ax [ d a 4 adg a a =
WaellfNﬂfﬁﬂ'l'iﬂ’\‘llﬂi"l&ﬁ@]ﬂﬁuﬂﬁmﬂiTllf]mﬂﬂiﬂ‘llﬂxilﬁlf’ﬂ‘nﬂT“]fLﬂEJ‘NTﬂ‘UEJamG]

POATYE d99 lana

a a a'dy [~ [ é =® [ a Y] a
Weniwusiludrunilsesmsanmimurangasliyainenaasuriniaga
a a a [ 4
a1 ma TuTadiysin MAIsIagmans
AUZINGIMNAAT PNDINTAINMINOED

AUmsdnu 2554

a £ o

AUANTUDIPNIAINTAUNHIINGIAY
v 1 9 @ I~} a a dosj 1= = A Y a v o
’U1’1ﬂﬂﬂ@ilax!tﬂuﬂlﬂyﬁﬂﬂﬂl@mmﬂQ’JﬂﬂWUWH‘ﬁﬁQLLﬂﬂﬂ1iﬁﬂH1 2554 ﬂiﬂﬂﬁﬂWﬁﬁluﬂﬁ\‘]ﬂﬂJuiUﬂﬂWWl (CUIR)
Wundudeyavesiidadvesineniinusideiuniaiusiainedo
The abstract and full text of theses from the academic year 2011 in Chulalongkorn University Intellectual Repository (CUIR)

are the thesis authors' files submitted through the Graduate School.



EFFECTS OF SYNTHESIS METHODS ON THERMOELECTRIC PROPERTIES

OF NaCo,0, CERAMIC

Mr. Sirichai Sajjasophon

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science Program in Ceramic Technology
Department of Materials Science
Faculty of Science
Chulalongkorn University
Academic Year 2011

Copyright of Chulalongkorn University



v Y a a

[ d ua 14 ad a
'J‘llfJ'J‘VlfJ"IHWH‘g NAV0IITNITTUATIZHADANUAINDS INDIANNINUDY

=Y =
w5130 liaey Inueame

Tag WIOAITY d99 lanal
A1 ma 1w lagsss1in
s a a Jd W Y 4 = J
219158NUS nE I NUTHAD AYIOATNII138 AT.5UINT NAUNNETNIA
S a a Al a Y
213N13 P INNTWUTI AT 1AL UAINTD

v @

a 14 4 a 1% Y v a a 4 e < 1
AUSINYIANTAT IWINNTUUNIINYIAY ’t’]‘lélﬂJG]GlViuU'JT]EJ'IuWH‘ﬁﬂ‘U‘Uf!L‘]Juﬁ'Ju

WilveImsAnEmmangasls yauluga

.................................................. AUUARMZAINIIMEAS

4 4 @
(AMaas115e AT.GNIU HITVUDIUT)

AUZATIUMTTOUINTNUT

S a a J
................................................... 'é]'m'liflﬂlﬁﬂ‘]s!'l'lﬂfﬂuwuﬁﬁﬁﬂ

' 4 ~ J.
(@BI0MAATINTG AT.5UINT NAUUNOTNIA)

I a a o
................................................... @1%1581/]1]? AHMNTUNUTTIY

................................................... NITUNIT

................................................... NITUMTMIUDNUKIINGIAY

a

a [ 4 A
(m.ﬂmaﬂu ngﬂau)



350 davlana : vaveaIsmsdunneraeauiAmes ludidansnvodysiiin
TaaeuIaueamea (EFFECTS OF SYNTHESIS METHODS ON
THERMOELECTRIC PROPERTIES OF NaCo,0, CERAMIC)

0. M IMTinusudn : aa. a5.50105 NAUURETNIA,

~ a =Y Al A k4 Y
0. Wﬂ?ﬂBTJVIEJ']UWH‘ﬁTJN TAT.UAYT LUNNWTN, 113 .

a g a ' Y
gilnsalmes ludiannin wieGonginssidulihnnaudeu szneudae

[

{ v { [ 9 < @ 9 A= {
aandauialumsudounasauanuiowdundnu Iihuaz lumendununansod

{ o 3 o o ad a 3 o { °
fumJﬁﬂuwawm"lvxl%gﬂuwawmﬂ’;m%'au"lﬁ aa@maﬁmmaﬂmn%uﬂma@ﬁmmmm

