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Abstract: A new method of protein adsorption was investigated for the preparation of nanosized flake

NaxCo2O4 compounds. The effects of BSA on the formation of the NaxCo2O4 compounds were investi-

gated. The results show that the average particle size of colloidal precursor can be clearly decreased with

the increasing of BSA concentration to 1.5–2.5mg/mL. The formation of γ-Na0.71Co0.96O2 crystalline

phase is inhibited with the increasing of BSA concentration. The crystalline phase composition and

morphology of calcined precursor are influenced by BSA obviously. After calcined at 800◦C, ultra-thin

flake γ-Na0.71Co0.96O2 crystals are obtained with about 200 nm in thickness and about 1–5µm in width

along the plane direction. Compared with solid state reaction, the thickness of flake NaxCo2O4 crystals

obtained by this new method is dramatically decreased.
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4 A | x���-&O�~�+ NaxCo2O4 �wd�XÆQ� 861RdA^ [5,10] p�v
,^ NaxCo2O4 �xehH��$?8Æb~:O8C�PI��$?8Æ\xxY8u+�&�x8 [10]. ;G��$�$?8���B�RA^u�(;L~G�HGW����?8���B� ZT �e;�
Kj�4*���$?8p��`Z;GRdA^� NaxCo2O4�xe�m0jPV�N�xe�b��(
.'P��� (Bovine Serum Albumin, BSA)Wp 585 W��&G��z�.6�D� 35 W�8�&1Y 17 W3
0�p>: pH=7.4 ��S��
BSA �C+jCxZ 200WCrI�r�jb.�F�t+uD-�C+e�Ax
-Y3��,b�O>��YjCO�= �R��zi�p�$<&!�n\��$ BSA, ���<eO}`rW
120nm�<&!TmR} [11]. Kj�(Z5C BSAWjL��4*=�U^�$$�6& NaxCo2O4�xe����$xY?8 — ���jL8�-YjL���$ZDE�, NaxCo2O4 �xeRA^�Y�R�f
�CB��RA^jm�$�
NaxCo2O4 �xe

2 �&�q���= � Co/Na �1,C53�= 1$� 100mL Co(NO3)2 u Na2CO3 ��g:�^~� Co(NO3)2 �g:�$k BSA,9��k
=(2 Na2CO3 �g:)$�kpZ BSA � Co(NO3)2�g:���x9� 5min~T{j�gv�mI�Rt��KY>
2~2Rt�KY>p= ℄$o;v�� NaxCo2O4 �xeD>
 BSA �2�1$C5m�p 0.5 �1.0 �1.5 �2.0 u 2.5mg/mL,

-Y BSA 1$,71KY>�Yu NaxCo2O4 �xe�Y�R��KY>�;v℄$C5"vW
500 � 600 � 700 � 750 � 800 u 900◦C, -Y;v℄$,KY>~0n\�R�
DU�epy}$Cg? (Mi�Malvern, Ze-

tasizer 3000HS) I 71KY>�}$C=�I �69�Z&k��+I℄$ 25◦C; DU TG-DSCCg���KY>�b0�n\ (	i ZSCH -xbCg?��℄$ÆÆ 10◦C/min, I�GAÆlG);DU XRD ,;G℄$;vOeI�~Cg (XRD,

PANalytical X’Pert Prox y{0y); DU SEM dIOeRA^�0� (SEM, JSM–5610).

3 j[_
t
3.1 BSAzQUi����!GdrnWC-�3 1 Æ;G BSA 1$o���71KY>�}$C=�^
}$C=+I>^�Æe+~
e�Cg8�e+~
e�Cg8
=���}$C=�^CpyeM$W�d
eM$C=jC&#�Y>�u�eC=�eM$C=b>�u�eC=�
l3t�W Intensity=d6, Volume=(4/3)πr3,

Number=d, D� d W}+
U� r W}+�U
i3 1 ,
� BSA �1$,71KY>�<e}+`rO���t�R�
�;$ BSA ��KY>�;^ �
�YM\7V��b8I�+I�� BSA �1$z$W 0.5mg/mL ��71KY>�Æ;_^ ��Zt�+I�8R�+In\��R�YM\7V��� BSA �1$! z$�
1.0∼2.5mg/mL �)��71KY>�^ �jCt�+I�8R
� BSA�1$X 1.0mg/mLz$A 1 BSAyPSh�~��qmVBM+�

Table 1 Effect of BSA concentration on the size distribution of colloidal precursor

BSA Intensity Volume Number

concentration Area Mean Width Area Mean Width Area Mean Width

/mg·mL−1 /% /nm /nm /% /nm /nm /% /nm /nm

48.0 156.7 153.7 98.0 93.4 88.5
1.0 100.0 228.9 210.2

52.0 413.2 152.3 2.0 405.7 124.1

92.0 132.6 120.6
1.5 100.0 175.4 145.3 100.0 84.3 72.4

8.0 388.7 114.4

93.2 124.6 115.8
2.0 100.0 170.1 145.1 100.0 77.4 68.4

6.8 386.6 118.7

90.0 123.6 117.6
2.5 100.0 171.9 151.4 99.9 73.6 66.9

10.0 405.3 156.9

Note: Mean is average particle size; Area is percent; Width is distribution width
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-	
�9Z
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 XRD J>�WJ 1 hAfb�n'*V;S%� BSA /"
/�*47
|/WP�9u�

� BSA /"s� 2.5mg/mL ��47
|/W4|�Qm
/��� BSA /"U 1∼2mg/mL ��47
/xE�Y4|/��*N
M|U γ-Na0.71Co0.96O

