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Synthesis of Hydrotalcite and its Anion Exchange Properties

Norihiro MURAYAMA, Hideki YAMAMOTO and Junji SHIBATA

Department of Chemical Engineering, Faculty of Engineering, Kansai University

As one of effective usages of the wastes in an aluminum regeneration process, the syntheses of hydrotalcite (HT),
which is a functional inorganic material having layered structure of complex hydroxide, were carried out by using alumi-
num dross and MgCl, waste solution as raw materials. Various physical properties such as crystal structure, surface tex-
ture and anion exchange properties were measured for the obtained products. The removal of chromic acid ion was

investigated with various products.

CO;? type HT can be obtained from the aluminum dross and MgCl, waste solution by a co-precipitation method. A
slight amount of Ca, Na, Si, Fe etc. remains in the product as impurity components. The anion exchange order of HT is
as follows; COs>>S04>>F~>Cl">NO; >TI". It is possible to remove chromic acid ion from an aqueous solution with
various products by an anion exchange reaction. The Mg/Al complex oxide, which is obtained by calcination of the
COs* type HT at 773 K, is superior to the original HT for the removal of chromic acid ion.
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Fig. 1 XRD pattern of aluminum dross.
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Table 1 Metal component in leachates of aluminum dross and MgCl, waste solution

Metal Component [wt%]

: Desolution
Solution
t [Wt%
amountW%l ' Mg Fe Ca K Na 21 Mn Si  Pb others
(a) Leachate by 55.0 891 38 25 13 08 07 07 06 02 02 01
aqua regia
(b) Leachate by
7. . X 7 11 8 1 7 06 15 01 02
ot HC) 470 873 39 27 0 10

(c) MgCl, waste solution - - 98.2 -

1.5 0.1 0.2 - - - - -
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DR, WHREECISTN1g T8 LT,

Al 3 X O Mg 55 DIRREICE X IF3T BRI o 8
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250cm’ WAL X B B DO KR ORI E & i AP @
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Fig. 2 Particle size distribution of aluminum dross.
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Fig. 3 SEM photograph of aluminum dross.
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Fig. 4 Effect of leaching time on amounts of Al** and Mg?*
dissolved from aluminum dross.
Solid-liquid ratio: 5 g/200 cm>.

Solvent: 1.0 mol/dm? HCI solution.
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Effect of HCI concentration on amounts of AP** and
Mg? dissolved from aluminum dross.

Solid-liquid ratio: 5 g/200 cm’.

Leaching time: 10h.
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Fig. 6 Effect of solid-liquid ratio on amounts of AI* and
Mg?* dissolved from aluminum dross.
Aluminum dross: 5g.
Leaching time: Sh.
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Fig. 7 XRD patterns of various reaction products.
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Table 2 Chemical composition of reaction product

)
Metal Component [wt%] Mg/Al
X Ratio
Al Mg Fe Ca Na Zn Mn Si Pb
28.3 64.8 0.6 45 11 0.2 0.1 0.4 0.1 25

Table 3 Anion exchange property of hydrotalcites synthesized from reagent for monovalent anion

Kind of hydrotalcite

Cl'type hydrotalcite*

NOj type hydrotalcite*

Starting material
Interlayer distance

[nm]

0.30

0.41

Exchanged anion

Interlayer distance

Exchange amount

Interlayer distance

Exchange amount

[nm] [meq/100g] [nm] [meq/100g]
cr - 0.30 216
Product after anion
exchange NOgy 0.29 104
F 0.28 225 0.30 279
I 0.30 105 N.D.** 143

