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Surface Modification for Nano-ZnO and Its Mechanism
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Abstract: Nano-ZnO was synthesized by an improved direct precipitation method, followed characteri-

zation by both of XRD and TEM. It demonstrates that the diameter of nano particles is 10nm calculated

with Scherrer formulate and observed with the photo of TEM. The nano particles were modified with oleic

acid, span-60 and sodium laurate, respectively. Macroscopically, the stability of the nano particles was

analyzed by the subsidence experiment and discussed the stability of the modified nano-ZnO by the three

surfactants. The effect of modification with oleic acid is excellent and the others can not exist in liquid

paraffin stably. Microcosmically, the FT-IR spectra indicate that nano particles combine with oleic acid

by both types of covalent bond and hydrogen bond to form a singlemolecule layer, but the modification

with span-60 and sodium laurate is not stable.
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2.1 M�qR{JYR℄�CR��fO�>^1$ (LP) �{JCI�n��J�Span-60�l6R℄ (SL), ℄R (OA) �nV,J�
2.2 6��>6X XRD-7000! X '�2'A (���8W(\��)U) B H-700 !'p#�m	 (���4'M) ~aQ8V��$���6X EQUINOX55!d FT-IR(`9 Bruker'M)~(�<daQ8V��$��Ei}`_}f{_}�od�F8�
2.3 d`�M�;�2Qh6b�p-X	}:s
��aQ8V���!;�{JYR℄BxJCR� (Y��n 1:1), j> 0.2mol/Ld�>�sK7z���vCR��>�ih�YR℄�>��a3�a:di�Pz��>�h���Y�hzdYR℄�>�E���P^�YR#-#dY�hz&���PiÆPvUa:s}�-�uPs 300◦C �+& 2h, a^:p�#�$
TEM B XRD ���-X&ad�T(�e (l6R℄� Span-60 B℄R) ~aQ8V��$�T�&��=<l6R℄ (f8V�dY���n 1:1) �!X 100mL �DJC����qf 0.5g aQ8V�XF�7+h��P?u3o�- �-�X-#J���j�~�H�a:p��a:dY��;� Span-60 B℄R (�54�V�4-�℄RB{JCIs{JCI�n 73◦C �&�-1V�P), �!X 100mLd{JCIC����q�!f 0.5gaQ8V�XF�7+h��P?u3o�- �-�X{JCI���j�~�H�a:p�
2.4 Cky<�m
"�$F���<�T(�daQ8V�
0.1268g Æ� 25mL qkA1��[�>^1$℄ 25mL �z��L3�&aQ8V�d�<�Hn 0.5wt%. v$F�!A1a3�$7+�Z
20min, G	Æ�A1l��:s 5 _3o��$/V�>d6zf 25mL �z�d�z��)n:yH�E�0":ps>^1$�d� xu&�
3 UHs℄�O[Bz
3.1 d`�M�; TEM � XRD J IR C{e 1 <:pd XRD eu�Ne��E�D�z2'�m��KV:p���zG?��:pd2'�V�!V�KV:pd6
G��#� Scherrer'8 D = Kλ/(B · 1/2cosθ) �EfSDaQ8V�

d 1 _O6T�b XRD dt
Fig. 1 XRD pattern of ZnO nanoparticles

d 2 _O6T�b TEM zl
Fig. 2 TEM image of ZnO nanoparticlesdq�6
n 8.93nm. v�2'�e"�d d 
fE8V�d JCPDF � 36-1451 "�dÆ~�z�{��E�D2}nE�#8V��M`p�D	�KV:pJz��e 2<:pd TEM{m�N�e�E�D�2}6
T��'�o�h#n4wd�#�{f�	��T�is 10nm (a�}f XRD d���;ÆvF�[~��aQ8V�d
{���u
 [8] �_�X`�
s�P<�\+&<��xD	>{�dsz���o:s
fOf�R�d�P^�sz); 90◦C E$�+&.R�g~�^)

400◦C E$sz�<�dsz�F6��-6Pz< \2-{n.�df�	��N�℄ÆaQ�6d6
T��'&�o�a3��P^�dhz�XF8<~�6d6
T�B�'2-R� [9].�u-Xd
n��<d	}:s
� (1) �P^�dhz��R�BYR℄�n 0.2mol/L. �P^�dhz~d>�PzB��-6PzR�GT�hzjh�UadaQ8V�6
j�� (2)ih8�-XE�R��>Æadi�Pz�$C 0.6mol/LdYR℄�>h��P^��EoA�P^�YR#-#hz&��a3�G^^�^`xT�UE$CdYR℄hzPnh�P^�d��� (3) �P^�szB+&sz��&)�P^�szn4s�+&~�^YR��)s 300◦C �
2hb�i>�KL�yNU-X��d	}:s
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d 3 6T�bLg�B2td
Fig. 3 FT-IR spectrum of ZnO nanoparticles

d 4 ��9obwt%
�d
Fig. 4 Dispersing stability curves of the samplesUadaQ8V��66
{���'�o�%`�mdf�	��e 3 naQ8V�dNh�C3ue�s

