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Preparation of Nano-crystalline TiO2 Film Modified Ni-W-P Electrode and Its

Photoelectrocatalytic Activity for Hydrogen Evolution Reaction
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versity, Tianjin 300072, China)

Abstract: After electrodeposion of Ni-W-P alloy on Cu sheet, nano-crystalline TiO2 film modi-

fied Ni-W-P electrode was prepared by a sol-gel method. Scanning electron microscope (SEM), X-ray

diffraction (XRD) and cathodic polarization curves were used to characterize the surface morphology,

microstructure and catalytic activity for hydrogen evolution reaction (HER) of TiO2/Ni-W-P electrodes.

Effects of the sintering temperature and the thickness of TiO2 film on the structure and performance

of TiO2/Ni-W-P electrodes were researched. The results clearly demonstrate that the TiO2/Ni-W-P

electrode annealed at 550◦C for 1h has the best photoelectrocatalytic activity for HER, and the over-

potential for HER decreases about 140mV under illumination. The TiO2 film with average grain size of

7nm is mixed crystal structure containing anatase and rutile crystal phases.

Key words nano-crystalline TiO2; Ni-W-P; photoelectrocatalytic activity; hydrogen evolution
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	V Fujishima o� [1] ��0i�?^ TiO2 v`"O�����:� H2 l3�Æ9(�0�?u H2 j$�7g1�+��0ZMgju�9b0ZM-F$��h:C_�b [2−6].

[K�fR TiO2 �M�bqy�\wF�wnb0�&oIt�%x�MI>j0vM O���HOu_L+bvF�0ZM��?uzv`���/=o�^bU�O�o?RM�1%jCHv� [7]. ��[K TiO2 `�! (�`!}_O 3.1eV),�L+bj1Hb\0ZM�Dp
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Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

766 u Z - ; � � 22 �0bj1HD?0ZMU� [8]. 
JOuÆ#:�Z�D���9 TiO2 iYKj0ZMgPMaO�3+��$�
�#Æ9 Cu iYRvB^ Ni-W-PB��W8	x - ex�^ Ni-W-P B�"OB^[K TiO2,uh[K TiO2 �V�0 Ni-W-P B�v`�1H
Ni-W-PB�I6jZM{z�b [9] 9b[K TiO2j0ZMO��P�v`�0bj1HD�i(�0ZM��?uz��:M=j<4

2 ^w
2.1 '�< Ni-W-P 6GvB^ Ni-W-P B�j{2�Db2ÆUqi
 NiSO4·6H2O 40g·L−1, Na2WO4·2H2O 30g·L−1,

H3PO3 10g·L−1, C6O5H7·H2O 40g·L−1;{2 pHpi
5, o}i 50◦C, {2H�{Q4g?mA?fu�
pHpH 10g·L−1 NaOH	2w}
YRi 2cm×5cmj�[j�
vM JK�F~bUMI��vB^�A`vBL}i 8A·dm−2, B^%m 60min.

2.2 \B - VB*�� TiO2 P
TiO2 	xju�
��Fx�
8P
?
8�$X =1:100:3:24(W��) j�2���8��Fx�l�8�$Xx�y��YIl�8P??�\l� 6g·L−1 �8�P�*~y�hg℄T�qyj TiO2 	x
'V#:
0H'V�^ Ni-W-P B��a�

TiO2 	x�'V\JT�_ /=�[K�X()2	u�J BQD1-005 �+�v\�zvU u�P'D}i 5∼6cm·min−1. !V^ 250W Eb�l
(70◦C) �i� 10min ��exMN-��I���3U'V�u�*Z TiO2 VGj4,
��#:
uEbl��`Ijv`�sO.*E� ov
Cx (y;#0vC?� ZRJ3-18-

12 �), ^�Qbu� o (450 � 550 ? 650◦C) ����o%mi 1h. �I	�+�q2o�
�hg TiO2 �0 Ni-W-P B�v`

2.3 '>D/,k{pM��0H PANALYTICAL &A�:j X’ Pert Pro� X ��'�64y TiO2/Ni-W-P v`j�)�
Co � Kα ���&> λ=0.178901nm, .v" 40kV,.vB 40mA, �Q�g 10◦ ∼ 90◦. 1H TESCAN&A�:j VEGA TS-5130SB ��Qv��f
-8v`j"O�H

2.4 2'"9kZrU�b

0H�J CHI660B �vM #Æd44v`^ 20◦C, 1mol·L−1 NaOH 	2xjA``M~���QD}i 1mV·s−1. 448E�0HO\jÆv`R����v`i_O^ Pt 
�9�?�'v` (SCE) Æi1�v`
0Ui 500W ssl