fEThH s, Zofb¥X»5 HT DEA F+ v RSB 7w it
A5 &, $9340meq/100g &3I4 5 2 LN TE %,

iz o HT Z AT SO2, F, CI, NOy KLU &
DA F VIR T -1, BbhickRo—pfli LT, —
fili DFE A A 3% A A& v AR A Table 3 12733
HT OFHEEREL X fREHTA 20=11.6° LIRS S
doos BB KL DIEZ 0.48nm HELG| 2 &I
Lo TEHE LR, CHEIHT 1T X % A FE 1 4+ v Ozl
i, F(225meq/100g)>1(105meq/100 g)=NO;"(104 meq/
100g) DIHICEMEZRL T\ 5%, &A1 4 v fucft 5
JEREEEE O iz E A ERB RV, NOy B HT 1T X
LA A v AT F(279meq/100g)>Cl(216 meq/100 g)
>T(143meq/100g) DIFIZ K X\~ NO; B HT o JE R B x
04lnm THAHD, &A1+ vt - CREEIEE Y
0.30nm AT %, SHITEA A+ v DA & v YR DER
TS DEEZ BN D, D DAL, HT OfEdhtk s
KFT5HERRD BT,

Ak, JERIEERE 0.41nm @ SO I HT % COs> & #%2
I n L, B4 v WG X D COs B HT 23
L, =T 028nm w28 b L, —F, &M
HiBE 0.30nm @ CO2 M HT % SO2 LS v/ & &,
Bt vagiiiiz L A LR BT, oS 21k
Lishote, TOTE0DL, BA 4 v Ao BRI
COs>>S02> DIETH 5,

U bEofEReziE+ 5 &, HT OA + v RIFFNIT,
CO>S02 >F>CI>NOs 2" DIHEE 2 bhvs, il
DRELA A VEDONITBEA 4 v 12 E HT DS

* Anion Exchange Capacity: about 340[meq/100g], ** No detected

DIRERRLT VI LIS,

HT DA A+ v AW ELFIA L <, KEKFhD 27 v
LB A K v DREERKR I, KEWFTO Cr (V) D1k
TR DIFFEEN G 2 PR RS 2B EHR L 7cAER % Fig. 8
W d, Cr (VI) WA pH #IK T L HCrOy,
CrO& DX 5 e 4+ VA BN 5 2 &b, HT 4
Wi E A A VARSI L 5 THRETE L EE L DR
%o —77, HT OB Mg/Al & LY) % KEHRIC
BihXes L, e oA+ v I AR S K
NI h, HT OfmENMETTT 52 ErHambhTun
59, (bt HT OB X % 7 v A1 A v Ok
COWT R E 1T - 72,

BEEEY kD CO> BIHT % X N 773K TOHEERY TH

Mole Fraction o

Fig. 8 Distribution diagram of Cr(VI).
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AL CHEONIFERE S L, 74 3 B TH I
LG T oMEL A Lfl% Fig. 11 R3, 713
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Removal amount [mg/g]
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L n 1 L
0 200 400 600 800

Equilibrium concentration [mg/dm?]

Fig. 9 Removal amount of CrO,> with various products.
(Solid-liquid ratio: 0.3 g/30 cm?)
@ Calcination at 773 K of product from Mg/Al mixed
solution.
OCalcination at 773 K of product from Mg/Al mixed
slurry.
[JProduct from Mg/Al mixed solution.
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Fig. 10 Effect of initial CrO4~ concentration on CrO4* re-
moval.
(Solid-liquid ratio: 0.3 g/30 cm?)
@ Calcination at 773 K of product from Mg/Al mixed
solution.
OcCalcination at 773K of product from Mg/Al mixed

slurry.
[IProduct from Mg/Al mixed solution.

Al Refining — Al Metal

Regeneration

AlScrap —> —> Al Product

Process
100wt% l 94wt%
Waste
Aluminum Dross 4wt% Regeneration Product
MgCl, waste sol'n 2wt% Process HT
i 3.2wt%
[Residue* J
i 0.7wt%
Leaching 21wt% o

Residue
* In case of Mg/Al=2, 1.3% of MgCl, solution is consumed.

Fig. 11 An example of inverse manufacturing.
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b (HT) DERHTT- 7. PFeT, RENLLDOHT OF
BAET -7, fFh i HT Ok SRS, /b, Zm
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ME

E 2

AWFgEO—iL, BHADIICERBIE < PR 15 R E
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