[12]
2 . � BSA /"x#U 2.5mg/mL ��47
/xE
�*N
�M| γ-Na0.71Co0.96O2 N�bu�Qm
/xE�*N
M|U Na0.6CoO2. Wih�� BSA/"x#�;�["�*47
|/WM|�P��(' BSA /"
x#�IW<
M|W γ-

Na0.71Co0.96O2 � Na0.6CoO2 "/�l/1� BSAE�� γ-Na0.71Co0.96O2 M|
|W���7
JU BSA 
onw��9Ne��'
<e�S

BSA /".��9N
H��
3.3 g
}�Æ.6�\H2�4E^�
?a� BSA /"U 1.5∼2.5mg/mL��5/IW<
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Fig. 1 XRD patterns of precursors with different

BSA concentrations calcined at 750◦C

a: 1mg/mL; b: 1.5mg/mL; c: 2mg/mL; d: 2.5mg/mL

/WM|�;�P��U*V BSA * NaxCo2O4M<�W
P��!u�S/" BSA(2.5mg/mL)
IW<U*V*��n9E["n9toBf
BSA *47|/Ws�/
P��J 2 
QsIW<
 TG-DSC Uy�WJ 2hAfb�IW<n9tm[�4|�/����UyhABW!V�B� (1) 25∼200◦C, (2) 200∼460◦C,

(3) 460∼875◦C, (4) 875∼1100◦C. n 25∼200◦C ["T'�IW<�
 BSA B)n#`�4|`/�
m[ [13,14], n`/�m[�� BSA B)
^ps�/4|[s
O/�}��B)
���L �bo��Æ[v�W;�`��,5?℄���`/�m[�Æn 67.8◦C bu;V	
h`E�E�LEu�?v�
�4�rW� TG Uyq
25∼200◦C �'ug 11.90% 
���n 200∼460◦C["T'�W\["�S�BSA uB)	4|B)%)B��W-�	B)���)B
	B)5�_trWu�
���*N\ TG Uyq 200∼460◦C�'ug 49.22% 
����N�M["T'2%Xs�%X
BB9rW;�B
���E��n
DSC Uyqbu�nV�r&l
�`E�B4Z\ 268.5 � 322.6 s 380.8◦C, *N\	B)
5�_t�n 460∼875◦C ["T'���/
*:���*Nug 7.87% 
���E�n 678.1◦C �W;Vn�
�`EA�n 817.3◦Cbu;VQm
h`E��VT

��h'
W\�Y_taB
2H;>_trW
 [13]. �N�n�
�`EsQm
h`E
W\�Y_taB
2H;>_tLE
�`9N`M<|"/LE
h`9N\ErW
��p�W\�`9N�b
`��ru\h`9Nh�
`��Jipn 678.1◦C�W;Vn�
�`E�Ck�W\<J 800◦C �F_
2�'_tO-�
�`9N�b
`�	\h`9Nh�
`��Ji[n 817.3◦C �Wh`E�X℄ XRD Bf?jh���w
|"/N
W Na0.6CoO2 � γ-Na0.71Co0.96O2 H��n
875∼1100◦C ["T'���n 875∼1013◦C �'*:���{
Rm 1013◦C ���I℄xu��<��ugU 4.65%, E�n DSC Uyq 1013.1◦C fbu;V&l
h`E���h`s��h'*N\ γ-Na0.71Co0.96O2 M<
f�s Na nS[
�4�Cm TG-DSC UyhAfb�	�<J 500◦C

BSA �nP�'IW<
`/�m[�J 3 
IW<P9E["9t|47
 XRDJ>�WJ 3 hAfb�('9t["
�S�4
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K 2 JX=Æ TG-DSC Vz (2.5mg/mL BSA)

Fig. 2 TG-DSC curves of dried precursor with

2.5mg/mL BSA7
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�S�IW<
|/��U
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 C S M 6 � " 
 I W < B 4 n
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900◦C(e) 9t|
 SEM ~4A�`|6 (800◦C)�"
 γ-Na0.71Co0.96O2 M< (f) 
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Q�g{N�u�B"/U�4$g{ Na0.6CoO2, g{
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K 3 JX=Q:F\#:u}58Æ XRD K?
(2.5mg/mL BSA)

Fig. 3 XRD patterns of precursor with 2.5mg/mL

BSA calcined at different temperatures

a: 500◦C; b: 600◦C; c: 700◦C; d: 800◦C; e: 900◦C

K 4 JX= (2.5mg/mL BSA) Q:F\#:u}B�a}7�#Æ58Æ SEM �5
Fig. 4 SEM images of precursors with 2.5mg/mL BSA

calcined at different temperatures and sample synthe-

sized by solid state method

a: 500◦C; b: 600◦C; c: 700◦C; d: 800◦C; e: 900◦C; f: Solid

state method at 800◦C�4$g{�U Na0.6CoO2 s γ-Na0.71Co0.96O2 �v|��4$g{
z"/�9u�gU 100nm,{
4$=�
��^pY+xu�n 1∼2µm �'��[" ��S� 800◦C ��Q�g{�'���[� "/U� 4$g{ γ-Na0.71Co0.96O2,
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Na0.71Co0.96O2 s Na0.6CoO2. 9t["
�ShAnH γ-Na0.71Co0.96O2 M|
�W�('9t["
�S��M|W Co3O4 � Na0.6CoO2 s γ-

Na0.71Co0.96O2 "�� BSA E�� NaxCo2O4 4$M.z"=�
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R�4$M<
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