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42 bl 4 Qlgith AAASRE)7H0.9630 024 o] BEL e AR S HAth pH > Cs % > SE0} 22 4
4 2919] A2 Cs0) AALE G Fohe A& FAA Q) Arp2 Y AT FHEEE FA 27 Lo o3
s QekshA AU Langmuir 5241 HARNE A Ho) F2E%E 293 Kol 15152 mg g0l ek E3h,
Vant Hoff 4]o] o]3} A1l @ j3} sheto]efof o Asto] Fpulg-o] F Aol u], ksl el 32 helg 4= Ugie.

FHIOf : HAHA, Al S T WS A Y

Abstract : The batch experiments and response surface methodology (RSM) have been applied to the investigation of the Cs
adsorption with zeolite X synthesized using coal fly ash generated from the thermal power plant. Regression equation formulated
for Cs adsorption was represented as a function of response variables. The model was highly relevant because the decision
coefficient (1) was 0.9630. It was confirmed from the statistical results that the removal efficiency of Cs was affected by the order
of experimental factors as pH > Cs concentration > temperature. The adsorption kinetics were more accurately represented by a
pseudo second-order model. The maximum adsorption capacity calculated from the Langmuir isotherm model was 151.52 mg g'1
at 293 K. Also, according to the thermodynamic parameters calculated from Vant Hoff equation, it could be confirmed that the
adsorption reaction was an endothermic reaction and a spontaneous process.
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X A Lx}E0| clinoptilolite [5], mordenite [6], montmoril-
lonite [7], kaolin [8] 53} 72 HHA A|&Fo]|EE o]83}4]
Cs o] A[Ao| thgt A4S st HA Aol 29 &
25o0] 1.5~49.0 mg g & W] wjiEe] 2 ol 3
asehn A Hekee o9} 2o THL Belsy] 93 Sinha
et al. [92 943 Xﬂiﬂol‘f ZSM-52 Cs o] &% AAA &
zteFo] 130 mg g, Lee et al. [10]2] T4 Al&eto]E AS o]
3l Cso]-29] F2reF2 2303 mg g, Mimura et al. [10]2
I zeolite PE- ©]-8-5F0] Cs o] 29| A|A AtoflA 2kl
233.92 mg g °]lrkal sFLh 0|9} o] FHA Al &etolE
© HEEHY gl et ot FE O ATt EVL ot
SolAm HA Al&efolEof vlsl F2sE o] S-5hA|Rt 7}
Zo] uneh galo] Sltk. whebA Aol AR B
ol frelet Aul el AR HARdly ash)o} 2L AH]
S8 olgstel Agetol =g eAlstel AHgels AT}
wo] oj2oix 1L 9k,

Remenarova et al. [11]& & 2H}7]o} WA Ao A A s
A et Ak A (coal fly ash)Z §AdSH Al22lolE ZM13} ZM3
of 9%k Cs o] 2] F o] 159.49 L 17823 mg g o] it
3 B35} 0w, El-Dessouky et al. [12]2 o] R E Q] 7}o]2
SRl AoA] HAISHE MR ST NeAX B8 A
Blol 25 AFEB}ol Cs} Sr o o] A7 Aol A Faeol
20747 mg g oI ek BhATh £ ATAEL S 24 A
Aol 4 EE s A2 A Setol £ AZ Gkl St
4 Cs o] AA sl AFstlem[13], E3F 5 Y 3+
Ao A B &5 = ATHAP 2 Na-A Al&eho] E[14]9F
Na-X A|-&efo] E[15]5 &/dsto] Sr(Il) o] 9] A|A EA4ol
el A+t

04—7101]/\1“ =Y QPE‘ 420 4] H%E]% Al ghH] 4k

1101' olo _1

Radushkevich %%él of 14—9-0}01] v w3kt w3k

3 2 wste] e F3 AW ATE o] gt
e st

21. A M=
2 Aol SR o) Y sheluda Adnele o

AAAANA EHE ARHGAVEAS AHEstol 4
141 <k Tt 23NA S5/7E FdHLRE Na-X
B AZTolES vt Zo] Alxsto] AREsklth YFA 10
g7} NaOH 15 g& FAH] 1:1.582 Z2Z3}o] 550 To|A 14]
7F 5 E5A17 tg2of SiO; : ALOs EH| 7} 1:3.57) HEE

