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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 MgCl2 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.

CO3
2− type HT can be obtained from the aluminum dross and MgCl2 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; CO3
2−

 > SO4
2−

 > F−
 > Cl− > NO3

−
 ≥ I−. 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

CO3
2− type HT at 773 K, is superior to the original HT for the removal of chromic acid ion.
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��÷ø�0ùúlmD�ØE*ùúû�Sf,ür>

ýD���ùúrDðþAE*awSf,��½½"¹

��+A�ðþAE*n����r�v�"¹����

�����/���úR�� MgCl2 %rD�ÁA�Mg/

Al�� 2.5+#�vw�Mg/Al�7-r�v�"¹��

DÝpAE*����	0
���8� Na2CO3 =-r

�pH 10.5���Mg/Al �7-r�v�"¹��DSQ�


0�ÁA���lmD�ØE*Mg/Al �7-r�v�

"¹����Á+¯�� 30w/v%NaOHD��A��?@

r� pHD 10.5���AE*5��=-rD�
�ÁA

Eû�2 í]
�D�ØE*�����vØ�ür>ý

D�ØEû��?@��'D=�A 343 K0ãäR�E*

�5�f��vØ����� !"+MgCl2%r���

CO3
2−O HT�7�D�ØE*

�Ç�� 4��� HT�7�D�ØE*CO3
2−O HT�

7�,�MgCl2�6H2O+ AlCl3�6H2ODW��Mg/Al�

7-rDÝpA�5��lm�vØ��ØE*Cl− O�

v� NO3
− O HT ,�NaOH -r�pH 10.5�� MgCl2�

6H2O/AlCl3�6H2O �7-r�v� Mg(NO3)2�6H2O/

Al(NO3)3�9H2O �7-rD�����ÁA�pH D 10.5

���)�EL�NaOHD��)�n+�vØ�7�A

E*SO4
2− O HT ,�0.5 g � Cl− O HT D 30 cm3 � 0.05

mol/dm3 Na2SO4+��R��n+�v9ÝpAE*

��� !"�v�?@��'<�ÚÛK' �¯

Q�23«¬�!"�,�X #ð$%°�íÖµ§&�

JDX-3530��'(Oµ§)*+�íÖµ§&�JSM-5410�

DW�E*,é>-�.Q,�/�0�ð$123�,

é>-.Q%°�LA-90�4�pmç&�DW���Ø

E*?@��'�56
76,�8ø9é 5 K/min�:;

<=;�056
>>%°�?@pmç&�TGA-50�D

W��.QAE*

HT�¤
£B©±­KDÝÞ�EL��F−�Cl−�NO3
−�

I− �v� SO4
2− +�¤
£B©±?@D�ØE*%&'

�v��Ç��7�AE HT0.5 gD 0.05 mol/dm3 Na2SO4�

0.1 mol/dm3 KF�NaCl�NaNO3�v� KI=-r 30 cm3+

30 min��R�E*
£B©±ëAû� F−�NO3
−�v�

SO4
2− èé,
£B�!h`i¹B�íÖC
£j�"

&�DX-500�DW���Cl−�v� I−èé,µÅDFE

�Q%°�FGµ§&�AT-510�DW�E AgNO3�Q�

�v9����.QAE*

HT�v�=-r<��!�Y
£B�áâD��E*

%&'��7�AE CO3
2−OHT�v� 773 K0�HTß

�'D��+A�W�E*�|�èé�ÝpAE K2CrO4

-r 30 cm3 ��CO3
2− O HT ½E,��ß�'D���

� 0.3 gÁê� 1 h��R�E*ür��û�=-r<�

�!�Y
£BèéD.QA�áâlmHû0�' þ

I���!�Y
£B�áâJDKLE*=-r<�¡

¢
£Bèé,�ÃLMN¹Oh(P>>%°�?@p

mç&�ICPS-1000III��v9.QAE*
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��� !"+,����-.�/0���-123

