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Abstract: Hydrous zirconia was prepared at low pH values with ZrOCl2·8H2O as raw material, H2O2 as

hydrolysis promoter and ethanol as solvent. FT-IR, TG and XRD were applied to study the components,

structure and heat-stabilization of hydrous zirconia. Light microscope and FESEM were used to analyze

the microcosmic structure of hydrous zirconia, its formation mechanism was also discussed. The results

show that the molecular formula of hydrous zirconia is Zr(µ-OH)2(OH)2·2H2O. The hydrous zirconia

is amorphous, and as the treating temperature rising, it will turn from metastable tetragonal phase to

monoclinic phase. The hydrous zirconia is fiber cluster composed of small short fibers via hydrogen bonds.
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1 ��
ZrO2 }0�F4k�
5��d8��bK$J�eV�$o�*�G<�Æ'�m#�Y'8��q��
q��[%�D℄�d8�^%�G}8�� [1,2].

ZrO2 
uV} ZrO2 �8AVp0�6|"91qX9(4P
uV��O�Æ'q��K��;�_^�0��Bu ZrO2 �R�Æ}qF4 [3,4].

ZrO2 
uV0�m8,k*�
P-�#)
*a��#
qps6
G��_���3�%^�
pH u,C>N�����V��*�?�
s�

?� [5,6], K_?� ZrO2 
uV�D℄�Æ}��O�x�!\��>* [7,8]. -(MhC� ZrO2 
uV�!\��>_� Amit � [9] F}; X `n"` (SAXS) ( ZrOCl2 
P-���� ZrO2 
uVL��!\�0l^ pH u>
�(4
���
ZrO2 
uV����s����m�-�Om��X�D℄}R}rX� 4.0Å����_% ZrO2
uV�~K�DS[m� ZrO2 
uV�b%��qVu�%X#9F H2O2 '� ZrOCl2·8H2O 
G�V
HCl[10], ps6^R
5aP-�
G��_�%^� pH u�S^ 1∼2, ����hC� ZrO2 
ueBb^Æ 2006–05–08, e8�ABb^Æ2006–07–10JS�\Æ e!�Fk�
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�9i� E-mail: zhai-lf@sohu.com. m�YyaÆ q)g� E-mail: stjhfut@163.com.



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

224 P � 6 � � � 22 dV�!\� ZrO2 
uV�O�JN�Æq���� � ZrO2 
uVhC�����O�x�
2 
�>=
2.1 }r� ZrO2 hIw;�0C 10.0g�Yb ZrOCl2·8H2O q 20mLR
5a#S� 100mL ^���:�0~�#Js69EPG��,& n(H2O2)/n(ZrOCl2·8H2O)=6�C+�� 30% � H2O2 P 40mL R
5a�u���Æ#��'�*�aP-��Æ#9'|�CI
K�
5d  L� 50◦C 
�9F��l027P�lJ�h
�^%F 0◦C �R
5a\��k��0MinJ`s&inJ` 24h |��Z"hC�^%�
2.2 	℄;3�z8b22 Bruker Vector22 FT-IR, KBr �.�J��Y2 Shimadzu TGA-50,gI�� 10◦C/min;b�j<V XSP-XSZ;B0`Y���j<V (FE-

SEM)JSM6700F; X `n"`�Y2 D/max-γB, Y�4= 5◦∼35◦.

3 QDFkZ
3.1 FT-IR �x3 1}*�uV�z8b23�6� (a)�(b)�
(c) �.}b ZrOCl2·8H2O �80◦C J` 24h�(/q 800◦C_x|�(/��n (a)� 500q 744cm−1GN� Zr–Oj�Z�E�3250q 1620cm−1 GN�E} ZrOCl2·8H2O DQ
�!mZ�E��n (c)^ 750cm−1 � ZrO2 !mE�^ 3500 q 1620cm−1_�<TZ�E} ZrO2 -�_�VxZG
�d���n (b) ^ 500 q 744cm−1 GN� Zr–O j�Z�E� 3507 � 3412 � 3137 q 1620cm−1 _�Z�E�.Æ!mE��8��n^ 1040cm−1 GN

1 1 )�tT�y7a11
Fig. 1 FT-IR spectra of zirconium compounds

(a) ZrOCl2·8H2O; (b) Fibrous hydrous zirconia; (c) ZrO2

�K[l Zr–O–C *�j�Z�E�� (/��*�O� ZrO2 �
uV�6^ 3507 � 3412 q
3137cm−1 V_�Z�Em'}5/D℄.Æ�dz1�Dh�=fm85%℄�V_.Æ!mE�.JVxZG
�,E
q1u.Æ�d [11,12].

