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In order to purify waste water containing fluoride, the calcium additive method has usually been used to recover
fluoride ions in the form of refractory calcium fluoride. In this case, the removable fluoride concentration is
limited to be 10-15 mg/1 due to the solubility of calcium fluoride. In this study, we report 3Ca0 - ALO;-3CaSO,-
32H,0 (ettringite) as a highly absorbent substance for the fluoride. The fluoride concentration of the water
treated with the ettringite was achieved to be less than 8 mg/1 without sludge.
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1. #

FRLI34E 6 A, KEHEIREASIE S, BoKEgICEH -
W R RREZOCEY], TV vy ERTEDILE, 7
T, TVvEZULMeEY, TEBLEY R OHEBRIEY
BEBIMINFFETALIABIDAMEINZ. 7y RDEVKER
HIRERT % SBERELER T v BEPBIEIC RS, ZOf, &
theEdt & L Cid, e, BB, HERAB LY. BRAKTDOT v
FETICHEICEER T 55, FECIIRBEHPCETIED 15
PRIZEAHEROML TS, fiziE, FEAcTHOBE TR
IZ B W TEWNZ ) THERI10000t ZAFER XN TEB Y, X HF %
NH,F DTy ) avy INOEGEPLY ) aV/BtEO T v
FUTEIELTHEASIN TWA.

WkDO7 AL A A B & LT, hv T AN,
W7V T, BRERE RS HY. TEMITET VYT A
HWINER IS HVSENDH, COFEOBETITER LT v
AN KOBEBEDHK WD (BHREE © 0.0016 /100 g
(18°C)), ALy AEREEECHRINL Th, 7 vk A A
VIBESTH mg/l VOVOMBKL RS T ERTER.
KEFEIEEC ST 57 v ROPKEREMEIL, ThETIs
mg/l LR TH o /oD, ANy ARMEC X AUEBTL+
GTH- T, FRIBEET A5 8mg/l~ & HEIAEL <
0, FEROFETHE, 7yvReBrETLIENHL </k-T
Tl FOR, FIKEBETIVI Do ATERML CHiba ¢
HEEDPRHVENAZ LB AL, KEOUWBHHPRET S
DK AT — U TOMIEBREETH 5HY.

KOF9E CIIERMRNZ L 57 vt 4 v ObFEE L LT
WEFT IV H A+ (Ettringite) 2851, ZDO7 vt A
FVBRERRED AT RN DN TEE T - 7

Noguchi, Y. (Contributing Editor)

729

[Received June 7, 2006; Accepted June 30, 2006 ]

2. £ B

2.1 T hYHAFOERKEFE

Ca(OH), (BB L8, 95.0%), AlL(SO.); (Bgm{kE,
92.0%) #HFERR &L, FIEDOEINHICES XOFEL .
ENHHERYILF UV VOBRBRICAN, o7 A 4 /8K Em
Z, BEHE- T, £OFFHE TI0min B L /2. RKIGIZInEk
EEECH . ERLZZT F )V A R ERSIPE Lk,
PR X EEE (v 7 - A4 1 A8 MX-Labo % v
TEEL, TWOFEAZFAZ. T UVHA B O XHHHE
P32 —13, Moore O DL SO (Z2RHIFE P63/mem,
BT EH a=1.123 nm, ¢=1.072 nm) {227 %, Inorganic Crys-
tal Structure Database |Z %} -4 % FindIt 77122 = / (Fachinfor-

mationzentrum Karlsruhe) (2L VY I 2 UV—¥ 3 VERTW, &
WL FUVHA P EOREHT-72Y. £/, TFUVH

A M LB 7 v EBREERIT, REFREDE > 7REDT
VVAA TR TT- 7. ERICHWAZI RO VA D
ERBEETET 570, BER/REBFKSH (TG-DTA:
Thermogravimetry/Differential Thermal Analysis) %47 - 7=.
HI5E12 13 TG-DTA6300 (EXSTAR 6000t 4 = —TFF T 281)
w W,