NaAlO,Z2 AH7}slgL). o] AJRE 100 mLe] Eo]&g=0) HAL
AA =2 FZ8H 300 mL A A H-S 7S o]&38le] 2=
ol Aol A wHFsFHA 430 C, 5A17H @ AA3KH90 T,
247D BHE A F NaX Agefo|ES A2kt of
Aol St RolEpR AL 110 Col 2414 12
o T FEAAR AHgHC

Cesmm chlorlde (CsCl, SG), hydrogen chloride (HCI, EP)x}
sodium hydroxide (NaOH, EP)+= Samchun Co.o| 4 F-¢3}4]
A8 Cs o] §H-2 cesium chlorideE Z<=(Milli-Q
Millipore 18.2 MQ" conductivity)o]] 6] 1,000 mg L] stock
solutionS A|%3}o] ALt

22 Mgu

ARe BEACE Sastg o, 500 mL Az e
U FE9| Cs o] & 200 mLe} Al&eo]E 0.1 g& ¢
2 & HX87]|(Johnsam, JS-FS-2500)5 Alg-5}o] wwtslH

ZFzviet 22 F5te] YA 7| (Eppendort,
centrifuge 5415¢)2 10,000 rpmof| 4] 5 min &2 4] 223t
T AedS At AdAEE3F =7 (Shimadzu. AA-
7000)2 Cs o] 29| s=& EAs3tt 2&of wE 3]&4]
2138 2 ekl 9k 7] (Hanbaek Scientipic Co, HB-201SF)E ©]
g9 =2 293 K, 313 K, 333 K2 xdsle] S48k
£ pHE 0.1 M HCITH 0.1 M NaOHZ A}-g3te] 24549
© 1] pH meter (Orion, model 420A)S 0]4‘18]-01 =435}l

AlZeto]E Xof F&HE Cs o] 28] FATS th= 2ol
AlAFs AT

(G-C)V
“=— 35 — (1)
(C[)*Qg)V

=" (@)
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Table 1. Independent variables of the Box-Behnken design

Factors Level
Variables - -
Xi Low (-1) | Middle (0) | High (+1)
Concentr_a}tlon X, 100 200 300
(mgL™)
Temperature
(K) X 293 313 323
pH X3 3 6 9

£}
aQ

71 A, gi= AIZE ol A SFe(mg g), o= BE S
g, G ARE o)A B Emg L), G 2715 E(mg L), G,
£ 9¥ FE(mg L), Ve 899 2I|(L), m=

(g)oltt.

2.3. Box-Behnken A& A 7|
AetHlAb S ARgste] A Al Zeto]lE Xof| 93k Cs
o] 9] FAFFAoA Fagt AR F=(X), pH (Xo),

2EX)E SHHeR Adsiglon, 7t Sy Haof disf

A, F2r, 2L $ES Table 13} Zro] AAshgich. A2

HRS x| 2= Cs 0] 290] 2K mg g')e 41431921, Minitab

16 (Minitab Inc.)2 AFg35to] 242 d| 41} Cs o] 2] &2+

off qlojA Aeiel Blig=5o] oBHA FakE 7|A]aL o Xxlo]

FAAZAIAE BASE 4249 59 Mapsn O A4S

Z2h-g-of gt ol EAHEA(ANOVA)E F3 A4 st
o, ofg] 7kx] FA7IHE ARE-SEe] 23 wd o] FA| 2

o) de B7hskelet

Jo 32
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Figure 12 Cs 0] 9] 27] =2 100 mg L', g0 &%
£ 20 T (293 K)= dHsHA staLs &Ho] 27| pHE 2~
1002 gejgh 9o 27| pH ¥sto] ©2 Cs °li94
Fit 2F pHY| ¥ UERd Zlojth Cs o] 29
g-oHo] 27] pH 5.0 ool A= pHoll A2 FgFS
O gl 7] pH7} 5.0 o]fof| A FAFFO|
skeleh ol 8] 27| pH7E WolA | §o
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Figure 1. Effect of initial pH on the adsorption capacity of Cs ion
(adsorbent = 0.1 g/0.2 L, initial concentration = 100 mg
L', temperature = 293 K).

