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Researcher: Asists.Prof.Dr.Chesta _Ruttanapun. .. e,
Faculty: | SCIENCE e Department: | Physics ... ...
ABSTRACT

The uni p-type thermoelectric module was invented from CuCrO, delafossite compound
which was synthesized by a solid-state reaction method in this work. The compound displayed
thermoelectric properties with showed the positive sign of Seebeck coefficient as p-type
thermoelectric material. The Seebeck coefficient is ranged of 950 pV/K to 620 pV/K, the
electrical conductivity ranged of 0.01 S/cm & 1 S/cm and the thermal conductivity ranged of
8.5 W/mK to 5.5 W/mK with temperatures range of 300 K to 600K. The ZT was maximum
0.0014 at the temperatures 550 K. The thermoelectric module was invented from 9 legs with
series circuit for electric conduction by uni p-type module. The energy conversion of the

module was 0.99 mA for Current and 4.7 pV for voltage at temperature difference 35 °C

Keywords : CuCrO; Delafossite; Thermoelectric module; Single type thermoelectric.
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This srwely aims v investigate the strong corvelation effect of spin and churye carriers for
the Mg?*-substitnted into Cr™ yites of CuCrid; delnfossite on themoclectrioproperties,
The CuCrpwMean®, sumple was synihesized by a solid state reaciion. The starting
powder CrQ, Cr20: und MeO were ball milled with poly vigvl aleold sehition for
24 k. The buft milled perwder was pressed and sintered in air atmasphere of femperature
1650 € for 6 b The crystal structare wat chasacrerized By XRD, TGA, XPS and the
thermelectric propertios were measured @t high remperature, The XRD displayed peaks
of the pare pluse CuCrQy structire us hexagonal defufossile-type struchiere space group:
R3n. The Secheck coctficient of the samples displayed positive sign as p-type thole)
condicton, The XPS results displayed Mg™. Ca'*, Cr*t and Cr'* ion stutes. The Mg™™
induced mised-valance CO*/Cr™ states resntiing in enhanced Secheck cocfficient due
ta a strung correlation of the spin-cntropy. The experimental results of Svebeck value
were close to calewlated resulis by the exterded Heikes formuta confiming of the
stvomg coreelation effect In addition, the Mg-doped CuCrOs resulted in increased
clectriced condnetivity and rediced thermal conductivity with increasing temperaticee,
These indicate that the Mo t-sehstituted for Cr™t of CuCrl)y delafossite enhance the
thenmoelectric propertics.
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The thermoelectoe matenals performance | 14} is dependent on o dimensionless Figuze of
Meril, Z7'= a 87T, where 8 is the Seeheck cuefficient. o i the clectrical conduetivity and
« 15 the thermal corductivigy, and T is the absolule temperatore respectively. The buege ZT°
occurs in materials contining two lirge values of & and §, and a smalf value of &. Koshihag
et al, §5] have predicted upper Hmil of Secheek eoefficient for the Nu, CoQy compound, i.e.
150 20 VK a8 the high temperature by using the approach of electron strong correlation. The
Nit CoCy erystal structure is compuosed af the Na und the CoOy octahedral layer alternute
stocktag along the e-axis. The important role 1o control for enhancing of the Seebeck value
al the Na,Cos is the mixed vidence stale of the Co¥HCo™ jon state in CoOy octahedral
Tayer. In addition, CuCrQ;z delafossite crysti structuse is sindlar o NugCoO;. The CuCrO:
compound [6] is described by the Cut Jayer and 1he CrQ4 octabedral luyer. The Cr™ jons are
linearly bonded with 2 0%~ jans with a dumbbell-shape. The CrOy, octahedrals are forased
by sharing of the [Cris ]~ edges, There ace experimentid reports thal the Scebeck value of
the CuCrQ: compound can be increased by substilution of Mg for Cr'* site.

Our previons work | 7] has deseribed behavior of Seebeck value of CuFeQa delalossite
by substitution of $e* fur the Fe™ sites into the CulFeQs compuond by wsing approuching
of the electron strong correkation of the mixed valence stule of the Fe't/Fett jons statg in
FeQy, oclahedral,

Therefore. this work is simed 1o deseribe the enhancirg of thermocleelric properties
of the p-typed CuCrO; delufossite by Mg¥ substitution for the Cr'* sites with approich
of the streng correlation of etectron of the mixed valence state in the compound. The
CuCrygsMeanCr; was prepased by the solid state relation. The XRD, TGA, the XPS.
Hermoeleciric propertics were characlerized @nd discussed,

