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2 O HAWES 6 M| 3Hite] Ho] 80°CY =& 7[AA wykstollA] 6X7F F3t 7Hdste] A2 g A HEE 559
Al ol 2(CsHe] AAE f1-t S%‘Zﬂiﬁ ARESEEE Ml WMEF A HEL & sheha Heks XA ¥, vE
WA 247], 22]aL oA #AFE XAl 23715 ol8ske] WSt A MES Ao s A7 sk F¢h M MES 74
S3L Sl 2% AARRE ALO;, Ca0, MgO, SO and Fe:057} A §3E| 51 A2 02 24 39)9} vlao] 7|2 Rujo}
H A Y] Z7H5 Zeffslleh 4] HEx= A WEof H]s) Hlﬁtﬂﬁﬂ 7188] Fu)7t 28 = w0k A HE 9
T Cs' F2R 1 & Yol 7kt A] S71ek3ar 60 ol o] 23S ] Haofl =Eaitt. 25 mg L] Cs' s=ollA], 96.88%2] &
2} o] Ak @Eoﬂ osf) AH= ATt Cs'o] F& dHlolHE &2t Ei”# ‘*ME Lo TRlskitt. A H=of 9
g Cs" &2} 762 Langmuir G240 2 285 ¢laL Langmuir®] 5241 A2l 0= 10.52 mg g'o] ¥ Aoz srafzict. At
4 HE/E AolA Cs" F2he o 22 Al Rt él?d%k oo™k AL Geca & ZHOZ QA FAF DA} HESHLEH TR
TI’/\}' o] A} BRg-<teof Atelgich. AT-e] AAA] AR A HEVE P o 2R C'E AlASH= 2829 FRAIE A
89 & gtk Bl
FHIOl: F2A, A HE, Cs', 2, 524
ABSTRACT. Natural white clay was treated with 6 M of H,SO, and heated at 80°C for 6 h under mechanical stirring and the
resulting acid active clay was used as an adsorbent for the removal of Cs* in water. The physicochemical changes of natural
white clay and acid active clay were observed by X-ray Fluorescence Spectrometry (XRF), BET Surface Area Analyser and
Energy Dispersive X-line Spectrometer (EDX). While activating natural white clay with acid, the part of Al,O3;, CaO, MgO,
SO; and Fe,Os3 was dissolved firstly from the crystal lattice, which bring about the increase in the specific surface area and the
pore volume as well as active sites. The specific surface area and the pore volume of acid active clay were roughly twice as
high compared with natural white clay. The adsorption of Cs" on acid active clay was increased rapidly within 1 min and
reached equilibrium at 60 min. At 25 mg L™ of Cs' concentration, 96.88% of adsorption capacity was accomplished by acid
active clay. The adsorption data of Cs” were fitted to the adsorption isotherm and kinetic models. It was found that Langmuir
isotherm was described well to the adsorption behavior of Cs* on acid active clay rather than Freundlich isotherm. For adsorp-
tion Cs” on acid active clay, the Langmuir isotherm coefficients, O, was found to be 10.52 mg g''. In acid active clay/water
system, the pseudo-second-order kinetic model was more suitable for adsorption of Cs* than the pseudo-first-order kinetic
model owing to the higher correlation coefficient R* and the more proximity value of the experimental value ge ey, and the cal-
culated value g.ca. The overall results of study showed that acid active clay could be used as an efficient adsorbent for the
removal of Cs" from water.
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EXPERIMENTAL

AP A Ew AR 2] A s oA AR A
9 & 60 gof] 600 mLo| K6 My g o] 7] A4 Q1 uyks}
80°Coll 4] 6 h S0k 715kl WHEglth. wHk T AVEHY 7
B 3 o] £8 A YalH SRR of
25Flal F2F Aol $FA105°C 2E o4 24 h
Zhgleh B FES] FUBE 9sto] UL 5
FAIZ AEstel 10um olste] RS ARF F B A7E
et S2A = ARGt T A AW E ol Akghy FE o] £
AFHEe) 243} ke XAl 341 7] (XRF, ZSX Primus
II, Rigaku, Japan), /d & ¥ A5} 7159 geF2 o x| &
AFE X-A B37](EDX, X-MaxN, Oxford, UK), 12| L H|
FHA, F AlFH, Alg 27]= v 3d 2 £47](BET,
3 Flex, Micrometrics, Atlanta, USA)&2 Z+Z} ZA}sH T AF
2 HEol o3t %9 G5 F2 58 & H7sH] ¢
3 CsCITh G Bk, Al&AlL 715k, Th) Aloks -3 &
THaol mof 2 &H(Cs’; 1000 mg L)yE A x84t
o] & A HE(0.5¢~5.0 g) 4H2he 25 mg L' ~100 mg
L2 o] Q&= Cs" & 100 mLoj| & 7}5}aL Jar tester(Lab
Tech, Korea)E ©]-8-3}o] M2 200 rpm O 2 W HFS}HH A
Fapukg A7k MR Aol golS A2 SHAck A A
4012 GF/C(045 um) DEIR o7} 9 ohg P4 Re Al
1 F AN O SRS $EAT Sehant BE R
7](ICP/AES, Flame Modula S, Spectro, Kleve, Germany)E
o]-g3le] =A3Fct ESF pH meter(Radiometer, PHM
250 ion analyser, Woonsocket, USA)E Al-8-3}o] HW-3-A|7ko]|
uhE pH WalE Pt
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RESULTS AND DISCUSSION
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Table 1. Mineral oxides and their content of natural white clay and
acid active clay (wt.%) by XRF