[

9 ~ A ay @ Y [ (] 9 U Y g‘; v o = 9 a dyd
anudounmasnenduinlFlviedaduarls dnnsduilundsnuazeindnale 1uItollll
s A A ) A a @ a d a 4 a
lszasAiio Nz alsz@ninmaesdaqme ludanninilszinneen ladissiin Iag
= Aas Y] d o a = A % ast A as
AnwavedsmIdunsizi iaaiin Ixdon Inuoamaia1any 2 35 Ao IFNAUAULL
31.: a A ax a Aaaa A < 9 =3 4 @ 4
AuANN30ITNsNal Az ernaniuzvewislasldlahonasuoiuanduiulnauoad
4 as ~ 9 =\ Aa a an
ponlwa waz 35 Twamanldla@ey luase Inuoad lumsa niagasnuaziosau lnanoa
I g Y a o Aaa A 1 a A 4 ad a Y [
Wuasaadu Tasnasandinlsnusnsmadelszansniumanos ludiannsn ldun
a 4 a o ]
gavgiruna lanl viunaeyna guuglimadin eeflsznouvla anuvuiutazaw
@ o Qy gJ/ A I'd ad a @ LY ]
wjuaa hyununmuaImageuantaniunes ludanninou ldun Jamanimdruniu
o a Q'{ [~ 4 [ o a
Tazdulszansditindens 09 ZEM-2 Haziaanmiiinusouaemaila Laser flash

] a 0 4 o J ad a o
Tusrsgungiitossuds 700 °C ienfsouiisuauiianiunes ludannsnveeiag 1103

a

1 ~ 9 ax g’/ a 9 L4 o I
NAADINUIINITATIUTTITAIYITNTURNULDVAIAN Gl%qmwﬂmmuﬂa”lcm 850 °C 1uan 12

QU

a

& Ay ' v =< A ° v /sy ad A
611'311]\1 ‘]Jﬂ‘JJﬂﬂ?ﬂjﬂﬁ\?@glﬂ@]lm'JlW’]W‘lJﬂﬂqmﬁﬂiJ 910 C {lﬁﬂ'lrﬂw\uﬂﬂﬁillﬂlﬁﬂﬂﬁﬂ ZT Q’Q’g:fﬂ

@

Aan a

[ { a o [ 4 4
1N 0.239 Nganginade 700 °C wazmsduns 121075 Ivawa ldgungiimuaa lal

Rl

a

o I o =< A o Y o ad a o 1
850 °C 11unan 12 ¥ T wnlinNgamgil 890 °C Tnamames luaiannsngagaludlodn

U
a

gi A o <Y ax = [ A o
‘VN'”N@‘V]?Nlﬂi'lg‘ﬁﬂjfl’rﬁicﬁamaiﬂﬂllﬂ'] ZT q@q@iﬂqﬂu 0.132 NYUNYUNATOU 600 C

U

a Y] 4 { an
MAW Iaaemans Melo¥olan

,,,,,, £ L - U

a a 4 { a a o [
UM M9 1 eI in Mol 0. NUTAMIINNUNUTUAN



## 527272223 : MAJOR CERAMIC TECHNOLOGY
KEYWORDS : THERMOELECTRIC / SOL-GEL / SOLID STATE REACTION
SIRICHAI SAJJASOPHON : EFFECTS OF SYNTHESIS METHODS ON

THERMOELECTRIC PROPERTIES OF NaCo,0, CERAMIC.

ADVISOR : ASST. PROF. THANAKORN WASANAPIARNPONG, D.Eng., CO-

ADVISOR : NITTAYA KEAWPRAK, Ph.D., 113 pp.

Thermoelectric device is the direct conversion of temperature differences to electric
voltage and vice-versa. The thermoelectric device composed of a material which is able to
create a voltage when there is a different temperature on each side. In this study,
polycrystalline Na Co,0, ceramic samples were prepared by conventional powder mixing or
solid state reaction method using Na,CO, and Co,0, as starting raw materials. Compared with
sol-gel method, NaNO,, Co(NO,),"6H,0, citric acid and ethylene glycol were used in various
on starting chemical. Phase analysis and physical properties of NaCo,O, specimens were
characterized and compared. The thermoelectric properties were measured in the temperature
range of room temperature to 700 ‘C The thermal conductivity was calculated from heat
capacity, bulk density and thermal diffusivity measured by a laser flash method using
(TC7000). Seebeck coefficient and resistivity were measured simultancously using Seebeck
measurement instrument (ZEM-2) in He atmosphere. The Na Co,0, samples were compacted
with varied sintering temperature of 870 890 910 and 930 °C. The results showed that the
preparation by mixing the powder with calcined temperature at 850 "C for 12 hours ground by
hand with agate mortar then sintered at 910 °C show highest ZT as 0.239 at 700 °C. Synthesis
by sol-gel with calcined temperature at 850 "C for 12 hours sintering at 890 °C showed highest

