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Removal of I by Adsorption with AgX (Ag-impregnated X Zeolite)
from High-Radioactive Seawater Waste

AgX (Ag-3H X AIZE0IE)) o3t VISl o2 20 =(D9] F3F AA

Eil-Hee Lee”, Keun-Young Lee, Kwang-Wook Kim, Hyung-Ju Kim, Ik-Soo Kim, Dong-Yong Chung, Jei-Kwon Moon, and
Jong-Won Choi
Korea Atomic Energy Research Institute, 111 Daedeok-daero 989beon-gil, Yuseong-gu, Daejeon, Republic of Korea

, A58, A, HEd

o) P
= s = e

e o 78, A BT AR 989¥ 2 111

(Received April 25, 2016 / Revised July 22, 2016 / Approved July 28, 2016)

This study aimed to the adsorption-removal of high- radioactive iodide (I) contained in the initially generated high-radioac-
tive seawater waste (HSW), with the use of AgX (Ag-impregnated X zeolite). Adsorption of I by AgX (hereafter denoted as
AgX-I adsorption) was increased by increasing the Ag-impregnated concentration in AgX, and its concentration was suit-
able at about 30 wt%. Because of AgCl precipitation by chloride ions contained in seawater waste, the leaching yields of Ag
from AgX (Ag-impregnated concentration : about 30~35 wt%) was less than those in distilled water (< 1 mg/L). AgX-I ad-
sorption was above 99% in the initial iodide concentration (C;) of 0.01~10 mg/L at m/V (ratio of weight of adsorbent to so-
lution volume)=2.5 g/L. This shows that efficient removal of I is possible. AgX-I adsorption was found to be more effective
in distilled water than in seawater waste, and the influence of solution temperature was insignificant. Ag-I adsorption was
better described by a Freundlich isotherm rather than a Langmuir isotherm. AgX-I adsorption kinetics can be expressed by a
pseudo-second order rate equation. The adsorption rate constants (k,) decreased by increasing C,, and conversely increased
by increasing the ratio of m/V and the solution temperature. This time, the activation energy of AgX-I adsorption was about
6.3 kJ/mol. This suggests that AgX-I adsorption is dominated by physical adsorption with weaker bonds. The evaluation
of thermodynamic parameters (a negative Gibbs free energy and a positive Enthalpy) indicates that AgX-I adsorption is

a spontaneous reaction (forward reaction), and an endothermic reaction indicating that higher temperatures are favored.
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2 A7 AgX (Ag-FH X zeolite)ol] o3l A FH A (HSW) ] A 7] of] 3hf-H o] = LAY 8.0 =(H) <]
2 AAE BRE YAt AgXoll ofgh19] F2F (AgX-1 F2h)-2 AgX W] Ag-FHH s =7t 271 & Sk, 83
= 30wt A7) ATt AgX (Ag-3H3 oF 30~35wt%) R HE] Age] AEF = s N ol 3H-5 o] 21 chloride o]
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1. A& Az ) AAE ZA AE (irradiated nuclear fuel)
oA 18] AT S edisl AP, Qo 9 AR 3

FHEIAMAE A (High-radioactive Seawater Waste, ] 5ol #-¢-dt}, 22 HSW W 19] ghirae A AR
HSW)2 A& SFAm} dafare} o] v} Skl W SAskAL = 18] A% T Yool ofal &8l =+= &
N AR S Do H4E YARAET o ol €8] AP, ol M FUAL Al S AR
F st A Ao [1-10], AR A =G H o g A, &8 JARE, Sl x 9 gavlE el I
OﬂH’C A8 A = 2] eFol HSWE thd o2 8t A g7+ S L vk, d& 49 HSW B 7)ol 81| e
A o] YA 2 efoltt, 2 10°~10? mg/L A=A} [1,2,6. 283l HSW U] 19] 3}
5 Bl S wABOSE 72 v 9 4 Sddeied ddv 4440 39
(B 71=CF 2,06\, H]HAFs=4.79 X 10% Bq/g), 'Cs (CF 30,  8F2 o & ekAs Csl (FFA 02 A2/ A oA
3.22x10" Bg/g) & 1 (¢F 8 g 4,81x10" Bg/g) T°] 2 2 &%= : 2F 765 g/L) FENRE, 800°C ©]’F2] I-2-0f|A
0] [14], 0] W1 Cs Mo} W] FATE A3, Ml Bao] w4 A9 HAe L2 AR (115), 22l

