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Formation, Decomposition and Cesium Adsorption Mechanisms of Highly Alkali-tolerant
Nickel Ferrocyanide Prepared by Interfacial Synthesis

Tsuneki ICHIKAWA™"?, Kazuo YAMADA?, Masahiro OSAKO?, and Kazuko HAGA’
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3Taiheiyo Consultant, Co. Ltd. (2-27-8 Nihonbashi, Chuo-ku, Tokyo 103-0004, Japan)

Summary

Highly alkali-tolerant nickel ferrocyanide was prepared as an adsorbent for preventing the leaching of radioactive
cesium from municipal solid waste incinerator fly ash containing large amounts of calcium hydroxide and potassium
chloride, which act as an alkaline source and the suppressor for cesium adsorption, respectively. Nickel ferrocyanide
prepared by contacting concentrated nickel and ferrocyanide solutions without mixing adsorbed cesium ions in alkaline
conditions even the concentration of coexisting potassium ions was more than ten thousand times higher than that of
the cesium ions. Large particles of nickel ferrocyanide slowly grew at the interface between the two solutions, which
reduced the surface energy of the particles and therefore increased the alkali tolerance. The interfacially-synthesized
nickel ferrocyanide was possible to prevent the leaching of radioactive cesium from cement-solidified fly ash for a long
period. The mechanisms of the formation, selective cesium adsorption, and alkali-induced decomposition of the nickel
ferrocyanide were elucidated. Comparison of the cesium adsorption mechanism with that of the other adsorbents revealed
that an adsorbent can selectively adsorb cesium ions without much interference from potassium ions, if the following
conditions are fulfilled. 1) The adsorption site is small enough for supplying sufficient electrostatic energy for the
dehydration of ions adsorbed. 2) Both the cesium and potassium ions are adsorbed as dehydrated ions. 3) The adsorption

site is flexible enough for permitting the penetration of dehydrated ions with the size comparable to that of the site.

Key Words: Cesium adsorbent, Municipal solid waste incinerator fly ash, Nickel ferrocyanide, Alkali tolerance,

Interfacial synthesis

1. LI \IRDIND EFEHME Cs DIRLAVEL 28NN DD, ZhEBh

TR IR DS CIRB LI U > 74 (Cs) T
SRS 1E, W UL T AR CIRBES U CERIR
L72D, BERIRIZITBERMF IR DK LB CHifE S b
HEIRAD DD, Cs LA IR COFRKILED AR 2D,
JEZEN R8N U TR IS0V, FRIKHD Cs (1FE A
EVIIERIRMERIR Cs) DN LL HI3KEEME T D72, TRIK

SITIIFRIRIZIK EAREENE Cs WS Al AL Cs A [EE 94
RV, YRR AOF T AV SR E, Tl
75450 Ca(OH), &, KCI, NaCliL U CaCl, 23
VEIZLU T4 1 mol/kgHiifc, EMUCLTCsD 15~104
EEENTOSZ0 Y, 47 Cs WAEHIA 2, Ca(OH),
128D CsRAETHEIZBR > TAAUL, TV AT 7
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UMERPHE T Ch A 2EE 727250, TRIKFH Cs g4 & LT
ERCEDMREMN DD, LMD, Z2ffi7s Cs WAl
LTSS TN D AR T TA T a7 74 Ty ak Ay
K & (BES) EAL R ZCs 2B WaE LAWY, E-,
W CsEREZFF O Z L THBIVTN DU M MBS
FA R T HRREE Cs AT HHOD, by WEEHE
RTENT A RERIKO 10ERE W {H->Th, ZDOCshrE
FF 80% T2 Y, T, TSNS ROK A
FUTFAE T TIRERA Cs™ A A WA TR SRV ThH
%o ZHVDHINIARFIA A AR NSWNA A AT EWAE LG
WD P KA AR AVINE N CsT A TR B
AU LIRDIN, FDKRFIA A AT K A A DRFIA A
HPRL RGN0, FROK A A NIAFT5HE Cs A
DSEIRA WA S 725 >,

