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Abstract—Among various processes to remove hazardous chemicals in soil or solid waste materials the
supercritical fluid separation process has been selected to extract o-dinitrobenzene contaminated in soil. The
effects of entrainers, flow rate and temperature on separation efficiency have been investigated using pure
CO, and mixtures containing 5 wt% of acetone or methanol as entrainers. A mathematical model has been
proposed to calculate the residual concentration of o-dinitrobenzene in soil, which agrees well with the experi-

mental data.
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1. CO, cylinder

5. Nz cylinder

9. Air bath

13. Extractor

17. Cold trap
Fig. 1. Schematic diagram of experimental apparatus.

2. Silica gel

6. Metering pump
10. Safety head

14. Water bath

18. Rotameter
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3. CO, reservoir

7. Solvent reservoir
11. Pressure regulator
15. Micrometering valve
19. Flow totalizer

4. Co-solvent

8. Circulation pump
12. Preheater

16. Sampling valve
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Table 1. Residual concentration of o-dinitrobenzene in soil
extracted using supercritical fluids at 100 bar

CO, COz-methanol CO;-acetone
System
(ppm) (ppm) (ppm)
Temp.(C) 40 40 80| 40 80
Flow rate® | o0 | 65 100 150 65| 65 65
(cm®/sec)
0 min | 1055 [1055 1055 1055 1055|1055 1055
1 778 | 418 331 473 801| 675 1036
2 501 358 382 820! 640 817
5 741 | 332 102 366 775| 399 811
10 743 | 166 259 217 624 88 572
20 593
60 527

* Conditions: 1 bar, 25C
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alod Agstglcl =3 COracetoned] 7-foll= F3k
65 cm®/sec, $12-S 100 bare} & E& 40T, 80C 5 7
Sof wjsted Agaled=dl Aol oh2 3% dinitroben-
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=3 AFE Holx 9loy, 4% COR 6087 53
ZAFHE entrainerg AHS3HE 12% ulef & F QS
Tt ofe} 102 Az 72 A7 29539 80-90
%Z AT =2 methanol} acetoneo}! o-dinitroben-
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Fig. 2. Effect of flow rate on the relative concentration
of dinitrobenzene in soil extracted with supercriti-
cal CO;-methanol(5 wi%) mixtures at 40°C, 100
bar.
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Fig. 3. Variation of relative concentration of dinitroben-

zene in soil extracted with supercritical carbon

dioxide at 40°C, 100 bar(Flow rate: 65 cm®/sec).

Table 2. Parameters used for the modeling of supercritical
fluid extractor

L=7 cm 8,=1.055X 1073 g/g soil
£=03 pp=2.2 g/em’
E=04 n=0.1

u=0.4 cm/sec(at 40C and 65 cm®/sec)
1.05 cm/sec(at 80 and 65 cm®/sec)

F F=E T A (022 &4 59 AFFEE
AAtsh=d] 98 3% v]=] 9] parameterd] k/K(model 1)}
kA "(model 2)& A¥ AF-EE 0F regressiond}o]
T3k ch

T8 294 COZ 53 45 ES 59 3FF
Zof gk AP A9} model 1, 28 A4 ZHE vl wsd
Fig. 35} ztonj, o] uf AAtel] AH4-% parameterE-2 Ta-
ble 29| A2l glc}. Fig 3el4] B+ nle}l 7to] model
1& A AAdze]w exr} & W] model 2+ A
HAlg e} AR $2 AFE S & 5 slok oA
£ A9 o}E systemol| A= £ £ o-dinitroben-
zene2] ¥-%& model 20 A AAlstRm, A4l
g 8 3} parameter % <5 CO,8} v}71A| & Table 29]
g a2 A3k 4 CO.9 COrmethariol, COx-
acetone S FEHAZ AT H9o FE2ESEL ¥
3l7] 93te] e 27140, 35 cm¥/sec) ol A Z“-n—"’—i-f]
Agz)el AAAE Fig 4o =AM, &5 CO2b
ulz7}A] 2 entrainer& AMEEF 749 % ”‘éﬁd 9} 24
3= 3t AxHATE Bt o] AS F27) A5
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: COp=acetone(5 wtid)
: COp ~methanol (5 wts)
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Fig. 4. Effect of entrainer on the relative concentration
of dinitrobenzene in soil at 40°C, 100 bar(Flow
rate: 65 cm®/sec).
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»— COp-methanol {5 wtd)

CO, ~acetone (5 wti})
3.0

Concentration (g/ent®) x 10°

00

05
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Fig. 5. Effluent concentration of dinitrobenzene in fluid

phase at 40°C, 100 bar(Flow rate: 65 cm*/sec, —:
calculations by model 2).
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Yk 2904 34 $9) odinitrobenzened] TXE A
Aste} A7kl w2l Jelid Fig 591 Zth Entrainer&
Abgat 2ok AFEEs) 2l A HAE RS
F2 x50 A3 e gEAe] AASHERE 4FolA 2]
FE7t £ CO, 2ot Aulgh & 2H =9 13 o)Wl
F45HA 712282 o 4 9ok Fig 6, 7ol COxmethanol
2 CO,-acetone systemol| 4] 2x92] o gFo] v|=e] Q]
£l model 25 o] 43}ed H2F o2 A4 5 ldden,

818t H30 M35 19924 63

e

o,
2
4o

Time{min)
Fig. 6. Effect of temperature on the relative concentration
of dinitrobenzene in soil extracted with supercriti-
cal CO;-methanol(5 wt%) mixtures at 100 bar.