/gato] sr Bl Cs o] A[Al sl A[13], =W Y S
2o A Bl EE= AEkS] 2 Na-A A|lSeto| E[14]9} Na-X A2
2}l E[15]15 F4d3te] Sr(ll) 0]-22] A %17, Abd El-Rahman
et al. [16]0] Al&20|E AS SHAZ A3 Sr o] 22 A|7
At Aoy LA
32. 532
A&eto]Eof| o3t Cs 0] 20] F2&ES %}omﬂ H’S}o:}
FAE 12} AT fAF 23 S EAS
FAF 12} AL o33 o] E3

H'I

jok
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In (qp—qt) =lng, — kit 3)

71A, ke %/\P 12} &&= Akx(hr)o] 1L, g.i= HF oA <]

SEAe Tt o] ERMCHIS)

% k? e e
714, ke A 27 £EAg mg'hr)oltt

Figure 23= Cs ©]22] 27| %5 100~300 mg L' 2 ge|s}
2F A58 218Y3)al A 7o) W= Cs o]29] S2leF W3}
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Table 2. Kinetic data calculated for the absorption of Cs ion with zeolite X

Coling L']) Qe (0 g'l) : Pseudo-ﬁrs.t-f)lrder : : Pseudo-seco_r:d-c?rfller :
q. (mgg) ki (min”) r g (mgg) k; (g mg " -min") r
100 86.40 21.26 0.0429 0.7552 86.21 0.0132 0.9982
200 120.34 32.63 0.0396 0.7840 120.48 0.0072 0.9956
300 139.09 17.33 0.0423 0.6162 140.85 0.0168 0.9996
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Figure 2. Effect of contact time on the adsorption of Cs ion with
zeolite X (adsorbent=0.1 g/ 0.2 L, pH = 6, temperature
=293 K).

a2t 55 Table 20f] UEFU $ich Figure 204 HH &4
z71°l| 10 min7HA]= 2to] W= dojuyttzh 30 min o] %
o= Bl =it 2o 27] DA = F&A ol
Hol gl g dsol ot g7 F2kol dojubA|rt, Algto]
ZBatgte] wet EAF o] EofjEo] SR TAlo A FEof
Edshs Aoz ARREU19]. of2] 7HA] Al&Ee|E AS 9]
&3t Cs o] 2 F2 Aol A El-Kamash [20]+= BE = Al
Z7to] 60 min, Torad et al. [21] H¥ E==A]7Fo] 30 min, Abd
El-Rahman et al. [16]-2 HE =2 A|7F0] 60 minS 2 A] E Al
Aot fARHATE 7] Cs 0] 29 SEst ZAER ¢,
o] Z7hstslit, ol 9] Fo] Cs oL FEI Sl
290 FE SEAT} S5 wold.
Table 2014 BW GA} 13} &E4o] AFASRE) Fhol
0.6162~0.78400] 11, S-A} 22} &£ 419 HL2X 0.9956~0.9996
2 Aol B9 Cs ole FALEE §A} 23 £EA)
ZF B35ttt o]2]gt 2= Cheon et al. [8]°] kaoling 9]
&3t Cs o] &2, El-Kamash [20]7} Al &0 E A o]-&=t
Cs o]22] &2}, Lee et al. [13]0] Agkn|ibA = eHdet Al
elol 22 o8 Cs o] & FAOA fAF 274 S alo] of A
eheichs

Aol GAHLTE

JHU %in

LR, (5)

47)4, gz AIZE ol A FARHmg g, kas AT W 2
E, te AlZH(min)S YERHTE
Figure 3-& Figure 29| S2t& 5 A8 A3lE Equation (5)9]
Feit mdlof A gsto] mAIRE Zlojn, o]2 R Hofl
afebulE] gES Table 30] LHER ek, Figure 3014 2= 23}
ol g, o t'79] Iz FAo] YHS A o, 27)
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Figure 3. Internal diffusion model for the adsorption of Cs ion with
zeolite X (adsorbent =0.1 g/0.2 L, pH = 6, temperature =
293 K).

Table 3. Parameters of internal diffusion model

c First linear part Second linear part

0

(mg L_l) g :;Enm%) C 1‘2 g :;S?%z) C r2
100 14.711 | 38.635 |0.9997 1.293 | 75.27 |0.8014
200 13.778 | 68.778 | 0.8504 1.261 |104.79]0.7843
300 13.344 | 97.901 |0.8147 1.256 129.29]0.6388
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Figure 4. Adsorption isotherms for the adsorption of Cs ion with
zeolite X and fits of Langmuir, Freundlich, Redlich-
Perterson, and Duinin-Radushkevich models (adsorbent
=0.1g/0.2L, pH=06).

