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2006 U 5 C Journal of Inorganic Materials May, 2006BQ��: 1000-324X(2006)03-0747-06%T�,L��T��;< CuO 1+�.`_�bda
(X\[YX℄ZY℄^�X\ 116012)P N 532709?^�DW6p�D^k9�#R&z2T&H�F��i[~?�HT&HÆie0%97B�nOEv"k CuO L
B�OEB57��>� 2µm ���

120nm �=� 12nm k CuO OE℄szl�E
OEBL��DR&?&uM�09��rPo[e� 158◦. eK0JM0OEB�Fk�>O`�)3 Cassie &=~Lk���~	0�k
� � 	�09��DT�OEB����V?�&�TB383, O647 BE�8*A

1 OJ�V!�<:lsQp℄: 150◦ lA1:'I0g1)y
_Sl*��y�(FaPF437'I��6=dl�sX& [1∼8]. Rf'Ilt�")*u|yl4"'I�:pI'I��*u6,x�:p (�;:) ,x �*j�qI'I�lGBmh}j^x�X�$'I�Hsu�/W�A1:'I9�Da4"~2'I�CIusu437^;LV4m6=d8��g!l24m��hBiW�&L'Il	��x�:ClE�{F (K'Iu6T) 7^pw# (K'IY7z). 6:I_'I��Q1ln'Iu6T|�[T$jsQpK�\℄A 119◦, /W���a�A1:'Il'e�I:#i8+l'I^pw#��Sow#�Æ8�gY7zlt:w#m�Nm�D(�
NÆ�#J'I^pw#l���B4�+8|3�R�E�uE�CQ�m%rL�!�ur6U���m - Wm��E�jyCQm�7&�I��V!�Nl�a'I�E�(F�q4I&�|3'I�#i�EjPFw#�Rf��B64l1G℄℄��`��o/!I/l���)��fw [9∼11]641:��lb��$S'|3U��I'Ijf CuO PF^7PF)T4� Han m4℄���$S'|3���I'I=� ZnO PF)7PF�T4 [12,13]; Osaka m41�Eq�$S'|3~��I'I=� TiO2 ��M7PF�T4 [14,15].  f64Rf`�#l�a'I�E��I|3U'Ia�1&f�lÆ8CoPFw#l CuO M���ES'�WM'vNA1:�b�fd�&1H>1PFC�Gl�?Pa�*4 Cassie '>�Ml	���
1�l�:�42Æ 2005–06–21, :
H��42Æ2005–08–22�#F0Æ -Zt{��M{ (20476014)WR�"Æ l�E (1973– ), R�,(�	�� >I(C3Æ�tu� E-mail: ziqiu shen@yahoo.com.cn
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748 i O 3 2 � � 21 �
2 7K
2.1 9M�U�
2.1.1 CuO/�U�jIZa 2.0cm×2.0cm×0.02cmlU^- (Vz 99.90%, M}�GYE�-X <) �� 4.0mol/L ��dsm 15min, G4z%r:Jm�I^8?��l 100mL Q�+,`d\a 60mL 38 0.065mol/L1:�_ (K2S2O8) 7 2.5mol/L q�E_l:�$�jm��lU^���5�$d�j`rÆ� 60◦C l<zS�;d&w a (5∼60min) ��j- xN�4z%r:sm��jd/��|�j- Æ�<zd� 180◦C r\� 2h, Sjf CuOM�
2.1.2 �-���'j�5- ��>s:xl 1wt.% �
��N
)�N+\ (C8F13H4Si(OCH2CH3)3,

Degussa Co., h.) ℄U�$d�,dr�[ 1h �xN�|�I<zd 130◦C r�S' 1h.

2.2 9M��SÆ4�Ju� (SEM, JEOL JSM-6460LV, � ) (<- l'I�A�4V�u� (TEM,

Tecnai G2 20, FEI,4")�&1(<- l^(w#�4 X�x��' (D/MAX-2400, Rigaku,� ) �l- jy�U�� λ=0.154nm. 4sQp8.' (OCA20, Dataphysics Co., h.) 8.:pI- 'IlsQp�:p.a 5µL.

