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Synthesis of Adsorbent Fixed with Prussian Blue Based by lllite
and Adsorption of Soluble Radioactive Cesium ('*'Cs)
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Abstract : Prussian blue (PB) is a selective and highly adsorptive material for cesium. However, it is difficult to recover after
adsorption and there is a possibility of secondary environmental pollution. In this study, the surface of illite powder was modified
by using acrylic acid (AA) as a crosslinking agent for stable fixation of PB to illite powder. The aim of this study was development
of adsorbent with stabilized PB at illite using AA (AA-illte-PB). In XRD analysis and FT-IR analysis results of AA-illte-PB, PB
characteristic peak was founded. Those results show presence of PB in AA-illte-PB. TGA analysis was performed to confirm the
polymer and PB content of the adsorbent. It was judged that AA was effectively synthesized on the surface of illite modified with
AA (AA-illte) through the SEM (EDS) analysis. The PB adsorption performance of AA-illte-PB was evaluated after pretreatment
of NaCl for immobilization of PB on AA-illte surface. In the case of AA-illte-PB pretreated with NaCl, the maximum adsorption
amount of cesium was 5.09 mg/g and the maximum adsorption amount of cesium in AA-illte-PB without NaCl pretreatment was
2.01 mg/g. Also, results of cesium adsorption analysis using "’Cs standard source solution showed 99% removal rate for
AA-illte-PB pretreated with NaCl and 88% for AA-illte-PB un-pretreated with NaCl. The efficiency of AA-illte-PB pretreated with
NaCl found to be effective for cesium adsorption. UV-vis analysis was performed to identify the desorbeed PB during washing.
Illite attached with PB without AA (illite-PB) was detached from a large amount of PB through 5 washes. AA-illte-PB showed
a small amount of PB desorbed by the first wash. As a result, an adsorbent with stable PB immobilization was developed.
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Fig. 1. Synthetic procedure of (a) AA-ilite and (

§O:C—C -

) AA-illte-PB (in-situ).
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A g Eh 1Al A illite 2.5 g2 60 mLO| F-72} 2
t]Z 7JAJA|Q] potassium persulfate 0.06 g} 5E7F HH-2-A]
A illite W5-2] OHE Otz &2 7| A AIXl £ acrylic acid

£ FYste] 51t vESAIZIT: 29 Ao A illite$} acrylic
acid, potassium persulfate &3-8M9] =5 (0 T7x] &
T 04 ApeelA] 2087 WA B89 o] Ak
A7k 3A N BTGNS 627HEeE 60-70 T
= Fsjol et Bhe F Ao atEl njukg 4
dlol golgee A Slstel, F2RAsl Eriol
NAH illiteS DI Water2 13] A& & ethanol¥} DI Water
L1 Egkgeloz Azskel 80 T QB4 6417k 72ato]
AA-illte S A5

Fig. 1(b)= AA-illte-PB2] SHJHH 0 & AA-illte-PBS] 3
A Y3l AA-illte 2.5 g2 0.5 M sodium chloride (NaCl)
LTl BhS A7) A E] YRS Esto] AA-ille EHO]
COOH”|E COONaz AZAIA LA, 548 59 7+
2 A7) A} SEITE ©]F AA-illteE iron(1ll) chloride
hexahydrate (FeCl;-6H,0) 20 mM & 25 mL9} 24A]7L,
potassium ferrocynide 20 mM &9 25 mL2} 58, iron(Ill)
chloride hexahydrate (FeCl;-6H,0) 20 mM & 25 mL%} 5
—‘L—Z} £2A 0 2 HhS A7 S E35)o] PBE in-situ
P& SRFE 23 AA-ste] 60 T B4 6417t
=

il HN«

2.2, Al did

AA-illte-PB ¢]7z}o] EAL BA517] 23] illite, AA-illte,
AA-illte-PBE XRD £4 T-IR (Bruker, TENSOR27,
Germany) 241% Bato] BABIGTE B4 A2o|H >
sjslA AHEH HE= Z1zZF 10-90 degree, 400-4000
BA5FcE E3F AA-illte-PBo] 1E 2} FHa-aF
242 Y3l TGA (TA instrument, SDT, USA) £4& A4
27, 0-1000 degree®] R 9Joll A AAISHATE F7H 2 AA
B9 A olRsk PBEH) 7|5 9 BAs] 9
3l SEM (TESCAN, VEGA3, Czech republic) 4]
glom EDS B4 B3 FAAE T A
A5t