�45)�%&'089�Q+A� Al�Al2O3�v� AlN

��7'08�1)*��� !"�,���RS�vØ

�{|#���a��T�)�*ÖËÌ0W�E���

 !"�s���6Ü���,é>-�v�,§àe#

$�'KDÝÞE*

��� !"� X#ð$U��BD Fig. 1��)*�

�� !"<�ÚÛK' +A� Al�AlN�Al2O3�SiO2

�v� Fe2O3 �V���WL��E*��� !"�6

Ü��D Table 1��a�X��)*Y�>� wt%,��

�� !"�Z=ùúr<�[½��¡¢�>�\]D

100wt% +AE+^�ÂD�A���*��� !"�

I-�><�, HT�Õ�+#� Al� 89.1wt%�Mg�

3.8wt%T�A��9�u
�>+A� Fe�Ca�K�Na�

Zn�Mn�Pb�v� Si#$�[½����*��� !

"� 55wt%�Z=�vØ�-gA�45wt%�_`+A�

_ØE*

��� !"�,é>-�a¾bc��v� SEM d

eD Fig. 2�v� Fig. 3��)*��� !",¾ µmf

¾g µm �hi�,é>-DjA��9�kl�Bm,

^ 100 µm 08�*SEM !"�Ún������ !"

,§�àe,opS089�*q,§�r�ó^Ïs

tØE,§����E*

HT � Al Ê+A���� !"�qYùúr�Mg Ê

+A� MgCl2%rD����W���Mg/Al× HT�7

�D�wn+D��AE*�|�uv�0qYDW��

��� !"�ùúD������ !"��-g)�

Al3+�v� Mg2+
DÝÞE*Al3+�v� Mg2+�-g


Fig. 1 XRD pattern of aluminum dross.
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��v�)��� !"�ùú�]���D Fig. 4 ��

)*ùú�]���++a� Al3+�-g
,�ÁA�ù

ú�] 2 h�5��Æ� !" 5 g���Al3+�-g
,

^ 1.7 g0SQ+#ØE* !"<�[½��� Al�>

,^ 60�08�n+���Al �ùúJ,^ 57�+�ê

���*1 h�ùú0 Mg2+�-g,)0�ëA��A�

�9���-g
,^ 0.1 g08ØE*

Al�v�Mg�>�-g
��v�)qYèé���

D Fig. 5��)*qYèé��Á��Ø� Al3+�-g


,�ÁA�qYèé� 2.0 mol/dm3�50��-ú
,^

1.8 g0SQ+#�*1.0 mol/dm3qY�v�ùúlm0a

�>ó^� Al3+�-ú
�Ù���n+����*Mg2+

�-g
,�qYèé�v��^ 0.1 g0SQ+#ØE*

Al�v�Mg�>�-g
��v�)ür����D

Fig. 6��)*��� !"D 5 g+A�qY�¿
D 50-

250 cm3�76R�E*qY�¿
��Á++a� Al3+�

-g
,�ÁA�qYèé 2.0 mol/dm3 �+^qY¿


100 cm3�50 Al3+�-g
,SQÂD�AE*Sf�q

Yèé� 1.0 mol/dm3���,�qY¿
 200 cm3�50

Al3+�-g
,��SQ+#�*

Table 1 Metal component in leachates of aluminum dross and MgCl2 waste solution

Fig. 2 Particle size distribution of aluminum dross.

Fig. 3 SEM photograph of aluminum dross.

Fig. 4 Effect of leaching time on amounts of Al3+ and Mg2+

dissolved from aluminum dross.

Solid-liquid ratio: 5 g/200 cm3.

Solvent: 1.0 mol/dm3 HCl solution.

Fig. 5 Effect of HCl concentration on amounts of Al3+ and

Mg2+ dissolved from aluminum dross.

Solid-liquid ratio: 5 g/200 cm3.