TN T TN— (T2 T ACF —8R) 72027 Ak
TNV EDREIE T s T ALER A BIIK /CsT L
FEAS 1 LA EODBREE T CHIEIRANC Cs" A A 25 TE 5D
<P RRERETO Cs 7=y T ALER A RIS S
W5 Z LI IV Cs ZRRE TR AT TS 7Y,
LU 723 B YEETRIRFNCI AN Cs 30372 W IR 9757280,
Vel U Lo THRURTEBEIEM DR DR 5 &\ o [
BB D, RIKIDEOT7 ey T AVEREEEZINZ, 21U
A AL REKRTEIEUCLEZIEZOL D 72T AE T 720 i3,
BALMITABINET, Ca(OH), ZEBTET MK E-T
NHIVERRDT, BARMEHRICHW D7 2o o 7 ALER 4
BRI T A VI EFFONBER DD, LnLiaib 7=
T AVERBARIE T ANV, NAEER AR
KEEAE L ARKERVE 7 = o T AL A AT LED, =
DI=OFIROE A > MEUIZIEI TV VRO T a7
(LB ROBRFEIZER SN D,

Tl T A= VO VAV O a7 AR
EB A RIS CHERE O Z L RHBITNS Y, L
L7228 BIMT VA VIO E I F 2 I bleoTR Y., il
TAHVHERER LB 2227y, Ca(OH), BaFETRD
pHITE R T 12,6 7255, AL MEKIZAE T2 Cs R Al
1EpH 12.6 LU FOT VY BRI RN 215 5 L Eh 8 D,
AT LD LD IV fE R D7 =y T oAb =y Ve,
AREE NI FII A TE IR A LT Uiz, ER
A7 a7 i Ab=y VB ORERHIRGIE TR LT
Txu T A= T OWE LR E R T A Z T
X0, REAK 7 =as 7 Ab= VO R RS, ik
BILOCsWAEREEZON Lz, LIFICEOREIZTET,

2. EER

REIRFREHIIR B LUV b T v R A L NI
PZ NpHREESNZb ORIz, UERIKIIE, K&
PERSYE LT CsCLA8 1.8 X 107 mol/kg, KC1723 1.4 mol/kg,
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CaCl, 73 1.69 mol/kg, NaCl7? 0.84 mol/kg ( FRIKGE KD
ICPEENTRIVICPIILOFITLVIRIE), T/ HIIFREL
Tf#< Ca(OH), 3 3.78 mol/kg (FRIKDKHR XRD iz L
DIRTE) BENTND, 7= T ALBBERIT =0y T
{710 75 (K Fe (CN);) KR & BB G BRI AR S
FTHZLETHE, BREOHNCOWTIRETIRRS, 7=
a7 A= (LI NiFeCN EgRE) OV ST, 7
o7 =27 AbA A (Fe(CN),) % 0.005 mol/dm’
(L% M ENSRE) Ot~ 7T U 0 SRR CIR L ol E
FTHIETEY, HDWNTFERTO= A% 0.01 MO
ZaSO, KEEIB LO BT fiR Ao GHF EDTAE TS Z
LIZEORDT-, ALFIRNI TN TRV, T
HVAREHEFTONIFeCN D4 FEIE, 100 cm’ DT UK
RIIZ 1.2 mmol O NiFeCN Z A TR HER, —ERH
FECIRY L7 BV 2 cm’ oD Fe (CN) B4, 8L
EIURE CHET 5 Z &2k skdrz,

