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BREA TV DEL S 4TEHD Mg/Al RNA FOYILY A ME(EEY (HT) % Mg/Al=2.5 D&
TTHILEICKYEKL, BOoNfcHT @ pHEEERICOWTIRET LIc. 47EEH O HT O pH EEE
FHIZ & Y, Mg-AI-SO} HT(pH 9.0)>Mg-Al-CO2 HT(pH 8.5)>Mg-Al-NO; HT(pH 8.0)>Mg-Al-
CI'HT(pH 7.6)DIEICE WV pH T—EICX 3. 2fDE A F ~ Z W YA A X Mg-AI-SO? HT,
Mg-Al-CO; HT (&, 1 DA F »ZHYAATE Mg-AI-Cl HT & Mg-AI-NO, HT & EENXT, #EFH
fERICLYBW pHEZRT. NIE, HT M5 SO} © COZ NiEEgEiSh, BRPOH ZiHET
5728 TH3. Mg-Al-Cl HT & Mg-AI-NO, HT @ pH BEERA AL~ 3 &, Mg-AI-NO, HT(pH
8.0), Mg-Al-CI'HT(pH 7.6)& % Y, Mg-AI-NO; HT OANE pH lIT—E L% 5. HT BREICEET
% OH =N Mg-AI-NO, HT & U & Mg-AI-Cl HT AN Mo IZ, Mg-AI-NO, HT 35> pH
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NS N B JEREKERILYITd 5 (Hibino ef al., 1995). HT 1, 7
W —H% A4 b Mg(OH), D & FLl 3 2 Kk{Lfg Gk 2 b @)

, A x v, KT ol nsE (52 Mg BB
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KRAIEBR A2 S, HT 3f&A1 4+ w2323k & LTI 5. HT I
L BREA A R, (D) RickvEILhTces (B
3, mMDEA A4 ).

Mg, Al (OH),(A"")

Jill]

+B" =Mg, Al (OH),(B""),,,+A""
(1)
g4 A4 v aERlIic A v s —A L — b L7 HT % 673K THERK
TEE, 2R VYL =TI = LFBR(EYSHER S % (Sanchez
et al., 2000). T OBEEYIE, KiAKPTHEAY OEA A v EA v
=7 L — b LCoLo HT K& IciEocd 2 BERE 2 F5o.

HT 13, EEHESKE L, MEPKREL, B+ v Ehs
WA A VBEREA Y —H L — b LT OWEEF->TWA, HT
OFfE LT, HT 3 pH BEAEHZR > TWa DT, HllRHE L
TILS WS TW S (Takagishi et al., 1978; Hirahata et al., 2002).
HT 3, REAFTRIEKE oy A b &L TERESOGER)
Koy E LTSN TV S, HT ZFE A 4 v K (Murayama
et al., 2004; Murayama et al., 2005; Shibata et al., 2005; Murayama
et al., 2006; Shibata et al., 2006) |54 (Takagishi et al., 1978;

Hirahata ef al., 2002) & L CHIH 9 % & &, pHEE(EHICET 2
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1. BREIUERAE

MgCl,-6H,0 & AICL-6H,0 ZH\WT, DINicRddkikikk vE
R A 4 v QY15 2 HT OB AT - 7o, 4 FEEO HT 21E5 729
DOEES % Table 1 1SRk Lic. Mg/ALIRATAKR (Mg/Al=2.5) %
e L, THAEHEIETICH % Na,CO, A (pH 10.5) I—EfiE
TIRIL T HT &K A1T - 72, Mg/ALIRETER O 7RI & [EEF I
30w/v%NaOH Zi#i N L, IIGHED pH % 10.5 ICHERE L 7823 5 ik
BIEZRIT > 7o, Mg/ALIRATAIR 2R L 7cteic, 24 WEREHER L
fo. BUBHE % IR HETE# L 7221 HT 27KPEL, 343K TS €
TRUGAERR) (A A T HT, LIT Mg-Al-CO HT) %f5ic
Mg-Al-CI"HT, Mg-Al-NO7HT % & U' Mg-Al-SO"HT ® &K 13
R NICd 573 %= NH,CLE R (pH 10.5), NHNO, /&K (pH
10.5) B & T(NH,),S0, (pH 10.5) BRICAA T, [FEOEEE
-t RISHERY O EEICE, XREFEE (JDX-3530,
HAB () 2w, EEEEEE, XHETEECLD
digee MEAEFIEL, &2 PEDOEA 048nm 274 L5 &2k D
K1z,