Leaching time: 10 h.
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�5�Ún���200 cm3� 1 mol/dm3qY�vØ��

�� !" 5 g Dùú)�����+�ê���*n�

ùúuv�0�ùúr<�¡¢��D Table 1��b�X

��)*HT �«��;08� Al � 87.3wt%�Mg �

3.9wt%[½���9�������� !"���)�

Fe�Si�Ca�Na�K�Zn#$�T�A���*n�ùú

lm0,�47.0wt% ���� !"�-gA�53.0wt%

�_`+#�*n�_`<�,FG(H��BC���

"(��Õ�+#� Al� AlN�[½������Alù

ú,Ún����� !"�}~6dN�a���+�

ê���*5=�����#$DW�E��� !"�

}~6dNf���Ïs���R����4,5)*

HT � Mg Ê+A�W�� MgCl2 %r�6Ü��D

Table 1��c�X��)*Y�>� wt%,��úR�E

¡¢�>�\]D 100wt%+AE+^�Â08�*MgCl2

%r�,Mg� 98.2wt%[½���9������¡¢

�>,�+�$T�A#�*MgCl2%r� Cl/Mg��v

�Mg2+èé,���� 2.17�v� 3.0 mol/dm308ØE*

�Ç½E,��� !"+MgCl2%rDú(Õ�+A

�ÝpAEMg/Al�7-r�Mg/Al�7"¹��DW�

� HT �7�D���?@��'�'KDÝÞE*��

�����'� X#ð$U��BD Fig. 7��)*�Ç

���?@��' a��v� Mg/Al �7-r���?@

��' b��,�CO3
2−O HT� X#ð$U��B���

WL����� X #ð$�é,��¯/é08�*Mg/

Al �7"¹�����?@��' c��,�HT �r�

��� !"���[½���� SiO2�Al2O3� Fe2O3 �

X #ð$V���WL���*n�+^�HT � X #ð

$�é,�Ç��7�AE��'��Þ���*�Ç�

v�%&'DÕ�+A�7�AE�7�$��aAl3+�

v�Mg2+���J,���� 100�08ØE*�5�Ú

nv9���� !"�v�MgCl2%rDÕ��W���

CO3
2−O HTD7�)�n+�IJ08ØE*

%&'���Mg/Al�7-r��Ù��E��'�6

Ü��D Table 2 ��)*Y�>� wt% ,�?@��'

D�Y���-gAE+^�=-r<�[½��¡¢�

>�ÂD�A���*HT �«��;08� Mg �

64.8wt%�Al� 28.3wt%089�Mg/Al�, 2.508�*

n�,ÝpAE?@-r�Mg/Al�+S�A���*�

������ !"�[½���E6¡¢��u
��

A���*��� !"��-úAE�|�¡¢
£B

��HT�7���=Y6'� Yq+A�>úAE9�

HT�«¬<�»9¼½�E�¡��ê���*

HT,}�¤
£B©±¿+A���JD�Ø��9�

��¤
£B©±­K�ÐÑR����10-22)*A�A#

���HT �¤
£B©±¿+A�ÒW6)��7�¤


£B©±­K����«�s��¢���)Þ^£,

ÎÏ_R����*ÖËÌ0,�Ù��E HT�v��|

�¤
£B�©±
�¤
£B©±¤¥�v��~6¡

¢08��!�Y
£B�áâ�s����D�ØE*

7�R�E HT �6Ü��>>�v�56
>>�Ú

n�b¦Ï+�HT�6Ü�, [Mg2+
0.714Al3+0.286(OH)2]0.286+�

[(CO3
2−)0.143�0.93H2O]0.286− +§QR��*�<� H2O �

¨¾,�÷ø�0�F�=�v�=]=�
��KLE

Fig. 6 Effect of solid-liquid ratio on amounts of Al3+ and

Mg2+ dissolved from aluminum dross.

Aluminum dross: 5 g.