NiFeCN~OD CsWE 8%, NiFeCN & Cs™ A4 BLOh
L—H#—L LT VCs % 1 kBq/em’ Gk 3 cm® ~ 8 cm’
ZAE 15 em’ OBELECINAT 3RS SHR L%, =
% 4000 rpm T 15 3[R LDEEL, SHI20.2 I7m2 DY
UL T 4N — B TR L TR BV 2 cm’ thod sk
17 P ICs B bR, FIRRINC L DIREDRIEET T2
SR SR E R, ERE 34 om, RS 1 cn D7 T AT
7RI RIS BRI 2 cm® Z ANTHZ L, ~ShUILE
DA BT D IS, 2O LIS RELE 5.08 cm B &
5.08 cm ONal > FL—H— 5705 y IR S, -
T 2.55 53 DREZTE " Ba i 0D y BRIRIE A IE T 5 2 LT
Fo AT U Cs BAPE LT, T Cs DMEALAR L Hi A o
LaHIES—E L 7otz L EDOfEEMEEmE L, HithE 38
PLHToTH Cs BRI MIR BN -7=2 L kY, S
N 3HLNICESIC LTS 2 e AR LT, 7~ K
DNiFeCN Z RN U T2VER R AIROD y BRREE S Ny 7 75
T RLAYLE B Z L XD, EBEAREICNIFeCN 2NRAL
RN LRI LT,

VCs ZE e BERIRIR DT A NEULA SO Cs TAHIEE T,
40°C Ca(OH), BIFIAYARE 200 cm’ [TEE L= AL MEYE,
hhosEfE U Cs BpbRDT-, AV NEIAE, AKEE(E
N TR U2 NiFeCN 2RI DV IR, Ei
b 2:1 £72031:1 OB - B4V NEAWIC, 1 kBg/em’
D VCsHETE R T 04 OKREMZ TRME, B34
cm, EE 1 ecm DT TAF w7 BIAKFYIZA L, 40°CT 23
ML= b O AV, [FEfkikE Ca(OH), FFIAKIAIK
OB NI RO TH D, Ca(OH), AKEAHRIZH
R LODOE BEEHZ 7=, 517 T Cs BOPEEIL, I
EhoktE VCs BOREREER L TH 5,
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3. ERLER
() BRARETERLIE7O0Y 7 VLBBERED
w7 Ivh) %
T2y T ALBEBARIIK A AT T HCs A A D
BPUREAKZ 2D, RIKIRHE S Cs™ (A Z R ET D

DITHE LT A AL R TH D, LIS BEDIMF T /L7 Y
PEEFIV, K Fe (CN), O/KEIREFLEE L 720 OB & 8 A
A Me™ ORI AET T UCER LA 7 2oy 7 AL
B4aEIZCa(OH), MREINZ I-BRORIEZ LA Fig 1 LR T,
Ca(OH), DIRIMZEY, NiFeCN AT, S

K, Me,. Fe(CN)+(n/2)(1+x)Ca(OH), — (1+x)Me(OH),+Fe(CN)+(2-2x)K +(n/2)(14x)Ca> - vvovrenevnennn. (1)

DAL, EBEERKBRIE OIS E T2 LD, i
ENTOWTIIARE LY, 7= 7 A, HICHBOTD,
RSO EHZA L CIFHE TER3, Ca(OH), REIA
TOBITRRIAEHTEZ AT H AL CsBRERER RSN EX
D, Zoza T ACHEFRTHRIL (1) VECTND Z LR
SNz, T ERREOEMEZR NiFeCNIZOW T T2l A,
RO CsTIHIZIE 100% FrE SN D Z L3 B Sz,
N, FELZ 720 T ALEB A ET CIENiIFeCN A
bR T A D2 R T E BB E TR oT,

(2) REEHETHESNSEM7IVAET IOV 7 /1L
ZviTIb

a) BHIEEARAN =L
NiFeCN D7 = a7 ALEE SR I bs vl
UMEZRT 25, REIMT A VBT CIRATT D a0 if
THIEWHIALT, 2 ChkA 74 F AR L= NiFeCN
DT NI VEERIE L7225, K Fe(CN), (KEME7zm
VT AL BT LV ORERK b=y L
(NiCL,, KEM =y 7N BCH JW) ORI %,
AR LAWK DTS2 = L2 K AT ALE Tl -
<0 EFEERET U AR NiFeCN AR b i 771 Ui

K,Fe(CN), +
Gou Ni%* Cu* n’*

il

i
i

i
g

| 3 %?

