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Abstract

We have been developing multifunctional water purifying materials using change composition hydrotalcites. Copper
containing and zinc containing hydrotalcites have been synthesized for the propose of disinfection wastewater and
phosphorous removal at the same time. Four kinds of copper containing hydrotalcites (Cu-HT, 1-4) and zinc containing
hydrotalcites (Zn-HT, 1-4) were synthesized by a coprecipation method. Removal characteristics of phosphate jons in
solution for the Cu-HT and Zn-HT have been investigated from the various standpoints.

Apparent adsorption capacities of phosphate ions for the Cu-HT(1-4) and Zn-HT(1-4) were 20.9- 31.9mg-P - g and
14.4-21.8 mg-P + g", respectively, near neutral pH values. Various anion selectivities for Cu-HT(4) and Zn-HT(1) were in
the order of CO,* > SO,%- >P0O,* > NO* > CI'> NO*.

Taking the results obtained into account, Cu-HT (4) had high and stable phosphate ion adsorption capacities with wide
range of phosphorous concentrations and pH lead to the conclusion that Cu-HT (4) has the feasibility as a removal agent
for phosphate ions in wastewater. Moreover, Cu-HT (4) had disinfection potency which completely sterilized 10°ells *ml™
of E.coli with the contact time at 60min previous experiment, thus, Cu-HT (4) had been expected as a multifunctional

wastewater purifying materials with both phosphorous removal potency and disinfection potency.
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2.1 SREEBARING FOaY A FELUERBEARNSF

naYA4 bOERK

A R 2y Feais, Mg(Ol), NEESHELSE
TWE RS LB EAEEE L, Mg¥0—5a AL
TBREINIZECLVEEWEHOCRERBOBRIC
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HT L3 BILUHEHEAR A Fadd A b (BLTF,
In-HT L E29) 1%, MFE LT Me¥ & CuP &l Zn?, Wl
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THETER L,

Cu-HT D& FIE, MgCl,, CuCl, B LW AICL, ZEAHE
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4.5:1.0 L LKIRAER 4« BEHELL, #REBRE
6. 26M NaOH BE#E % T NaHCO, ZEEMT B 2 Lz kb pHll
IZERES USRS, WIED pH B 12 KRS XD 20
DEFEOBE T EEFELFERBICHETL>OER L,
WTHRTH, ZORSEREELIZ60C, 2 HHEERL,
ER LB ERSIBBICI YL, EBEYHOK 5
FEOBRKIC TSRS, S0CTHBSECHERLORER
% Cu-HT1~4 2457,

In-HT D&, ZnCl,, MaCl, BXTY ALCL, 24 E
LTC1.5:1.5:1.0, 1.56:2.5:1.0, 1.5:3.5:1.0, 0.5
4.5:1.0 & LERAERE 4 BERAWEZ L, ¥EED
pH % B IZR O L DI FTEE L FE L= = & 2ISHE Cu-HT
LR FECTAR LR &2 D In-HT1~4 257,

728, ALY Cu-Hll~4 B LU In-HT1~4 OFE%
B X BEWICEIVRSE L, EE2EBRERFINE
LR TR U ES T R MEERE R D,

2.2 Cu-HT, Zn-HT OY oEEFEEOBE

2.2.1 $EHANEL S Co-HT, Zo-HT OV A EEHRESE

EEREROBIET, Vs LTHHBEDN 1, 10, 100,
200, 800mg-P -« £7' k725 X 9IX NaHPO, & FFHKIZEHE

Vol.24 No.10(2001)