3  ��=)
3.1 CuO/���!�Y 1 *U'II38 K2S2O8 7 KOH l:�$d 60◦C r�E	2 30min, |�:�j

X 1 H&H�D�1�`` 30min kNfq`�k CuO OEBLk SEM P℄
Fig. 1 SEM images at low (a) and high (b) magnifications of the CuO nanoflower film on copper

prepared by surface oxidation in a combined solution of K2S2O8 and KOH for 30min followed

by heat treatment at 180◦C for 2h
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3  k�D��st�`&H�D�`��09 CuO OEBL 749d 180◦C \� 2h �l SEM Q^��d�'I��Dq�?1&:�PFC��e8GzA
105 � /mm2. C�PFC68���PFC��u{m�F�C�a8℄.l�o�℄�8C�v{:TYNL'Ix{�[8|[:"?2�lC�qar��v{:d���FC�ow#�6 TEM Q^ (dY 2) �&1�W�R�C�*&�p?lPF^�e?zA
2µm � zA 120nm �>zA 12nm. Y 3 *PFCMl XRD Yb�OUNL�2l���[�FNv1
����ey�nz7Ia�< JCPDS %p� No.45-937 �Nl8ZN &℄��WPF^a`�y CuO �L�

X 2 CuO OEBk TEM P℄
Fig. 2 TEM images of the CuO nanoflowers

CuOPF^l�FP'dfw [9∼11]. �X�*6:��1�rl�E	Z:	2�
Cu + 2KOH + K2S2O8 → Cu(OH)2 + 2K2SO4

Cu(OH)2 → CuO + H2O

Cu(OH)2 �L� (100) �{�?�S �6
Cu(OH)6 �IL!"�Fl�r:� (010)�{��}h�X��Fp?l Cu(OH)2 PF^� Cu(OH)2 �Z:�kEF CuO, |e�F1 CuO PF^� X 3 CuO OEBLk XRD Xa

Fig. 3 XRD pattern of the CuO nanoflower filma1�#PFC�Gl�?7�EPa��<1I/S�E	2 aOgrjfl CuOMl^(w#�2�w/dY 4. �d�I�E	2 aa 5min lL%t{�C�8Nq��oAPx{�℄$��C�XaAyn;�/TKtw���E	2 a�?f 15min,C�8NL��os�TY'Ix{lC�BOl!)KtL℄�R'K_
:'Il:{�?.f,a��E	2 a�&1�?f 30min(dY 1), s�TY'Ix{lC�(�O1℄�8�℄$��C�Xa�*Ktw��X��F1PFCM�RfTYx{jhLnlv|�*6:C�8L��=�lyAaVH}4Lnlw/�R<PF�T4I
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750 i O 3 2 � � 21 �NL'I�? �5EGz8L��I$PF�lTYw{�jfLnlg'*& l [16].�E	2 a�&1�?f 60min  �TY'Ix{lC�9�8L�aPFClwL

X 4 H.R&H�D�1�`kNfqiek CuO Lk SEM P℄
Fig. 4 SEM images of the CuO film on copper prepared by surface oxidation in the combined solution of

K2S2O8 and KOH for (a, b) 5min, (c, d) 15min, or (e, f) 60min followed

by heat treatment at 180◦C for 2h�G< 30min N �$=�R<�$d(���1�yF5w� (6Y 4(e) dNvl��+�*Z|) �$PFCl�?.f,a8'�
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3  k�D��st�`&H�D�`��09 CuO OEBL 751v�B5� fd CuO PFCMl�Fn�(1r41G� (1) Aq�E	2/|�
�Cu2+ XzjhL\�Cu2+ 7 OH− INL'I���.yF5	2��FÆ�yAy*l Cu(OH)2 �5� (2) *�5ad�� Cu(OH)2 PF^ (SC�) {i_APx{�?�℄$y5�5S�FlC�Ayn;� (3) AqC�8./|L\�yAaVH}4Ln�TY'Ix{lC�B!B��X�jh{mF1�*(<fl Cu(OH)2 PFC�� (4)