% o HT hO BRI A A v &ZHE L /2. Mg-Al-Cl HT,
Mg-Al-NO; HT, Mg-Al-SO} HT 2% N <N 0.5g &V, HCl £ 7
13 H,S0, i&iK % 20em’ MIA CIAME S €. oo Cl,
No; SO; , Mg?" BLU AP BEANE L, @FA A4 VRER

A7 7 X< Fota R (ICPS-1000111, (#K) %ﬁ%ﬁcpﬁ)
T{EJJIE L7z, NO; &S0 BEEA 4+ v ra< 757 (DX-500,
HASA A %72 (), CI7 EEEEMEZATHEEE (AT
510, HESEFTE () ZH W T AgNO, ME#EIC X 0 |lE L
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Table 1 Synthesis condition of various HT products

Hydrotalcite Divalent metal source Trivalent metal source Anion source pH Adjustment of pH
Mg-Al-CO2" MgCl, AlCI Na,CO, 105 NaOH
Mg—-Al-Cl™ MgCl, AICl, NH,ClI 10.5 NaOH
Mg-Al-NO; Mg(NO,), AI(NO,), NH,NO, 105 NaOH
Mg—Al-S0? MgSO, Aly(SO,); (NH,),S0, 10.5 NaOH
Table 2 Chemical composition of various HT products
-Al- 2- . .
o d(ooe) - 0.78 nm Mg-Al-CO4™ HT Hy, drotalcitg Mg AP Amount of interlayered anion [mmol/g]
Mg-Al-A" [mmol/g]  [mmol/g] Amount of A"~ Amount of OH™
Mg-Al-CO?~ 857 3.46 * -
Mg—-Al-Cl™ 9.2 3.69 3.10 0.59
Mg—AI-NOjy 8.6 3.48 1.73 1.75
Mg-Al-S0?~ 7.98 3.19 291 0
d(ooe) = 0.79 nm Mg-Al-CI HT ¢ !
—_— * — means not measured ** Molar ratio of 2503 /Al=1.82
>
S . e P
- A v aRGUKERPTHT OO6KET5 &, 85N 5 HT Offlh
D PERIEC 155 b DL EASNB,
C AN . > — .
9 O doo=0.89 nm Mg-Al-NO; HT 4 FEEID HT OfL AR Table 2 IRE TV 5. ARk
= pH FHH & LT NaOH 2\ T 5 720 IS ERIRR A 4 1214, “
o OHTO FfE A 4 v & OH EMRMELTVWAEBEZSNS, HT I}, + 2
IO Mgt O AP R LSRR £
- h 3+
Mg-A-SO,2 HT 7o, JERIHY inéﬂxuwici APT RIZFE LV EBGEL
72, Mg-Al-ClIHT thDlE 1 4 v {a&HE, ASEzs &0 AP*
o Yoo =0.85nm OHT HPOEALSLE 3.69mmol/g TH B, Mg-Al-Cl HT OJERIC F[2
M A4 &L TCl 233.10mmol & F 41, FF5_E OH™ 13 0.59 mmol
| , | ; ; , GENTLAHI LN, [ARIZER 5L, Mg-AI-NO;HT T
0 10 20 30 40 50 60 70 NO; 75 1.73mmol/g & %41, OH & 1.75mmol/g GENTVWH T &
26 /deg.(Cu-Ka) 12155, 2 ORA 4 ABEICH D A A Mg-AL-SO2HT T4,
Fig. 1 XRD patterns of various HT products SOZ™ 13291 mmol/g ZEENTWVWAH T &ITE 5. Mg-Al-SO; HT 1
D SO &, HT OskAILE R O E & » @i gl i A%
7. ncwa, [k Mg —Al-CO} HT D& & Mg-Al-SO? HT & [d]
4 T O HT @ pH #Z i EH OFFlE, pH 2-12 13 L7ciai BRI coF” EBICREICA-TWa EFEL 6N 5. EiLO#
LS H7c L SO D pH ZRES 5 T LTk DiT-Fo. & ZHf o 7o 4 IO HT 2 W Tl 4 © pH &I FH 0 F2ER 23 4

D pH FATEIT X, HCI B XU NaOH %\ 72, pH 2-12 12 3%
U720 30em® 12, HT % 1g AT 10 S s €. 0k,
EE A EEA TV, B O pH B XU Mg>", AP JREE A JIIE L 72,

g PEfEIL 2> & OPFIIEEL 1T & B HT © pH #2E/EH I3, 1g @ HT
ZLRELL, IR TICH B 40cm’® @ 0.1 mol/dm® HCl A IZINA T
FFo, & 512, 10 43[BT 0.1 mol/dm® HCIiEHE % 20 cm? 7
L, D& Z0D pH ORFFEALZNIE L 7.

