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Synthesis of Zn-Fe layered double hydroxide and its adsorption ability for several 
harmful anions 

Teruhisa HONGO��, Takeshi IEMURA��, Atsushi YAMAZAKI��

ABSTRACT�A zinc-iron layered double hydroxide (Zn-Fe LDH) with sulfate as the interlayer anion has 
been synthesized by the coprecipitation method.  The adsorption ability of the Zn-Fe LDH was studied 
for several harmful anions (phosphate, chromate, fluoride, selenate and arsenate) in aqueous solution, and 
it showed high selectivity for phosphate, chromate and selenate ions.  The Zn-Fe LDH was found to be 
stable over a wide pH range (pH = 2-12).  The adsorption ability for phosphate ions depends on the 
initial pH and it increases with decreasing pH. 

Keywords�Layered double hydroxide, Adsorption, Harmful anion, Adsorbent 
(Received September 24, 2009)

�������

��������	
��������������

������������� !�	"�#$�%&'

�()���

1-4
*+�,-./�0+1��23456

����789:;<�	��=�>;?:@ABCD

E�FGHI��J�KL�()���*MN�OPQ

:;<�	��=:;<RSTUAVWX@H�YZ(

)����[)\=]^�_`ab�c�[)�de

�fgh@a_ij�klI���mno�p�E

(LDHs)�qr()���*
LDHs = Q : ; < s B C � M t a b u �

[M2+
1-xM3+

x(OH)2]x+(An-)x/nvmH2O �wxyaze()�
�{Eab�*[[a�M2+

= Mg2+
�Fe2+

�Co2+
�Cu2+

�

Ni2+
�Zn2+

�|� 2`89:;<�M3+
= Al3+

�Cr3+
�Ga3+

�

Mn3+
�Fe3+

�|� 3 `89:;<ab�*An-
= CO3

2-
�

SO4
2-
�NO3

-
�F-
�Cl-

�PO4
3-
�| n `�Q:;<ab�*

�c����}:;<tAQ:;<t�~��[I��

u�&'����E������a��*LDHs =��
/X�:@����c�p�EM2+(OH)2�M2+

�M��

M3+
a�S"�[I��u�����������m�

�h@mI��[�������"�Q:;<Im��

�\x��h@m��h@mIR���m�c����

 *[�m�Q:;<=¡�Q:;<I�RS�¢£a

bu�[�¤s�¥L�c���¦�OPQ:;<FG

§¨©�ªL�«¬()���

5-11
*

Zn-Femno�p�E(Zn-Fe LDH)=�®��¯:°
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ÍÎÏÐ�»p0+ 7�ÑEI»pÒ(II)7�ÑE�Ó
{�ÔÕ�Ö×��pH� 7�������p�Ø@Ù5
6�ÔÕ(1.25M)�ÚÛ��ÜÝ�Þß�c*(\���
\)càáÕ� 38âa 24 ã�äx�c*[)��u�
x�cåæE�çÕÝè��40âaéê�cë¼ìÎ�
í�c*
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¼tQ:;<(îï6pð�ñ-ò:;<�óW<pð�
ôpð�Ù<pð)�½"�FGõö�÷øÛaù�c*
�\)cõl�FG£=�ú�Mû¿� LDHs ab�
Mg-Alüpý LDH(þ:3ï¯/�:@)I���c*
ú��1)�)�Q:;<����ÔÕ(50 ppm)�Ö×
��[��ÔÕ(100 mL)¦�¼õl� 0.5 gÝ��� 60
Ý�Þß�c*1�ëçÕÝè���Õ¦�¼tQ:;

<ÏÐ�ìÎ"�[I����FG	�
Î�c*

(\���\)cõl�Ù<pð(900 ppm�100 mL)
FG��ã~�A�Ù<pð(500 ppm�100 mL)FG�½
"� pH�s�Ö�c*�ÔÕ� pHÖ×=�p�Ø@
Ù56�ÔÕ�L��ù�c*Ù<pð�FG	=��

��KöI����Õ¦�ÏÐ�ìÎ"�[I����
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� �\)cõl� X ���(XRD)�¯X<(��)�=�
LDHs �(00l)��¤�¿������)�Zn-Fe LDH
����\)c[I���()c*(003)���=���
 �½ª��Zn-Fe LDH� d!= 1.102 nmab�[I�

Ý��c*�\)cõl� Fe2p3/2XPSh"î@/�� 2
�#"*Fe2+(710.0 eV)I Fe3+(712.5 eV)�$N�%&()�
1����(Fe2+ : Fe3+)= 51.4 : 48.6ab�c*'(/)
XÝ�ý X�(EDX)Ý*�+,(Zn : Fe = 51.0 : 49.0)�·
-�.)�I��Kö��u{x()c Zn-Fe LDH�w
xy=[Zn2+

0.51Fe2+
0.25Fe3+

0.24(OH)2]0.24+(SO4
2-)0.12vmH2OI


Î()c*

Ì ¼tQ:;<�½"�FGõö+,�� 3�#"*�
¹ºa�\)c Zn-Fe LDH=�Ù<pð(/0 100 %)�
îï6pð(91.3 %)�óW<pð(97.4 %)�½��_�F
G£�#�c*1c�Zn-Fe LDH=2 70%�ôpð�F
G�c��½��þ:3ï¯/�:@=/I3|FG£

�#(���c*MN�ñ-ò:;<�½��=�|4

\� LDH(Zn-Fe LDH�þ:3ï¯/�:@)�/I3|
FG£�#(���c*[��5=�(161� LDHs
�	��#$()���7`%�Á��Q:;<=�`