X774, 0. INHC1 33X 080, INNaOH FAYIE % T LC pHT. 0
frEREE UstElkE L, ZoBEKk 0.5412 Co-HTI~4
L In-HT1~4 % %0. 1g WML, ERHPOEBEEL 20C
KRS SA G = A F— (Shimadzu, Bio shaker)
ERGWCERLE, ZoREKO—H%RrRICER L
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WD pH 5 Cu-HT, ZIn-HT OV VREILE X HEE %
BT 570, Y BEN 800mg-P + £, pH2~10
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0.1N HC1 38 LTt 0. IN NaOH ¥ 2 REKIZHE T LT pHe
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U A A& LT Na PO, [RER A A 2 & LT NaHCo,,
Wi A A > & LT Na,sS0,, BERHERA A2 & LT NaNO,,
BeA A& LT NaNO, 2 Lz, HlgA 23 250M &
AL 14 OERUKITERL, 0 0.341Z Cu-HT1~
4 BLO In-HT1~4 2% %1.0g BSAOL, VU BBA AR
WEVEICETD 4 FEBET 2.2.1 LEREREHTHE
L, BEE, FoeEr AT I~ (K
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BL, BEFOEZREAAEELZRE UL, REEA 3
FEEEA A, BB A AT ORBREIA vy ounvbd T
7 4 — (Shimadzu, PIA-1000) % AT, ERERA A
VBER, BE-FRABSTEER VW TERREELIE
LR A A BEICRE L, BN RIEMED 5 Cu-HIL
~4 BLR In-HTi~4 DEEA F KT 5 2BEHRE (o
5 L SEGE KD PERORNEFRAVTEEBL, 414
BHER R L,
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3.1 HARCEAYEZ S Cu-HT, Zo-HT O#HESEBEORE
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XX BEFZEToEFERER LKL, Cu-HTl~4, Zn-HT1~
4 OEFFASE — 32 TA Fae YA Mo OREE
R EFARZ—THhY W, EEER (003) BIW
(006) (/g FrZidd MeaBoBRET KB LT
BWEIT Y — 2 O o 2 &b Cu-HTl~4, Zn-HT1
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%7z, Tablel IALESHFE R ORDL Cu-HTL~4,
In-HT1~4 OLEH %R LIz,
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Cu-HT1~4 OB A REEITE © 4. 13, 4. 10, 4. 01,
3.64meq g™, Zn-HT1~4 34 « 3. 29, 3. 03, 2. 81, 3. 08meq -
gt THY, Cu-HT BOFMN In-HT RE D bHEH 4%
BEENBKENVI L Bbhror, £/, -l BB LWV
In-HT R &b 2 HOERBA 4L DBENHE 3 HOESBA
F L DENEOEES MM PG EERA AR
BEEVREIRDBZ L bbbk, LhL, VA
FrbA A URBRTIERAAOBREN, Co-lT BT
2 DR A Ay DRENERES 2DIEEELL D
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RBIRELRL BB ERbolz,
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T DREA A DIRAVE, A AT pH FREIC AV 72 NaHCo,
BLUOERFNOBEM UL RBICHET A LD LHES
nbd,
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TOREREESICREEESL 2 fiO&EBA 4 0%
E/b & DOBELEE Cu-HT B L In-HT RTRYTHAZ &
Hbhot,

Tbb, Clili~4 ORBITOEHEREER L x4
20.9,24.8,27.5,31.9ng-P - g THY, 2 fiOE&BA1 F
DBENLPEL RDFIERBITOTHEREE L AL
72308, Zn-HT 1~4 O BT O EEREEITE 221.8,18. 1,
13.6, 14.4mgP-g' ThHY, 2 io&BA 0BT
EREmL g L REB T ORERE RTINS ot,

23, REToOTERERIGELEBOREIAD ol X
Cu-HT1~4 T34 48.1, 8.1, 8.2, 8.3, Zn-HITl~4 it
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FEMEHEETH LD, Cu-HT BT Cu-lTl~4 & H 5
BT OTERERIZETSEMISTERN 240 5% Th
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Tablel Chemical formmula of synthesized copper and zine-containing hydrotalcite
compounds.

Imexchgnge
Chemical formula capacity

(meq * g
Cu-HT1 Mgg 2940095410201 (O 07(C03)0,08¢(Cp 075 * 043H0 413
Cu-HT2 Mg 481C00,090A10,192(0M)1.40(CO3)0.091(N 094 * 04THZO 410
Cu-HT3  Mep 603C10.092410 190(OH) 73(CO3)0.05AChg 101 * 0-51H,0 401
Cu-HT4  Meg 506U 094210 194(0H) 67(C O30 095(Chg 115  0.56H,0  3.64
Zo-HT1  Mgo 358200369410, 2596(0H), 94(C03)0,146(C0.033 * 0-87H0 329
Zo-HT2  Meg 602200 341410, 202(0H) 43(C03)0 1 55(Cp 026 * 0-89H,0 3,03
Zo-HT3  Meg g34200 361410 31(0H)2.01 (CO3)0, 167,022 * 0-91HO 281
Zo-HT4 Mg 087200 1144102690 82(CO330 163(CN0.022 * 0-88H0 3,08
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SETHY, 2 HOEBAF L OBRENENEL 2AHITY
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T OEREREREIT Cu-HT4 OF R In-HT4 LD 2.2 FK
L, EFRWEEED Cu-HT4 OF R 6 fEHENT &Eh b,
HEAEETD 2 HOEBA 400 U B A L Cu-HT %
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EHWEREFREEFTAHZ Lok,