2. EBRERELUEER

Gk A A v FAE A TE L 72 Mg-Al-CO2 HT, Mg-Al-
CI"HT, Mg-Al-NO; HT, Mg-Al-SO? HT @ X #f [0l #r ¥ # — v~
13 Figure 1 IS/RENTWVWA, ¢XTOD HT 1%, Mg/Al=2.5 TARK
ZAT- o, HT OJERIEREE X #REHTA 2 0=11.6° (I fFET
% dge D SKBIEDIEHA 048nm 27 L5 T &Itk -
T & % (Murayama er al., 2004). €< hd HT O JERFE#HE
12, K& WIHIZ Mg-AI-NO; HT (0.41 nm)>Mg-Al-SO; HT (0.37
nm)>Mg-Al-Cl"HT (0.31 nm)>Mg-Al-CO? HT (0.30nm) & FH4 &
N5, BEICHDAENIEA 4 v OIS X > T X FREHTHRE
13, Mg-Al-CO; HT>Mg-Al-CI"HT>Mg-Al-NO; HT>Mg-Al-
SO HT DIz, HT OEEREN L b K& {52 k5 e
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pH RREER &, —EhFn s o g9l 0 9918 S A /KR R
5 L&, pfiEviiERAADENA TH pH Ab T LHAEILL S
WHETH B, —/, HT O pHEEIEME, HT HEo s 2 g
2 b 2HUKBEALYIB L OBHEA 4 v O EICERT 5.

4 D HT D pH #Z M EH OMNIEHS R % Figure 2 {IR L7, &
~NTO HT &, #1 pH 3-11 T pH %éﬂ’ﬁﬂib% S, en%
NDEEHD pH (E, Mg-Al-SOZ HT (pH 9.0)>Mg-Al-COZ HT (pH
8.5)>Mg-Al-NO; HT (pH 8.0)>Mg-Al-Cl HT (pH 7.6) DI &
7%, Mg-Al-SO HT OV pH 1, bml pHET—E LK
5. pHAEEEANE & 28K/ E LT, BN pH BT HT

DIFEfRIC X BHRIOE &, Bk A 4~ LERP O HY DRIEH
FEA oD, HHMENO pH K HE HT HORE A A >~ EKERH
D OH™ DFEA #+ v WIIED 12D E T 5, 4FEFO HTICL B
pH BB EERA TS 2 i, JEREA 4 » B X0 HT tho Mg
E AP OBEHEOMEBICLEEEZEZOND. RUDICEHEA A
VOEBIIOVWTRE L, 2MioEA A v EROIAAR
Mg-Al-SO; HT & Mg-Al-CO? HT (3, 1 {fidkEA 4 ‘/QHMQ/U

72 Mg-Al-CI"HT & Mg-Al-NO; HT 12 lbC, #EHE{ER I
EWpHEZ/RY. TN, HTHA 5 S0, COZ™ WilF ﬁ’EL
(b2t T asm s R
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Fig. 2 Buffer action of various HT products
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Fig. 3  Effect of solid-liquid ratio on buffer action of Mg-Al-CO3 HT

SO} +H"=-HSO;, CO? +H e-HCO; D & 5 K LT H % H
B 570D THA. HT X, BRARS VRS A 213 EERICH
DIABPT W ZH > TV 272, SO % COX F—Midka 1
A v ERNRTECHAENS, —F, EEICHDAZ N
Dfg4 4 v Th s Clm BLUNO; 1, KFKEPTHRHI s B85
HY ESUBMHEEC 3 2 &3 & A 12 < V. Mg-Al-CI"HT & Mg-Al-
NO; HT @ pH #E#{EH % N5 &, Mg-Al-CI"HT (pH 7.6), Mg—
AI-NO; HT (pH 8.0)& 72 1, Mg-Al-NO; HT (pH 8.0)D 5 %5i& pH
flc—E&LB3, TNk, HT BHICFELET 52 OH™ &,
Mg-Al-CI"HT (OH =0.59mmol/g)& » & Mg-AI-NO;HT (OH =
1.75mmol/g)D J5 3% W 72 ¥ 1T, Mg-Al-NO; HT 23/ pH i T
—EIBEEEZEZOLND,

Bt 2 25L& € 72 & % D Mg-Al-COZ HT @ pH #ZEEH >
W Figure 3 1Z/89, [E#EH 1g/30cm® & 3/30cm® T Mg?* 4
RICEWVLAS SN, pHEETEH T—EIZE > TV 2§ pH
3-11 TO Mg** DiEtE L, Bk 3 g/30em® OHDH 2 55 .