o gol /i Ao A2 WAFs o] R Y. W CsI R E% Wzhrol 458 49 8 2 =o)L (iodide

o oHr

AA dE o] AL Al ok g7 o] A o] 13119] WAL ion) O 2 &3l Ho] [14,15], HSWollA Q0= FETE &
A7 271 104107 Bg/mLo|A] ~10° Bg/mL AEZ )& A Aoz el
Akl ot [1,2], HSW el A 7] ¢lli= Cs B} v A AF7HA| 18] A A= F7] SolugkrA o ogl o]

(specific radioactivity, Bq/g)e] & ZWAAFo|ty, 8]  2w3H (0] A7) ) 7& —,‘-’1—7] A= A

22 gl E) o5t s e o AR e g o o FHRo] AFHE ), Ag-3HE EAEH/ A &El o] E/clay/EA]

W7} QAo F4A0] 7] ol 2HelAl wE Aol o] kFut Fol olak F2 2 Al (B o 3x10° mg/)

of AZ7L Aeafe). ek Hswel 27 SAHS 0iF e A Bo] ok 16-24), 47 W 2} Aargelol) o

A717) A 45 HSW ] SR EARAEE /14 B i F54 oA 4398 AskzA] HsWolA o]

2 AR F AARAASE AsBae, BASR s ATE A9 flis Aolth A QraN ) 1 Fels ¢4
3 5

U WAool sh=t o] & M= 1o] A77F dasith. Cse FEAAAT F AT (reverse osmosis) 42 713
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Frste S-S
ing System) & ell4] Ag-§H3 DA (Ag-impregnated ac-
tive carbon)ol] o]l F3 =1L gl o [3-6], o] 9| & CsS
A A S8 A-S Ao 2 Ag-$H3] chabazite type2]
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e SFAK] NaiE A71ele] Azasien), olel 4
9z Table 13} 2t} HSWo] A9 B1o] ke
0.01 mg/L o|3}=& ull-$- H o1} [1-6], 2 Aol = AR &
49 o5l AEL Hr} golshl Bl $Iskel B (10,
50, 100 mg/L) H7}Fsle] st o, HSW W] 24| 1 55

Feolr e A88E B f1ste] 0.01 mg/Le] 7} -
SHSWol 277720 MAPSE S 2% (DB H7Fefo]
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Table 1. Components and composition of SHSW

Element Concentration, (mg/L)
Ca'? 420
K 424
Mg 1,200
Na* 10,675
Br- 73
Cr 19,700
S0,? 2,610
[ (10, 50, 100)

Ag B ¢ oF 30-35wi0 02 F7he] BATA glol Fv]3t
ot 2Eut Ag-gHlel whE 93-S EEly] 91 AgX
2] 9= AgNO, &Aoo 13X zeolite (Aldrich, 2~3 um)E
M5/ Vagnos (13X zeolite weight/AgNO, solution volume)
=50 g/LE F7}3Fe] 300 rpm O 2 14|17} wwkale] A %3}
Pov, welol HATOIE Ag ol& & A Slat
of FRe2 ozl W 53 AAET, A2 (105°C, 3627
e AlEA (sieve analysis)sho] FR|sFIH, whHol] AgX
ole] AEH|uE 93Fe] A3 Ag-AAC (Ag-impregnated
Acidic Activated Carbon)&= %= A8 ofAtzt 4 &4
E]-_O_ :rLolfg]_o:] /\1]%/7—15_{5]. 5 71—7<l)\]. (6M HNOS)EE ;‘q a
3Fe] £ AACE A %3 o}, 18] 3L Ag-BAA (Ag-impreg-
nated Basic Activated Alumina)= A|2FF9] 714322 &
AL-F L (Aldrich, BAA)E TFY38Le], 42t o] & AgNO,
g3} 459 § FRe2 o 103 AR A2 (05
243kl 2B 7] Ag B FRAE B
<571 (Dry keeper, Sanlpa Tec, Corp,)ol| 28F2| 2 E A5}
of Bystar ARE-8} ST,