3438cm−1 G�	d!���C�<Kn O–H sd)T�vM{d�}KV>aQ8V��T��>T<,℄� 436cm−1 G�n8V�d Zn-O ,l���u
�_ [10,11], s 300◦C +&Dd φ10nm 8V�6#�z�B� 8d�
in 2.5, baQ8V�6#�TT<�.8h#�Qs8�r�}�8�r<aQ8V�dZ&rn��bf [12], 10nmd8V�6#Ti[ 30 !h#&>�z� 97% dh#�Fd6#�T �UEQU`8�r��Fd6#�T��h#d'h/p#n 3d104s2, w6#�WyQsd�h#�z'h/d 4s2 p#pd>s�z�?)�WyQsd�h#f�|�d8�F�68h#saQ8V�6#�T#>}0BV,�����f�|�dJ�#�F�#>,℄�,℄dH<<[8�r$��8dH<�ud�N0J$K�,℄dH<P�dgd8�rdH<�B?)��h#��`�dWy�Fd6#�T� 4s2 p#pdf� 8\��8>s�#>+~p#�}Æt>>aQ8V�d�TXd�:&�
3.2 Cky<�C{℄R(�aQ8V�d>^1$?{!V

��zVd:p(�aQ8V�d>^1$?Æ!�V��v:pG	Æ�A1l���� 5 _�Ne 4 �E�D�l6R℄(� (SL) d:pD	V��/�`�?(:yd�;�#,I/WT�R1 (span-60) (�d:pD	�m�/PR^xu�℄R (OA)(�d:pQM`�/�}KV℄R~aQ8V��6�`ZJ(��;� span-60d(��;M���d<KnpC��F\|<�F&'.�l6R℄�;'1�s>^1$�e�&d63oxu�
3.3 6b�p;d`�M�;KvGeC{e 5 <℄R�T(�daQ8V�dNh�C3ue�s}yue���PD	s 3200cm−1 E$d8V�,℄�B℄Rd-℄��B�.�Lhshn| 399cm−1 GD	>�CuU��d< Zn–O,ldQsUM{d�-℄�B,℄�d�.<[d��daQ8V�8�r$d,℄f℄Rd-℄�-1V�P�}<KV�℄Rd*G?l(�aQ8V���e 6(a) U9�WN�o<`<)ks�Fd��&<`<pWd�T��Æ�F�℄R<?��`?!Z{-℄B/Y�{�8d&B68�W}�^aQ8V��6�#>W�#/�K�aQ8V�C�f`_��}F�d$?d� s`_�e1�#d%YaQ8V�df��*Nd�"�u
 [13] �_�T�R�d-℄faQ8V�P���^�6�Td,℄�->1V#s�T#>W�#X��<�T�&daQ8V�[�J&�Vn�℄&�

d 5 \Q / 6T�bLg�B2td
Fig. 5 FT-IR spectrum of oleic acid/ZnO

d 6 _O6T��S'?�N^.
Fig. 6 Mechanism of surface modification of ZnO

nano-particles
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222 z ^ * ? * � 22 �yN�n��h#$p>sd 4s2 +~p#<�d	}��℄R-℄$^-d�#���#qf℄R##>�s��e 6(b) U9�}��s{n'.�KL<�E2-*Nd1V�Pd(��;�e 7 < span-60 (�daQ8V�dNh�C3ue� 3407cm−1 Gn O–Hd)T�v�C��shn| 447cm−1 Gn Zn–O ,ld�C��f�� span-60NhueÆ��O–H )T�v�C�#pD^8V�dR������ 1740cm−1 Gd�C��zq�� 1119cm−1 G�C��zx��}<Kn span-60 ���-℄$^LZsd�h#�&�F�-1V�P�}��Fdxu&;V�hd℄RfaQ8V��od�F��e 6(c) U9�f8V�B℄Rd�s�F&ad<��`+~p#d�h#{
�� span-60 $,℄d�h##E)ks�F��< span-60 faQ8V��o	}E�sd#8�F{%�e 8 <l6R℄�T(�daQ8V�dNh�C3ue� 3420cm−1 GPnaQ8V�$,℄d�C��[d Na h#dp�&�` 0.9, f H h# (p�& 2.1) Æ���`V�dBp#)X�K�2-db℄�P�℄Æ C=O dp#m��8h#�Is�op#mRz��yh�K�yh>Lsd74H� C=O d�C��->N��6z�hn��v�UE 1597cm−1 Gn C=Od)T�

d 7 Span-60/ 6T�bLg�B2td
Fig. 7 FT-IR spectrum of span-60/ZnO

d 8 k5Q\ / 6T�bLg�B2td
Fig. 8 FT-IR spectrum of sodium laurate/ZnO

v�C��Wdk�#&<[8V�M{d�shn 459cm−1 G2-> Zn-O ,ld�C��f��l6R℄NhueÆ��E>shn|xh?!���h�ued#�#M`V�����d<Kn
Na h#dQs�R�>l6R℄f8V�d�F#8�Ed}0���}��V,s�Fd8Æ~&*'.�sL<a3��>~Fd�s)X�
4 U℄��> φ10nm ��'�odaQ8V�6#�-X&a�*d(�e(���	>`Zs�h#d℄R(��;'g�hK<℄Rd-℄BaQ8V��Td8�r$d,℄�-1V�P�#>W�#X�Ed)ks�F��p�F,℄d8�r�bÆ~P 4s2 p#p>sd�h#���℄R^-d�#���q[�sf℄R#�F�KL(��;'n0�� span-60 M`�4Zsd�h#�X`<�s���EE&xud8faQ8V��Tn�F,℄d8�r�F�(��;M��l6R℄[d℄h#dR��{
faQ8V��$)ks\|�sd�F�(��;'1�KL�Qs-℄\,℄d�TZ&ed*$?l(��T�.h#daQ+��7Xw}
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