2.2 7o RBRERECHT ZHME L NE pH OHE

T oAt A A BHEE, NaF (MR T8, 99.0%) %
AT o b4 FBES300mg/l 1275 X DFB L 7. £
EPMEDRBICE L LO>FELIZZ NI VAL P 2T hTh
T oAt A FVEER200mlIS R 2. 7 v A4 UV EBEIRICT
FUVHA R EMAZTH S 5min, 30 min, 1 h 48 ICER % 50 ml
AHL, s [PEE, FRPO7 vt A+ BESHIEL 7.
T ot AV BENEICE, A4 A= — (Rl ¢ —5—
—8, IM-55G) &Rz,

Ca, Al, O, F Df5&REOE( NS0, THYVHA
F&22.0 g/l ML 7= RBREOBRED X LB F 5K (XPS :
X-ray Photoelectron Spectroscopy) HIEH1T - 72. XPS HIEIC
it, JEOL #, AP-71 XPS1 PHOTOELECTRON SPECTRO-
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Fig. 1.

Crystal structure of ettringite.

METER % {#fH L 7z.

IR pH OB DWW T, KIZIERR04g il b L OFREL
TPV VHA FEMZ, 0.1M O HNO; B4 H\WT pH i
ZNZhpHL 57,8, 10IC2b KOMEA L. KEL01IM
HNO; B O2EIF200ml 1275 £ D12 L7z, ZOEIIC NaF
7 olb A VIBEA300mg /1B k> ma, 5,30, 60
min & X250 ml 4B L, WEIFRL 2. RelFa%k, PR
A & VBREREA] (TISAB-01) Smlzfnz, 7 vibdpA v
BETHEL /.

EREEOLEF I VAL FOBARET S0, K]
P L 72 O KRR OB R X B EPTBIE 21T - 7c

3. WRIEZE

3.1 79 ERBREECREITT N HA FEMBOEE

Flico rUvHA FOEREBEERL. TV VA4 b
i3, AV P KA DO—DT, 3Ca0-ALO; 3CaS0,-32H,0 T
HEINLEHTHS. T VHA MTRRGTOKRBAFIL
TWDHH, COKBIXCRLRETEZW. TFUVHA
DAL L R RO TFEH T &, [CagAl,(OH) ;- 24H,0]
(8043 2H,0 &7 1, RBFFOKDD L, 655FDKITHE I
FHICBMYAEh, 260 TOKBEHRKDOE TAML T
59, TR UVHA ORI, (CagAl,(OH) ,: 24H,005% O
MRS & FO#EICH 5 3502 RU2H0 I L DRI NT
W5, COBBCEIDV T FYVHA FEEBBRWEDR A
FEDAFAY - T oA VA ERE, BRICEDEETS
ZERTES. BT A4V E LTI, Calt, APF, SO27,
OH™ #%5. HBOA A VFTHBREOHEILLY, THIYVH
A FREEEINITA FOUE, LAV MEHE TOREWRE
B, BB EICERRYE L N2 5Y. —HT, TFYV
HA 27 vt A FVBRECHER L BEIE SR w. &
72, TRUVHA MERED, SERESRDPEHICHOAD - T
ARVIVIROBEEERL, EBOKRGERHIRTAIEICLDR
RS R AT 720 7 IALIRRE R AR § 5 C 8 TE BV,

K2R L7 XRD IR LD, BRTERLAZTTY YV
HALDE—HTHHILEHER L. COERTFU VA
FEREIML 27 vt A AV ERKBRICKT BT v kA =+
VEEORBENREARIICRL. ChED, g5y

Ettringite-simulation
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Fig. 2. X-ray diffraction pattern of synthetic ettringite.
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Fig. 3. Fluoride ion concentrations in the aqueous solutions contain-
ing various amounts of ettringite.
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Fig. 4. X-ray diffraction patterns of residues after adding ettringite.
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Fig. 5. XPS spectra of ettringite before and after fluoride removal experiment: a) Ca 2p3/2; b) Al 2p 3/2;¢) O 1s; d) F Is.
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Fig. 6. Effect of pH on fluoride removal by ettringite.

