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AFBETIE, "4 Fax 7% A F(HAp, Caio(PO4)s(OH)2) & & Ik 4 /K & L. % (LDH,
[M2* s xM3*x(OH)16][A"x/n*  mH0)D ST D DERBEMEHC S E X VB E REbLed &
O FEEEEZ XAFS Wl @B & L7z, HlE L 72 #E X, Ca-K edge, As-K edge, Fe-K edge
ThHO, TR_XRCAT v 7 XAFS IC K DHEEIT- T,

HAp ®#E TlX., Ca-K edge XANES @ Ca(DE— 7 BN LA Lz, 2 kv, Mg*
NHAp P D CaD)V A MICE OV IAENZZ ENFBREINT . 7.7 — VU = EHH% D Ca-K
edge EXAFS TIEE —EAMEITIZIER CTHY . F _EAEICXIST 5 3.48BL042 A
DE—=Z7REDNEITH A LTz, LER-> T, AWFZED CO> 8 LW BOH) b U
MEBEBZEAEL, E—Z7BEDODELEY 7 FEALTLTWVWDIEEZOLND,

b #E W 4 % Mg-Fe %2 LDH @ As-K edge EXAFS O fE£206 . A1 H As I2FE 0.1 mM D 3
BOIEEEERE CIE, 65— — 27132 As—0 O+ (1.66 A ICHHS L TW5D, H
E— 7 BILOE = — 2713 As-Fe Ol M EEBEICHEY L TWD 23, 2 FliEE O X i o5 (K Fl |
T 7B, As-Fe ® HLEE T JEHEIK(2.85 A), As-Fe O HJESEKRBSIA)NTHE YT HEEZD
N5, L»L7Zanb, XRDOFRERERALTEZDE, EERIX LDH ORI AL,
ZTO—MWMAEREELENEEAEZERL TV LD MRS, EBEDORBIER N E X
TWADTIEHRWZ ERRBEIND,

(English)

Solid residues after sorption of borate with hydroxyapatite (HAp) and after sorption of
arsenate on layer double hydroxides (LDHs) were supplied to collect Ca-K edge, As-K edge,
and Fe-K edge XAFS spectra.

It is known there are two types of Ca sites in HAp crystal. In Ca-K edge XANES spectra
for HAp after sorption of borate, Ca(I) peak intensities decreased. It suggests that Mg?* was
taken in the Ca(I) sites of HAp. According to Ca-K edge EXAFS, the peak intensity of the first
coordination sphere did not change, but the peak intensity of the second coordination sphere
slightly decreased at 3.4 and 4.2A. Therefore, after sorption of borate CO3%" and B(OH)s” might
be taken in PO4’ site, resulting in decrease in peak intensities and shifts.




According to As K-edge EXAFS spectra for solid residues after sorption of 1mM arsenate,
first coordinated atoms (oxygen, O) are located with the distance of 1.66 A from As. Second
coordinated atoms were observed at the atomic distance of at 2.85 A, corresponding to As-Fe.
This peak is assigned to bidentate-mononuclear surface complex of AsO4*" to Mg-Fe LDHs.
Third coordination also corresponds to the interatomic distance of As-Fe at 3.59 A. This peak
is attributed to monodentate-mononuclear surface complex of AsO4> to Mg-Fe LDHs. The
peak intensity of bidentate-mononuclear surface complex was larger than the peak of
monodentate-mononuclear surface complex. This result suggests there are two types of surface
coordination of arsenate to metallic layers of LDHs.
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AT, UFDONA Faxv 78347 A F(HAp) & EIREKEELY(LDH) D 5 7= > DBREIFEHT
DE, AXVEEAIE LTeH & OEIEEE L XAFS JIERE L LT,

NA Rax o7 8% A4 NHAp)IF LR Ca(POs)s(OH), & L TRDOIND Y VAL T A
D—FTHY ., VUL T MEAY TR BIEMENMEIV, S 52, MmEET O Ca?, PO,
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A FOAERRIZ LD HEEWEAREMEOMFIEICER Y LA TV D,