%�8(�Q:;<�u�m�©:<¯X2WX9:<
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Ì Ù<pð�½"�FG§¨j��ã~�@�(� 4)�
u�Zn-Fe LDHIþ:3ï¯/�:@a=�A'B��
cFGCDã�IFGE	�#"[I�Ý��c*Zn-Fe
LDHa=ú�� 1Ý�a2 47 %�Ù<pð�FG��
1�ë�FG�FG�HI�60Ýë�Ù<pðFGj=
70.9 %ab�c*MN�þ:3ï¯/�:@a=ú��
1Ý�aFGCD�J���u�60Ýë�FGj= 8.1 %
ab�c*

Ì LDHs=�p�E��m���K�����c�Q
:;<t=1�m�z�ALz�IM'��NL"�
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[�¤s=�OLz�©�FG�Pm�:;<I�:;
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Mû¿��z�FGSª=:;<RSSª�u�T�*

[)=�:;<RSSª�U�°ïóhab���½��

z�FGSª=��K��cLz�IQ:;<I���

V'M���NL(îXï<W)�����c\()�(
\�Lz��_'X&����[I�YZ"�*

Ì [��[I�\�þ:3ï¯/�:@�\{�Ù<p

ð=m��=:<¯X2WX@()���Lz���±

FG()cI·�\)�*LDHs =üp:;<�¤B¿
�]Ñs�b�*1�c�þ:3ï¯/�:@m��

üp:;<�Ù<pðI�:;<RS�^P��:;<

RSSª�Y[\���c�a=���I·�\)�*

MN�Zn-Fe LDH=Ù<pð�½��_�FG£�#�
c*[)=�_�cQ �FG`2,a6�o{i,�

����ab�I·�\)�*�¹º����{x�c

Zn-Fe LDH=m��»p:;<�O����c�Ù<

pðI�:;<RS�¢£���c*

Ì Mû¿���ÔÕ¦a�FGSª�=�1� pH !�
Á��µ¶�b��*[�[I�·-���\)c Zn-Fe 
LDH �L���G� pH !(2.3c12.0)��I�Ù<pð
FGj�Ö�c(� 5)*pH 2.3�I� 78.0 %�Ù<pð�
FG��pH10.0 1a= pH !��dII��FG	=
FG�a=b��ef=>�#�c*(\� pH!� 12.0
1a�d(²�I�FG	= 46.0 %1agh�ef�c*
[)=�pH!�½"�Ù<pð�`%~�I�pH!�
ij"�[I��� OH-

ÏÐ�d�o{¿i,����

�ab�I·�\)�*Ù<pð=kð�pabu pH
!����nl� H2PO4

-
�HPO4

2-
�PO4

3-
����~���

pK�!=1)�) pK1 = 2.15�pK2 = 7.20�pK3 = 12.33
ab�* 1u�pH12 a=Ù<pð=`%�Á��(2
`A 3`�)nlam���u�FG()�Ýn%�e
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f���1�*MN�OH-
:;<=�Cl-

�Br-
�NO3

-
�I-

�| 1`�:;<�¦a LDHs�ú�:<¯X2WX9
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�pH12a=Ù<p

ðII�� OH-
:;<�op¿�:<¯X2WX9:<

����I·�\)�*[��[I�\�Zn-Fe LDH=
qr� pH st(2c10)�����Ù<pðFGHI��
OLab�[I�Ý��c*/I3|�u��ps�\

vw/2Ùs�xyab�[I�\�[)=KLs�·

�c\{�Á��`Ù-@I��*

Ì ¼ pH !��I�Ù<pðFGõö�ù�cë�õl
� XRD �¯X<�� 6 �#"*�¯X<�=z���
ïX3���\)���1)�)�õl= LDH ��
��{����u�Zn-Fe LDH= pH 2.3c12.0a|Îa
b�[I�Ý��c*þ:3ï¯/�:@� pH �½"
�|Îst= 4c12ab�[I�\�Zn-Fe LDH=1)
���� pH sta|Îab�[I�#()c*Ù<p
ð�FG()�I�8.02}�(003)���MÐ=ef��
_~Ð��®c������)c*����_~Ð�©

�9ñ@=�+��n���ef�������*�K

ö����=�»p:;<�u�:a�8(�Ù<pð

I:;<RS"�[I��u���� (003)�ef�c*
pH 12.0 a= 8.02}�(003)��������_~Ð�
(10.08})�®c��Xî�±���()c*[)=�
Zn-Fe LDH�Ù<pð�Ia=�' OH-

:;<I�:;

<RS"�[I��u�m�:;<ab�»p:;<�

1)\�:;<�"����Se�ccab�I·�

\)�*

���� ��

m��»p:;<��  Zn-Fe LDH ��å���
u { x " � [ I � a � � 1 � w x y =

[Zn2+
0.51Fe2+

0.25Fe3+
0.24(OH)2]0.24+(SO4

2-)0.12vmH2OI
Î(
)c*¼tOPQ:;<�½"�FGõö��u��\

)cZn-Fe LDH=þ:3ï¯/�:@�u�_�FG£
�O����[I���()c*¤��Zn-Fe LDH=Ù
<pð�îï6pð�óW<pð�½�_�FG£�O

����*Zn-Fe LDH�Ù<pðFG	= pH!��
��pH!�f�/|FG	�iÁ"�[I�Ý��c*
1c�Zn-Fe LDH=qr� pHst(2c12)����|Î
abu�{x�E;(A_�Q:;<FG£�|�·-

�.)�I�[� Zn-Fe LDH=����HI��]^�
i,¿�klab�I���*
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