H33% 35 (2007)
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Effect of pH on dissolution of metal ions from Mg-Al-
CO; HT

Condition Solid-liquid ratio: 1 g/30 cm®
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Fig. 5 Effect of pH on dissolution of metal ions from
Mg-Al-CO? HT
Condition Solid-liquid ratio: 3 g/30 cm®
Shaking time: 10 min

UL, pH#EEIEMIE, B 1g/30em® & 3g/30em’® % H~T
BT HELEME D > 7. Mg-Al-CO2"HT @ pH FEH{E 13,
Mg>, AP OFEHRICBRE S —ETH B T &n o, FiIcEMh
DA & vEIGERLTWE EEZ 5N 5.

B A 22L& H 72 & & O Mg-AI-CO2"HT 7 5 D Mg, AP*
O 75 Hi B % Figure 4, Figure 5 1C/8 9. Mg-Al-CO} HT D54,
pH 2 EH Z /R 481 pH 3-11 T Mg?* IS HH&E (3K 75 mg/dm® T
—ETH 5. 25°C TD Mg(OH), DIEMETE X 8.9x1072 TH Y,
IEIREERE Ol A © pH 8.5 T D Mg(OH), DA V- 54 U %
Mgt BEEZFH T 2 & 216gdm® 755, HT 5D Mgt O
HiE A Mg(OH), DIAMRER» Sl SN AL D b T/hE v
T—ELT DI, Mg & Al OEAKBILYID SRS A TH
% HT OIS, Mg(OH), & RELZ7bEFZ 5ND, 1 pH
D311 DA T, Mg iR pH O MIcpEWEEINL, pH @
ST EEVED T B, Mg-AI-NO; HT, Mg-Al-SO2"HT D¢ b6
UM A SN, NTOHT T AP 31 pH 1262 59713

275



—e— Mg-A-CO,ZHT
—A— Mg-AL-CHHT

—O— Mg-A-NO;HT
—=— Mg-A-SO,ZHT

0 20 40 60 80 100 120 _ 140

Time [min]
20 60 100 140 180 220 260 300

Volume of HCI [cm?]

Fig. 6 Buffer action of various HT products in neutralization process
from acidic region

EAEHEH LW, Mg-AI-CO? HT 2> 5 AP AS7AHI 2 nlfigtE
DSE ORI pH 2, P pH 8.0 T, AI(OH), DIARITLES AP ©
R % AIOH), DIAMRERE D Ol 5 & 1.35%107 P mg/dm®
L1785, 25°C TD AI(OH), DIFEMREERE L 5.0x107 % Tdh 5. HT
R T 5 AI(OH), BAFEBREZMHTRREALEH LBV &N
Dird. I pH 2 DA, HT OfEs N < —HKER I
fir Uiz AT 251 A(OH), 2B A AlREMENE A SN 543, F
R OEYI O XRD 7¥ % — viTld AIOH), IT)REd 5 -7, &
rBIEREMEICRONS 7 a— FIEXRD /¥ — V3D 511
[AVAS= A

4 D 1g @ HT IZ 0.1 mol/dm® HCIIFK AN L 72 & & D pH
#% & % Figure 6 (<78 L7z, HEEESE 100cm® LI T ORI T, —
fifi & Al OFERIEE A A4 >~ A FD HT T, pH Z(LOXETICKE
EOWHRAE SN, —i O A 4~ ZFF> Mg-Al-CI HT &
Mg-Al-NO; HT @ #4121, HCL & 40cm® T pH 1 5 5 pH
45 FTABMIC LR T 5. —F, ZiioEREA 4 v 2R M-
Al-CO} HT & Mg-Al-SO? HT T (&, HCI# & 40cm® T pH 1
5 pH 6.5-7.0 £ CAMIC ER L, HCiE F&E 100em® £ TW 3
P pH (HME N9 5. R 100cm’ DI Lok T, +xTo
HT I3 pH4-4.5 TpHEEEHZRS. LirL, ThZhd HT 28
pHEWIEA O /R TIEMOIRMEE, Mg-Al-CO3 HT>
Mg-Al-Cl "HT>Mg-Al-SO? HT>Mg-Al-NO; HT D JlfIc £ .
Mg-Al-CI"'HT & Mg-Al-NO; HT IZ & % pH Z{LOZEE T, + X
b JE D Mg(OH), DIEMRIT & 2 OH™ ORLH & 7RI L 73688 o i
ML 5. —75, Mg-Al-CO? HT & Mg-Al-SO} HT D41,
F 2 MO Mg(OH), DIAMRIC & 5 OH™ ofigHichnz, sl 7
JElblkz 1 A4~ Cco3, SO Lkt o HY L ORIE & pH REMEEH
O E 5. HriT, HHEE 40-100 cm® FRME O pH © ZEH &
S027, COY LA D HY LORIENEb->TVWE EEZ BN 5,
ZzhZ @ HT 28 pH EEEH ORI HERIRIIEE, HT 1gdbic
DICEENDBREEA A v BXUHAZX MNEDO Mg BX U AL RICTK
LLEZONS.