NaCl A2 o5} acrylic acid o] = AA-illte-PB
W52 PB e/d o] 2ol & wlaLshy] $13}o] acrylic acid ]
zolere th2A 2elshn A3 AA-illted] thate] Fe*
ol FHABE +AWSAT AAdillie Y] PBO] TATL
PBE A5 Fe''olee] Hatew} CiAsict Aot
th AA-illte 2.5 g& 0.5 M NaCla} HF3-A]71 3 20 mM
FeCl; 89 25mLe} ¥H-3-A17] NaClZ ] E]E 233t AA-illte
o} AA-illte 2.5 g2 NaCl 53 glo] 20 mM FeCl; &
25mL&} ¥F2A17] NaClAA 2] S 433}A] LS AA-illteo]
tjale] Fe'" Baleke BA517] 9J5)e] ICP-MS (Perkin-Elmer
SCIEX, NexION 350D, USA) 7]7|84-& AlA]5}th

b
i

il

il

u?L' o _1

o

ol >
ol
o

II.

SZAEL 50 mLe CsCl 899 illiteE 0.01-5 g2 H
A& FA3te] 24X 7F HoF HESA]A Cs SHAE RS 39l
sl o T2E 82 ICP-MS (Perkin-Elmer SCIEX, NexION
350D, USA) 7|7)842 E3) gelstsct

AA-illte-PB2] 'Cs9] TS 2510 200 Bg/L2] Cs
gole A z5lo] AA-illte-PB 0.01 g¥} 24A|7F E9F H1-3-A]
Ak VCso] AA AL WA 547]7] RAD 1Q FS200
(Nucare, Korea)E ARE-3}o] =43}t

/3% AA-ilite-PBS] PB E2} of§.9] Q1% 95l AA-
ilite-PBS} H]71A illite@} PBL] Z&A|(Illite-PB)S A %3}
A H4=2] PB HEE UV-vis 7|7]84& E3lo] Z43}9t)

3.4 o
3.1. AA-illite-PB =S&tH| 2} AA-illite SEHx| 2| Eg"—E—M
Illite2} AA-illte2} AA-illte-PB2] XRD H4]& =3
illte-PB W 5-2] PB &7 ojF= FQl3t9l 1 AF}E Fig.
20] Ul ich Wik PRo) Sjdels S4TaE 174
degree, 24.7 degree, 35.3 degree®} 7Tt Illite, AA-illte,
AA-illte-PB2] XRD #|3 EAZA, B%E illiteo] 3idst=
935 vehlgloen, AA-illite-PB] ¥z BEXAx} 7|&
ool A HiE vl SRS PB 1At WHAE QL o] &

&3l AA-iliteo] PB7} FAH AS ST o Utk

AA-illte-PB2] PB &A o] F & illite, AA-illte, AA-illte-PB
9] FT-IR spectrum E-AJo A= 1% Qit). B2 7= Fig.
33} Zo}. Illite:= 1,000 cm™ 2204 Si-0 2L 7HA|=
Ao Z x| o, AA-illte?} AA-illte-PB2] FT-IR &4
Ao M= 1,000 em™ 2ol A Si-02] Ajto] 2ol girt.
o]E E35lo] AA-illite?} AA-illite-PB 2= illiteo] 543
AY+ Aoz #dsh 4= 9ty E3F AA-illte-PBo] 4
CNZTHE WEbf= 2,060-2,080 em' F-2of| A 437} il
o] uwle} AA-illte-PBo] PB7} A3l AL sHolgt 2
ULt

.1

100000

llite
—AA-lllite

80000 — AA-lllite-PB

60000 4

Intensity (cps)

40000

20000 4

20 40 60 80
2-theta (degree)

Fig. 2. XRD pattem of ilite, AA-illte, AA-illte-PB,
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Table 1. Quantitative EDS analysis of the element proportion
in the Items (weight %)

ltems ) K Si Al Fe
Illite 42 - 58 024 -
llite-PB 30 14 31 19 5
AA-ilite-PB 32 2 16 10 40

7F 7k&53kE 0] 1,000 T FoflA] oF 3.3%2] FAHAE 2
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AA 7)4o] illite®} PBO| 31of njX]= &= wofstr|

+n Jﬂ

Q3o illite, illite-PB, AA-illte-PBE SEM image 4%
Sasteich. B4 A3E Fig 5o Lehygion| Fig 5e)

