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2006 H 3 I Journal of Inorganic Materials Mar., 20069I��: 1000-324X(2006)02-0387-05��K� NaCo2O4 4	�-Æ?+C#gni�u w�hkn�sxq�oyj�pmr�tvl
(SQORaP_X_eb\X℄YV[W_dTZ`Uf^�SQO 150001)H F� e6"v�1�3���=�O+h�!|9�ver�z,�aum�=aCM
NaCo2O4. X �t��3�9m|mVu1##<����h=�:�e9�<�SD3xr�a c q�z���zmzK&��=�v℄�	!Y&ium�ja1##<�m�. ρ 3
Seebeck f/ S ?oGk)�� S > 0, )< p �um,#	?\?��h�a�So��a�9qrhFkor{�|}�aW�Ze�-�SauZ.O��W�7< ρ ^f�S ����_umSj.| ZT `G�� 300K � ZT `R\ 0.013.� � 
�NaCo2O4 CM��v℄��um�FM7�%��TN 37 9<�2(�A

1 GDvn.%�#oG!℄vG4nGp�w<w>b�G.%��5vn.%i>bvn_[}:f VV�`Js+[�^t4O��e6l~�'$v�X��KNbvn.%�z Bi2Te3 � SiGe 7me�N�Zjy)�gG�>�3x"�5b�G4&> [1,2].

1997 I� Terasaki e�p NaCo2O4 Vs}:82bvn�G [3], "Z�b8En�/X
0.2mΩ·cm, S X 100µV·K−1. NaCo2O4 Vs�#o}:eM�4yf b0xm*�>�A8�H Na+ 44[nb CoO2 4�{ c r`qzK~�>�w2>Wo4yf � ρ2$n�H8En�/ ρab 48Un�/ ρc b�w�{-��"Z'jbZ�ZjE ρc �
ρab � 30 �'��L�8> Na+ 4m: 50% b Na E}<J`
S{�:�>_gs�bv[/��xX�#o��b�n}sI - �}(�� [4], /O NaCo2O4 �xX�#o8:b�b�>vn.%�X��8>Vs NaCo2O4 bi�
:�C�~d`℄b�TSS8|�/O�z5i�}:AVsbvn�GwYb NaCo2O4 DN�T�'$v�8>fs�{-�bDN�T|>_gn�/�H�.%bvn�G}:p *+��qw5HH"}o�����i�}:�wfs�{-�bDN�T [5,6], �z�5�2?�s�Æ;� (RTGG)[5] 4J67Æ7I� (CAC)[6] i�bDN.%b^ Cw=nH��9�fs�{-�Cwb
Lotgering /} f S℄ 0.9 '��vn�G!`℄w2H��Nb�b��j��>�G!H��Nbf7w�X|�TE��Ub~��H��fE��Q~:�>s�bQ6Æ;4H�DN�Tbf7w [7,8]. ℄5[Uf7���>�4:*b#w�fG!�`s�n{3�0, 2005–03–11, 3�A��0,2005–04–19�"=* -S~r�ÆHl (10304004); 1�&�"TÆ}Hl (HIT.2002.46)NJ�! Bl( (1982– ), B�2��y
 6B&:/ : B
 E-mail: suiyu@hit.edu.cn



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

388 _ I , #  � 21 �L'�Q~i�H}:�wfs�{-�bDN�T�
2 1E

NaCo2O4 DN�T�K0���P,>��s;�5:*b#w�2� (SSR)i�b�%k�U Na1.2Co2O4 b>�Q��℄�dLb Na2CO3 4 Co2O3 F�E%�AE�D7��5WKb�i?}N 500MPa b��j>�;g>&�,mN 860◦C �f 10h; s;p�℄�.�T51��(�=�E��� 1h, M�5Eib4k7m?}N 2GPa b��j��>FRy��;℄���>�;b�T	N&�,m> 900◦C �f 10h. 8>N�f0Cm Na y)B��/ONM%�℄5}T 20% b Na, ℄ Na1.2Co2O4 �X�nb NaCo2O4 b^�M���Tb X 	u�	Y (XRD) �50. Bede �3Æ9b D1 � X 	u�	%2`b�℄/5b� Cu � Kα 	u��:0Cm*;X 0.02◦, J*�UX 2s. �TbnWf 4�3�5 HITACHI S-4700 �:n}nWv%6��TbgZvn�k�54. Quantum Design�3Æ9b��k2�gN (PPMS) bv(J�y (TTO) 2�� TTO �'L�2��Tb ρ � S 'M κ, Q~�'_�H ZT . PPMS Np�v��k2�0Cm�DN�X�yB 133.32×10−4Pa, 2�bZjX 5∼300K.