PLEDORRIY, Cu-HT RiX In-HT FXV U U RBEH L
LCERAERBENWI EWbhotz, LAL, Zn-HT Fb
Cu-HT BRL YV UV UVREBEAREZLOD, TOA 45
BREIEIBEFON— <A PREBEBEFB LBV a =T LFK
WEROY VREFE U7 IZBWTCH 20mg - g &0 k&
W, JUBEME LTHHCERTESLEZLNRS,
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Fig.1 XRD paterns of copper containing hydrotalcite compounds
(Cu: Mg : Al molar ratio}
(a) Co-HT 1 (0.5:1.5:1.0) (b) Cu-HT2 (0.5:2.5:1.0)
(c) CujHT3 (0.5:3.5:1.0) (d) Cu-HT4 (0.5:4.5:1.0)

8
g

(009,012)

o
&
8
<

(015)
(018)
_ (119
{1013)

Intensity

40
26 /degree
Fig.2 XRD paterns of zinc containing hydrotalcite compounds
(Zn : Mg : Al molar ratio)
(a) Zo-HT 1 (1.5:1.5:1.0) (b) Zn-HT 2 (1.5:2.5:1.0)
(¢) Zn-HT3 (1.5:3.5:1.0) (d) Zo-HT 4 (0.5:4.5:1.0)
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Fig.3 Time dependencies of removal amosnts of phosphate ions for Cu-HT 1(@),

Cu-HT2 (A), Cu-HT3(#8) and Cu-HT4(<%) with pH7 and 20TC.
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Fig.4 Time dependencies of removal amounts of phosphate jops for Zo-HT 1{&),

Za-HT2 (A}, Zn-HT3(8) and Zn-HT4(€@) with pH7 and 20T.
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322 MBEEES

Yo LCHIHIEE 1~200mg-P - 271 & LaEElKiC
B 5D Cu-HT4 BLO In-HT1 OV L BEEOBEEE(LE
Fig. 5 IZR L7,
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TERA 120 43, 10~200mg-P + £ 71 TIZHM 60 HETH
ST, e, RBEUTOEHEEEREICELZERE, £
DFEREZBEIZBWTEM 240 5#THY, EHE
EHEHB g2 REHTOREREFEIS « 0.27, 1.73,
18.5, 27.1mg-P gt ChH-o7=, ZHIZx L In-HT1 T,
RETOEHEREED O%ICELEERAESTOIHR
EEEHICRBVWTEM 120 % THY, 10~200mg-P « 47
DEMTH Cu-HT4 @ 2 £ Thotz, REBTOEHEEERE
22 L7 R Cu-HT4 L EMRICERIN 240 B TH D, &
PTHBESREICRT 2 88T OVERE BIEE ©0. 16,
1.21, 10.7, 14. Tog-P - gt Th o7,

B, SOYBELAFIIRBVWTCRHETOEEREEIC
ELU-EEOREK® pH 1X Cu-HT4 TiE%& 417.8, 7.9, 1.8,
8.2, In-HT 1 TIEK-47.4, 7.4, 1.6, 7.5 ThH-oT-,
PboEED S, Cu-HT4 1T Zn-HT1 L0 LIREE 5B
EOEVBERICBWCHWEREREZAEL, £-R#E
FOEERZEELRKENI ERXbholz, LHLEXRS
In-HT1 HEMEBERMAITB T Cu-HT4 @ # 60%FTHE
ORBITOFEREELZFLTBY, EEBER CESIC
WERAMMET T3 i Tidn s U vlEiEhidE<,
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Fig.5 Time dependencies of removal amounts of phosphate ions

for Cu-HT4(@) and Zn-HT1 (A) under the varions

phosphate concentrations at pH 7 and 20C
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Hhroin,
£ ZC Cu-HT4, Zn-HT1 DY VB4 4 REEERB X
VZoHHE 7oy b2RD, E2xOREFERNDTOVTE
LICEEMIIBT L, FOKR% Fig. 6 17T, BIZR
L7z & 94z, Cu-HT4, In-HT1 OBBERBOMH o v
MIIEBBEENRED O, Cu-HT4 BETY In-HT1 OBRE
SEET, DITICRT Langnuir RSB T 52 & Nbh
5T,
/W= 1/W+ (1/aVs) (1/Ceq)