g/l KDEWBEOEE, TrUVHA IS L T CaF, O
HEAECET > TWwW5b. UL, CaF, DB TR 7 v
1A ZVEBEDR Smg/lLLTIZEHA LWz, 7EILV7 5
ZIRREIZH % Al(OH); 25 CaF, & B ETRR S ¥ TV 5D Tidx
WhrEZONE., —FT, 20g/l DEBEERINTIE, TFY
VIHATBERGTHY, 207 vt A T/ EBETERERT
BAHEN 1mg/l ETHATS. 7ot A 4582 OFR+
CHDRAENTWA I L EHERT 57201, XPSEEETT-
7. RS ICHIERRERT. BERORANIIL, Flsov—72
DHEHT A& EBITCaRTAIDO AR FVICELAE N
A, BLIIVFE—RNDAXRT VDY T bid 7 b4 F
LORB—FTHT DD, TEUVHA FAKEBESD
AFVEBIZED 7 oAb A VBN RAEN TS Z &R
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Fig. 7. Effect of pH on stability of the ettringite after fluoride ad-
sorption.
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3.2 7w XBRERED pH KFMH

7 oAt A A BEORRELD pH KAFHEER 6 (ISR L 7.
LD, £HMICF BEDS Smg/l U TFETRIT A, &
W pHI0D TV A VR TT vt A 4V OBREEEPE L
L, BEDP Img/INFE TR T ER8GMAE. BITICE
P OBRED XRD BIERHEE R L 72, A pH & L ICEREH
R2x 0, pH10 TIXT MUV H A+, pHS.2, pH 6.8 Tit CaF,,
pH 4.7Ci AI(OH); 2 & h7-. pH 6.8% U pH 8.2 T3,
WINERGEHEOERICR SN % X 512 CaF, OE* AI(OH);
I L 5% CaF, DBENRIC L - T7 vk (A v iikkEEINT
WarEEZLNS. —FT, pHI10TiL, WERIZH CaF, D
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732 IFUVHA ML BKEEP LD vt A 4 D3z

= BROAE. DT ERD, TIVAUEOHEB T T
FUVHAFTRIGRETH LR, ATVEBROLTT vl
AFVHERBRETELI LD o7, £/ AI(OH); L&
0, ZoltA AV EREL T TRy Z7EBRT S LI
TWv. Fikbb, TFUVHAL FERWTT vk A AR
ETLHEWTE, 7y RBEEKOpH 27 LAV EICHEE L
TL Y VHA FOGREMZ L T, BROBRERZIHIL
TS T otA AV EBETEI LB TES.

TV AERHIIC & A CaF, OB pH 7 8 TR B
BRITHS. T IVI T AFTEEA L CT VAT
LM TOLIBMET 5. FORD, VY7 ARMEUKERL T
VRS AT KBRS FHEFER DO A T L AFIR T E 20,
IR UVHA FREHFEDETE T IV HEEE TR
KIS T7 vk A v wBETESD. £, BRO pH &I
HHRT, VYT LEMBROKBET VI =T L Efaah
RTEHEBMEAET S HELEZONS. BRI R FHEL, &
BCHELWIFEFICRBL P HEMETERTELI LMD, K
BOBKAEICHEL T\W5.

¢ # @
TRV EEBCRARE TS LICLD, TrUVHAE
ERHEA L LT Img/l £T7 o (LA TV RIER B S5

CEBTEI. KBILT VI ZDACRONE L5778y 7
WOWEHERTH Ebkhole. TFY VAL FICKA
T v BBREFEIRROFED X D ICLEHEAE % THi T
kWwicw, 7O AL TEL LWSFIEABAS. b
ORERDPS, BHICERAEET U VHA 2@ -7 v R
WAERE L CHETE AT LAHR I,
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