i)
ok

2.3 A ¥y

uly

TE A¥e 25+1°C, 400 rpmo 2 2EkA| 2 A3
beakerol|A] 3|&2l0 2 £33kt FRA| 2] AgXE Z
7 A8z o] gk3o] 31842 (Chemical balance, Precisa

XT320M, Prescisa Instruments Ltd,)Z2 A&} #ks}o]

N
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Fig. 1. Effect of m/V ratio on adsorption yields of I in various
Ag-impregnated absorbents at 25°C and 400 rpm(C;=10 and 100 mg/L).

n] 2] F£H[g SHSW 20 mLo)l H7Fghch, 18]a 2% wks:
= 2 A7 5o 2] 7% v nekr] (Multi hot-plate
stirrer, Barnstead/thermolyne, Super Nuova Multi- place)
5 o]g3te] wkstet, sk FHAFE (tracer, 1,18 X 10
Bo/mL)e] BAMSES A% (UDE AFEE AFE HAA
237 T g o g 7H7E SHSW 5 mLo|| 59 94 50 #l
2 kel Bt olu] Vs B AF2 "Bt ol
A AR (TeO, +n — M) gk AOo2 384 FEl= 6 M
NaOH &H o Nal2 (5 1 »99%) 1 mCi T-¢J 3}, o] =
FAATE SRR H430] A gelalth. 28 the A4
2]7] (MF80, 3,000 rpm, Hanil Science Industrial) 2 I1-°Y
FE2]le] 45 (supernatant) W A5 F50]29] &

E (EE PSS BYste] St drt

7] SHSW gl deHel o] Sl Ca, Mg, Sr
ICP-AES (Inductive Coupled Plasma Atomic Emission
Spectroscopy, ISA Jobin-Yvon JY S0P and JY 38 Plus),
K, Na, Cs¥= AAS (Atomic Absorption Spectrophotometer,
Prekin- Elmer, PinAAcle 900F) &, 7€} I, Cl, SO,2, Br 5
IC (Ton Chromatography, DIONEX, ICS-900) 2 Z}Z}e] 5 &%=
£ A8kt 2elal AgX Wl 3 Ag " SEM (Scan-
ning Electron Microscope, SNE 4000M, SEC Co.)/EDX
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(Energy Dispersive X-ray spectroscope, XFlash detector
410M, Bruker AXS Co,)E AFg3}le], 28|31 AgXe] T%
+ XRD (X-ray Diffraction, Bruker, XRD D2 Phaser)& 7z}
7 S A3, gHH P2 MCA (MultiChannel Analyzer,
OXFORD TC702, HPGe detector) & WA 5-S A4 35le] &
=5 B3y o, §d o] pHE pH meter (ORION 820A+,
Thermo Electronic Corporation)< ©]-8-3}¢] 18] F2HA|
of A7l A BAW 0 A7t s 7 G20 &
2+ (Adsorption yield, A), &2 (q) & oAl (K,
=242t b Aol 2JsiA Ao

A(%) = (Ccic‘) X 100 (1)

qmg/L) = - (CC) @)
(C-Cp

Ky(mg/g) = - — 3)

7|14 C 8 G 27 27] SHSW ¥ 45
3hal Q= 7 & ol9 T (mg/Ll) v HAs2 A7)
(counten) & o1|&}H | V @ m¥ SHSWe| 23] (mL) ¥ &
24| o] 7F (g)5 YHERATY