Fig.1  Photo images of transition metal ferrocyanide suspensions
before and after adding Ca(OH), powder
The suspensions are generated by mixing equal amount of 0.1 M
K,Fe(CN), and 0.1 M transition metal chloride solutions.
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T EDHIB LT, W ORIRER JOSE S RUE TR
72 NiFeCN OREIR DG E A Fig. 2 |27, AEERE 3.4
cm, IEE 1 em DT FAF v 7 AP ITh S, NiCl, & K Fe
(CN); 7 HDONiFeCN AR SO LI

WNiCl, +K,Fe(CN), — K, , Ni Fe(CN), +2xKCl - --- (2)

THz B, NiFeCNHODFe (CN), 126895 Ni OF/LEITA
B GAEICIRAET D 2 ERIB T WA, BB THERE
NiFeCNH D Fe (CN) 1Z%F9% Ni DE/VELIF BRI
WIEOTNARLEL, Ni/Fe <1 TIZK,NiFe(CN),, 1<
Ni/Fe = x <4/3 TI3K,_, Ni Fe (CN),, 4/3 < Ni/Fe <3/2
TIEK,;Ni, ;Fe (CN), £72o72, K,NiFe (CN), I3k,
K, sNi, sFe (CN)  (ZE5kkfaz 232503, K,NiFe (CN)  #
I ED CaCl, 12 % LRI Uk a2 b5 2 L X0,
NiFeCNHORL F13~A FAICHELTB Y™, K, ;Ni, sFe
(CN), TIHBRIONI® A AT LAWK F-OREENEL Dk
B 2R OPA ZDHERL, sdklE LTz EHER LT,
BHRAR I, 2IEIRAT 5 LRI NIFeCNAVEL 5,
IR LTHRE AR TR AT E2IREREG LT
NiFeCN 23 <IZIFEL 20, 0.9 MONICL, & 0.6 MOK Fe
(CN) IR E P S W7D BORREZ LA, Fig. 2 0O P05

K,Fe(CN),: NiCl,=1:1
Stirred synthesis

K,Fe(CN),: NiCl,=1:1.5
Stirred synthesis

K,Fe(CN),: NiCl,=1:1.5
Interfacial synthesis

O hr. -

Fig.2  Photo images of nickel ferrocyanides prepared by stirred
synthesis (top) and interfacial synthesis (bottom)
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B ORT, Bl 30 0 FEE LIRS LIFRRO DIV 3,
INEIWE D LA E DS K Fe (CN) JARI AT THE
RONIFeCN 3 LId0 5, ZHUd, Nitt A4 23R
AU 72 NiFeCN H & 58 LT K Fe (CN) &I B EI L,
NiFeCNO#ERREZFIERITIEERL WD, AL
72 NiFeCN OfLAERRE, RHEONI/Fe (CN) (Hi 33
5P HICK,NiFe (CN), Thorz, ZHUL, kR Fe

(CN) P A A BRIDOZM T, $72bB K, Fe (CN) (HHEHIT
P DEFITLUCN BT TH D, Fe(CN) A4 A NiFeCN
AL LT N A A ACBEN L7200 DiE, NiFeCN 23851
TR TH DT, A T DI ST D05
T D, NiFeCNODOAERNHETTHE TORERIEL, EH L
TSR KA 3523, Fig. 2 1RUIZA AN M43 6 K]
RETh-oT,

