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ABSTRACT

Because thermoelectric module synthesized from CuCr, ,Fe,,0, compounds
have high thermoelectric properties. Therefore we have used this compounds. By
bring it into forming process. Then, the sample was crushed and combusted at
temperature 1050°C for 5 hours. The sample was crushed again, it was analyzed
crystal structure by XRD method. After. that forming compound into pellet with
pressure 250 kg.cmz, combusted again at temperature 1050°C for 5 hours to forming
and strength of material. The important compound of thermoelectric module were
SIC sheet, Fiber Adhesive; stainless sheet and CuCry,Fe;,0, thermoelectric which
connected in series. Stainless sheet was electrical connector.and SiC sheet attributed
to top and bottom by silicone. Fiber Adhesive was “mount. From measuring
thermoelectric properties of thermoelectric module found that voltage, electric
current, and electric power were 1,-9.and-20 respectively which is propertional to
different of temperature. The value of 9 thermoelectric modules have electrical
power less than 1 thermoelectric module due to gap between boundaries pellet and
stainless makes high resistance more than normally and electric change was less

transfer.
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2.1 UsingnisalmasTudianu3n (Thermoelectric Effect) (2]
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Tuta 1821 Tay Thomas Johann Seebeck tnfidndwugesiiufunui einaau
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A:,EJ o ° dJ a el" = 1 £l
nszudalniilvatu melusiufiedulswstn Ya38NNUINHN1T0UTLUA (Seebeck Effect)

2.1.1 Usingnisaldiun (Seebeck Effect)

Xc
Tc

Xh
Th

Conductor 1 Conductor 1

=l o ¢
JUN 2.1 293nnstiausangnisalaiua

MNUTN 2.1 Iiumalavzananiln (Conductorl haz Conductor2) gnidiausia

Tneqaideusio Xh Faflgamaiige (Th) ilazan Xe Fsllgamniian (To) wingliih (Carrien Tu
wnhaziienisnsuns (diffusion) lulufirmadeafufunisdiemaaunall (Temperature
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Built-in Potential

Charge Diffusion
Temperature Gradient
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S = Seebeck Coefficient wua V/K
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Type of device

Temperature, °C

Temperature, °F

Nickel refining furnace 1371 - 1649 2500 - 3000
Aluminum refining furnace 649 - 760 1200 - 1400
Zinc refining furnace 760 - 1093 1400 - 2000
Copper refining furnace 760 - 816 1400 - 1500
Steel heating furnace 927 - 1038 1700 - 1900
Glass melting furnace 982 - 1538 1800 - 2800
Solid waste incinerators 649 - 982 1200 - 1800

M3 2.2 uansszAugnmivesuvasmiauvdaiaunsaUna s

Type of device

Temperature, °C

Temperature, °F

Steam boiler exhausts 123 - 482 450 - 900
Gas turbine exhausts 37re/538 700 - 1000
Reciprocating engine exhausts 316 -593 600 - 1100
Heat treating furnace 427 - 649 800~ 1200
Drying and backing ovens 232 - 593 450 - 1100

AN 2.3 Uanssziugamalivevanuieumiaiin s

Type of device

Termperature, °C

Temperature, °F

Process steam condensate 54 - 88 130 #190
Cooling water from:

Furnace 32 - 55 90 - 130
Bearing 32 - 88 90 - 190
Welding machines 32.-88 90 - 190
Injection molding machines 32-88 90 - 190
Air compressor 27 -49 7 80 - 120
Internal combustion engines 66 - 121 150 - 250
Air-cond, and refrig. condensers 62 - 43 90 - 110
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2.4 NQUHUaTNANNITIATIZRLDNULTTANUWIATY X-ray Diffraction : XRD [7]
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WAV (Grain Size) warluuransdifiaunsaldlunsimsevidnuwarnsiniSees
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o g ) & I~ 5. &
axnonvessmmlul (2) Mudsimmnilamdmiusamains

B 4
l'=kiZV (2.5)
' = @ ¢ o W =i
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(Moseley ‘s Law)
D=k(z-1) (2.6)