&

Jill]

ARHFFETIE, MgCl,-6H,0 & AICL-6H,0 &\, JEREA 4

276

v DRI B Mg/Al % HT % Mg/Al=2.5 OEIEFTHkL, B5oh
CJEE A A+~ D575 5 HT © pH BEERIC> W TRt L 72,

4 FE¥ D HT © pH BBE/EHIC L D, Mg-Al-SO? HT(pH 9.0)>
Mg-Al-CO} HT(pH 8.5)>Mg-Al-NO; HT(pH 8.0)>Mg-Al-Cl HT
(pH 7.6)DIEIZE W pH T—IEIT7E 5. Mg-Al-CI"HT D BRIz &
faq 4 v ELTCl 23 10mmol & F 4, F5H LEOH 13059
mmol N 5T &5, [AFRIC, Mg-AI-NO;HT Tl NOy A3
1.73mmol/g &£, OH IE 1.75mmol/g &xNTW5. 2D
A A v A ERNTH D A A 72 Mg-Al-SO2 HT 1 SO~ £%2.91 mmol/g
&5, 2MiDEA A ¥ 2D IAA 72 Mg-Al-SO; HT, Mg-Al-
CO HT &, 1MidfEA 4 v 2H0IAA T Mg-Al-CI"HT & Mg
AI-NOJHT & NT, REEHIC L D EY pH EART. Thid
HT 1A 5 8077, CO3™ il L, &Ko HY & SO +H e
HSO;, CO"+H =-HCO; @ & 5 BIKIGT HY 2 HE 57D T
& 5. Mg-Al-CI'HT & Mg-Al-NO; HT @ pH fE#i{EH % N5
&, Mg-Al-NO; HT (pH 8.0), Mg-AI-CI"HT (pH 7.6)& 750, Mg
AI-NO;HT (pH 8.0)D /i im pH il T—E L 70 5. i, HTE
CFAES % OH &2%, Mg-Al-NO;HT (OH =1.75 mmol/g) & ©
b Mg-Al-ClI"HT (OH =0.59 mmol/g)?D /5 /D75 Wiz iz, Mg
AINOJHT @&\ pHIHT—EIC 2 LB A 5N 5.

O &HIT, EIREIKERIEY) O pH #ZEEH SERICH D A
nrckEA 4 v oIk > TR Y, T OHRAEBERIIH
422 EnTE 2,

@ & oM, PR 17 FEREH RS - BRI
(A) (17206091) 45 & OSFEL 18 AEFERIF ST E M T4 « A FHFH (B)
(18760633) DEIE&IC X viTbhi, T ICEHoEEEL .
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pH Buffer Action of Layered Double Hydroxide
Junji SHIBATA, Norihiro MURAYAMA and Shinsuke NAKAJIMA

Department of Chemical Engineering, Faculty of Engineering, Kansai University, 3-3—35, Yamate-cho, Suita-
shi, Osaka 564-8680, Japan

Keywords: Layered Double Hydroxide, Hydrotalcite, pH Buffer Effect, Anion Exchanger

Four Mg/Al type hydrotalcite-like materials (HT) with different interlayer anions were synthesized by a
co-precipitation method under the condition of Mg/Al=2.5, and their pH buffer action was investigated. Slurries
of these HT's each showed a constant pH due to the buffer action, with equilibrium pHs in the following order:
Mg-Al-SO; HT (pH 9.0)>Mg-Al-CO2 HT (pH 8.5)>Mg-Al-NO;HT (pH 8.0)>Mg-Al-CI"HT (pH 7.6).
The equilibrium pHs of Mg-Al-SO? HT and Mg-Al-CO? HT, in which divalent anions are intercalated as ex-
changeable anions, are higher than those of Mg—Al-C1 " HT and Mg—Al-NO; HT, which have monovalent anions
in the HT structure. This phenomenon is mainly caused by the consumption of H' in aqueous solution with
SO} or CO; released from HT. The slightly higher equilibrium pH of Mg-Al-NO;HT compared with
Mg—-Al-CI" HT is thought to be based on the difference in the amount of OH™ in the HT interlayer. From these
results, it is clear that the pH buffer action of the layered double hydroxide varies with the kind and amount of

anion captured in HT.
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