P 1 NaCo2O4 a XRD PX
Fig. 1 XRD patterns of NaCo2O4

(a) Bulk sample; (b) Powder sample after pulver-

ized; (c) JCPDS card

3 ���5'
3.1 NaCo2O4  ��>)Q 1(a)X�n�f;b NaCo2O4 Ry�Tb XRD YQ�A NaCo2O4 b JCPDS�R No.27-0682(Q 1(c)) |���'�pb (002)� (004)u��G> {00l}s8b�	�~ JCPDS �Rm℄�bb�	�z (102) 4 (104) eu"`
:|�
d%6)℄��.2$f/$=t0 2GPab����i4�Z�f��TE+}:4yf bs�b c rf{>�{�T��b�{n{��>"�w^ �Q 1(b) �H"℄�n�f;bFRy�TE���;b�A XRD YQ��'�H℄�s8b�	un�H��X�℄w|wA�Rw�7%��8=n�W1=t0��';��.�Tms�bn{L'�+�V?�Q~�℄�s8b�	n�H��K:�5 Lotgering /} f = (p − p0)/(1 − p0) �9�fs�{-�bCw [9], ℄m p =

∑
I00l/

∑
Ihkl, p0 Xfs�{L� (N<Jn{) b�Tb p a��\m p0 ��{ JCPDS �R No.27-0682�b�	bwQ8b��{ XRD YQm�	bw�`℄FRy�.�Tba f X 0.94, ~��;�A�T f banX 0.71, W�aq SSR i�b�Tb f = 0.70[6]. 8O�Y�w|> SSR i�b�T�K0���>��'i�H}:�wfs�{-�bDN�T�)n Lotgering/}�'S℄ 0.94; ~d� RTGG'M CAC ��i��(+CVV [5,6].Q 2 �H" NaCo2O4 �Tb$8 (a) 4y8 (b) b SEM �3�Q (a) Q�'�H�T
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2 Z Ak'���v℄� NaCo2O4 CMaum�F�x 389	t
:��f7w8��U}0s��pH U�y�℄m8KbUbU8�{���{�QQ 2(b) �'�HU}04ys��{ZO>bb���{L'�Nt0���>�;�f:u>}:4yf bs�b c r�{���{n{��>"^ �A XRD �Hbf0w#f�QQ 2(b) b5Qm�'ge�℄s�bWo4yf ����>��'[f�w^ �>bE/�GXÆ#�8�t0%P�f;�>b<Jn{bs�N'℄ 2GPab����i;�X"X|�TEb�h42��4ys�Cf{>�{��b�{n{�RT"�{O�{bJ$8�tj�P�f:�>^ b�>�(#�8�<o���;�TEb2�℄C�{�T��b�{ 	�'℄�TE�{���{b2�Fwb3x�j�P�f�s�Æ;CQ6�{2�Fw�{�Q~:u>�>^ �

P 2 NaCo2O4 �Sa SEM TQ
Fig. 2 SEM photographs of NaCo2O4

(a) Surface of the sintered sample; (b) Cross section of the sintered sample, and the inset

showing an enearged grain

P 3 NaCo2O4 a ρ(a) 3 S(b) ; T a!=kt
Fig. 3 Temperature dependence of the resis-

tivity ρ (a) and Seebeck coefficient S (b) of the

NaCo2O4 sample

P 4 NaCo2O4 a κ &L κcar 3 κph ; Ta!=kt
Fig. 4 Temperature dependence of thermal

conductivity κ as well as the carrier κcar and

lattice thermal conductivity κph for NaCo2O4

3.2 NaCo2O4 .��LQ 3(a) �H" NaCo2O4 DN�Tb ρ < T b">lu�QQm�'�H�N2�bZ�ZjE<{ T b_g� ρ Q"Zb 3.18mΩ·cm VpX�d 5K �b 0.21mΩ·cm, �pHm
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390 _ I , #  � 21 �*�n[�">i��4>Vsb ρab; ~dNZ�ZjEb ρ U|j>Vs�Tb ρab 4
ρc \U�1=DN�Tb ρ t �G>L+}N CoO2 8Eba$�A℄���i�b�Tb ρ300K(∼5mΩ·cm) w� [10,11], ���i�b�T ρ _g" 40%, Wt �/X�TE�wb^ 4�f7w_g"si~	4ps~	>f�Q 2(b) X NaCo2O4 �Tb S < T b">lu�QQm�'�H�A ρ bEY#f�NZ�2�ZjE S <{ T b��~RT�n�Hm*��X�X��A ρ < T u�">$g)Lb��< T b�� S %kb�RT�N 100K '�RTi�"A� 300K � S S℄ 81.3µV·K−1, |>Vs�Tb 100µV·K−1, X�� SSR 4 RTGG i�b�Tb S a (60µV·K−1) U 30%[4,11]. 8> S |s��ib3x);���. S bH�2+/>bUbs�4�wb^ �Q 4X NaCo2O4 �Tb κ< T b">lu�QQm�'�H�<{ T b���κ %k�6hRU�t0 50K �b�Ua 6W·m−1·K−1 ;;s\X|d 200K �b 4.5W·m−1·K−1, \;;A2RTd 300K �b 4.8W·m−1·K−1. Y#oL+}St[�� κ �L+}v[/ κcar4s�v[/ κph b�q\4�~NK:hÆj��{ Wiedemann-Franz r- κcar = L0T/ρ

