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Abstract

The surface properties of activated carbon modified by acids and base were studied. The influence of the
surface chemistry on the adsorption of benzene and acetone vapor on modified activated carbons has been
investigated The modified activated carbons were obtained by treatment with acetic acid (CH;COOH), nitric
acid (HNOs) and sodium hydroxide (NaOH). The modified activated carbons had similar porosity but different
surface chemistry and adsorption characteristics. The total surface acidity (sum of functional groups) of acti-
vated carbon (AC-AN) treated by nitric acid was 2.6 times larger than that of activated carbon (AC) before
the acid treatment. Especially, carboxyl group was much developed by nitric acid treatment. The benzene equili-
brium adsorption capacity of AC-AN decreased 20% more than that of AC. However, the acetone equilibrium
adsorption capacity of AC-AN increased 20% more than that of AC because of the large increase of carboxyl
group and acidity.
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Table 1. Characteristics of actlvated carbon used for

modification
Type Granular
Bulk density, g/cm’ 0.544
Particle size, mesh 8~16
BET specific surface area, m2/g 1,067
Iodine adsorption capacity, mg/g 1,100
Single point total pore volume, cm’/g 0.552
Average pore diameter, A | 20.7
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Fig. 1. Schematic diagram of experimental apparatus ((D)
air pump, (@ silicagel and activated carbon bottle,
@ flowmeter, @ syringe pump, (5 mixing cham-
ber, ® adsorption bed, @ GC, ® vent).
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Fig. 2. Comparison of functional groups concentrations,
acidity, and basicity obtained from Boehm titration
of modified activated carbons with acids and base.

Table 2. Characteristics of activated carbons modified with acids and base

Activated carbon BET specific surface area, m’/g

Total pore volume, cm’/g  Average pore diameter, A

AC 1,067
AC-AA 1,088
AC-AN 975
AC-BN 1,133

0.552 20.70
0.559 20.56
0.505 20.69
0.588 20.77
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Fig. 3. Comparison of breakthrough curves of benzene va-
por for modified activated carbons with acids and
base(concentration: 200 ppmv, flow rate: 4 ¢ /min,
temperature: 207C).
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Fig. 4. Comparison of breakthrough curves of acetone va-
por for modified activated carbons with acids and
base(concentration: 200 ppmv, flow rate: 4 2 /min,
temperature: 207C).
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Fig. 6. Correlations between equilibrium adsorption ca-
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surface of modified activated carbons: (@) acidity,
(O) basicity.

1 QU|x7) 7 E AAET. Ao E A
g A= ke BH FAE e FE7)
o) A4l o2} benzened) FFFAFLS A
e AFES JeEhAAIRE acetoned] HHFIFL
S7hte AEE JeEdid. 9, 712 AAS
740l benzeneo] HIHFEHFL A IJATH
acetone®] ¥ F&F2 HE dol} v duE
Bt 33&FF A 2 Grixe] AHaA

O

Z A3 E A3} acetone vapor?] &k ate] Abg o
FHBAT) 71 L AOE YEgeH, o 2
BALFE)E 0989 A

NEE VehlE A8ioke) BREFAAT 4
BAAE Fig. 87 Fig. 99 EA}sle] vl wslPo).
Carboxyl 7] &=} benzened] H P F2=Fo] A #H
AA A A r*= 0.80, phenol 7] X ¢} benzene2] ¥
FEAgate] AN v 065 2
lactone 7| & =9} benzene?| B E 2] A
A A = 0.830]Qth 18]35l carboxyl 7] ¥E$}
acetone?] FYFFZF3e] FABAANA r'= 0.78,
phenol 7] & =9} acetone®] B FZFve] FaAw
A A = 0.89, 7133 lactone 7] B9} acetone
o] BEFAHA FABANAN & 0970 At
Benzened} acetone X5 lactone 719 %9 HI &
ZteFatol FadAA 7 7HY & ASE JET
o] A2 lactone 7]9) F=7} 9 & 2-E-7] vl &

—
2
Q

® Acidity
O Basicity
110 4 —~—— Linear regression

100 o)

o4
o

Equilibrium adsorption capacity of acetone, mg/g
3
0
)

70

1 T 1 L] I 1 L T 1
0.0 62 0.4 0.6 0.8 1.0 12 1.4 1.6 1.8 2.0

Concentrations, mmol/g

Fig. 7. Correlations between equilibrium adsorption ca-
pacity of acetone and acidity and basicity of the
surface of modified activated carbons: (@) acid-
ity, (O) basicity.