Leaching time: 5 h. Fig. 7 XRD patterns of various reaction products.
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Â08�*n�6Ü��� HT �¤
£B©±©
Dª

«)�+�^ 340 meq/100 g+¬ )�n+�0^�*

�|� HTDW�� SO4
2−�F−�Cl−�NO3

−�v� I−+

�
£B©±D�ØE*Ù��EÚn�Sñ+A��S

 �¤
£B�z)�
£B©±­KD Table 3��)*

HT �¥]­ý, X #ð$s 2θ = 11.6° À®�T�)�

d006 Â��=Y6'¥�¯� 0.48 nm DDA°Ïn+�

vØ�ª«AE10)*Cl−O HT�v�Y�¤
£B�©±


,�F−(225 meq/100 g) > I−(105 meq/100 g) = NO3
−(104 meq/

100 g) �±�Ã�ÂD�A���*¤
£B©±��w

¥]­ý�76,�+�$²��#�*NO3
−O HT�v

�¤
£B©±
, F−(279 meq/100 g) > Cl−(216 meq/100 g)

> I−(143 meq/100 g)�±�ó^�*NO3
−OHT�¥]­ý,

0.41 nm 08���¤
£B©±��Ø�¥]­ý�^

0.30 nm��u)�*n�,¤
£B�
£B³m�D´

�b¦Ïa�+�ê���*I−��7,�HT�ÚÛK�

��)��µ�WL��E*

¯{��¥]­ý 0.41 nm� SO4
2−O HTD CO3

2−+�

�R��+�¤
£B©±?@�v9 CO3
2− O HT ��

�A���¥]­ý, 0.28 nm �76AE*Sf�¥]

­ý 0.30 nm � CO3
2− O HT D SO4

2− +��R�E+^�

¤
£B©±,�+�$¶n�����¥]­ýa76

A#�ØE*n�n+���¤
£B©±�·¸K,

CO3
2−

 > SO4
2−�±08�*

�5�ÚnD\¹)�+�HT �
£B©±¤¥,�

CO3
2−

 > SO4
2−

 > F−
 > Cl− > NO3

−
 ≥ I− �±+�ê���* ¾

�ó^Ï
£Bm�ºR#¤
£B�$ HT �«¬�»

9¼½��)�n+����*

HT �¤
£B©±�JD[WA��=-r<��!

�Y
£B�áâD��E*=-r<0� Cr�»��6

Ü��T�¼7DëAQ¾23) ��ª«AEÚnD Fig. 8

��)*Cr�»�,i� pH ½¾0���� HCrO4
−�

CrO4
2−�vw#¤
£B�Dà�)�n+���HTDW

�E¤
£B©±?@�vØ�áâ0^�+�ê��

�*Sf�HT�ß�'�Mg/Al�7Y6'�D=-r�

��R��+��|�¤
£BD»9¼�#���=]

�¶n9�HT �ÚÛ«¬�¿�)�n+�À����

�9)*Ù��E HT�ß�'�v��!�Y
£B�áâ

�s��a��D�ØE*

%&'���CO3
2−OHT�v� 773 K0�ß�'08

Table 2 Chemical composition of reaction product

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

Fig. 8 Distribution diagram of Cr(VI).
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�Mg/Al�7Y6'DW�E+^��!�Y
£B�ë

Aèé+áâ
�Í¨D Fig. 9 ��)*�!�Y
£B

�ëAèé��Á��Ø���áâ
,�Á)�ÁÂD

�AE*Mg/Al �7-r���ß�'�Mg/Al �7"¹

�����ß�'�Ãß�'�±�Ã�áâ
�Ù��

E*�����!�Y
£Bèé�½¾0a�HT ��

)�pHÄÅJ10)�vØ�=-r�ëApH,9-11+#Ø

E*Fig. 8 +z@R��+�Q+A� CrO4
2− �à0��

'<�»9¼½��+�ê���*

�!�Y
£B�ÆÇèé+áâJ�Í¨DFig. 10�

�)*�!�Y
£B�ÆÇèé��Á��Ø���á

âJ,��A�ÆÇèé�^ 1,100 mg/dm3�+^�ß�

'0,^ 45��Ãß�'0,^ 22��áâJ+#ØE*

���!�Y
£Bèé�½¾0,���áâJ, 100

��®�ÂD�A���*Mg/Al�7-r���ß�'�

Mg/Al �7"¹�����ß�'�Ãß�'�±�Ã�

áâJ�Ù��E*

ß�'+Ãß�'�áâJ�D�²����,��!

