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Desorption Characteristics of Granular Activated Carbon
Loaded with Substituted Benzoic Acids by

Supercritical Carbon Dioxide

Jung-Jin Lee

Department of Chemical Engineering
Graduate School of Industry

Pukyong National University

Abstract

Desorption characteristics of substituted benzoic acids from activated
carbon with supercritical carbon dioxide was studied experimentally and
theoretically.

Experiments were carried out at pressure of 8 Mpa -~ 16Mpa and
temperature 35T ~ 55C.

The main purpose of this study is to obtain the desorption rate of

substituted benzoic acids from aclivated carbon with supercritical pressure,
adsorption explosure time, flow of supercritical carbon dioxide and
substituted benzoic acids loading.

The experimental results are as follows:

(iv)



1. At constant temperature, higher is favorable to desorb substituted
benzoic acids from activated carbon having the same adsorption history

such as adsorption explosure time and substituted benzoic acids loading.

2. At constant pressure, higher temperature at 16 Mpa and lower
temperature at 8 Mpa were favored, showing that solubilities if
substituted benzoic acids in supercritical carbon dioxide plav an

important role in desorbing substituted benzoic acids.

3. There exist same irreversible substituted benzoic acids adsorbed in
activated carbon that cannot be desorbed with supercritical carbon
dioxide under constant adsorption substituted benzoic acids was

increased as the adsorption explosure time was longer.

4. In the case of flow rale effect of supercritical carbon dioxide, the
experimental results showed that the desorption rate increased with an

decrease in flow rate of supercritical carbon dioxide.
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Fig. 1. Phase diagram of pure carbon dioxide in the vicinity of the eritical

point.

SIFC © superceritical fluid region, NCL : near—crilical liquid region
CP : critical point, Pc @ critical Pressure, p. : critical density
Tr : reduced temperature, A : boiling-point, B : dew point curve

C  normal liquid density
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Table 1. Typical physical properties of supercritical fluid

Phase
Property
Gas SCF Liquid
Density(g/cm?) [(0.6~2.0) x107° 0.2~0.9 0.6~1.6
Diffusivity(cm’/s) 0.1~0.4 (0.2~0.7) x107° [ (0.2~2.0) x107°
Viscosity(cps) (1~3) x107° (1~9) x 1072 0.2~0.3
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Table 2. Critical property data for some supercritical solvents

Critical
Substance Temp Pressure Density
(K) (bar) (g/cm®)
Methane 190.6 46.0 0.162
Ethylene 282.4 50.3 0.218
Chlorotrifluoromethane 302.0 39.2 0.579
Carbon dicxide 304.2 73.8 0.468
Ethane 305.4 48.8 0.203
Propylene 365.0 46.2 0.233
Propane 369.8 42.2 0.217
Ammonia 405.6 113.0 0.235
Diethyl ether 467.7 36.4 0.265
n-Pentane 459.6 33.7 0.237
Acetone 508.1 47.0 0.278
Methanol 512.6 80.9 0.272
Benzene 562.1 48.9 0.302
Toluene 591.7 41.1 0.292
Pyridine 520.0 56.3 0.312
Water 627.3 220.3 0.322
Xenon 289.7 58.4 1.113
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Table 3. Application areas for supercritical fluid extraction

Chemical

and

Food

Industry

Fractionation polymer

Porous polvmer

Swell polymers

Chemical fiber

Chemicals from coals, metals isotopes, alchols
Spice extratcts

Lectihin

Fat free proteins

Vegetable fats and oils

Animal fats

Aromas and essences(coffee, tea, hops)
Natural coloring substances(paprika)
Aroma transfer

Catalyst treatment

Active - carbon treatment

Fat refining (deacidification)

Reduction of alcohol in beverages

Pharmacy

Alkaloids
Sterines
Antibiotics

Recycling
of
Residue

Used oils
Polymers wastes

,11,




31 gFA 59 Ax

= AT ArEgE dA4 %S vl Aldrich Chemicalrl A 3Eol™ &) 23 A}
A #AMEg £4L Table 401 Yefh A

FAE2 AMEslr] Hel AA g o] 252 48A17F Fob Holn thal & o]
T2 33 AFste] Z4ude BeEE 9ds AAF FO100~110T,
10mmHgel A &A= = A 27)eM 83 AzAA4 42 Faaz

AHg st

Azd ST dA4FE 488 JFete] $EE ol a9 golo W
A 2041TR F AR aut] 2z B EF A wdsied 2R A
Q1 48AZE Tk BAAAG. FH ¥ F R 299 HEE UVES 54
7l{Perkin Elmer, Lamda Bio 20)% #M&to] &g vjst 2z &