Cu(OH)2 Z:�kEa CuO, �PFC�G�H/$�
3.2 ���'� CuO /�56G_lU^��ES'��e'I<:lsQpAa 98◦, ;K6:�+\l'ITn�%�*jU'IkEF1:oG��E	2 aa 5 7 15min  �U'I��F1E<x{l CuO PF^M (dY 4(a)∼(d)), ��ES'��M'I<:lsQp�(\fA 129◦7 137◦, a:p��*M�IR-f'I��/Tu6,x�R;K�E<x{l CuO PF^#FlY7z�*LnU'Il1:��a/y*$'I=�A1:��8��fl*��E	2 a�?\ 30min  �U'I��F1TYx{l CuO PFCM (dY 1),��ES'��M'I<:lsQp�\A 158◦(:pQ^dY 5), R-qM'I(k$FA1:oG��E	2 aG�?\ 60min  (dY 4(e),(f)), M'I<:lsQpN ��H/$�IRfA1: CuOPFCM'I��:p9/gw�'I�^r� :p��>,v��/:pX�d�rJL'I�K��!HbP�RfA1:v|�*4 Cassie '>!;K�:psQM'I �6:IC�Xa-J1℄.l�j�:p/T��ed�/�:p"Y�*7&�6�j7��l1:&L'IWgB{Fl�8'IysQ��� Cassie �G [17],

cosθ∗ = −1 + ΦS(cosθ + 1)&d θ∗ ''Y7'Il'(sQp� ΦS ''I:prI:p<&LlsQyIO�8yIlIQ�8 (y2q�1−ΦS K'':p<�jlsQyIBOlIQ�8), θ ''Æ87Y7'Iy
X 5 9o^H�0�DR&?iek�09 CuO OEBLÆkP℄
Fig. 5 Shape of 5-µL water drops placed

on the super-hydrophobic surface prepared

by treating the CuO nanoflower film with

fluoroalkylsilaneSE�{Fl_'IlsQp�_� θ∗ = 158◦ 7 θ = 98◦, �*jf ΦS ≈0.08. R-q:pÆ_IRf'I� �IsQyI��[8A 8% lIQ*:p7&LsQ��8A 92%lIQ*:p7�jsQ�/W=�1A1:v|���:�E	2 aa 5 7 15min l CuO M�6:'IWg�zq}�oyAa�%q℄�:p�*q�q��fY7w#d�j�jT�Nz�/�bT�FA1:oG�wX�PFCw#l�F��MlA1:�l=�g1&�'el}4�
4  )Q1`l�a'I�E1G7�ES'�I|3U'I��*a�NÆ8C�oP
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752 i O 3 2 � � 21 �Fw#lA1: CuO M�PFC�GlNv�'e*6:�E	2Ld�?lPF^APx{��I�d�?lPF^jhk$FTY:'Ix{lw/�sQ:p �RfPFCw#�*gwq-J�j�X��MlA1:�l=�g1'e}4��$AD
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Super-hydrophobic CuO Nanoflowers by Controlled Surface Oxidation

on Copper

QIAN Bai-Tai, SHEN Zi-Qiu

(School of Chemical Engineering, Dalian University of Technology, Dalian 116012, China)

Abstract: A CuO nanoflower film was fabricated on copper by controlled surface oxidation in

KOH aqueous solutions with an oxidant K2S2O8 and subsequent heat treatment in air. Results

show that the nanoflower is formed by self-assembly of tens of CuO nanosheets. The nanosheet

is about 2µm in length, 120nm in width, and 12nm in thickness. After fluorination treating, the

nanoflower film exhibits super-hydrophobic properties, with a water contact angle of about 158◦.

The possible mechanism was proposed on the growth of the CuO nanoflowers. Also, the wettability

of the CuO films was discussed on the basis of Cassie theories.

Key words super-hydrophobic; CuO; nanoflowers; wettability