0.0 A ’
] s

Time({min)
Fig. 7. Effect of temperature on the relative concentration

of dinitrobenzene in soil extracted with supercriti-
cal CO;-acetone(5 wt%) mixtures at 100 bar.

oJ¥] system2] APRIHE regressiondle] T+ parame-
terzto] Table 3o Azlx]e] gir} o] parameteri= o3}t
%% Ao} Freundlich2]e] A zte] A3HkA ™Mo
o] Fol A 7] wFoll Z7] )& systemol] it W=
o]} £}, 40T 4 COrmethanol®} 7-$- #3265, 100,
150 em¥/sec® 9234 o parametergiEo] 952, 109,
9.102 2 u)&¥ & Holm= Fig2¢4 JF3 Ast
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Table 3. Parameters of model 2 regressed from experi-
mental soil concentration of o-dinitrobenzene

System CO, CO;-methanol COq-acetone

Temp.(C) 40 40 80| 40 80

Flow rate® 65 65 100 150 65| 65 65

(cm®/sec)

k(a)~» 1.80 |952 109 9.10 0.567| 4.72 0.430
X10~%

* Conditions: 1 bar, 25T

7o) B EAAGo] & AP FANAM S&dAN)
ol ele AL Y £ Qgirh 2y B Q76
Freundlich]¢] parameterSe] HAqell o Faizl
7o) opu2 Ayt YAl #Fte] slov, oz
Fa-2a JYAYE FYs o]F8 A Hd FE
Agztge] Mo Aoyl =fo) E Aoz P}

4.8 £

24> CO:2} methanol, acetone2- entrainer2 AM-3l
COyentrainer 2YAFA EFEZ EY Fol 24938
o-dinitrobenzene-g A sk AT-F FY3d A& 2
&o] 23 #Zch

& 2974 COE 40T, 100barel4] 23 A5} =
ulo)l Ab}eEe] o-dinitrobenzeneo] A= o} 608
o]AH& ZFZ3lo% o-dinitrobenzeneo] EoFel| 738}A)
3= 9l 29 42 50% A= yhell AATE 5
42lch 28]y} methanol?} acetoneS entrainer2 Al
3l 5% CO2 6087 5% AE 1284 9%
T 9len 108 Folle 2dEA] 80-:90%E AAY F
9l% AXZ methanold} acetoneo] entrainer® -$-5-3
A, ols} o] HE A7t We| edEAe] AHA
o8 AAHER ZUAFA o] Fold A3 &8 7}
SAo) Zrku Azt

E2YASA S fefo] FF A VX GgE Ay
27 83t COrmethanol®] H8-2 65 100, 150 cm®/
secZ H3lA|Z o AFFEot fgol vl ZA W3}
32 Wsgton] o= B AT AdzAA 5
A 3EAMDe] ohlehe &4 9¢ F sk
whdel] & H g0 W 229 dF vl AHAA COr
entrainer®} 7ol £E& 40ToA 80CE Z7}A|7|=A
ARes s} 360 271 AE R 2&F §o) FHaslqch

29AFA 2719 e 3t 2 FAANE
ASz gt e Eess) Py sl F419
X C*l vl@ctz A Eg o, 3 33A 4 el Hen-
rvs] HAS 0]43 model 13} FreundlichA]l& AH8-g

model 2& A &3stgir}. B4 F2o| AF-5=E finite dif-
ference methodZ #|4%t 23} Freundlich?]-g AH4-%
model 27} & A7} 23 ST ALEAE
By

#Z A
£ A7E BEAARe] B )z Al o
ojfeld AU & ATE AU YR Aol
A=,
ARBI1E

C  :concentration of o-dinitrobenzene in fluid phase
[g/em®]

L :length of bed [cm]

n : exponent in Freundlich isotherm [-]

t :time [hr]

u  :superficial velocity [cm/hr]

z : axial position [cm]

azjola Xt

€ :void fraction in extractor [-]

@  :oconcentration of o-dinitrobenzene in soil [g/g

soil]
&  :volume fraction of soil in solid phase [-]
py  :density of soil [g/em®]

MK}
* : equilibrium property

SPHXL
avg :average value
o :initial value

EAOEH
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