100] 71 23k Aoz 0.08 145,307
0.09 152,906
A= A, 0.10 159,995
a8 3 ¥ 7 32 MCY £%7F 0992 415+ 0.08~ 0.11 166,627
0.12 172,849
0.15 D.F¥ ¢ e A ¢] Re-boiler heat duty $X& 223 2 013 178.799
F}2 4 D.F7} 271842 Re-boiler heat duty = Z7}sl= 0.14 184,198
0.15 189,341

AL o 4 o DF7F 0.109 o) Re-boiler heat duty
= 159,995 keal/hrE YehfE Aoz A =3l

190,000 T \/
— .. . - Yarm o 0,000 | 3 -
[3 2] T-02¢) DF(Distillate to feed ratio)e] w& DMSO & #i-& < e
2 DMSO AHfd, & AFEE MC AR AR =
DMSO | DMSO mass Water MC = i
D-F mass flow rate mass mass _E:_‘_g & L il
fraction (kg/hr) fraction fraction §
0.04 | >0.9999 2,156.28 3.60E-05 | 0.9778 & enom |- -
0.05 | >0.9999 2,110.21 1.22E-05 | 0.9854 I
""DO6 008 008 010 0717 012 014 015 016
0.06 >0.9999 2,065.11 5.93E—06 0.9946 Mass distillate to feed ratio
0.07 | >0.9999 2,020.98 3.18E-06 | 0.9989 o 4
[z 3] T-02¢] D-F(Distillate to feed ratio)o]| W& #jx 7
0.08 | >0.9999 1,977.80 1.79E—06 | 0.9990 B
20 %7 W — —
0.09 | >0.9999 1,935.53 1.08E—06 | 0.9990
0.10 | >0.9999 1,894.15 6.80E—07 | 0.9990 222 227 3% Column(T-02)¢] Reflux ratio 2
0.11 | >0.9999 1,853.63 4.49E-07 | 0.9990 -
0.12 | >0.9999 1,813.95 3.07E-07 | 0.9990 224 32 Column(T-02)¢] Reflux ratiod] we
0.13 | >0.9999 1,775.07 2.16E-07 | 0.9990 ; y _
DMSOS| 5 3 o] Wake #Aete] 718 4 2 X 4o)
0.14 | >0.9999 1,736.97 1.56E—07 | 0.9990 JENIE Refl o2 06-200] WSz MEAAL
. Reflux ratio® 0.672. =l ©-
0.15 | >0.9999 1,699.64 1.15E-07 | 0.9990 A + M=
O] o= ~ o 1} o == 5
0.16 | >0.9999 1,663.04 8.68E—-08 | 0.9989 DMSO9] == 0.999671.000 0.2 vekstom, 54 2
- _ )= =] 2~ - [e] [
0.17 | >0.9999 1,627.17 6.64E—08 | 0.9989 4 Column(T-02)2] Aol A 345 = DMSO9] 32
0.18 | >0.9999 1,591.98 5.16E—08 | 0.9989 1,893.4171,894.15 kg/hre] WS Yell= Aoz 4y
0.19 | >0.9999 1,557.47 4.06E-08 | 0.9988 2t Reflux ratio ¥3le] W& 3425 = DMSO o] g
0.20 | >0.9999 1,523.62 3.24E-08 | 0.9988 ¥ 8 249 2A3 A7) Reflux Ratio’} 72} 1.9 2
209 o 839X10-7 ¥ 6.80X10-7o.2 EXH L) F=24|
' T Tz‘@- ] 34 Column(T-02)¢ Reflux ratio’} F& 2%
g1 T 1 Column(T-01) Ao A 345 MCe 5] X+ 4
S ‘ gl ] 3rS 2218 Ay} Reflux ratio 0.7 o] o2 $431A4 ¥4
o 1 Al ] S 0999 MCE APaket 4 Qi Aoz B4 v
01040 OUI'/Z O'\IU-’C U'\IZB U'\I68 0.200 1‘/‘0800 0:15 Ul‘\U UI'\5 OIZU 025 }\1, il‘?E]v‘l:_‘: DMSO‘OA _}[_._E_ »JZ——}\O o] 1 ppm O] '8]-\,22— 7]I:]:|6é]—
Heavy stream feed stage Heavy stream feed stage
oo — T 4 9% Reflux ratio 2.0& AAsIH
2 | 2 [% 4] T-02¢] 510 B& DMSO A#E & 2 DMSO
5 :%’ AFHT, & AFRE MC APe g 48
g = 0081 |
" eavy stream feed stage oy streamioadisinge .
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DMSO DMSO mass MC
DF mass flow rate Water nass mass