S A NIFeCN 2 A 184K 40 C Tz S 7%
OEENE, #EEUKNIFe (CN )y 2.3H,01Z4i35 390 g/
mol &70%, ZHAEEZEH 60°CTEBIC VBRI SET4D
HAE, #AEUNIFe (CN)» 0.3H,0CHIRd% 354 g/
mol &72Y, ZHAESIRT VRARE LI ORI, $At
K, NiFe (CN)*1.3H,0ZxHi 9% 372 g/mol L7eo7=, 7K
HFTOK,NiFe (CN) 1% 15574720 1~ 2{ED7Ky 15 A
TWAHHLDEHEERSND,

A TR L2 NiFeCN O X HRERFE T TR
i L7= K,NiFe (CN) ; D *) L &< R UIZo7208, &
DORARITRE L Blp o7z, FERE TR LIcb 0120453 71
DIV TpNE—Z LT3, SR RIECER L=
DITFBRPN0[ED 4.5 7002 ) o DTN A—E @R LT
Dolz, FHRER LOPE GRS A7 NiFeCN BEIR O
FEBAY MV Fig. 3107, AN A MUENE A
AAZED 600 nm FHEOFFBELL VI REFe (CN) ok
DUTERINROFRL il VR RBIERSHTEY, HERELR
EAREE THERMAEE Y, LL7es S AR NiFeCN 0
BB OBE L0 BIFDNIRE =0, SR
THRVOERGELAEL DI LT, = IRETIE>72 NiFeCN
DRI 450 nm LLFO7- 0 RS 70bbi il E %
BLOSBRL A2 0 BN T D, ZORELSEDT-D, Fig. 212
RTEIT, ARG EOR )RR OE ST D X705,
b) M7V AVPEE T IV S RO

REARHNiFeCN K OFEGRENIFeCN 4 1.2 mmol &
100 cm’ @ 0.5 M NaOH /KA HEHICERIET VR EIRIEFHE
L7= B2 ONiFeCN D 53 fig B %, A AR I L 7= K, Fe

(CN) ; BLONICL AKEIEOWEEDORS L LT Fig, 4 1TRL
7o FEARIEC LD NIFeCN O 7V A UL, @i o8
HRIEIC LD ZNUCHATIDDTE N NS0 D, ET5
e AL, REPGRUEINC, G AIREOIRIEED mIEE
M7 VA VR ELI2D T eI DD, EWIRIRESEOIEE
NiFeCN DRARPIRE IR DfER, R - ORFE = R/LF—DME
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Fig.3  Transmission spectra of nickel ferrocyanide suspensions
prepared by interfacial and stirred synthesis

[NiCl,]/molsdm™

0 0.3 0.6 0.9
0.6 T T T T T T
® : interfacial synthesis
(Feed: Ni/Fe(CN)s=1.5) E
3
g oap 3
=
@]
£
R - ]
©
T O :stirred synthesis
S 02 (Feed: Ni/Fe(CN)¢=1.5) E
=}
< « : stirred synthesis
(Feed: Ni/Fe(CN)¢=1.0)
//@ 1
0 @ —@f--/""?:'“"_:”_ L
0 0.2 0.4 0.6
[KaFe(CN)sl/mol-dm™

Fig.4  Amount of nickel ferrocyanide survived at one day after
immersing 2 mmol of nickel ferrocyanide in 100 mL of 0.5
M NaOH solution at ambient temperature as a function of
the concentrations of K ,Fe(CN), and NiCl, used for the
preparation of nickel ferrocyanide

TL., OH A4 OBEEZFITL 25T EHEEE SN D,
T TUBEMH 7 L4 ) PO mE O F A% NiFe CN OVERIZ I
0.6 MOK,Fe (CN), & 1.3 MONICL, ZHW5Z L& LT,
FRIKIZIEZ 8D Ca(OH), BEFEITNDHIZD, EDEH
WRIE T v F VD Ca(OH), fAFIRIR & 72D, TR HIRIZIE
CaCl, bZEIZEFIVTNDI20, IRFEFEORRN G, £0D
pHIXCaClL B AFT 523, CaClLREREr D & EiRE
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Solution renewed