ZT value of 0.132 at 600 °C.
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a A v 9 = o Y A
15052199909 I U MU Uved Iluoud1ufes i linszezmasilasanisyu
wos Tvluouanasdenalia k; anag
MInszRaiesnnnzai Wi (Scattering by charge carriers) 11/91in15199720519
Y o o Y Ad 4 a
wiin sguinaziminniluguinaansnsziaves ey
MINTZIDUHDININVBUINTH (Scattering by grain boundary) 11099105282 a)aoAns
U3 THUOUIZYNTINARIGUVUIAVDINAN TASTIUNINNITNTLITITDIINVDUINT UL
a dy d' a Z, o [ d‘d Y d‘Q ] a =)
mavuNgurgii dmsuasnilaseainnnagledauin MInIzRavedvo NI UITIHE
WINNYUNYIYA
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MANUHIN U

NANSANEION 31T IUVIE5MElU NaCo,0,1ae35 EDS

Sample: Solid State Solution Na:Co = 1:2 Calcine 800 °C

imm Elecron Image 1

Processing option : Oxygen by stoichiometry (Normalised)
Number of ions calculation based on 8.00 anions per formula
Number of iterations = 3

Standard :
Na Albite 1-Jun-1999 12:00 AM
Co Co 1-Jun-1999 12:00 AM

Element | App Intensity Weight% Weight% Atomic% Compd% Formula Number
Conc. Corrn. Sigma of ions
Na K 3.14 0.3917 10.74 0.90 15.66 14.48 Na,O 2.72
CoK 46.16 0.9191 67.26 1.24 38.26 85.52 CoO 6.64
o 22.00 1.07 46.09 8.00
Totals 100.00
Cation 9.36
sum
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Sample: Solid State Solution Na:Co = 1:2 Calcine 850 °C

imm . Electron Image 1

Processing option : Oxygen by stoichiometry (Normalised)
Number of ions calculation based on 8.00 anions per formula
Number of iterations = 3

Standard :
Na Albite 1-Jun-1999 12:00 AM
Co Co 1-Jun-1999 12:00 AM

Element | App Intensity Weight% Weight% Atomic% Compd% Formula Number
Conc. Corrn. Sigma of ions
Na K 3.33 0.3900 10.36 0.88 15.16 13.96 Na,O 2.62
CoK 51.31  0.9198 67.67 1.21 38.63 86.04 CoO 6.69
o 21.97 1.05 46.21 8.00
Totals 100.00
Cation 9.31
sum
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Sample: Solid State Solution Na:Co = 1:2 Calcine 900 °C

mm z Electron Image 1

Processing option : Oxygen by stoichiometry (Normalised)
Number of ions calculation based on 8.00 anions per formula
Number of iterations = 3

Standard :
Na Albite 1-Jun-1999 12:00 AM
Co Co 1-Jun-1999 12:00 AM

Element | App Intensity Weight% Weight% Atomic% Compd% Formula Number
Conc. Corrn. Sigma of ions
Na K 1.88 0.3850 9.21 1.00 13.63 12.41 Na,O 2.34
CoK 33.63 0.9220 68.89 1.45 39.78 87.59 CoO 6.83
0] 21.91 1.26 46.59 8.00
Totals 100.00
Cation 9.17
sum




Sample: Solid State Solution Na:Co = 1.33:2 Calcine 800 "C

imm . Electron Image 1

Processing option : Oxygen by stoichiometry (Normalised)
Number of ions calculation based on 8.00 anions per formula
Number of iterations = 3

Standard :
Na Albite 1-Jun-1999 12:00 AM
Co Co 1-Jun-1999 12:00 AM

101

Element | App Intensity Weight% Weight% Atomic%

Conc. Corrn. Sigma
NaK 2.97 0.4124 15.09 1.19 21.10
CoK 27.24 09112 62.65 1.57 34.18
0] 22.26 1.34 44.73
Totals 100.00

Compd%

20.34
79.66

Formula
NaZO
CoO

Cation
sum

Number
of ions
3.77
6.11
8.00

9.89
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Sample: Solid State Solution Na:Co = 1.33:2 Calcine 850 "C

imm z Electron Image 1
Processing option : Oxygen by stoichiometry (Normalised)

Number of ions calculation based on 8.00 anions per formula
Number of iterations = 3

Standard :
Na Albite 1-Jun-1999 12:00 AM
Co Co 1-Jun-1999 12:00 AM

Element | App Intensity Weight% Weight% Atomic% Compd% Formula Number
Conc. Corrn. Sigma of ions
Na K 4.78 0.4069 13.98 0.89 19.75 18.84 Na,O 3.51
CoK 48.98 0.9132 63.83 1.19 35.19 81.16 CoO 6.25
o 22.19 1.02 45.06 8.00
Totals 100.00
Cation 9.75
sum
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Sample: Solid State Solution Na:Co = 1.33:2 Calcine 900 °C

imm . Electron Image 1

Processing option : Oxygen by stoichiometry (Normalised)
Number of ions calculation based on 8.00 anions per formula
Number of iterations = 3