3. 23 4 B9
3.1 AgX zeolited]] 93 8 2E(1)9 SF5A4

AgX1 F2F 9 AgXellA Agel HE:AF L BT 25°C,
400 rpmoll A F2H& 6AIZE F3F, FE2 44 E9F ket
of =8atdt}. Fig. 1 242} AgX (Aldrich A]2F), Ag-AAC
(270~400 mesh, Ag-3H3 1 30~35wt%) 2 Ag-BAA (325~400
mesh, Ag-&3 @ 5~10wtho)ol] &3k m/V 1] Ha}ol whZ |
o] Fgoltt A7) FHA BF m/V BV} SRR E
2R #Fol S7kste] FAHgo] SUbskaLl 1o, 19 F35
2 747 A7) B Ag-3H &2 ThA ThE AR AgX > Ag-
BAA > Ag-ACC £ HRlt 27] 1 §% (C) 100 mg/L
9] A9 AgXsE m/V=5 g/LolA, Ag-BAAE= m/V > 10 g/L
o] A, Ag-ACCE= m/V » 25 g/LollA Z+zE 99% o] (K, > 107)
o] 18] A A7} 7Vt o, 231 AR LA H) 7] -0 gk
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i prepared AgX zeolite (Ag : 30.6%)
- 1 o A I AgX zeolie (ldrich)
§ -
£
prepared AgX zeolite (Ag : 0.44%)
A
UJJ 13X zeolite (Aldrich)
10 20 30 40 50 60
20
Fig. 2. XRD patterns of 13X zeolite and various AgX zeolites
H28) BRI AgXTh WS EAHQ FHALL L 5
Sie. =3 5o m/v ] (FaAF] Lol §7 sierh B
5
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i

Aol A AgX-l F22 C7F e A9 2 4% Eo
2} site7} By FReA FAso] S S B
FaL Utk

Fig, 2= AgX W Ag-SH % (Wi%)2] FgES H 7]
A B Aol A A 23k Agxe} AldrichollA] T3+ Agxel
XRD dataZ B3 A0 2 Ag-T3 5T 0 44wionol| A= Ag
of ehxI=ko] Hof 13X9f A o] frALE FE|E Hol AW Ag-3F
HE = 30.6wt%ol| A= Aldrich AgX (PDF 84-0581, Silver
Aluminum silicate, Agg; ;Alg; -Si;s 3050 2F T L3 FEE B
o]aL v}, Fig. 32 & <AgrollA Axg AgX Wl Ag-3H3lE
= % m/V o] Wstel] i 19 FAEoltt Ag-dRlE R oF
30wt% 7HAlE w5 F7e whel Frkskal Qo 1 o)t
XM= mlw|st AN kA ZFAshes BEFE Holal ik o'
A2 15 FH7] feixe o= Axe] Ag-§H3le] Ha
sk, Ag7h Ui Ak 33l E 9= 23]8 $H3l-Ag7t AgX
o] MF (pore)S AU, & &
25 ZHaATE Ao Helg, asu Ag-3e of
30wt A=7F E3AY Zlog Holth I83 m/V 4
VTS (FAA & =

N

d

O

rlr oﬁ

FAEAHE oA

ol Skt lom ) Ag-g3 30wtne] ¢ C=10 mg/L
o= m/V=1 g/LSE, C=100 mg/Lol|A+E= m/V=5 g/LS
2 Z4zF 99% o)l 15 F3 AT & Uk ojuf &Y
v pH W3l= C=10 mg/LolX+ m/V 7t weh 2z}
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100 -
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5
w
e
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£ —e— m/V=1g/L(C=10mg/L)
B —o— m/V=1g/L(G=100 mg/L)
S 40 - ——mN=25g/L (C=100mg/L)
2 —0— m/V=5 g/L (C=100 mg/L)

20 A
0 T T T T
0 10 20 30 40 50

Concentartion of Agimpregnated into 13X zeolite, [wt%)]

Fig. 3. Effect of concentration of Ag impregnated into 13X zeolite on
adsorption yields of I in various ratios of m/V at C=10 and 100 mg/L.