3 C35dK
3.1 ℄Dg() TiO2/Ni-W-P '>2'"9kZrU%zn u��o}i 450�550? 650◦C,^ Ni-W-PB�YR�u� TiO2 V�'VU=�i 15 U�_
1!I:*Z��o}�u�j TiO2/Ni-W-Pv`j SEM ij
W8���9�I�H��N-o}j��� TiO2 V"Ojf�=8a���Æa_�rx 550◦C �u�j TiO2 �V��D
_��L}
�
*Z��o}�u�j TiO2/Ni-W-P v`^
1mol·L−1 NaOH 	2xjA``M~�
_ 2 J,
J_�n� ��o}�u�j TiO2/Ni-W-Pv`^0i�jvB�C{�N��MJal�
550◦C ��Iu�jv`0i�vBal
_�vBL}i 10mA·cm−2 %�{z8vkp�W 140mV,v`j0vZM{z�b
k
_ 3 !I: 550 ? 650◦C ��I TiO2 �Vj
XRD o_
 550◦C ��I TiO2 ~.i
N#�)�9M�8j�E#	�� 650◦C ��I�E#	�J
�{a_
 TiO2 j0ZMU�Pr	��)M+�
N#� TiO2 j0ZMU�IO�E#� TiO2, 
9 30% �E#? 70% 
N#�T	

^ 1 )Y�~n|�t�i TiO2/Ni-W-P u_
SEM �i
Fig. 1 SEM images of

TiO2/Ni-W-P electrodes

prepared at different sin-

tering temperatures

(a) 450◦C; (b) 550◦C; (c)

650◦C
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4 p el4�m�ZJ TiO2 �/ Ni-W-P u_it�aq/uYKzy�` 767

^ 2 )Y�~n|�t�i TiO2/Ni-W-P u_℄
1mol·L−1 NaOH �1wi�__K}�
Fig. 2 Cathodic polarization curves of TiO2/Ni-W-P

electrodes prepared at different sintering temperatures

in 1mol·L−1 NaOH solution

(a) 450◦C; (b) 550◦C; (c) 650◦C in dark; (d) 450◦C; (e) 550◦C;

(f) 650◦C under illumination

^ 3 550 = 650◦C �~Ht�i TiO2 i XRD n^
Fig. 3 XRD patterns of TiO2films sintered at 550◦C or

650◦C�) TiO2 j0ZMU�"I [10], 550◦C ��hg
TiO2/Ni-W-Pv`�M"<j0vZM{zU�T?/^OS (Z%9M
N#�)?�E#	��)). J Scherrer&*hGhg�550◦C ��I TiO2�Vjm�	4H℄Wi 7nm.

3.2 �e TiO2 �P7() TiO2/Ni-W-P '>2'"9kZrU%zni:�8 TiO2 �VG}� TiO2/Ni-W-P v`0vZM{z�bjE��44:Z3��o}
(550◦C) �*ZG} TiO2 [K�V�0 Ni-W-P v`^ lmol·L−1 NaOH 	2xjA``M~� (0i�), 
_ 4 J,
H�'VU= (≤15 U) jal�
TiO2/Ni-W-Pv`0vZM{zU�aw�'V 15U%v`j{z8vk
�
i�al' VU=�v`jZM�b	��9
_ 5 i*Z'VU=u�j TiO2/Ni-W-P v`j SEM ij
V_x�9�I�H�'VU=

jal� Ni-W-P B�"O TiO2 jB^8}sa��'V 20 UIv`"O7
��:36{rLj TiO2 V
 TiO2 V6G}�v`ZM{z�bjE�M7�
O [12−15]: 3
O�H� TiO2 B^8ja_�v`�0j|5a��0vZM�bP���3
O�TiO2 VGal�_,��Da_�"O�Bus~.ÆH�r)$�gb"Oj[B�p��fr0ZMU�vp
Sb�H� TiO2V6G}jal�v�v$�6G}a_�O#.'V 20 UI�rLj TiO2 6)hv�2C^g^
Ni-W-P B�"O�fr Ni-W-P B�jZM{zÆH^9�R


^ 4 )Y&UT<t�i TiO2/Ni-W-P u_℄ 1

mol·L−1 NaOH �1wi�__K}� (/h�)

Fig. 4 Cathodic polarization curves of TiO2/Ni-W-

P electrodes with different thickness of TiO2 film in

1mol·L−1 NaOH solution under illumination

(a) 5 layers; (b) 10 layers; (c) 15 layers; (d) 20 layers

^ 5 )Y&UT<t�i TiO2/Ni-W-P u_ SEMhi
Fig. 5 SEM images of TiO2/Ni-W-P electrodes with

different thickness of TiO2 film

(a) 5 layers; (b) 10 layers; (c) 15 layers; (d) 20 layers
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768 u Z - ; � � 22 �
3.3 SO TiO2 �Pua Ni-W-P'>%2'"9kZ;JJO Ni-W-P j%:= (φNi−W−P) { TiO2 j%:= (φTiO2

) _�d Ni-W-P B�P TiO2 �fR�V|M%�v�J�Kbd�j TiO2 B
�Kbdpj Ni-W-PB��oq�k�Kbdhf
[K TiO2/Ni-W-P v`"Ov��58E
_ 6 J,

^ 6 /�u��4+;^
Fig. 6 Transfer of photo-electron on TiO2/Ni-W-P

electrode

4 CK
1. W8vB^�^[YR�u�: Ni-W-P B��0H	x -ex�u�:[K TiO2 �0 Ni-W-PB�v`

2. 550◦C ��� 1h u�j TiO2/Ni-W-P v`0vZM{z�b
k� 500W ssli��{z8vkp�W 140mV(i=15mA·cm−2 %). S% TiO2i
N#�P�E#�T	�)


3. TiO2 �VG}� TiO2/Ni-W-P v`j0vZMU�E�C_�'V 15 Uu�jv`0vZM�b
k
�Hhl
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