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Effect of Surface-Modification of Activated Carbon for
Adsorption of Uranium in Radioactive Liquid Wastes
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ABSTRACT

Adsorption characteristics of uranium on activated carbon whose surface is modified
with HNO3; and/or NaOH were investigated. Na-OAC, which was the activated carbon
treated with both HNO3; and NaOH, showed higher adsorption capacity than OAC,
which was treated with HNOs, as well as Na-AC, which was treated with only NaOH.
This can be explained based on the surface functional groups increased by surface
modification of activated carbon and the change of solution pH as adsorption
proceeds. From these experimental results, it is thought that the pH of uranium
solution and surface functional groups on the activated carbon surface are the
governing factors in the uranium adsorption system.

Key Words : Activated Carbon, Surface Modification, Adsorption, Uranium Liquid
Radwaste
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Table 1. Physical properties of surface-modified activated carbon BET-N: analysis

Physical Properties Units AC Na-AC OAC Na-OAC
Micropore volume m/ke 4.41x10* 4.37x10™ 3.31x10™ 2.85x10™
BET surface area m?/kg 1.62x10° 1.59%10° 1.36x10° 1.14x10°
Micropore area m2/kg 9,55x10° 8.32x10° 7.24%10° 5.37x10°
Av. pore radius A 2.07 2.12 2.35 2.89
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Fig. 1. Pore size distributions of the surface~
modified activated carbon.

Table 2. Acidic surface oxides of surface
modified activated carbon

i n m Total acidity
{meq/g) | (meq/g) | (meq/g)| (meq/g)

AC 0.164 | 0.077 | 0.103 0.344
Na-AC | 0.128 { 0.064 | 0.096 0.288
OAC 1.505 | 0.763 | 0.66 2.927
Na-OAC| 0.011 | 0.074 | 0.55 0.625

Adsorbent]

1 : Strongly acidic carboxyl group
IO : Weakly acid carboxyl group
I : Phenolic hydroxyl group
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R %y Ao B 9%E viXe Y
$57le EF A el wet 324 dssian gl
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7} §8lo] vehtm ok, ol ¥ EA #5719 %
&€ #5719 H' ol&°] 4714 28 Na* |
o AgAA Jehd 252 gzrect 'V o)y
3 d82 Fig. 291 SEM-EDAX ¥4 Z3E ¥

P

Fig. 2. SEM-EDAX spectrum for surface-
modified activated carbon.
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Fig. 3. Variations in removal percentage of
uranium as a function of equilibrium
pH at initial concentration of 60
mg/L(V: 40 mL, M: 0.05 g).

S HAY 4 Utk EA Nl A gAY AN
7 g vt 9riN gHed AN ¥
471Ne @dee] Eho] Na* olo] 4idee
M€ ¢ 4 A,

Fig. 3& 4% Ed Na wis g9 pH
Wsle] ©tg $ety AAEE Yea U EA
HNe) gAQe] o9 SeF AAEe EY M2 ¥
ol @l & stolg vehix 3tk ¥ pH 29
W 2 BY Hel gAwe $2E AAge & 3
o] BolA @ech 13y, WY pH 3 ojaes
Z7rsta AN gARH Sxe ¥ 9rNe 84



832 AAY-.olE% -7 & 287

el A% Ay A g4dolt driNe ggded
vlsle & $e2bE AAE(95% o1& Y
2k, B A2 Wyl wE 2wy F4 AAE
o] ol YAY EWo) YA E B FGl=HA
71, ®HE7]) Hols} B 49 E 4 Ao, A4
ol o] @ & o| e F3o] BF ojH AT
A Abbasi,'” Carrot'” $& &34 EdelNe &
o @57lel olesis) oleny wEE T $2E
2 EEF 25 ol FHE dysta, ol 4 (3).
(4), (5)8F 2ol Yehdiidt.

a(R-COO” H*) « (R-CO0), + aH" (3)
a(R-CO0) + M** < (R-CO0)a M** (4)
or
b(R-COOH*) + M?* & (R-COO)p M**
+ bH"* (5)

H M gAeE o] & Lel¥ &3o] Abbasi
S0 At et o]l 2 P B o)RolA Y, F
gA4E B gA4E EA #5719 HY e ¢
25 ole mY vhgol 2jsle] Fio] o] foiH
o, 49 Bud gAdd Y #Fe eE
F&4Po] (PHY 94 v)A} AN gy e
A ¥ f71M2 @49 Mzl A el
d7)1Ae] g v]dtd EA BE7)Fo] IA F
7tg o2 ety ol &g F& AAgol A F7t
e F7} Vel

$atE 3 AASL gAY E ¥4E EW
#5718 okJe} 99 pH ¥ol: B JTE
wreth. Fig. 3014 £949 pH7L 2~774A 458
) $2tE F2 AA&L F7lEYh £99 pHe
ol n&e FF felE HIA AN e |
AHez AU 3l BH @579 selxd 9%
2 nAg. ¥4 #57l9 deze 9 pHA
Z/MEFE F7lee A% Holed, Y Fta
BA7le] B¢ pH 4 A H ol &9 #fizst A
gtV gole) pH F7he 244 Fla8dsl »
ole} ek sl 8y HEr] T4 dE F
7 4 Sl

g Ao ety 99 pHY FetEe TR
of wa} tidg Heje] oleoz EAEct §oio
pH7} Z7Fgell whel U0, UO0H" Yele] &

—a—AC
10}l |—®—NaAC

Final pH

Initial pH
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pH after adsorption equilibrium at
initial concentration of 50 mg/L(V:
40 mL, M: 0.05 q).
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Fig. 5. Adsorption isotherm of uranium on
surface-modified activated carbon at

initial pH 3.
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initial pH 4.

Table 3. Parameters of Freundlich isotherm
equation for the adsorption of
uranium on surface-modified carbon

Isotherm Freundlich
Types of AC}Initial pH K n

3 1.47 1.32

AC
4 3.23 2.21
Na-AC 3 1.17 1.7
4 11.50 3.86
OAC 3 23.05 3.83
4 36.48 4.97
Na-OAC 3 43.94 4.93
4 61.85 3.38
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function of initial solution pH 3 at
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Solution pH at equilibrium

0 50 100 150 200 250 300 350 400
Equilibrium concentration{mg /1)

Fig. 8. Variations in equitibrium pH as a
function of initial solution pH 4 at
various equilibrium concentration of
uranium on surface-modified acti-
vated carbon.
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