DW(distilled water)

Concentration of Ag leached from
AgX zeolite, [mg/L]

Ratio of m/V, [mg/L]

Fig. 4. Concentration of Ag leached from AgX zeolite with ratio of m/V
in DW (distilled water) and SHSW.

pH 7.88~8.15, C=100 mg/L 7%= pH 8.12~8.24 o]t}

Fig. 4= S5 9 SHSWA] AgX (A|eF)e] m/v H] ¥
stoll whet 2EH Age] F=olth. TRFY A m/VH T
7holl et Age] HEF=IF tha S7F8EARE A 2] 7 mg/L
(m/V=10 g/L) o]&}o]aL, SHSW (chloride ion $HF)ol|A]+=
72l 1 mg/L o3} ST}, o]e} o] SHSWoA] Age] H&E=F
o] A& AL HEH AgZ}l SHSW W CI (F 19,700 mg/L
(=0.56 M) $H)9} Ag" +Cl & AgCl (£3]%=: 1.9 mg/L)=

AAE v 719dske A 2rH13,14,24,25] 221 Fig. 5=
chloride o] 0] §l= 31 B¢ 7oA A== Agel FS
227
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400

300 1 mA=10g/L

m/V=25g/L

m/NV=1g/L
100 |

0 T T T T T
0.0 0.2 04 0.6 0.8 1.0

Concentration of Ag leached
in AgX zeolite, [mg/L]
N
[=]
o

Concentration of NaNO,, [M]

Fig. 5. Concentration of Ag leached from AgX zeolite with concentra-
tion of NaNO, with various m/V ratios.

100 - o u}
Ei 80 -
%
w
ke
2 60
z —o— C=100mg/L
2 —v— C=10mg/L
g- 40 4 —0— C=001mg/L
2
20 -
0 ; ; ; ; :
0 2 4 6 8 10

Ratio of m/V, [g/L]

Fig. 6. Effect of m/V ratio on adsorption yields of I in various initial
concentration of L.

Fig. 6& %27] 1 % (C) & m/V H] W 3}of u}-2 AgX-1¢]

228

100 - o 7o}
I
S g0
%
3 —0—19.2wt%-Ag
2 60 —7— 60Wit%-Ag
c
2
s
5 40 -
ﬁ V/V; v

20 C=0.01 mg/L, mN=10g/L
0 T T T T
20 40 60 80 100

Temperature, [°C]

Fig. 7. Effect of solution temperature on adsorption yields of I at
C=0.01 mg/L and m/V=10 g/L.

100 - ° .
£ 80
S
w
k]
2 60 A —O—SHSW
? *—DW (distilled water)
2
I
2
20 1
0 T T T T T
0 2 4 6 8 10

Ratio of m/V, [g/L]

Fig. 8. Effect of m/V ratio on adsorption yields of I in DW and SHSW at
C=100 mg/L.

Fae=, olnf g W pH W3} 8.15-8.2602 Ao W
g7 vujaksdth. m/V HI7F S74eE FRA| o] F7}
81 C=10 mg/Le] AS m/V )5 g/LAA, C=0.01 mg/L
o] AL m/V 2.5 g/LollA] 99% o]e] 17} E2E e}
(K, > 10%). o]|ZH5E] AgXol 93] 12 aFHo g A A3 &
25 & S ek o714 €=0.01 mg/L/HA] FEE B A
A QB FFAW A@ANL H 2] HSW U] 7} A
~10? mg/L7FA] veRt AAg AolH [1,2,601, FH AT
UL S 9] 9 A BIIE o] 835l o] SaEl ). el BY