>70 )% - ORI - ¥R

g =0 Jg Adoel @7l ot AARY FE7IES ¥
5 S Prenoigou =g Z/MAT. 2oz AT Ago oHE
% 250 1 . Lt%ﬁi??egi‘?;&m Ao 2 AHejst 49 X} carboxyl 7| & 2.78) Bl
5 w0 AAEQT AEE 260 AEIAA T & 287
2 £9) Fwi W%atAT Aol o3 benzence) 53
s e et 20% AL 7FAE SR, acetoned] HI F
§ = N AFe 20% A= 702 + AT

£ .| Benzened] HAFHAFL A7Er} FHAFE
% © v Z7}8t 1 A7} E7VeE 7 A3 S 0.1, acetone
& 20+ - - - o o 9] BYFAFL ATt FUEFE Frtstal |7

Concentrations, mmol/g

Fig. 8. Correlations between equilibrium adsorption ca-
pacity of benzene and concentration of functional
groups: (@) carboxyl group, (O) phenol group,
(W) lactone group.

-
8]
[=]

—
—
=]

d—
=
o
1
]

o
(=]
L

Equilibrium adsorption capacity of acetone, mg/g

30 - : © ® Carboxyl group
O Phenol group
w Lactone group
Linear regression
70 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Concentrations, mmol/g

Fig. 9. Correlations between equilibrium adsorption ca-
pacity of acetone and concentration of functional

groups: (@) carboxyl group, (O) phenol group,
(W) lactone group.

=7t ddHer A7) WEoR AR HUAG.

4. 8 2

FAeS A3 G712 AAF B APR2AqME
WA, F AFHY, JaANFHIE 59 AFT+
Zeol ¥M3le A dojuR} Lt 4o s o
&l carboxyl 7], phenol 7], 21¥] 1 lactone 7] 257}
Z7hstel Bmst F7hsR o AIIEE THad
o} 91719} Aol lsie 2 Walrh YTk Aol

=7} Z7184E 74319t Benzened acetone )
HYELRY AT D 4715 ABBANA ace-
tonee) B AFHAT ) Vo] RBAAN Y &
& Ao 2 et} Benzened} acetone 25 ZHE-7|
% lactone 7)9] Fx o} B FAFHS ZadA7}
71 =& o2 UEEHT.

e 2

o] =EL& 20073 % 2R R 7143 g
8] (PK-2007-045)0] &)3}e] A7HRoH, o] 714
=EdYh |

3

#

Ll

1) Sung J. H., Lee K. H., 1999, Adsorption of ammonia
on activated carbon, J. Korean Inst. Chem.! Engrs.,
37(2), 158-164.

2) Ryu D. K., Kim S. H., 1998, Adsorption character-
istics of CO; on activated carbons treated: with alka- -
li-metal salts, J. Korean Ind. Eng. Chem., 9(2),
286-293.

3) Lee S. K., Park Y. S., 2000, Adsorption capacity of
H2S on the impregnated activated carbon with NaOH,
J. Korean Soc. Environ. Eng., 22(5), 879-886.

4) Ju H. S., Kim B. H,, Jung S. C, Ra D. G., 2000,
A study on the deposition of chitosan for enhancing
the adsorption ability of activated carbon, J. Korean
Soc. Environ. Eng., 22(2), 203-210.

5) Garcia T., Murillo R., Cazorla-Amoros D., Mastral A.
M., Linares-Solano, 2004, Role of the activated car-
bon surface chemistry in the adsorption of phenan-
threne, Carbon, 42, 1683-1689.