3.2 `�x_M ZrO2 
uV���D℄!\&>*�z�},k( ZrO2 
uV� TGA q5<6��D℄�6�3��ZL�K��"� [12−17]: 0�}�
ZrO2 
uV}��j� 30%  Ln�6��D℄,wm�� Zr(µ-OH)2(OH)2 · nH2O, 6� (µ-OH)2-y~?�Qr� Zr U�� 2 Q.Æ�L�:.Æ� (OH)2 -yvq0Q Zr U�~?� 2 Q,E.Æ��|0v nH2O -y0���,E
��0�}� ZrO2 
uV}��j� 20%  Ln���D℄,wm�� ZrO2 ·nH2O.3 2}p#�� ZrO2
uV� TG �n� ZrO2 
uV^ <153◦C �}��j� 20%  L��*�VxZG
�6\�
>153◦C��}��j� 30%,6�^ 153∼374◦C4=j� 15.49%, �*}1ur(>T�,E
�^
>374◦C 4=j�� 14.92 %, �*}1u.Æ6
>7�h8℄�am8i[ ZrO2 
uV���D

1 2 ZrO2 	tT� TG 11
Fig. 2 TG pattern of hydrous zirconia

1 3 4.G�^v� ZrO2 	tT� XRD 11
Fig. 3 XRD patterns of hydrous zirconia calcined

at different temperatures
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2 3 �	C�	
� pH t'3bgB� ZrO2 	tT�{! 225℄�M�0�"��JM,E
q1u.Æ6\�
�
\DVxZG
| ZrO2 
uV�}�� 38.4%, =f ZrO2 
uV��,w� Zr(µ-

OH)2(OH)2·2H2O.

3.3 XRD �x3 3} ZrO2
uVT5/I�J_x|� XRD32�J3m.�T 80◦C J`� ZrO2 
uV�=Q��T 400◦C#^|� ZrO2 
uV�*-l��9rQ��T 600q 800◦C#^|�-l�}�rq�9r�u�*QD℄�0�J_xI��gN��9r-_�}�rb#�8℄lz3C� ZrO2 Q%�r*PQ|Vu�;r_���Q|�v}�&-��vzn�_MNIr��9Qrm8^CIHNr^ [18]. ��I��gN� ZrO2 
uV	66\
���*� ZrO2 Q%n�Q|Vux_^#�����=f ZrO2 Vr�r^z���9r���J_xI��gN�ZrO2 Q|	6bz�Vr���9r-_�}�rr(b*�
3.4 ~o�x3 4}T 80◦CJ`� ZrO2
uV�j<e.�6� (a) } ZrO2 
uV�b�j<Ve.� (b) �

(c) �.}:z�"hC-�qA�� FESEM e.�m8i[�p#��� ZrO2 
uV�Vu>fY�"hC��X� 30µm, E�mv 5mm. ~hC-�r^>*�F_�s��*VuV`}�"hC_�-O�P?� ZrO2 
uV|��VÆ5/�̂ >
 pHu(4
�9F H2O2 �
GpL��|"�hC� ZrO2 
uV'^R
5aP-�	6�X0PG�3 5� (a)∼(f)}�O 1min℄�hC� ZrO2 
uV^ 0◦C R
5aP-��X���j<Ve.�H�XkRhx`℄m83C[hC� ZrO2
uVh�O0��h3�%^�Y[�kR�3� (f) }j<V�'`>���}Vu"hC�JM ZrO2 
uV-�mKz��.Æ�.Æ�>1#Fs�h�}Vu"hC�e0dCy�u�hC	6bjbE�G|\O��rX*z�R3
(e) � (d) �y���%^�P���0�hC�+�bz�r�p&�
tW}��_��Vz���8Vu>z�"hCm�whP��Y[�R3
(c) � (b) � (a) �y�

1 4 S 80◦C I_� ZrO2 	tT�i;C\d-
Fig. 4 Microstructure photos of hydrous zirconia heat-treated at 80◦C

(a) Microscope photo; (b) SEM photo of surface; (c) SEM photo of cross section

1 5 4.m%$gB� ZrO2 	tT?W���i;Ud-
Fig. 5 Microscope photos of dispersion morphologies of fibrous hydrous zirconia at different time

(a) 1min; (b) 2min; (c) 3min; (d) 4min; (e) 5min; (f) 6min
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1 6 ZrO2 	tT�NjQx:1
Fig. 6 Schematic of the growth process of hydrous zirconia

3.5 {p� ZrO2 fGu9�5KWij
Amit � [9] j=�"HF�nI�l$&3-

pH s&2az �%
�(�N,�At�/D
SAXS &g~N,J	(;�6A� ZrO2 �sS�B[n�M�u	�Y/k�℄ pH s> 1.2l�
ZrO2 �sS��W�{�>��B[�4qW>
4.0Å.��N, pH s�eK�g~�W�{��Yk<)�>o	��F��eKnI�l$�a"�g~W�{�ht℄��℄�#���N�W�{�.y�M>��B[	>e Amit �"Y�
ZrO2 �sS�MiP�*{!� (Q0 6). T`$�YBf/Bs[�!�l6K>�fA� ZrO2�sS��M
)>>�P�#��.�#{��2?iP��(���En�℄iP���M�W�{�>.A��
℄# ZrO2 �sS	�.�#{SuiP��W�{�℄��Mk�iP�W�{��dG.Am�6wBwbD	f?b>o+Mk�g~kRiI����{4UA�5aD��MTs<{� fA� ZrO2 �sS���#℄~N,*��a"�g~{Ts� fA*i �aD	o~'/����MTsUw�fAk+gN,~WY	
4 QZ6O�� ZrOCl2·8H2O >S��*i H2O2 %�4�E?S HClpnr�E2?�zJ	�����fA�;O ZrO2 �sS�4>�B[*u>
Zr(µ-OH)2(OH)2·2H2O. �H℄uF��eK ZrO2�sS�SoB[H�L
6ow{�o
(	fA� ZrO2 �sS{HTs<{� fA*i+�,��</!D�.�6u℄�+M�Ts<w�fAk	
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