B2 A,

THEol FEE HAGFEE 40507, 660~760mmHgol 4 £AGE AgAx

7lell A 48A1ZF A AR F g g Abgsh g

Table 4. Properties of activated carbon used in experiment

Particle ) lodine Surface Bulk
Raw ) Density ) ) Hardness
torial size (/) adsorption | area density ()
materia g/ 2
(mesh) (mg/g) (m'/g) (g/cm’)

Lignite | 20~40 2.10 1900~1,100} 1,000 [0.45~0.50 95

3.2 AH& Aot
1) 24-DINITRO BENZOIC ACID (C-HN-Og) © ©]3F DNBA# I A 3}
Switzerland Fluka Chemical. ASSAY > 90% HPLC.



2) 2,3-DIHYDROXY BENZOIC ACID (C;H4O4) : ©]3 DHBAZ} T A&
Switzerland Fluka Chemical. ASSAY > 98%

3) 24-DIMETHOXY BENZOIC ACID (CoHipQy) : o3 DMBA@F A&
Switzerland Fluka Chemical. ASSAY > 98%
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! metering valve 10

. safty valve ® _ﬂﬂm 9
| I—(UE— \ m

. check valve

8 D DB X

! heater
3
- filter 5 —=le
4
N
< 3
(i)
\
1:CO2 cylinder Hlextractor 9:wet gas meter
2:cooling bath 6:thermometer 10:water bath

3thigh pressure pump 7:back pressure regulator 11:heat exchanger

4:pressure gauge 3:separator

Fig. 2. Experimental apparatus for desorption of activated carbon with

supercritical carbon dioxide.
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Table 5. Analytical wave-length of adsorbates

Adsorption
Adsorbates | wavelength K B Rxx2
(nm)
DNBA 310 73.112 3.223 0.9993
CBA 280 97.704 2.632 0.9997
DHBA 306 66.955 18.364 0.9995
DMBA 274 150.010 3.872 0.9998
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Table 6. Freundlich constants and Freundlich isctherms

Adsorbate K 1/n n Freundlich isotherm
DNBA 15.75 0.446 2.242 a15.750.000
DMBA 30.36 0.250 4,003 2.=30.36C.
DHBA | 1571 | 0406 | 2.460 g.=15.71C.0*"

CBA 2.52 0.677 1,478 ge=2.52C."""




Adsorbed amoiunt, ge [mg/g A.C]

10°

DNBA
DMBA
DHBA

& p e

1[]?:-

lﬂl N ’ aual

10 10

Equilibrium concentration, Ce |mg/L]

Fig. 3. Freundlich isotherms at 20TC.
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Fig. 4. Effect of temperature on desorption of DNBA from activated

carbon with supercritical carbon dioxide at 8 MPa.
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Fig. 5. Effect of temperature on desorption of DNBA from activated

carbon with supercritical carbon dioxide at 16 MPa.
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Fig. 6. Effect of temperature on desorption of DHBA from activated

carbon with supercritical carbon dioxide at 8 MPa,
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Fig. 7. Effect of temperature on desorption of DHBA from activated

carbon with supercritical carbon dioxide at 16 MPa.
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Fig. 8. Effect of temperature on desorption of DMBA from activated

carbon with supercritical carbon dioxide at 8 MPa.
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Fig. 9. Effect of temperature on desorption of DMBA from activated

carbon with supercritical carbon dioxide at 16 MPa.
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Fig. 10. Effect of pressure on desorption of DNBA from activated carbon

with supercritical carbon dioxide at 35C.
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Fig. 11. Effect of pressure on desorption of DNBA from activated carbon

with supercritical carbon dioxide at 55C.
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Fig. 12. Effect of pressure on desorption of DHBA from activated carbon

with supercritical carbon dioxide at 357.
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Fig. 13. Effect of pressure on desorption of DHBA from activated carbon

with supercritical carbon dioxide at 55C.
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Fig. 14. Effect of pressure on desorption of DMBA from activated carbon

with supercritical carbon dioxide at 35C.
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Fig. 15. Effect of pressure on desorption of DMBA from activated carbon

with supercritical carbon dioxide at 55C.
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Fig. 16. Effect of supercritical carbon dioxide flow rate on desorption of
DMBA from activated carbon at 55C and 16 MPa.
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Nomenclatures

. initial concentration of solution [mg/L]

. equilibrium concentration [mg/L]

mass of activated carbon [g]

. volume of solution [L]
© constant in Freundlich isotherm [-]
: exponent in Freundlich isotherm [-]

: equilibrium concentration on the adsorbents [mg/g]
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