TIT, WIREE (mgeog™) Vs AEFIEEE (g g™
a: WMERLEER, Ceq: FHEE (e ¢ Thy, Z
DEBOEENNEVEY, BEENLHEEDEVE
ERTY CBENBFTHLDHILERLTNS 2, Cu-HT4
DEFOEE I In-HT1 DEHROEE LV IEFIT/NEDL-
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Fig.6 Isotherm for phosphate adsorption and Langmuir prots with
Cu-HT4 (®,0) and Zo-HT1 (A, A) at 20C and pH7.0.
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Fig.7 Phosphate uptake with Cu-HT4 (@) and Zn-HT1 (A.) under the

conditions of various pH values at 20C.

oo EREBOEETBICEUA»LAMNEEELZRD S
L, Cu-HT4 i% 32. lmg-P - g, Zn-HT1 ¥¥ 22.3mgP g’ T
Holr, TORRNL Y Cu-HT4 DF M Zn-HI1 LY EE
BEAOXELS, BRENOCEBRECKRKVWEERICBWTE
ELZY  REENEETHZERERSNE, £

Cu-HT4 BLW In-HT1 OB EEEL U VB 4 BiICH
BL, HRA A U EREBCED D% REH TS & Cu-HT4
T 60%, Zn-HT1 Tk 30%Ic¥ 720, ZoOEKBMIICE
BIBAINTZERZA 0B LIZIERETHY, 2L
VBROERAT DY VBAL L ERBT DT LR
mahiz,

323 pHMY VREREHIZER BHEE

FIHY B 800me-P - 47, pHZ~10 ZFHEE LinRE
RIZ Cu-HT4 BE R Zn-HT1 %24 %0.1g ¥RAIL, &N 240
PDEDOY VREEEFPELEEERES Fig. TIZRT,

Cu-HT4 1T pH4~10 OFHE TRET OEEREED 80%
PUEDREETHY, Co-HI4 IEEV pH S CEELE
VUoREFRARETHI L, T/ pHs~9 OEHETITRY
TOREREFED 5% ETHY, FHMAETELEWD
VYOREBEBRNERTDHZ EBbhot,

ZRIZH L Zo-HT1 1%, pHE~10 O TRBENT O Td
WEED B0%ULOWERLHEL, 5% EOREES
BT DD pHT~10 OB TH Y, Cu-HT4 U TR
7Y RERRAERT pH SESHEL, T pHe BT TR
DY Y VREBRANEL DL Z Loz,

2B, HH pH S BV TERK THORE KD pH
b Cu-HT4 Cid% ~4.3, 7.1, 7.6, 8.2, 8.3, 8.7, 9.3,
105, 11.3, Zn-HT I Tit&%5.1, 5.5, 6.1, 6.7, 7.2,
8.4, 9.2, 10.1, 11.1 ThoT=,

Table2 Separation factors and partition coefficents of Cu-HT4 and Zn-HT1
for various anions.

Cu-HT4 Zn-HT1

. e 3 A .y T
separation  partition * separation  partition *
factor  coefficient factor  coefficient

CO3(HCO) 313 642 27.4 552
S04+ 8.94 337 7.51 223
PO(HPO4") 7.25 295 5.42 217
NOz 1.63 92.1 1.38 65.4
NO3 0.062 73.3 0.075 55.1

*!; Partition coefficient of chlorine ion was 1.0

PLEDFERMNE, Co-HTd BX O Zn-HI1 & HBEE~H7
WAV BIOHR~5FT AR YO pH T Y VIREREH %
BETLZ LD, ERETLIEEM LHBEEINS,
HF1Z Cu-HT4 X pH4~10 DIEIAV pH SHECTRGF 2V V&
EFRAEREL, PHEECELEVWI VRFEIEET
Hi, BEOBFTHRY VESPEELBREOLIITFD
pH ZFRET ALEN 2L, 0BT IHKO pH BKRIE
WEELTHY VIREFEIDEEEZ TRV ETFHER,
THIEKERFATHY, Cu-H4 IREREN S VRS
ThdeELLND,