�Y
£B�»9¼�f�´#�EL08�*HT ,

CO3
2−�zA���È]KD�Ø���*Ãß�� CO3

2−

O HT ,�¥]� CO3
2− +�¤
£B©±�¶^�Ï�

EL���!�Y
£B�áâ
�ºRÏ#�+�ê�

��*ß�'�áâJ�ÃÏ#�N�,�ß��/0 HT

<� CO3
2− �Xý)�EL���=]�� HT <�¤


£B©±	
`�ÉÊR���!�Y
£B�
��Á

AEa�+�ê���*

ÖËÌ0Ù��EÚnDa+�����pË���z

A�Ì���ÍÎD�WAEñD Fig. 11��)*���

-.Ï�Ð�)����%��6
D 100�+)�*ª

«0W���|�¾Â,�Ð�R�����%����

�RS�vØ�7E)���nn0,-.Ï��ðþR

�����Ñ¡�
D 94�+ÒQAE*�Ïs����

������Ó��DÔ��)�+���� !"�v

�MgCl2%r�¡¢MgDbc��(�
,����^

4��v�^ 2�+²
a���*n�+^�HT D7�

)�Õ���� !"DqYùú)�+�� 1.9��-

gR����� !"� 2.1��}~6R�Eà0_`+

A�_�*HT � Mg/Al �D 2 +)�+�Í«0,8�

� HT��Ö
�¡¢ Al�v�¡¢MgDbc�,�^

3.2�+�ê���*

4�	����

������/0%&'+A��·���� !"+

MgCl2 %rDÕ��W���Mg/Al ×�
 !��	


Fig. 9 Removal amount of CrO4
2− with various products.

(Solid-liquid ratio: 0.3 g/30 cm3)

Calcination at 773 K of product from Mg/Al mixed

solution.

Calcination at 773 K of product from Mg/Al mixed

slurry.

Product from Mg/Al mixed solution.

Fig. 10 Effect of initial CrO4
2− concentration on CrO4

2− re-

moval.

(Solid-liquid ratio: 0.3 g/30 cm3)

Calcination at 773 K of product from Mg/Al mixed

solution.

Calcination at 773 K of product from Mg/Al mixed

slurry.

Product from Mg/Al mixed solution.

Fig. 11 An example of inverse manufacturing.
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`�HT��7�D�ØE*×����Ç��� HT�7

�D�ØE*Ù��E HT �ÚÛ«¬�6Ü���23

«¬�v�¤
£B©±­KDÝÞ�++a��HT �

v���ß�'DW��=-r<0¤
£BDà�)�

�!�Y
£B�áâD��E*

��� !"�v�MgCl2%rDÕ��W���¥]

­ý�^ 0.3 nm� CO3
2−O HTD7�)�n+�IJ0

8�*HT�
£B©±·¸K,�CO3
2−

 > SO4
2−

 > F−
 > Cl− >

NO3
−
 ≥ I− �±+#�* ¾�ó^Ï
£Bm�ºR�¤


£B�$ HT �«¬<�»9¼½��)�*Ù��E

HT DW��=-r<��!�Y
£BDáâ)�n+

�IJ089�HT�ß�dN, HT�º�R����


£B©±A�Ï� CO3
2−Dáâ0^��0�HT�ß�'

,Ãß�'v9a�!�Y
£B�áâ
�v�áâJ

�Ã�*

�������

ÖËÌ�ST,�ôÜËÌØÙÚ¡�ë� 15\éÛÜ

ËÌ�15656232��ÝÞôÜ��ßà�Îáâ�ë� 15

\éãäËÌÚ��v�ë�15\éÍòóÜóÜå�Ü
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