%2

2

2 o
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m/V HloA 7} e ¢
Zhgo] F7hEofof ghell =

F2 site7} Bt FH-al A
B33 C=0.01 mg/Le] 74
m/V=1 g/LellA] oF 44% FAHAET ol ol datA] g
AR E ATl old ek Ul qrHskAl X3l
Fig. 72 C=0.01 mg/L ¥ m/V=10 g/Lo|A] &% 4 Ag-3H3]
2 wstol whE 19] FAHgolvh. Ag-$H3 19.2w1%2] AgX e
A s =S m/V H7E ok A 9] 99% o] o] F2E AL
A=l vt 6.0wt%2] AgXellA= 5= S7Fol whef thax
S7Vste] 28-35% FErt FA AN ANH O R AgXl &
2o m]x|i= 2% o] ke nln|at 7 B},
2 SHRT E SHSWollA m/V H| s} wE
ojuf &9 W} pH ¥3}= m/V F7}el
e} ZH4E pH 7.56~8.970] 3L, SHSWE pH 8.15~8.269]
Ack. 19] F2L S/ B SHSW 5 m/V H] S7}e] w2}
718l lon, SRl E m/V ) 2.5 g/LollA] 97~99%
AL (K= 7~9x10°)7} F2F=] = b 9hsle] SHSWH m/V=5
g/LollA] 99% o (K, > 10%) F2F =Tk, o] 2HE AgX-1 &
2k 1] HSWHU= SRFollA Fashe Zlo] 2xf %
AP LA A 7 E (HF2A) o] A= A Sl Bk &

—{o oy

oo

Fig. =
AgX-19] FaHgo|tt,

Fig. 9% AgX-I FZHolA Langmuir ¥ Freundlich &
A[21, 25-28]1 0. 2 RF Hofzl ALt 47 AA%-S v gk 3
o7 7t T4 t53 Bt

o el
= +
qe qm:lx quIHJX CC

49.51x0.586 C,
(1+0.586 C_)

Langmuir :

(r*=0.72) (4)

—>q€=

Freundlich : log q. = log k. + %log C.

qe = 16,671 X CV29 (12 = 0,92) ®)

0:17]/\1 Ce? qe 7< qml‘{‘—— Z_]l-zjl— T‘é?sil(l):

(m g/L) HEF
223 (mg/g) 2 HUF2EF (mg/9)< S

k k 1/nt
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100

O Experimental data

Equilibrium adsorption capacity, q., (mg/g)

0 T T T T T
0 20 40 60 80 100

Equilibrium concetration of solution, C., [mg/L]

Fig. 9. Comparison of experimental data and calculated values obtained from
Freundlich isotherm and Langmuir isotherm in AgX-I adsorption system.
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Fig. 10. Pseudo-second order kinetics of AgX-I adsorption with initial
concentration of I at 25°C, 400 rpm and m/V=2.5 g/L.
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Fig. 11. Pseudo-second order kinetics of AgX-I adsorption with ratio of
m/V at 25°C, 400 rpm and C;=100 mg/L.

g4 ¢] pH WH3}Z Table 20 YR ATt

EEAF ()E G F7el wheh F438] 7hAaska 94
2% B m/V ] ke whebA = SRR Utk ey
HEF2EF (q)2 C F7hel WhEtr = S7hakAE m/v o]
Zrells Aadtal, Lol ¥ gl gl

Table 32 AgX-1 &2} 7| o] SE=AuTA| S K] 9351
o2 22 YA &4 (intra-particle diffusion) 2] 225
] [26-28,31] Aol 7l Lzt wp2 YAy ik &

(rate constant)©| T},

01}\1 oﬂ, E-E‘

1:)\]—"‘

230

20
55°C
intercept=0.6160
slope=0.0263
2|
15 4 ’=0.998
g 40°C
> irlltercegto=2%£63781
: slope=0
(=] -
g 10 ’=0.998
&
= o 25°C
5 25°C v 40:%
intercept=0.7812 o3
slope=0.0264
’=0.998
0 T T T T T
0 120 240 360 480 600 720
Time, [min]