JE IR K ER ¥ (Layered Double Hydroxides; LDHs)i3A#iEZ M s«M>*«(OH)16][A™xn* mH,0] TH &
NHILEMFETH D, FFIZ MgeAl(OH)16CO3-4H,0 TEREIND b DI ANA Fa XA K EMET,
KIRIZ B EEH T 2880 CTH D, S5, LDHs [TERECTHLREGITAKRATEETH 5, LDHs
TR & RIRRIC, 24 e 3 MlDBA A M2+, M3 DD B DEHI x 2252 LIk E
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INETOEBRLID, A RaXx 7 %A NHAp)ZAREMLMELE LI28GA. Bk Re~A &
KA S 72 JFUBHCa(OH), & Mg(OH), DiRA %%ﬁCaﬁkLTﬁwékIMme®EW%V#*
R L, £ & XA UBOIY IAZEE HIERT DI ERbho TS, LER-T, IWHL
7o Mg? A A, To)F A MEEET O Ca VA MZEVIAEND Z EIZ X FEREEIT T D
AR B D, T X A MESEET O Ca A M 2 FEOBNKERH Y . ZDH A MX Cal
BLOCall EXFISNTWD, 20 EELIZMgZ BRI IAEILD DD % XAFS 73H1IZ L > TH S
27 %, £ ZCTARFERTIE, CaK-edge ® XAFS MIEZITV, Fr~A MIHKT 2 Mg* D Ca A
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Kt v 5(Ca(OH)2, Wako Pure Chemical Industries, Ltd., special grade)

g A v 7 5 (CaCOs, Wako Pure Chemical Industries, Ltd., special grade)

A Rax o7 3% 4 F(HAp, Ca10(PO4)s(OH)2, Taihei Chemical Industrial Co., Ltd., Nara,
Japan)
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Ca(OH)2% V7278 &7 32 ([Blo=25ppm) 3ETL FEBR 7% 7512050 % 7k (Ca(OH)2-25)
KEEL R~ A b Z2HW724 7 #E([Blo=25ppm) L BRI 212045 % 7E (HCD-25)
Ca(OH)2% IV 7= 78 7 32 ([Blo=0ppm) F 7k F2BR 7% 7212057 % 78k (Ca(OH)2-0)
KERAL R~ A k% H 7278 7 #([Blo=0ppm) 3Lk B 21205 % 70k (HCD-0)
Ca(OH)2% FV 7278 7 3 ([Bo=700ppm) 1L FZER 7 7512045 % 78 EH Ca(OH)2-700)
 AsEEVERUE}
Zana XA k(FeAsO4+2H20)
v gl U 7 (KH2As04, Wako Pure Chemical Industries, Ltd., special grade)
-« AsAFNEEL
AsT A R BKER L)
A awaH A k(FeAsO4+2H20)
KiE{b#k(FeO(OH), NACALAI TESQUE, INC)
J& A KR L) (Mgo.75F e0.25(OH)2(CO3)0.08(NO3)0.08 * 3H20)
« FeAnatkt
AsE A EIREKER (L)

3.2, EBRAIE
3.2.1. HAp

2.31 mM®D 7R ¥ EE(H3BO3 ) KIEHR 2 FH8 L, RN 5 Caloxt L CE/V P/ICa2d03 & 72D K DIz, VU
VIR TKFET =T ANHIHPO)E I X T2, ZOR TS X OV Uk % [RIRFICE Te /KR40 mL
(2, CaB/VEAHY2.63 mmol & 72 % K 5 IZCa(OH): £721%, KEg{k Kue <1 h(Ca(OH): + Mg(OH)2) %
WML 7o, 3UBHASINE - <I225 °CT100 rpmiZ THER L, 5. 15, 30, 45, 603 L TN20500 % 123k %
WMo L7z, BonN-RE 28R L, WRBXOEHEELEIN L, 2 DHOERZ3ERY KL,
13 DAV IR CXAFSHIE 21T - 7o, WIE T 5 JiH 1T Ca(Ki¥%, 4038eV) A BN L, ikl L 0 iT o7,
TNENBNEZEASLTHRL, XLy MO L, HIEIC X Y572 XANESE L UEXAFS A
7 V%, REX2000% FVNCTHEMT L 7=,

