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lUe $nrhesizetl poll,crysralline sodium col:alt oxide (NaCoO2) b1' trsirtg solid state re'

actiin (SSR) method ii a magnetic fieltl. 1-he po,t)cr ol'NatCOt and CosOt u'ere mixcd

hy bay milling and contpactid in a nrognetic fiekt. The cluracte.riiation of nicrostruc'

tire of porrdir siz,e ani crystal stnrcnire v,ere analyz,ed tltt'ri,ryh XRD. Themrcelectric

p,op",-ii", anri riti iatice paranteter of iiaCoo2 shov'ed litie chunge in magrtetic fieki;
|ni U,,ir" parameters of NaCoO2 are a : z'slc't A' b : 2'8443 A' and' c : 10'8091

A in the hexagonal slructure (a: b * r:)'

Keywords Applied solid state reaction; magnetic fteld; NaCoOz

1. Introductiort

In recent years, the NaCoO2 compound has been sfudied extensively due to their exotic tba-

tures, such as alarge and unusual thermo power and strange magnetic order Il]' The sodium

deintercalation of layered Na*CoOz found in this study was interesting properties in cobalt

oxicles within rnagnetic propel'ties. The highly hvgroscotric material makes it very unstahle

under aurbient conditioris, and unavoidable Na evaporation during high-CernOerature' The

essential requirements are high seebeck coefficient (S) and kru'electrical resistiviry (p)'

The performance of thernloelectric materials, measurcd by using dimensionless figure of

-"4i, (Zf : S2T/pr) where T is absolntc tempgraturc, and r represents thermal conduc-

tivity with values close to unity, is c<tnsidered goocl thermoelectric rnaterials [2, 3] In this

*ork, ," synthesized thc NaCoO3 hy using solir1 statc reaction nrethod in magneric field,

and ar.ralyzed crystat structure by using XRf). arld SEM for measuring thernloelectric prop-

erties, such as the Seebeck coelficient and clecLrical conductivity for possiblc development

of p-type thermoelectric leg modules.

' 
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Figure l. NaCoO2 powder (a) cruslring hy hand and (b) ball milling in magnecic-ring.

2. Experimental Details

The NaCoO2 was synthesized fronr powder precurs(,r til'NazCOr anil Cti_:Oa in stuiuhio-
nretric propofiions by using solid-state reaction metho(l [3l. The powder precursor was
nrixed by hand crushing for I hour and ball nrilling for I hour as shown in Fig. l, and

calcine at 800"C for 12 hours in air'. The calcine powder was pressured in magnetic ring
by single hydraulic at77 MPa into the pellet anci sinterecl at 900'C for 24 hours in air as

shown in Fig. 2. X-ray diffractirru clata ',r'ere collected at a.mhient temperatlrre from .l.0' to
70' with a step of 2q using a Shirnadzu diffractonreter equipped with Cu Kcr radiation. The
thermoeleclric ptoperties were measured by ZEM3 IILVAC-RIKO at a temperatrre range
30H80 K in algon atmosphere. The crystal structure and rnicrostnrctue of compound
were measured and observed by powder by using X-ray dilfraction (XRD) [4].

3. Results and Discussion

Tlhe results revealed as shown in Fig, 3, the x-ray dilfiaction patterns for mixed powder
calcine at 800'C for l 2 hours in air, and iu Fig. 4. the x-ray diftiaction patterns for sintered at
900'C tbr 24 hours in air. However, the eft'ect of oxygen annealing was found to change the
nragnetic properties of the material, especially at low temperature which will be discussed in
rlntrilc l,rtnr t{^rmeIl\r cinrori-- ^-.f^-i-- an n,.tlarc ;-.^'^.,-" th^ ^^--^"-l F^*.ri^-

rlr rv...lllrD .lltPl v l 
't, 

ltiw vv.llPvllt.g

but in this case Co3Oa impurity phase rvas obscrved in sinrered pellets due to the slow
reaction in ths core of the pellet. conrpared to the outer surface area. The x-ray intensity
ail20 [4] significanoe con"esponded witlr Pf)F card27-0682. Thc NaCoO2 has been crystal

Figure 2. (a.1 Pressured in magnetic ring bv hvdraulic at 77 MPa ft) pcllet after sintered of NaCoO2 .
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3. X-ray rliffraction patterns of the NaCoO: ca.L:ined as venfied from PDF card 27-0628.
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Figure 4. X-ray dirtiaction patterns of thc IiaCoO2 sintereri as veriticci fi'orn i'i)F caro 27-0628.
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TemPeralure (K)

Figure 5. Temperature dcpendence on thc Seebcck coefficient ofNaCoOz.

srmcture of hexagonal stmcture with high ir,rtensiry in (hkl) of (002), and obtained the latrice
parameters of a = 2.844r A, ir : 2.8441 A, c : 10.8t)9i A 1a : b 7 clas couf,nneci by

TEM result.
Sothat,theangle o[structure a-2.8443 A,A:2.8M3 A,c= 10.8091 Aof hexagonal

structure (a = h I c). These lattice paranreters al'c in good agreement with the previously
reports [-51. The crystal size of NaCoO2 prepared with magnetic fiel<t is 116.48 A, t-SZO.S

A and crystal size of NaCoO2 nonnragnetic tield is 731 .59 A. tttZt.5 A. tne lattice strain

of NaCoU2 prcpareci with magnetic nelci is ti.U(.,74, U.t,U i I anci NaCoU2 nonmagnetic fieid
is 0.0078, O.O027. Stress of NaCoO2 is 13.9 Pa.

Figure 5 shows the temperature dependence on the Seebeck coetficient of NaCoO2.

The Seebeck coefficient values of NaCoOz showed positive value which indicated p-rype
thermoelectric material.

Figure 6 shows the temperature dependence on electrical re.sistivity ol NaCoO2. The

electricai resistivity has been decreased with increasing tenlperature. resuiting in semimetal

009
340 360 3E0 {00 42r) ,l4ll 460 480 500

Temperature (K)

Figure 6. Tcmperature dependence oi electricai resistivity of NaCcrOz [5 j,
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behavior [31. In addition. the NaCoO2 has scmi-metallic behavior due to its nretallic be-

havior as temperatltre increased.

4. Conclusion

We syntJresize NaCoO2 polycrystalline by using solid state leaction method in a magnelic

fielcl. The crystal structure of NaCoOz sample is in hexagonal sttucture [8.1. The electrical

resistivity was 0. I nrS2crn at463 l5 K, and therr dec:r'eased with increasing tenrperature.

resultine'in the seminretal behavior. The Seebeck coefficient of NaCoOz was 30 y'YlK.

and lhcn incrcascd with incrcasing tcmpcraturc u'hich corrcspondcd to incrcasc grain sizc.

The Seebeck coefficient positive values resulting li'om themroelectric materials, [9] but the

perfonnance of NaCoO2 was not good if we preparecl in rnagnetic field'
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