T~

Initial concentration of E

Concentration of Fe(CN)¢* in solution/mM

2
Fe(CN)¢" in solution =

O:4mM
O:2mM E
®:0mM

O 1 1 1 1 1 1 1 1 1

0 500 1000
Time/h

Fig.5  Effect of initial concentration of Fe(CN).* ions on the
formation of Fe(CN)* ions by the decomposition of 1.2
mmol of interfacially-synthesized nickel ferrocyanide
immersed in 100 cm?® of Ca(OH),-saturated solution at 40 °C

EpH=12.6 {2 F %, FEEHNiIFeCN 1.2 mmol % 100
cm’ O Ca(OH), BIFI/KEIRITINZ, 40°C TR LB T
NV G RZEENE Fig, 5129, S RIRIZE~TCa(OH),
TR SNDD, TEIRTIIIARIERED Ca(OH), 13& D72,
R pH=12.6 [Zf7- T 5, BT O Fe (CN) &
AV DY EEIINIFeCN D 53 I E> TREEIZ A3 223,
RSB IR IR TS, ZAUFAEL 2 Fe (CN) A4
PINIFeCN ORI LTV A0 Th D, RBFERTIE
Fe (CN) " A A - BEHIERHC 2 em’ 2B EV LT
WHDT, EIREITEOHE 2 cm’ TR LTS, =
DoyEBRE LT Fig, 5 2>53R07= NiFeCN 07714 U 43 fifsmh
%TFig. 6 17T, WK OFe (CN) A A O BT
PESTNIFeCN O R EAME N2 Z &%, Bl bFe
(CN)" A A 2T TEIN U T LA Rl DMK F 75
Tl BIOWRIEEZRY L TFe(CN), " A A Y s
TDEGEDNEEND ZENDH 0D, Lo TR
WA BTN FORISR TRILIN D,

K,NiFe(CN),+20H 2 Ni(OH),*+Fe(CN), " +2K"

VSO Fe (CN) 7 IREEA 5 mM 28k L, g e AL
IELTLED, Zhid, (3) RIS E#ncEL, NiFeCN
Dy R L A GRS L 72D T2 Th D, 7233, CaCl,,
KCl, NaClz%4 1 M }&(¥Ca(OH), % ffn& & TR
JRERHIE P CIENIFeCNIT 2L SR L R o 72, Zhix
CaCl, IZ L5 TCa(OH), DIEMEEMNL T LIAER, pHA

os b Solution renewed 3

Survival ratio (mol/mol)

Initial concentration of
Fe(CN)¢" in solution =
E O:4mM 3
O:2mM
3 ®:0mM 3
0 . . . . . . . . .
0 500 1000

Time/h

Fig. 6  Effect of initial concentration of Fe(CN)* ions on the
decomposition of 1.2 mmol of interfacially-synthesized
nickel ferrocyanide immersed in 100 cm?® of Ca(OH),-
saturated solution at 40 °C

11.8 IAK FLIz7=DTH D,
0 BT LWLIGHE L WA

A B NIFeCN 0 # % 201 Z K NiFe (CN), 727235, 1
mol ®NiFeCN {35k 2 mol D Cs™ A AL ZWFETE LT
THD, LNLANE 0.4 mmol dNiFeCN % 0.1 mol? CsCl
Vs 10 em’ (42 Cs 5 1 mmol) (T2 CCs A AL W5 84
MELZEZ%, NiFeCN 1 mol %4729 0.79 mol D Cs A A+
ULNAE U7einolz, ZAUSK UCHRENE TR L2 R
FEOREWK,NIFe (CN) 13, 1 mol %729 1.25 mol D Cs' A
A EWHE LT, ZOZEiE, NiFeCN O Cs BERAAEI IG5
WNOEEFEA N TR TNT, RENZUDOE A MEE
Cs' AL HE LT NI LERB LTS, ZOHA, Cs'
AFATRFE LT MBI E SN D DT, W
Cs' A F > DHIK LI NiFeCN 0 Cs BERIRRI T+ 5 =
ENTREND, FITREARIER LORAAIE TR
KGNiFe (CN)6 DI A A% 5 Cs™ A A O RER kA
Cs" A A WAEROEHLE UCTHIE LT, NiFeCNIZWHE L7z
K A A I Cs A A LA B IS