2. Experimenta] Details

Sample of CuCroushgonz0s was piepurced by u solid-state reaction method. Stadting pow.
ders of Cu, Crata, and MO were mixed gnd ground in an agate monac Thew., @ homoge-
notts poseder was celd pressed into pellets having diameters of 12 mm and thicknesses of
2.3 mnu. Next, the pellets were sintered in (wmace 81 1050°C under air atmosphere Tor 24 b,
and were capidly quenchid w room temperature. The puse phase of the CuCrp e Mgpp Oz
samples was characterized by the XRD of PHILIPS model: X Pert MPD ming Cu Ker
radiztion: with 20 = 107 to 80° with Q.02 steps. The oxyeen content was analvzed by
using TGA by the Perkin Elimer TGA? under Na atmosphere. The XPS was performed on
AXIS Untre DLD with Al Kee (150 W) X-nwy source with photon energy 1486.6 ¢V, The

“Secheek coefficient was simultuneowsly messured on the sumple bar using the ULVAC-

RIKO ZEM-2 thermoelectric property measurement system under a low-pressuge helium
aumosphere. The thermad conduetivity wis measured by using the ULVAC SINKL! RIKO
TC-7000 faser-flash method on pellets of 12 mm diameter witle thickness of 1.6 mum.

3. Results and Discussion

The XRD pauterns of the CuCrygs Mg ;02 sample are shown in Fig. 1. The standaed phase
for the CuCrO; debufossite frons the Inorganic PDIRR)-039-0247 is added for tle reference.
The XRD peisks display afl peaks cofresponding to the referent peaks of the CuCr:
reference [8). This confirmed that the prepared CuCryosMannaC: formed a delafossite
slructure us un R3m spave group.
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Figure I. XRD patiemns for the CuCryasMgao:0; sample, with data from the PDF file (00-039-0247)
for CuCr(); deiafossite insericd,

Figure 2 shows thermogravimelric analysis  TGA pweight loss of the CuCry gsMgo.n Os
siample. The weight doss of TGA line was determined from dinding of 1he content of exevss
axygen insertion it central of Cu triangles layers of CuCryesMgga2Oa structure. The results
show (hat the wial werght foss of CuCry psMgg0 02 s 00,55 as issiuning chemical lormuls
CuCrogsMgouwe 0o s (8 = 0.5), In the report [9), the total weight loss for CuCeO; is close
to zero% resulting frum onic wudit of O (0.615 Ay which is rebating Lo tie area of Cut*
taangular as smaller the eritical ionie tmdii «0.663 A) for oxygen insertion. The 0.56 weight
loss of CuCtays Mg O- it affected from the fazre My Gonie rmdii .72 A) substitation for
Cr tionic radii 0,615 Ay sites contributing o large than she critical lonic radii for oxyazen
insertion.

The XPS spectra of Cu, Cr, and My for CuCropsMeemOs are shown in Fig. 3. The
binding energy of XPS spectra were was used {o determiue the oxidation number of
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Figure 2. The TGA and DTA curve of the CuCryesMga oz Oy sample,
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CuCr;.vu;Mge‘g;O; sample.

components of the sample. In Fig. 3a). the binding encegy forr Cu(2pay) and Cu(2pq
were ventered at 934 ¢V, and 953 eV, respeclively, confinuing the existence of Cu* state
in CuCrooeMgeOz. In Fig. 3b), the Mglls) was wssigned at 1313 oV as the posi-
tien of Ma™ jons state. In Fig. 3(c), the Cr¥(2pia). and CR*(2pn) states were cen-
tered at 386.9 V.5, and 575.9 eV (and 376.9)[10]. respectively and the Cr*¥{2pi3 and
Crit{2pyy) states were eontered at ~577.2 ¢V and ~585,5 eV110]. respectively. This indi-
cated that a mixture of states for the Cr¥*and Cr** jons oecurred in the CuCryaeMppn 02
sample.

From e XPS rosulls. the nature of p-type CuCroesMeypaOs was effected by
the Mg®* substiintion fer the 7 site os relting to the chemical formda (11} of
CulCr™ [ [Cri* ], [ Mg+ 150z, This indicaled that the mixing of the valence state be-
tween the Cr** and Cr'™ dans existed in the oetahedsl block lavers. The resubts showed
that 1he Mg™*-doped Cu€r0, possessed electron strong corralation from orbital and spin
degeneracy of the Cr'* and Cr'* jons.