P 5 NaCo2O4 a ZT ; T a!=kt
Fig. 5 Temperature dependence of thermo-

electric figure of merit ZT of the NaCo2O4

�'Q8 κcar, ℄m L0 = π2k2
B/3e2 �

Lorentz :0��5 ρ 0{Q8b κcar 4Q�b κ m
I κcar `℄b κph !n�NQ 4 m�QQm�'�H�κcar |�b κb�q8| (<5%), κ t �8 κph �r�A\q [2] m�^b#f�X�℄5i�b�Tb κph b��Wt �8>N�Tbi�0Cm����:�>s�b;U4�>^ �'d[f�bf7w�W�N�}Js0Cm^~	�5bsiGVpse~	m�zCw2bX���}bU��8CC";�Q~H�" κph.Q 5 X NaCo2O4 �Tb ZT < T b">lu�QQm�'�H� 20K 'j ZT a
:|d< T ">)U�Wt +/>bgb S a'Mb�b κ a�N 20K '�� ZT <{ Tb��~VpRT�Q℄">i���<{ T R���� ZT �Cp#*RT� 300K �
NaCo2O4 b ZT aX 0.013,w|> SSR i�b�Tb"Z ZT a 0.006 w�H� 117%[12], Wt +/> ρ ab_g4 S abH��X��w|> Takahata e�^b ZT a [4], ℄5�Tb ZT aPg�Wt +/>�Tb�b κ a�℄5�Tb κ(300K) X 4.8W·m−1·K−1, ~�5N2� NaCo2O4 }s�Tb κ ��p 280K �: 2.0W·m−1·K−1, ~d κph St[ [4]. �5K0r��d�p�}bU��8CAs�00wY�xXlps~	|>X|�}bU��8C�Q~_g κph ^℄d$p b�5�/O�X"_g κph, L�)V?|n[/^t �5b[n CoO2 4�℄5�'K0N�H Na 4m8{A Na bk�7%bUbC5�RTlpsb~	GV6>W%f ��p ZT abRU�
4 �'

1. f7���>�P,4:*b#w�2��'i�H}:�w^ b�>vnDN NaCo2O4. XRD M SEM 2$$=����>�:u>}:4yf bs�b c r�{�
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2 Z Ak'���v℄� NaCo2O4 CMaum�F�x 391��{:
L'�
2. | NaCo2O4 gZvn�k2$$=�N"Z'jbZjE ρ 4 S un�Hm*��

S >0, *> p �vn.%� κ m κph b�qSt[�w|>℄���i�bDN�T����>�4�Z�fi�Hb�T}:�wb^ 4f7w��` ρ _g� S H��XL�CH� κ, P> ZT Pg�X"p#*H� ZT a�|�H Na 4p��Y8K'M��DN�TbnWf ℄�#�:~bRw��$8;
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Thermoelectric Properties of Highly Textured NaCo2O4 Ceramics

CHENG Jin-Guang, SUI Yu, FU Hai-Jin, QIAN Zheng-Nan,

LIU Zhi-Guo, MIAO Ji-Peng, SU Wen-Hui

(Center for Condensed Matter Science and Technology, Department of Applied Physics, Harbin Institute

of Technology, Harbin 150001, China)

Abstract: NaCo2O4 thermoelectric oxide ceramics with high crystallographic anisotropy were

synthesized successfully by combining the traditional solid-state reaction and cold high pressure

compacting method. XRD and SEM measurements show that the sintering after cold-high-pressure

compacting is helpful to align the c-axis of layered grain within the sample along the pressing

direction, i.e. the sample is highly textured. The thermoelectric properties of NaCo2O4, measured

below room temperature exhibit a metallic behavior in both the resistivity ρ and Seebeck coefficient

S. The sign of S is positive, indicating a p-type thermoelectric material. Compared with the

samples prepared with other methods, although the thermal conductivity is higher due to the

suppression of the phonon scattering by grain boundary or point defect, the above sample exhibits

lower ρ and higher S which leads to the improvement of the ZT value that reaches 0.013 at 300K.

Key words NaCo2O4 ceramics; high texture; thermoelectric properties