NiFeCN-K+Cs" 2 NiFeCN-Cs+K"™ v vvvveeees (4)
DREFFREKCs/KIFLL FORTRIASIND,

K JINiFeCN-Cs] _ (K71, =[Cs1)([Cs 1, ~[Cs )
% [Cs"JINiFeCNK]  [Cs"]([NiFeCN-K], —[Cs" ], +[Cs ])

[NiFeCN - K], 13 1E L < 1ZNiFeCN A A AZ M FE 7273,
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10° T
L °
[ J
@ : Stirred synthesis ¢
10° + O: Interfacial synthesis 7
e} o °
S
¥L)
[ J
10% b * |
O
O O
10° L
102 101 10°

[NiFeCN-Cs]/[NiFeCN-K],

Fig.7  Cs* to K" selectivity coefficient K, of nickel ferrocyanides
in a solution containing 2 M of KCI and 0.1 mM of CsCl as
a function of Cs adsorption ratio [NiFeCN-Cs|/[NiFeCN],

NiFeCN 1 mol 4729 Ofe KM EAARAZ272D, 22T
NiFeCNDE/N L5, BIUREOWPEIZIZ 0.1 mM D
CsClB LU kBg/em’ @ P'Cs &ETe 2 MO KCLKI A ]
Wiz, EOREREFig 7TICT, FmEARIECTIER L
NiFeCN O UREI SRR A AE TIER L 72 b OO BREREL
F0H INTRRE/ NSV, E7 A RE TS0 5% %8
ZI=BT-0G, FHRAEIETIE 20% 2B 2 7-H7- 0 DHik
PURED MR T35, ZHud. NiFeCN OfEbRIAEIC
VENA A A A MEE Cs' A AW OIEPUREL S L 2
HTHD, FUMERIECTEZ NIFeCN TR EL, fiE-
THREREI NS0, RELFEORETA MET<IZCs
THIFILCLE D, ZOT-DWAEROHR L & HITEIRITER
BB T 5, ZHUSR UCHER A A T2 NiFeCN I
BIBDVINS FRERARE =0, 2R ML 5F#
T EEOWAE A SOEIGEL<Ieb, ZOT-OBRPFUREH K
7R, WAERORRITHE DR IURE DD AR 725,
NiFeCNIE 7=y 7 AERB A B Thieh Cs 2 E LT
VL UTHILIVTWDDY, T AU S RIZIR >722 & T
boT, WEEN EH U A, U LN Cs BRI L1X
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Fig. 8  Unitstructure of cation exchange site in nickel ferrocyanide
A" denotes an exchangeable cation
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Table 1 Ionic radii and hydration energies of alkali metal ions, and the unit structures of
ion exchange site of nickel ferrocyanide adsorbing the alkali metal ions
Adsotbed ion Na' K’ Cs"
Tonic radius/nm 0.117 0.149 0.186
Hydrated ionic radius /nm 0.358 0.331 0.329
Hydration free energy/k]J/mol -431.8 -359.8 -314.2
Fe-Ni distance/nm 0.508 0.508 0.510
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FOK A A WGV M SIBOH UTHARFICs A AR
AR D EWAEYA NIALEIRDZ BT 5, R
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% Cs A AATEEHZ DL 0.508 nm 725 0.510 nm (ZHIINS
%, K' A4 & Na' A AN EE X 73551213 Pe - Ni fH#H
BT L2206, 0.508 nm d s R AC 2 E 7R IREEC
HoT, FIUITEETA FOIUHFTREATEE D EVDORE S
FOCs A AV DMRALIZAER, A MM S AT Fe - Ni HiH
BEAER LT b D &R SN D, Cs' A AL DR FEITNiFeCN
DFEIE T A RESEEEDN, FmEmH TOETRLF—
VEAEERNO S TH T, BT R —XRKEDORENAIZE
5705, RGO TA MEE, FOBRENE
T2, ZOTDRERIHINNT S & BPURHAMK T2,
Fio, BRIV NS SEEAERBEORERIRE A NIFeCN 0O
PRI, BB REEERBEDO/NS WS EA R
NiFeCN OERURE L HREL 70D,