Al&he] E Xl of gt 25-9] Cs o] & F&of vh-5-

1=l:l

WAy g 417

Table 4. Comparison of adsorption isotherm constants for the
adsorption of Cs ion with zeolite X

Temperature (K)
293 313 333
qm(mg g 151.52 | 166.67 | 192.31
Langmuir ke (L mg'l) 0.0302 | 0.0355 | 0.0314

Model Parameter

r 0.9928 | 0.9936 | 0.9914
ke (Lmg") 2545 | 3256 | 31.33
Freundlich 1/n 0.3128 | 0.2789 | 0.3220
P 0.9912 | 0.9944 | 0.9867
Kz 11.82 | 17.60 | 22.70
Redlich- ar 0.2411 | 0.2947 | 0.4461
Peterson B 0.8040 | 0.8249 | 0.7679
r 0.9984 | 0.9988 | 0.9965

gs(mmol g) | 1.0157 | 1.0840 | 1.2125
Dubinin- | Bor (mol’kJ7) | 0.0288 | 0.0242 | 0.0231
Radushkevich | E(KJmol") | 4.1800 | 4.5450 | 4.6524
r 0.9263 | 0.9345 | 0.9074

Figure 4= ®o49] =2 293 K, 313 K 12]1 333 K&
2eoklE B9 52 & AF 2 e} Equation (6)~(11)9]
S22l #-gst s
o %
2 Aok E=HE] oAl Al&etelE Xof ot
Cs 0]-2-2] &2k Redlich-Peterson 5-2-4(1°=0.9965~0.9988)
of & wrEstglon, o= A&ete]E Xo o3t Cs o] 29
A SRAS T thEASY] Bk At A4S 9
] gte}. Langmuir 524102 FE 8 Cs o] 29| o &2
22 293~333 Kol A 712k 151.52 mg ¢, 192.31 mg g' O &
7kl ol & A9 &2 Rhgol Y WS Y
Edich & 227t S71E5 Cs o]&o] gdst
A&etolE U] HF 737 SUHre =N F2ko
314 doj}7] wjEo]t}. ® 3k, Dubinin-Radushkevich
< dRtH o g FRPURE Fetet de] AMRE
[29]. Dubinin-Radushkevich 5-&2lo|x9] &7} Z7}
wel g2 Fat FHIUA Ex F715E O Bor: 43S
=t ol23t A= El-Kamash [20]0] A| &0 E AE °]
&3 Cs o] 29 F2 A9 AHe= fAfskTh

m{olv

rko
‘l
_“i
E
_r,rL
gi
mln
mlo
ﬂ
%
31
é
_;
m
£
3:2

.Al

A
X_'
AN E
_'__()

_I_4

10 o£
rSL'
o}r

Ho[n—u-{o
ﬂii'srerbrﬁm
fé_ﬂﬁmiﬂ_&

Vant Hoff 4}-& o]-g-5to] et utetugql iy, A&
2u], 2231 2Folu A 9] WekE thaat o] yERd & itk

AG =AH—TAS° (13)
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Table 5. Thermodynamic parameters for the adsorption of Cs ion
with zeolite X

AH° AS° AG® (J mol'K™")
@mol'K™") | Umol'™K") [ 203k | 313K | 333K
6.488 26.4161 1256 | -1784 | 2312
o714 TE A £%(K), ki Langmuir 4>, RS o]AH7] 4]

AF2=(kJ mol'K™yo]t}h. 18] 3 AG™= Gibbs A-g-of| 1] 2] W3}
(kJ mol™), AS*= QlEZ 1] 2] ¥W3l(J mol'K"), AH= <llehs]
o] WztoltH19].