Natural acid white clay ~ Acid activated clay
(mass %) (mass %)
F 0.3935 0.3794
Na,O 2.970 1.084
MgO 1.821 0.6559
ALO; 19.44 12.34
SiO, 30.80 72.97
P,Os 0.5625 0.0603
SO; 13.38 2.486
Cl 0.0143 -
KO 1.825 1.255
CaO 4.653 2.834
TiO, 1.361 2.255
V205 0.0867 -
Cr,05 0.0229 -
MnO 0.4670 0.0177
Fe,03 21.98 3.444
C0,0; 0.0010 -
NiO 0.0135 -
ZnO 0.0618 -
Rb,O - 0.0038
SrO 0.0945 0.0726
Y>0; 0.0193 -
ZrO, 0.0316 0.0186
BaO - 0.1241
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Ca, Fe2] A (%) mf9- 32 A3k Vehfiglet. ol&fgt
olft WA MEES o2 Al A § YAhEo] o2
Yasht g7 §EH Hd e A4 AR ¥
FE oFINA F7HE HlmEAEg oyt nl7lE
(micropore) ¥} 7] &-(mesopore) 2| F/d& o] & o] Hrtal

Mg 4 gle

U E A

ig. 12 Cs" =25 50mg L2 ILAGA| 7|2 A2 HE 9
FUF0.5, 1.0, 2.5, 5.0 )= Fefsto] JF Alxtol| e
g of Fol 9= Cs'9 & Yrebd ™ol A
B A JE ] S5k #A §lo], J5 Al
o4 gaHo] o} Qi= Cs'o] oFL FA 3] 7rAaste
% A|Zto] 7 mpote] whet F g o] = sto] F4
AH o w2 ket S UEtW it Fig. 2= 6022 3
P AT AHHY B Yol WhE ™o & A &S
Ueld Ao &2 0.5 g uff 85.38%, 1.0 g 95.2%, 2.5 g 96.38%,

e

W, 713 27], 2] pHe| BAATE Tuble 20] ) 5.0 g 97.14%% F715H: AT EHAW FAFE F
Table 2. Textural properties of activated charcoal, natural white clay and acid active clay
Adsorbent BET surface area (m* g!) Total pore volume (cm® g'!) Average pore diameter® (A) pH
Activated charcoal 1258.62 0.52 16.55 6.9
Acid white clay 78.98 0.17 84.40 6.4
Acid active clay 196.6 0.27 55.00 2.9
%4V/A by BET.
Table 3. The weight percentages for elemental composition of natural white clay and acid active clay
(¢ Na Mg Al S K Ca Ti Fe Cu
(mass %)
Acid white clay 54.5 2.54 1.22 9.23 114 4.60 0.94 2.37 0.76 11.5 1.00
Acid active clay 58.9 1.25 - 545 28.9 0.80 0.81 1.33 0.68 1.87 -
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Figure 1. Amount of Cs* remaining in solution with dose of acid active clay.
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Figure 2. Adsorption efficiency of Cs* with dose of acid active clay.
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Figure 3. Amount of Cs* remaining in solution with initial Cs* concentration.
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Figure 4. Adsorption efficiency of Cs* with with initial Cs* concentration.
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Figure 5. Freundlich isotherm of Cs* onto acid active clay.
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Figure 6. Langmuir isotherm of Cs™ onto acid active clay.

A 9] X3} = (adsorbent affinity)S UEF ™ LHHZ]
1o A 0.50]5kd wff F&FA|of 2% F2Fo] w4
oY %ol FE2MS UEhHTh Tuble 404
=, B HE Ao A Cs'e] E2lof W3t Freundlich
9} Langmuir /<= 1/n3} Ky 2] 42 0.593} 0.382 LhERU ©f
SOl A A—A HE 93 Cs7F v|nF aifAo g
FatEthE S 2 4 Lok Langmuir AM4 K2 E5
Aol A 4] (4)2} Zro] Gibbs free energy?} A7} QT

2}
0.

O |o rok

=
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U%

o 7] A R o] A7 AAF4(8.314 J/mol' K)ol ™, T+ 2=
(298.15 K)©| c}.
G =-RT In(1000Ky) 4)

A @)l ddste] AEE AG=-14.7 kl/mol & 24| AG7}

Freundlich®} Langmuir AF4=91 1/n K2 S22 9 tf 2.9 718 Ho] B/AIEA HE Ao A Cs'e S ake xut
Table 4. Freiundlich and Langmuir constants
Adsorbent Adsorbate F re_}mdlich constants Lingmuir constants
Kr(mgg™) 1/n QO(mgg’) K
Acid active clay Cs* 2.80 0.59 10.52 0.38
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Figure 7. Pseudo-first-order kinetics of Cs* adsorption with change
of dosage.
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Figure 8. Pseudo-second-order kinetics of Cs* adsorption with
change of dosage.

Table 5. Adsorption kinetic variables for adsorption of Cs* onto acid activated clay

Pseudo-first-order kinetic model

Pseudo-second-order kinetic model

Dosage Geexi
Adsorbent Adsorbate (@ (mg g‘fl) oo (M ) o (min) oo (M2 ) %o (g mg min™)
0.5 8.54 9.65 0.20 8.31 0.41
Acid active clay Cs* ; 1.0 4.76 10.70 0.06 4.57 1.75
(50mgL™) 2.5 1.93 5.07 0.05 1.91 8.86
5.0 0.97 1.90 0.03 0.97 22.60
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