WAEYA MIA AL PMRAT HT20ITIE, Fig. 8 DLSHED
A 0 L2 AUTZR B2 3, ZOma i c& D440
LT, BRIRCNA A O 0.347 nm ZERH$5 & 0.081
nm &7 KR TVD U S A A DFELR LD /S
{IpoTLED, ZOZEE, Fe(CN) AL 31 A 554
RRZEHELUCAD &R D70l AA L Wag A NS el
Ffo QLT EaR/R LTS, 7238, NiFeCNAFEFD 1431
W72 2{EDK A AL DOHNOH3 < IZNiFeCN 1 mol i)
LT 2.5 mol @ CsCl &N THA AL AL/ 3, NiFeCN
D270 1~ 2HORGEAKEFF > TND Z e B2 D

&y ZOIHBK A A ATKIGD DTSRI TODHOD
RPN,
RO LY, KA A NSRBI AAHET DI Cs”
A o RN IS DTN A A SR >R E
U TOLIICELEDOND,
i) WAEYPA RDOPAZPVNEL, WA AL OB ARFINA
DIFFET RV R TEL L,
i) Cs" AAU T TRl K A4V bBARILTRESL
TWHIE,
i) WAEA SO FRAEE NI T, WEA A IPMRAT
DECHA A OEART D Z LR A[RETHDH 2 &,
ZNHDOFRMN /2 ENTE) . Fig, 9 (R 3fliHR 20T
EETNVEESTHILUCHRLD, A WG A NIERREW
TN ESTO 2B OB LB S TEY, frfE(-
(W+T)/2,0), (W+T)/2,0) 12%*% -q DEEREHOHD
LB, Bife BEF OB D OIFA AL BRFEFA MNIRES
NIZL EDA A ORMIEE (x, y). WEVA NOFERE e
L3pE, J—arOERIEY, FOFET X —E(x, y) I

E(x,y)=—-L ! + !
’ dze| -+ 2= +y*  (T+W)/2=x)F +)

LD, B, AAVOELDIRAETA FOIELY b/
WEAAATIRAEYA MURANTER D,
RBEMDEEL 0D, (8) K&y T3 5&

OE(x,y) _ ge. 1 . 1
¥ Am @ wy/ 24 0F + ) (@)1 2-0F + 7]

7z |V

LD, b L BRI T A AENEILY =0_ L2,
XIXIEBMAEBERO 1 Db S<NETH D Z LDV 0h
b, ZHutx=1 (W-D) /2 05, Zha(8) AT
& BRENE TOWETFNF— E D

__ge T+w)
S xe (T+W) =W -D)

221



T. Ichikawa et al.

< D

|

Fig.9 Twodimensional electrostatic model for ionic adsorption
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Fig.10  Effect of interfacially-synthesized nickel ferrocyanide
on the leaching of Cs from cement-solidified municipal
solid waste incinerator fly ash disc of 1 cm thickness into
Ca(OH),-saturated water at 40 °C
The weight ratios of the fly ash, Portland cement and nickel
ferrocyanide used for the preparation of the discs are, 2:1: 0 (o),
2:1:2010°(m),1:1:0(0),and 1:1:1073(e), respectively. Shown
with x is the leaching from a disc with the same composition as
e but the nickel ferrocyanide was prepared by stirred synthesis
instead of interfacial one.
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