S o] sty sfAlS flsto] 2LERiste] o &
ol A4 3E Equation (12)0] A3t UT o In(g:/ Co)
= AT 2z o] 71 &7|9F AW, 1811 Equation (13)0.8
HE et d9sh4 utetu|E]E Table 59 yeby ¢lct. DH
L 6.488 kI mol' & oFo] 71 st B & A &eto|E Xof 9
gk Cs o] 9] 2ol &4 §hgolal, DG = %= 293 ~
333 Kof|A] -1.266 ~-2.302 kJ mol' & &9 Z+& 7px o2
2p Jhgo] A oleh= AS Uedth 227t S7he
DG’3fo] HotAl= A Hot 2wvt Setds St
9] Zpukgo] g EolRltks AL <oF 4= It DS°= 259 )
mol'= oko] 7Fe 7l B2 fMu} S zbao] HAFoA HA
A7t 5718 e El-Kamash [20]17F A998 Al
O|E AE AHE3FA Cs 0|29 F2HFollA] DG'Fo] -1.256
~-2.054 kJ mol'o]31, AS°= 2291 J mol'K”', AH%= 5.57
ki mol'¢l Axh= H Ao Ao Anel AT

ot

oo i

3.6. Box-BehnKen Design

Minitab 16 (Minitab Inc.)& A}8-3}¢] Table 10f Fo]3 =Y
W49} =52 Box-Behnken Al&Hoz A 7:]] 3} 7 2of Table
61} o] 3319] FA4F HHS xHsto] F ISQ-J Aol
AAEReH, A EAo w2t dES st ¥ vES
Ael Cs olee] Fawre] A g veh ot

Table 7& Cs o]22] Z2teko] gt ANOVA ZAufo]n, 89
3}2] 9o 1S FHFA 7| (backward elimination)o] 2]} AA
sto] Zehet e Wglgl 799 Aijoltk. ANOVAo(A 4
St AojQ] gho] 0.122A4 &9 & 005Kt 322, nd
Alo] AE ZF AAl7lE Aoz ST ARl X
T X390 A mle & Fo48E Holar o 223} o) A
X7k X3'9] gro] 0.003 o]ahE =& o4 Kol ek
WL A XiXsE AR e FoAdo] Rol AATHAH
HAREA T 2y Agell B Cs Skl sl =4
3| HAFE Table 8o UL ofof e 74 A2
oh5 Al 2tk

19

H

O
J

U

Y=153.23+28.21 X, +7.13 X,+32.22 X;+19.55 X, X; (14)

—10.94 X2 —17.46 X7 —37.79 X2

Table 6. The Box-Behnken design results

Variables Responses (mg g')

Run

Xi X2 X3 Y obs Yopre

1 -1(100) | -1(293) | 0(6) 86.40 94.010
2 +1 (300) | -1(293) 0(6) 139.09 141.385
3 -1 (100) | +1(333) | 0(6) 101.53 99.235
4 +1(300) | +1(333) | 0(6) 172.30 164.690
5 -1(100) | 0(313) -1(3) 64.29 63.618
6 +1(300) | 0(313) -1(3) 76.30 80.942
7 -1(100) | 0(313) | +1(9) 93.61 88.967
8 +1(300) | 0(313) | +1(9) 183.80 184.473
9 0(200) | -1(293) | -1(3) 63.77 56.833
10 0(200) | +1(333) | -1(3) 71.73 74.697
11| 000) | -1(293) | +1(9) | 127.84 | 124.872
12 0(200) | +1(333) | +1(9) 128.60 135.537
13 0(200) | 0(313) 0(6) 150.18 153.233
14 0(200) | 0(313) 0(6) 153.60 153.233
15 0(200) | 0(313) 0(6) 155.92 153.233

Table 7. ANOVA for fit for the adsorption of Cs ion after pulling

Source | DF | Seq. SS| MSS | Fvalue | p value | Remark
Model | 7 |22847.4/3263.92| 57.75 | 0.000 | significant
Linear | 3 |15077.3|5025.77 | 88.93 | 0.000 | significant
Xi | 1 | 63653 63653 | 112.63 | 0.000 |significant
X, | 1 | 407.0 | 40698 | 7.20 | 0.031 |significant
X; | 1 | 8305.0 |8305.03 | 146.96 | 0.000 | significant
Square | 3 | 6242.1 [2080.70 | 36.82 | 0.000 |significant
X2 | 1 | 4422 | 44225 | 7.83 | 0.027 | significant
X2 | 1| 11255 | 112550 | 19.92 | 0.003 | significant
Xs2 | 1 | 52727 |5272.69| 93.30 | 0.000 | significant
;Iclttforn 1 | 1528.0 | 1528.03| 27.04 | 0.001 |significant
XiX; | 1 | 1528.0 | 1528.04 | 27.04 | 0.001 |significant
Re;ir‘i‘r‘al 7 | 3956 | 5651
Io‘?cﬁli 5 | 3789 | 75.78 | 9.09 | 0.102
fr‘;f; 2| 167 | 834 ? | adjir® | preds’
Total | 14 |23243.0 0.9830 | 0.9660 | 0.9105