(a), (b), (c)= wv|7iA illite?} illite-PB, AA-illte-PBS] SEM
imageE UEPHTE SEM image #2418 E3) v]7HA illite Q)
ERo] PB A7k 47 AgkEolglont AAZ A illite
of sEwiol PBY] Y7t the AakE A Teld 4 ek
ol EDS #4& B3t s Anolx oA sklo] 7}
53193l 1 A7E Table 10] Vep Qi AF o] ALgst
illite @] 79~ AFA(0)Q} HA(SHE HAdo] Ho] /1o in-situ
HFA1S E35lo] §HAJSE illite-PBY] S Feol &aFo] 5%
weight A Fe 24 PB7F @A ZS &eld 4 otk
ESF AA-illte-PB2] 72 FeQ—] 3laFo] 40% weight 2 illite-PB
o} v mako] of uj & A2 Holt AL Bl 4 )
t} o]= AAE E3) 7H7<‘51 illite7} B]7] A illite EHEC}
o oko] PBE T FLAHOE TAFE AL ou|dlict
3.2 NaCl & 2|0f M2 AA-illteo] Fe®*t ExtMS -‘T'-UI-
AA-illite®] PB §F2 Z=713517] 93 7128247 ].4
sh2 Zrjatel it NaCl A2 BTk N
2] of o] W AA-illte W PB TS HIJLOM Ho}@]
AA-illteE 0.5 M NaCl g0 2 H32]gt AA-illte®} NaCl
AAE S FAHA ehe AA-ille] Fe'' S vwst
ol 1 ATE Fig. 6] AU AA-illee] F4TY %
acrylic acid?] FJe-& F7kA17lol| ket Fe'' o] F2afo]

rN nlo
2
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Z7)ete AgS Btk 28U acrylic aicdE 10% (vv)
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o] A3tE| Yty NaCl A 2= 233t AA-illted] Fe™ 2
HE2HFS 57.5 mg/golR o, NaCl AX & 433}A
oko AA-illte®] Fe'" H &k 8.1 mggo 2 UEsiTh
0|2 E3| NaCl A7} 7l2RA7|o] 24312 23t

sto] AA-illite®] PB S S7HAES & 4= AUATH
3.3. AA-illte-PB2| M|& S&tMs T}t

A E AA-illteo] NaCl2 ©]83F Zx 2] & iron(Ill)
chloride hexahydrate®} potassium ferrocyanide 8942 ©]-&
a1o] in-situ WHA] 02 PBS 43 AA-illte-PBS 0|85}
24 AE(TCs)ol gt SHAY S AT s

et F2AEE Y FRE4S Fig. 70 AAIEFAAL NaCl
AA 2 S 3 AA-illte-PBO] o S&eF2 509 mg/gO & Lt
ERyie.
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Fig. 7. Adsorption isotherm for the of Cesium ion on NaCl tre-
ated AA-illte-PB and fits of Langmuir, Freundlich models.,
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Fig. 8. Adsorption isotherm for the of Cesium ion on NaCl un-

treated AAillte-PB and fits of Langmuir, Freundlich models,

Table 2. Langmuir isotherm and Freundlich isotherm parameters
for cesium adsorption onto the AA-ilite-PB

- Langmuir isotherm Freundlich isotherm
ArltePB oM 9 > >
rature (K) gy, KL R Ks n R
NaCl
300 509 13790 09466 26614 49530 09652
treated
NaCl
300 201 36552 09331 10677 35562 08660
un-treated

PBY Z o] TAHLS 2.01 mg/gl 2 UEGSH, NaCl
iiﬂﬂ 2233+ AA-illte-PBL} NaCl A 2| S 485}
2 AA-illte-PB9] H3 4 o]E]+= Langmuir®} Freundlich
32 o] WRo| ALk Langmuir 554 mele
b g Aol Ao] ofa) 25 SRRIl0] Fao] dojut
2 7}Y39 AL Freundlich 52523 B2 g2H4)
Hol M2 Th2 FAYAE ATk AP
EAAUE Y LA Lngmuir SEFY 2
reundlich 2352+ ndlo] Z 2+ A=E Table 20| ek
Holek gn (mg/g)2 T 39 HE2He, K2 Langmuir
constant2 4 Z2to| XS e, Freundlich 52-35-2F
B0l Kis A4S Uehiis A, ne A4S
U= Aarolth 243 NaCl M4 2]E gk AA-illte-PB
9] Z<$ Freundlich 32+ —E’;/ﬂ of A3}slm, NaCl AA 8|S
3FX] k& AA-illte-PB .J 2 Langmuir 52352 =40

r:u oft &

ol ElO1

10 | ot rlo

&
"11

et FAFHE He S 0T 5 ok

o)A AA-illte-PB2] 137CsA AAEE S437] Sl
SARAHE S AAISE A= Fig. 99 AJABFA L 200 Bakg
o] WCs e 3kgat 49 50 mLoj AA-illte-PB} illite-PBS

5k

0.01 g& F3]3}0] 244175t WESA|171 AT T2k A YCs

H2E) = 662 keVY] v-ray7} & Fol= vMEE

A b 22 Bl 5 glek o2 53 Cso] AA-illte-PB
of o8 AAHALE BT 4 ek
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