728, Cu-HT4, Zn-HT1 734 % pH3,pH5 LATF TV B#E
ENRFLETLEDR, BEANA FuZrda Med
Y% pH5 T CIHEMAIAES LMESNTEY 2, =0
BREIARBOFERPOEALL 2 fo&BA 4D
BEICIVDIBERLRDIELEZEZONDN, Cu-HT4 BX
W Zn-HT1 A—HEEL, BREENER D LR
na,

324 BEAF oo d BRIRME

Table2 {Zf&A A %35 Cu-HT4, Zn-HT1 O45BEEE
Bl OoEREERT,

Cu-HT4 B LR Zn-HT1 OBIRFEFNZL, REA A4 >WEE
AF>Y CEBA A > WBEBRA A > A 4>
HBAAOIEE Y, BICREA 4y, FERA A,
VoA LEWEIREE TR U, $£72, Cu-HT4,
In-HT1 & b HEMEEEA A ONBEHREN 1 282 TEBYE
BB ALEESZEAL L0 BRESSVZ E G, &
WHAT oA A RBENDZZEBHL LR 5T,
L L, WEA A OSBEREE | L0/ EERA A
CEVERENBENZ END, FLAYAA A UEREN
NI ELHABNE T,

PlEDFERLY, Cu-HT4 BL W In-HI1 &bV VB A
VLK LEWBRELZEOR, Lo EVWBREREOR
BeA A BLUREA A REETIES, VB4
EINLDAFT U EOBEAERBEIY, THLDREN
BWIE Y, Cu-lHT4 B In-HT1 @V B IME T+
DEEENRREINE, COBREZIEO NS Faz L
Y PREES (TPEX) OFRLLETHE W 9
U R ERTIL TPEX OfIfIWEEIK 60mg-P - g7 Th
D, Cu-HT4, Zn-HT1 DEEFIREEIXZNFH TPEX @ 1/2,
/3 W% b, WIERETH DD, TPEX D1 2 8K
RENE, REBA A >Y VEBRA A >WREBRA A >HEER
AT >FEBRA A > FEBEA A DONETH B DS, Cu-HIY,
InHT1 TV VB A L OB 4 OBREREL
RoTND, ZOHEERLID, A Feida Me
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FREARE L UHEREARMSHAA Py L4 b ek 2 ) VRE 685

EHTRMBLIUVERTZEAT ALY VB A REER
FUSBREEGETTH I ENHLNTHA, LL,
BT L7 & 91 Cu-HT4, Zn-HT1 @ U VB EIG—< A
FEWERBL OOV =T AREEHO) VREFEX
DREL, VUVBREHLLTCTRRERATESETOR
EFEITHBFLONEEEZLND, U B4 X
D BB A IC T B BIRMER LB - TiW5 28, &
EGE»LHE L CEEOHEKIZBT 2B AV BE
T VB Aot T 2BRELREIND LEF LN
bo ¥7r Cu-HT4, In-HTI CHHERA A4 L0 bHEEBRA
FOBREBE LR -TEY, ZOBRMEICHEV Cu-HT
BIC In-HI1 PEETHIEEMBS T bRETEL T
LIz, Cu-HT4 BE Y In-HT1 13D o - EREETEH
L LTCHEETAREE LA EEZLND,

4. #EHm
Sk, BonBEREEREMICHETD &, FHEAR
A FEZAYA b (Cu-AT) BXUESHEAR AL K
P4 b (In-HT) EbHEkM»E0) U EEHE LTE
AICETABREM L EL DN B, I Cu-lT4 ITKEEMN
LEBREET CORWERERICSWT, BVWRERE, &
ELEEWRERNDEET AL, E7EEV pH $EHT
EVREREAERET A E0D, ERMENREL, £7710°
A - w1 OXIGE &R 60 S TREIBETE S
BEHZFEOZEND ¥ KOV AT AICBWT 3 K
MEEHEFRRICITL 2ESHBEMKEREM E LT
FIRTE AHEEELE,
SHITEHFKER Ny FRE, FREEAWED
SARBEIT, EBR0Y VERERAIBLIOEMRA 3
CORBEBLICEBEENCOWTERELED THRE
EEDDTETH D,
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