DF : Degree of freedom Seq., SS: Sum of square, MSS: Mean sum of
squares

Table 8] 52017 Student t-test gk} p gFo= 2 #Al4=9]
Folde dot & = e, 3 oo 7 gef t gk
37|17} A3 p o] A= I L o G235 At Table
8ol A Z+z+e] t Zka} p Froll A BEH Cs o] 9] 7] HE(X))
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Table 8. Estimated regression coefficient for the adsorption of Cs

ion
Factor |Coefficient| Effect |t-value |p value| Seq. SS |PC (%)
Constant| 153.23 4.34 | 3531 - -
Xi 28.21 2.66 | 10.61 | 0.000 | 6365.3 | 27.15
X 7.13 2.66 | 2.68 | 0.031 | 407.0 1.74
X3 3222 2.66 | 12.12 | 0.000 | 8305.0 | 35.42
X’ -10.94 391 | -2.80 | 0.027 | 4422 1.89
Xy’ -17.46 391 | -446 | 0.003 | 11255 | 4.80
X5 -37.79 391 | -9.66 | 0.000 | 5272.7 | 22.49
XiX;3 19.55 3.76 | 5.20 | 0.001 | 1528.0 | 6.52

Seq. SS : Sum of square, PC : Percent contribution (%),

PC= il x 100
Nss

oF goo] 7] pH (Xo)h 22 124 Fa 17} 242+9) 2219
AKX 2 X)) Bt o fostohs Ag 4 52 9lom, ol
Cs 0|29 27| 5= 4 84O 27| pH7} Cs ©]29] FA=,
I AFHQ AT ASS vreRdich

Figure 5% 849 &% 5 313 K& UAe 499 Cs o]
9] F=&F 8N pH7} WHEZH(F Aol v A= FFS U
el A o]tk Figure 5(a)oll A HEo] £m &} pH7} Z715}d
utet FabeFo] F7kekAI N pHell w2 REE-ghe] bR &
Lo whE RS S7F Aert & Ae® vyt dea
Figure 5(b)= 8ol o] pH7} 602 A3 Ao Lo} &
o whe} vhg-gho] ol@A| Wat= A& yERd Tefzolch 1
HollA o] Cs o] 9] 27| =7t 75 A
7kt ol Cs o] 28] 27| swrt 7135 &4
A 5ol Ao F716h7| fE oz weter. Figure
5(c)= Cs 0]29] w7} 200 mg L'2 UA3H Ao 29t
pH7}F Bh-&-gholl dmtut J3Fe F= A& YeRd Zolch 1
HollA] ®zo] pH7F 304 7082 F7ghel| uheh Fabeko] &
Zhetet7h o mastaon, &%= 293 KA 333 K2
S7 ol whE F2hF F7HE T pHo whE F2Ee St

200

El

Adsorption, m3g
Adsorption, Mag-

2R 743 ek AvE SR, E Al
O|E Xof| 93t Cs o]22] A|A|A pH7} 71 & H4= &
5} =

o Cs 029 5, §o) LEO| $AE a7} Aot
3}

4. 2E

= AFE MR S Al&TolE XE o]8-8to] Cs
of29] A7 54E& dotry] fiste] W EHMEAYE o
3 B ARlE sAeholnh SASE 24l s wEH
WA e 2247 R AR+ T AE mddo] o &
ot AR et Ao S8t QA= pH, Cs o2
9o wk, 123 §9) 2ro 20 Ay} Hoplz ez
A Gl

3] e Aol st FALEE fAF 23F Lo
F skl

H, 52 5223 Z3t= Redlich-Peterson 52

= Langmuir F-24]of oJgh o &2}ek2

52 mg g' o|gltt. Ea A& eto]E Xo| o3t Cs 0]-&9

F22 AH Zho] 6.488 kI mol”, AS°ZH 26.4161 kI mol”,

AG® e -1.256 ~-2.312 kI mol ' © 24, 2t} o] Fdut
[e]
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