fraction (kg/hr) fraction fraction
0.6 0.9996 1,893.41 3.90E—04 0.9989
0.7 0.9999 1,894.01 7.45E-05 0.9990
0.8 >0.9999 1,894.09 3.29E-05 0.9990
0.9 >0.9999 1,894.12 1.84E-05 0.9990
1.0 >0.9999 1,894.13 1.15E-05 0.9990
1.1 >0.9999 1,894.14 7.68E—06 0.9990
1.2 >0.9999 1,894.14 5.37E-06 0.9990
1.3 >0.9999 1,894.14 3.88E—-06 0.9990
1.4 >0.9999 1,894.15 2.88E—-06 0.9990
1.5 >0.9999 1,894.15 2.18E-06 0.9990
1.6 >0.9999 1,894.15 1.68E—06 0.9990
1.7 >0.9999 1,894.15 1.32E-06 0.9990
1.8 >0.9999 1,894.15 1.05E-06 0.9990
1.9 >0.9999 1,894.15 8.39E—-07 0.9990
2.0 >0.9999 1,894.15 6.80E—07 0.9990
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Aok & AHEES MC A#igo B4 ag=

3.4 =

WA 9 v g o] 38 0 RNE wjEE = MC M witd%
7b e ¥ /7184 2000 kg/hrs st x99
wt%(Mass frac 0999 ©]4) 2 & %4 Mass fraction 1
ppm °]&te] MCE # 4 1,700 kg/hr o] 3]5317] 918}e]
AA o247 9o 2 FAH F24] 34 Columne]
Aoks gt AARIAE EA% An o3y e A8 ¢

o]o)
DA AR

Z5F Column(T-01) 332 4=5 = Heavy stream

A 34 Column(T-02) 253 Al 24 9] Feedt-&

A7) 95kl Feedte] 94xol wel FE4 34

Column(T-02) sl A 355 E F24 DMSOY] ¢x 2
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( —m'
N e —1>

> o T oo
N

A 3]FEE= MCO| kol H= 43S wAst7] $1ste]
MCe] &%= Wists #A4¢ A7 Heavy streams FZEA4 g
4= Column(T-02)¢] 72%F Aol $]x]8k= o] = ol f9)A]
7ltee 3|45 DMSO9F MCe| <k, 824 59 A
] NES WEE Aoz A ENOH, 1 240 71
S Acdo] A9 Heavy Streame] &9 ¢ Aoz &
}‘\:}Q}\}\‘:}‘,
2, F&A 34 Column(T-02)¢] D -Fx DMSO¢] Mass
Fraco] 09999 o]4tolHA MCe <7} 0.9990|H, F#57 =
ZJo] 1 ppm ©]ap7} ¥3i= 0100] 71 4gst Aoz A1
t}
3. F&A4 34 Column(T-02)¢] Reflux ratio’} % %
Column(T-01) “JHoll A 3]55= MCe] +&=el vA]=
S BA% A3} Reflux ratio 0.7 o]Ao2 4344 A
0.9992] MCE A4kst = glom 2 345+ DMSO9]
zZA0] 1 ppm o]akE 7|tk = = Reflux ratio= 2.0
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