Standard :
Na Albite 1-Jun-1999 12:00 AM
Co Co 1-Jun-1999 12:00 AM

Element | App Intensity Weight% Weight% Atomic% Compd% Formula Number
Conc. Corrn. Sigma of ions
Na K 4.27 0.4070 13.99 0.95 19.77 18.86 Na,O 3.51
CoK 43.69 0.9132 63.82 1.25 35.18 81.14 CoO 6.25
o 22.19 1.07 45.06 8.00
Totals 100.00
Cation 9.75
sum
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Sample: Solid State Solution Na:Co = 1.33:2 Sinter 890 "C

imm Electron Image 1

Processing option : Oxygen by stoichiometry (Normalised)
Number of ions calculation based on 8.00 anions per formula
Number of iterations = 3

Standard :
Na Albite 1-Jun-1999 12:00 AM
Co Co 1-Jun-1999 12:00 AM

Element | App Intensity Weight% Weight% Atomic% Compd% Formula Number
Conc. Corrn. Sigma of ions
NaK 1.42 0.3940 11.24 1.55 16.31 15.15 Na,O 2.84
CoK 19.69 0.9182 66.73 2.05 37.77 84.85 CoO 6.58
0] 22.03 1.75 45.92 8.00
Totals 100.00
Cation 9.42
sum
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Sample: Sol-gel Na:Co = 1:2 Calcine 800 "C

imm . Electron Image 1

Processing option : Oxygen by stoichiometry (Normalised)
Number of ions calculation based on 8.00 anions per formula
Number of iterations = 3

Standard :
Na Albite 1-Jun-1999 12:00 AM
Co Co 1-Jun-1999 12:00 AM

Element | App Intensity Weight% Weight% Atomic% Compd% Formula Number
Conc. Corrn. Sigma of ions
Na K 4.43 0.3991 12.35 0.84 17.72 16.64 Na,O 3.11
CoK 53.97 0.9162 65.56 1.15 36.71 83.36 CoO 6.44
o 22.09 0.99 45.57 8.00
Totals 100.00
Cation 9.56
sum
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Sample: Sol-gel Na:Co = 1:2 Calcine 800 "C

imm . Electron Image 1

Processing option : Oxygen by stoichiometry (Normalised)
Number of ions calculation based on 8.00 anions per formula
Number of iterations = 3

Standard :
Na Albite 1-Jun-1999 12:00 AM
Co Co 1-Jun-1999 12:00 AM

Element | App Intensity Weight% Weight% Atomic% Compd% Formula Number
Conc. Corrn. Sigma of ions
Na K 2.13 0.3851 9.23 0.96 13.66 12.44 Na,O 2.35
CoK 38.09 0.9219 68.87 1.38 39.76 87.56 CoO 6.83
o 21.91 1.20 46.59 8.00
Totals 100.00
Cation 9.17
sum
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Sample: Sol-gel Na:Co = 1:2 Calcine 900 "C

imm x Electron Image 1
Processing option : Oxygen by stoichiometry (Normalised)

Number of ions calculation based on 8.00 anions per formula
Number of iterations = 3

Standard :
Na Albite 1-Jun-1999 12:00 AM
Co Co 1-Jun-1999 12:00 AM

Element | App Intensity Weight% Weight% Atomic% Compd% Formula Number
Conc. Corrn. Sigma of ions
Na K 2.70 0.3813 8.35 0.80 12.46 11.25 Na,O 2.13
CoK 54.77 0.9236 69.80 1.16 40.65 88.75 CoO 6.94
o 21.85 1.01 46.88 8.00
Totals 100.00
Cation 9.06
sum
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Sample: Sol-gel Na:Co = 1:2 Sinter 890 "C

|

imm Electron Image 1

Processing option : Oxygen by stoichiometry (Normalised)
Number of ions calculation based on 8.00 anions per formula
Number of iterations = 3

Standard :
Na Albite 1-Jun-1999 12:00 AM
Co Co 1-Jun-1999 12:00 AM

Element | App Intensity Weight% Weight% Atomic% Compd% Formula Number
Conc. Corrn. Sigma of ions
NaK 1.07 0.3977 12.03 222 17.32 16.22 Na,O 3.03
CoK 13.45 09168 65.89 2.72 37.01 83.78 CoO 6.48
0] 22.08 2.26 45.67 8.00
Totals 100.00
Cation 9.52
sum
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