3.2.2.LDH
Fer BB L ONAsEF— B LTIk, JUKBL06(9/24~25)I2 8LV 7 A~ 7 XAFSTHIE&1T -7,
LDHA RO R EELE LT R K~ b (KA #FRIFnEpE ; 5180 KRS AR 4 2 900°C,
3 HEfBERR L7z b o (K1) &R,

CaMg(CO3)2 — MgO + CaO +2C02 1 (1)
Mg :Fe*=3:1 L7425 k2 N~ MERKIKR 2.0 g ZFe(NOs)3-9H20 100 mL (Z#IN L. pH 10
PRGN B T2 R Lz, SR, BRI b~ A7 a0 = — 70 EIT o 12, w050
(2 o THEMIK TIEIVER#% ., A CIEeEE, BRI ¥z, G L7cMg-FesRLDHZ H\\ T
ASEFEBRZ1T>72 (n=2), 0.05,0.5,1, 5 mmol L' (FHpH 7.0 +0.2) |ZFH%E L 7-KH2As04 40 mL
(ZULEFR] (Mg-Fe;ALDH) %0.10 giishn L. RE25°C, [H#s57100 rpm, 4RM1E7.5 cm £50E T4 E
BIRE O W72, 24BFfI%, FLE20.2 umDCellulose Acetate ™ « /b Z — Tl L. EiRoBE L 7=, 55
AT EARTRIN I, o C— B PR ERs L. SRS A T o 7o, B L7z, [BX U 72 [EARTRHE ©
XAFSHIE Z1T - 72, WIET 5L HEITAs(Kik, 11865.0eV)IS L O Fe(Ki%, 7110eV) % IR L, AsAHIRE
TR, ASEEYERUEE, FefHERUR, 36 K O Fe RAFEHIEMIEIZ L 0 EZIT 572, AsARHFE!
ITREI DO BTl Y D ETEAL L., ASIEYEE R, FelZHEalEl, 88 X OFeRAFEHIBNAZIREA L TAIN
L. XLy FEEELE, WEIZL VS OLNTZEXAFSAY VX Athena% FVTRENT L 72,
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RS L OCRAFRE T DCa K, As KE X OFe KWL H#IZ %92 XAFSHIE 1T 5, XAFSOH|
ElX, A7 v 7 XAFSTITo 72, CalduFiaik CHIE L, Ca KU (4038.1eV) 3.7-5.4 keV CHRIE L
Too ASITEOGIEIZ LV RIE LTz, T 5 = %L —Hi[HIZAs KIRI1E(11865.0 V) 11.7-13.4 keV
O THIET 5, FeldaFiaiE CHIE L, Fe KWm (7110 eV) 6.8-8.0 keV THIE L7z, Cafs L
Feli A A F v o "= HOTHRHE L, S@ECEOIIE L, —F, Asiiiigss LTy v R
U7 Mg E AW TERIEC LV JIE Lz, 55N XAFSHIEME R L V. XANESHK L UEXAFS
ARy’ )L ZREX2000 % 72 1L AthenaZ F W CTRENT 21T - 7=,

4. EBRFERLELR
4.1. HAp
4.1.1. Ca K-edge XANES fi##fT




Fig. 1 [ZFEH#EREHHAP)E L OB 2 ARE{L S B 72 50UBHHCD-25, Ca(OH),-25)? Ca K-edge > XANES
fiETAE B A 73, Fig. 1 @ HAp & HCD 3 L UF Ca(OH), & IV CHLER L 72388t & kil 4% & . HAp T
Aoz A IBLOI E—7 1 3ERRKECII2Tr7re— RiZ%-7, LL, HCD IZBI L TH A,
[EV— 7 a v —nR 6N,