Fig. 12. Pseudo-second order kinetics of AgX-I adsorption with temper-
ature of solution at 400 rpm, m/V=2.5 g/L and C;=100 mg/L.
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Fig. 13. Arrhenius plot of AgX-I adsorption at 400 rpm, m/V=2.5 g/L
and C=100 mg/L.
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Table 2. Equilibrium adsorption capacity and rate constant of iodide ion by the pseudo-second order reaction

Qe q” k, Change of
(mg/g) (mg/g) (g/(mg. min)) solution pH

10 3.88 3.90 1.16 x10" 8.14~8.15

Initial concentration -3 N

(C..melL) 50 20.86 2126 331x10 8.12~8.23
100 37.09 37.88 8.92 x10* 8.18~8.24

1 85.28 87.22 1.31 x10* 8.12~8.15

Nt 25 37.09 37.88 8.92 x10* 8.18-8.24

(g/'L)

5 19.73 19.83 1.02 x10? 8.19~8.28

25 37.09 37.88 8.92 x10* 8.18~8.24

Temfoi;*)‘mre 40 37.01 37.71 1.04x10° 8.29~8.26
55 37.37 37.99 1.12 x10° 8.43~8.26

* Equilibrium adsorption capacity obtained from experimental data
** Equilibrium adsorption capacity obtained from pseudo 2™ order equation

EH, QA7) B R, A, gole] B, DUEE F
o Qe W= Ao g A lat, C=0%] B9+ YA &
Aol &4 (rate controlling step) ©] A7 iO?_] 739
= AdEE boundary layer controlS YER = Z 0 2 [27],
S ool ek 7} s Aoz ol A 9

o] Ztol g & &= Q.
A AgXT §2F &A3}olluA] (activation energy, E)&=

259} k,9}o] #AE el = Arrhenius 2] 0 2 XLE] [32-33],
= EZ‘

Inkz—lnkA—(RT) (8)
oluj] k,2} E. = 217} Fig. 139] In k,oF 1/T9] 432] (2=0.99)
o] 71&7] 3 Ao 2R o}

k, = 1,143 %1072 exp( 6R§FO ) )

1714 k= Arrhenius A (g/(mg. min))o]il, E = &
gkl qA (kj/mol), T+ A% (CK), R 7]Zﬂ R
8.314 J/CK mol)o|t}, 7 E. &= F2HA|eF 234 1o 2

3 FeE Yelil=E, 20 k)/mol (A gh) ol3tell = &
2] Fatolu} ket A% A, 40 kJ/mol o] ol A= i}ﬁm
FEolut Bt 33 2% FEE vkt [32-33], 282
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Table 3. Intra-particle diffusion rate constants in AgX-I adsorption

25°C 40°C 55°C

k; (mg/(g min'?)) 2.299 3.029 3.606
C 4328 2.162 1.784

? 0.901 0.992 0.971

Table 4. Calculated thermodynamic parameters of AgX-I adsorption

AG°® (kJ/mol)

AH° AS°
25°C 40°C 55°C (kJ/mol) (kJ/(mol. °K))
-20.24 -21.36 -22.49 2.04 0.075

E, o] %ko] 6.3 kj/mol F=Q] Zlo 2 Hol AgX-19] F2h2

okt At Fe o] Fela F2ho] AujHel Zog Bl
Table 4= AgX-1 &2 Alolrel gty w74

] Gibbs A+l A (AG?), &3] (AH) 2 AEZY]

(AS°) 5oz, Fukgdo] Faloa] Untyoz FHsH=
- Ao R HE AT [26-28, 301

AG’= -RT In K,

231
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Fig. 14. Distribution coefficient (K,) of AgX-I adsorption with tempera-
ture of solution at 400 rpm, m/V=2.5 g/L and C;=100 mg/L.
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