6) You S. H., Kim H. S., Kim H. H., 1997, Adsorption
of chromium by heat treated microporous carbon, J.
Korean Ind. Eng. Chem., 8(4), 631-636.



A3t Grle) Adel os waE BAge US4 FAEHY v 571

7) Ju C. S, Park H. J., Jeong K. S., 2003, Surface mod-
ification and anchoring titanium dioxide on meso-
porous carbons, J. Environ. Sci., 12(9), 1005-1010.

8) Ahn H. G., Jung S. C., Park S. S., 2002, Adsorption
characteristics of sulfide and amine on H3PO4 im-
pregnated activated carbon in flow system, J. Korean
Soc. Environ. Eng., 24(9), 1615-1622.

9) Moreno-Castilla C., Carrasco-Marin F., Parejo-Perez
C., Lopes Ramon M. V., 2001, Dehydration of meth-
anol to dimethyl ether catalyzed by oxidized activated
carbons with varying surface acidic character, Carbon,
39, 869-875.

10) Lee S. W., Bae S. K., Kwon J. H.,, Na Y. S., An C.
D., Yoon Y. S., Song S. K., 2005, Correlations be-
tween pore structure of activated carbon and adsorp-
tion characteristics of acetone vapor, J. Korean Soc.
Environ. Engrs, 27(6), 620-625.

11) Lee S. W,, Kwon J. H., Kang J. H, Na Y. S., An
C. D, Yoon Y. S, Song S. K., 2006, Adsorption
characteristics of toluene vapor according to pore size

~distribution of activated carbon, J. Environ. Sci.,
15(7), 695-699.

12) Lee M. G, Lee S. W., Lee S. H., 2006, Comparison
of vapor adsorption characteristics of acetone and tol-
uene based on polarity in activated carbon fixed-bed
reactor, Korean J. Chem. Eng., 23(5), 773-778.

13) Lee S. W., Kam S. K., Lee M. G., 2007, Comparison
of breakthrough characteristics for binary vapors com-
posed of acetone and toluene based on adsorption in-
tensity in activated carbon fixed-bed reactor, J. Ind.
Eng. Chem., 13(6), 911-916.

14) Shim C. H., Lee W. K., 2006, Adsorption character-

istics of benzene and MEK on surface oxidation treat-
ed adsorbent, J. Korean Soc. Atmos. Environ., 22(1),
25-33.

15) Pereira M. F. R., Soares S. F., Orfao J. J. M., 2003,
Adsorption of dyes on activated carbons: influence of
surface chemical groups, Carbon, 41, 811-821.

16) Kim B. H., Kang M., 2004, Characteristics of chlor-
obenzene adsorption on oxidative treated activated
carbon, J. Korean Solid Org. Waste Manage., 21(43),
319-217.

17) Boehm H. P., 1994, Some aspects of the surface
chemistry of carbon blacks and other carbons, Carbon,
32(5), 759-769.

18) Boehm H. P., 1996, In Advances in Catalysis,
Academic Press, New York, 16, 179-274.

19) Noh J. S., Schwarz J. A., 1990, Effect of HNO; treat-
ment on the surface acidity of activated carbons,
Carbon, 28(5), 675-682.

20) Pittman, C. U., He G. R., Wu B., Gardner S. D., 1997,
Chemical modification of carbon fiber surfaces by ni-
tric acid oxidation followed by reaction with tetrae-
thylenepentamine, Carbon, 35(3), 317-331.

21) Teng H.,, Tu Y. T, Lai Y. C, Lin C. C., 2001,
Reduction of NO with NH; over carbon catalysts: The
effects of treating carbon with H,SOs and HNO;,
Carbon, 39(4), 575-582.

22) Kim H. W, Lee S. W., Lee M. G., Cheon J. K., 2007,
Variations of equilibrium adsorption capacities ac-
cording to type and mixing fraction of binary mixed
gas on activated carbon fixed-bed, J. Environ. Sci.,
16(10), 1197-1202.