XANES f& 5813 Ca HFH O &2/~ 3 D, RS TR X O INE, FERTEO @ e CImEIC A S
NDHZENMBNTEY Y, Ca(OH), B L HCD Ok CIHEHEmEIC L 570 2o —7n 7 n
— RliZZ2oTWHEEZEZLND, SHIZ, AREHT CaCO; ZFHATE Y, HAp DA DIFRDH TR
WZENEREEZBND, F2, IBXO B —2 13, HAp fEdbtEd o Cal 3L Call 1 b
DIEWER LTS, EHIC, M2 HAp 1D Cal A FEEBTHZZENMbNATNS Y, Lz
235 C HCD OFREIDO T E—27 O a v F —IL KEE(L Fa <A b2 BIERHPIZET L7Z Mg? 5 HAp
fEmfEE R O Cal 14 MRV IAENTZZ L 2R T HDEEZZHND,

Fig. 2 I[ZFE#EEHHApP) P & OB M L 03 EHHCD-0, Ca(OH)-0) ? Ca K-edge ® XANES b
Zd, Fig. 2 OB TClL, B—=2 07— REIdH5 DD, Fig. 1 ® HCD-25 THR.olcy a /L4 —
=2 MDOX ) RE—=2ITR N ot LR - T, B LOFERFZTIE, M2 OEY A3
PWEEZBND, L, TOMRKEICEE L TEIREDD»> TR0,

Hoamalved wiceityian

Mroaw alged miensty i an
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Enerpy wey Eoiegy WY
Figl XANES spectra ofthe Ca K-edge for Fig2 XANES spectra of the CaK-edge for
solid residues during co-precipitation of B with solid residues during precipitation of HAp
Hapusng HCD andC a(OH); as a Ca source. using HCD andCa(OH); asa Ca source.

4.1.2. Ca K-edge EXAFS fi##r

Fig. 3 [ZHEHEREH(HAp, Ca(OH),, CaCOs), B Z A#jfk S H 723 EHHCD-25, Ca(OH)-25), B XLV
B 4 L O EHHCD-0, Ca(OH),-0)? Ca K-edge ?® EXAFS fi##t F% x4, Ca(OH), 3 L TVHCD &
IZ Ca-0 lC kAW —27 2R LT, BB IS T2 B — 27 Tk, EOERRE S B — 7 (i
I% HAp OFEHEREL L 1ZIEFR U Th o 7223, 8 EA BN xS T 5 B — 2 TlE, Ca(OH),-0 D A3l o>
EFRElO Y — 27 Lo T\, B2 REE, EORBREE G _ERAEICKHIE T o E— s )
HAp OAEAEREL & b~ LTz,

Ca(OH)-0 D NI kI d 5 B — 27 1%, Ca(OH), EEYEFEI O S “ BBk e T2 B —27 12
W<, DED Ca(OH), DIAEIT > TVl fEME N R SN 5, 72, Harries I, RERE L 4 1Y
L7-7—V =5 at% O EXAFS TIEHE BN EIZIFIER CCTH O . F EAEICHIGT 5 34 BLO
42 A O — 7 IREIDMEZD T DR 2 HE LD YD, Lizh-> T, AFFEO BOH) S U AL
BEIZHAL, E—2b 7 MEELTVWDLEEZLND, LML, AREHT COZPDEAHHE
LNDHZ ML, ZORBLEZLND, F72, Fig. 3(b) TrT Loz, RO k=8 LI T/ A X
MREL 2D Z LW EOREXRETHS & THREND,
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Fig. 3 EXAFS spectra in vicinity of Ca K-edge for solid residues during co-precipitation of B with HAp using
HCD and Ca(OH); as a Ca source. k®-weighted EXAFS (a) and Fourier transform (b). Radial distribution
functions were not corrected for phase shift.