The Seebeck covtficientyS) of the CuCrgagMgo a2 02 sumple as a function of the wem-
perature inthe range of 300 10 573 K is shown in Fig. 4. The S value of the CuCrygs Mo O»
sample wus in the range of 253 (0 315 pV/K wilh temperature Irom 300K to 800 K, The
results showed the Scebeck coeflicients as a positive sign indicaung p-type conduetivily
112]. The S of the CuCr,usMpom Oz sample was lower than that of CuCr: reference.
fn addition. the S of CuCryexMganO: sample was slightly inereascd sy the wemperatuse
increasad implying the setniconductor behavior. The redueing of § was influenced (romn
the increasing of the hole caniers due to-lhe Mg?* substituted for Cri*site, and rising with
femperiiie incresing.
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117 To describe the Seebeck behavior. the § can be described by the Hekes formuba as:
118 S= _h? %’,{,5[5]. where kp is the Boltzmann’s constant, ¢ is the electronic charge. g is

119 the degeneracy of the system, and & is the number of paricles. For the case of g for the
120 stiong correlstion of orbita] and spin degeneriey of carier the 5 35 satistied the exiended
121 Heikes formula following as: § = —ﬁli'- [n{;,“ T=S], where &' and g?are the spin and
122 orbitad degeneracy for € und O stale, respectively, sad x is the rtio of the aumber of
123 carriers (o available siies.

124 For the CuCrig Mzow 02 compound. the transition octabedratl oxide of CrOg layer of
125 the compound exisied the degenerey of electronic state due to the mixed state of CrH /0
126 which affected splitiing state info fwo the 12, and ey by the crysial [fled electing in the
127 3d enevgy state. The g and g™ values were caleulated by production of (25+752L+1),
128 where Sis total spinand L is total orbilal for the Gt (3d¥) and CFF (3d°) shate, Totally, the

M}(ﬁ}). The vilve of {25+1} is . and

129§ ¢un be wrinen (13} as:§ = —‘Jl(ln(ld IO
v 2L+ is 4o and 3er e OO Jd)

Gl
130 3 for the Crt (3d%)y and Cré* (34°) sate, respeet
131 and Crt* (3% state, respectively. The g™ is ubtained 9 and g #s ubtained 4, The ¥ value
(32 is approximated w 4,02, Finally. the resulis of 8§ were obtained 268 p VK. respectively.
135 The resulis relate with the experimental result ar iemperature 760 K. The restlis imply thag
1M the extended Heikes formula can prediet the S value at hizgh tenpetatuce.
135 Figure 5 disptays lhie temperature dependence of the electrieal conductivizy (o) of the
136 CuCryosMep Oz sample and the CuCrOa relerence. The values were measured in the
137 temperutere ranging from 3(R) (o 760 K, ‘The ¢ was ranging from 4 50 11 S/cm. The value
138 0f CuCr, g3 M a2 05 wars nbove that of the CuCrO; reference due to the carrier supporting
13%  from the substination of Mg eorrespanding o the & value of TGA weight Joss.
140 Figitre 6 shows the wempermture dependence of the thermaal conductivity {x j. The resubs
141 show that thex of CuCrpaghignne O sample was lower than that of the CaCrd- based. The
142 value of « for the CuCryasMen w0z wis runge of 1.2 W/mK to 2 WK with temperature
143 of 300 K to 960 K. The & values were lewer approximately 3 to 4 times from the value
144 of CuCrOa hased. This elfeet was comributed by the Ma* substitution for Fe™ sites as
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r

a center of the CrOg oclubedral fayer. The large stomic weight of My is a mujor effect to
reduce thermd condactivity.

Fipuze 7 displays the teinperature dependence of the Z1° of the CuCromMponOn
sample. The ZT was caleudaled from the religion of ZT = $%¢ T/, where T is the ubsulute
temperutire. The resulls were in a mnge of 1,003 1o 0.035 with the temperature mnging
from 300 w 780 K. The results wers increased with increasing temperature. The maximum
ZT value in 1his experiment was 0.035 at a lemperature of 760 K.
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Figure 6. The \einpenture dependence of thermal cunductivity of the CuCrusMgoe Oz sumple with
CuCrQ; based.
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4. Conclusion

The CuCrugshlzes: O specimen was prepared by the solid state reaction method. The
Xeruy peaks corresponded with the CuCrQs delafossite structure, The XPS specten showed
that the Mgsubstittied CuCrtd excited the Mg®* stte and the mined CrH/C7™ suites.
Tle Scebeck coefficient resndt by Extended Heikes formula was close to ihe experimental
rexults at higls lemperature. The reducing of the Seebeck vithee of the CuClrygsMay;mO:
wis due o the increasing of charge by Mg -doped. The increasing of Seebeck vabue
with inereasing lemperature was due to the strong comrclation of charge amier hetween
the €2 and Cr** iony in 1the oclahedral Cr(y, layer. The enhanced electical comiuetiviey
of CuCrogeMegam; is due to the inereasing of charge currier by Mg**.doped. The low
thermual conductivity of the CoCrpasMeom Oy was an effecs frosn the Inrge atomtic weight
of Mg<loped. As a result, the rising of ZI of CuCrpas Mo Os from the CuCrOs- based
was due o the Mp®*-substiwtion into €' at center of octaliedral of CrO; layer.
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