Fig. 4 |ZHEHESUEH(HApP, Ca(OH),, CaCOs), B % REhfk St 7-50EH(Ca(OH),-25, Ca(OH),-700), #3
L OB £ L 03K Ca(OH)-0)?D Ca K-edge > EXAFS bt B4/~ & —ENLEIC ST 5 2 —7
TiE, EOFERREL S B — 7 (iR L ORE T HAp OIEHEREL L ZIZFR L TH Y Ca-0 DE—7 &R
LCWe, LovL, 3 ENEICRIGT 2 B2 Tid, MENIHIR U HRREZ &< T 52208
L CW&,| [B]o=700 ppm (272 % & B — 27 INJHKR LT,

WIHAZR 7 FRPRFE 700 ppm O FEERFEHZEI L C XRD # AW TR DRIE & 1T 72 & 2 A, IEFIC
Tu— R HAp DE—7 B™MEbni-, ZOF—% X0 Ak Lz HAp 1ZEF IR St b o & &
26D, Lo T, B TIEREO LD Th o772, & _EALE I T 2 B —27 2
HELZEZZOND,

(a) (b)"""'I"'I"'|---|--.

Ca(OH),

W
[B];=0 ppm
[B],=0 ppm ‘/\/\/WW
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R+AR KA

Fourier Transform of K'x/ k
X/ k

Fig. 4 EXAFS spectra in vicinity of Ca K-edge for solid residues during co-precipitation of B([B]o=0, 25, 700
ppm) with HAp using Ca(OH); as a Ca source. Fourier transform (a) and k3-weighted EXAFS (b). Radial
distribution functions were not corrected for phase shift.




4.2.LDH
4.2.1 As K-edge EXAFS fi##r

Fig. 5 \THEHEREE, AEYHERUEH(KH2AsOs, FeAsOs 2H0) & As % REME X723 08HAs 0.1 mM) @ As
K-edge @ EXAFS MR A =T,

— T T T e o e o B i e i o S O
As-
(a) (b) Aso
W
KH,AsO,
FeAsO,+2H,0 © As-O
<
2
g
[_1
= FeAsO,+2H,0
As 0.1 mM

As 0.1 mM

(1) As-Fe (B-M)
(2) As-Fe (M)

0 2 4 6 § 10 12 0 1 2 3 4 5 6
k/A™! Radial distance /A
Fig. 5 EXAFS spectra in vicinity of As K-edge for solid residues during intercalation of As with LDH using

calcined dolomite as a Mg source. k>-weighted EXAFS (a) and Fourier transform (b). Radial distribution
functions were not corrected for phase shift.

As 0.1 mM DO —E— 2713 As—O OJEFHFERE (1.66 A) I[THY L TWD, 5 v —7 (3 As-Fe ®
JRFFBEEECAE Y LTV a2, 2FEOBRmMISEENREL TWDEBXOND, XY I2XD L,
As-Fe [F#EEHREEDY 2.85 A FHIEDO B — 2713 As-Fe O HEZ — JE§%{K(Bidentate-mononuclear surface
complex; B-M)TH V|, 3.59 A fHED v — 7 1% As-Fe @ HLEESE R (Monodentate surface complex; M) T &
%, Fig. 5 TIX(1)H As — Fe D HE " JESEIRB-M), (2)2% As — Fe D HJESERM)ICFEZ ST H L EZ D
N5, ZIEY, Mg-Fe & LDH I, BifZ JEEEA & HBHHAD 2 FORESERPFET D & HEHI S
N5, LPLRb, ZhBIXIT<MEIZ LDH OFREICWAE LT b D LEZ BN, > T, EXAFS
IMTOFERN S, Mg-Fe 2 LDH (34 > X —HL—2aa2FELE L TAs ZELTWHEEZD
ns,

5. 5% OFRE

RUFRLEEGT HAp OREI TR LN MgZ DIV iABZ /R Cal DE—7 > a VX —T, KmUFExE
G ATV HAp OFREFD XANES AT TIE R b2 ihoTz, L7 -> T, AU FEEE E720) HAp
X Mg¥DED IABRRTINE B Z HNDHN, ZDJRIRITD > TR, ZOfRIAZLT 5 BEH
bDH, o, PR T FERE 700 ppm O & X FEDERD TUERFESPETH o 72728, AT FED HAp
DEZIWIZEYIAENT= RN RnoT2, LTENR->T, ZOMHALLETHD EEZ LD,
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