& v = ¥ 1 & a A o Cwow ¥ e
NSLAYAVUVBNI L NTL U NLUUADIBUAR DAV IUA DL NLUUNG (Powder X-ray
. . ) YY) ! A = o . . .
Diffraction) wardmiumetenilunaninen (Single -Crystal X-ray Diffraction)
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3.2.3 nsrurunsaiaunesludianyinlugasinuvisansusenau CuCry,Fe,,0,
A A 1] di(
WaladaansnsansruananaIsusenay CuCryFe,,0, MRUNTLUILNITTU
Py 1 ° ' ° ) ) I o v ar
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= - o 1 v as -4 Y] = [ by
 3.17 ewduduauaaiseneudiniudaas uansdsgun 3.18 Taevinisusenausae
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EUW 3.19 WULHUARAUAANULYNEITAIULATDUYDUALAULAE

A o & } 7 ) at A o
iavhmageyaulmduluganuin 1, 9 uaz 20 # WAnenagun 3.20 Unluga
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NANISNAADILAZNISILASIZINE

luundagnanmiewanisnnaninasn1siaeidslassadedomadn XRD @1
duUsvAndliun Seebeck uaginautfvsgansammamesTudidnvinluga lasazutsna

)

N1TAa0UTU 3 TUABY MIUTUABUNISALTUNITITEsIRDlUT

4.1 WaINNITIATIENE15UTENOU CuCryFe,,0, UIGNEA1ELATDY X-ray
diffractrometer (XRD)

o o Eme 3 o =y - o H s A = L3
"\]'1ﬂﬂ’ﬁ‘W]‘Uﬂﬂ'ﬁEﬂLﬂﬁﬁl’lll‘UUﬁlauﬂ']‘i@TL‘L!‘LNWU'DR]EJLLﬁS‘VI?ﬂ’IiﬂQ'J@ XRD 1WalAs1en
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800 - S 13 AL — FeQ,
30 60
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JUN 4.1 wanalassasawdn XRD 9e9asUsEnau CuCr,HFe; 0,

NnMsnseundnaelivesiasdsulneonlenideoloseu0.s (CuCrFe,,0,) eds
Uji5e1voeulls (solid state reaction method) figaumgil 1050 esrwaidea wagiily

Wnswilasaaiiwdnaniaios XRD wud winfikunmsyiuisenvesudefionmall 1050

H @
P zs

aeralyd Hdnwurguuuunisidenuuiiaenadesiu CuCro, Usngiufiyuiasiuy
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20 = 184, 30.4, 35.6, 373, 435, 53.9, 57.6, 63.2 Uar 74.3 asm TsRnnsdaiuy
%qwmmaﬁugﬂmmwL?l'ummu%'aﬁ@nﬂuﬂ;mﬁayammsgm JCPDX vneiay 26-0509
Fannsmlazdiuledn Wevhnside Fe,05 Wnluvliiniia ﬁﬁﬁnwm:ﬁgﬂwumi
Aentuuilaenadesiu Fe,0, Usngiufmdeaiuy 20 = 303, 35.7, 43.3, 53.7, 57.3 uaw
62.9 a3 InsfiAn1sideiuusioug msar“ﬁugULmesL?;mLuu%'aﬁ'ténfu"[wqmﬂaagammg’m

JCPDX widnuiay 39-1346

4.2 Nan153InAauUsEANSAuA (Seebeck)

w1 W a Sa = a i v a a £a 1 ¢
NMIAAMENUsEESHuaigumgll (T) fve laAdudssansTualumielad

U

AowAadu (V/K), anmdnuniulwirlumineladumms @m), wazannir i iidudiunduy

o 1 | -1 = <
vosan iumlviblumite 1deleiuas (Q.m) Swuansoglunisnai 4.1

= 4 = a a &
ATNT 4.1 wanseneneTigamgRifingaiu

Temp(°K) Seebeck (V/K) Resistivity (Q.m) Conductivity (@.m)"
303 0.002989 0.081246 12.308239
323 0.003337 0.076567 13.060401
373 0.003899 0.066312 15.080303
423 0.005697 0.054858 18.228716
473 0.006046 0.038621 25.892339

e T lugamgitlumizeinatu d1dudsvinsdiunioglumbelaadrewmaiu (v/K)

s ad & o < [ v = ' ¢
wUUINUMUEMIITIEULIEAgUN 4.2, mMdn winununialiiafiegluniaslevuuns
! ] = 1 L ! £ I i 3 =
wazAran i mlwiiiudaunduvesranmiunmualwiilumios 1deleviuuns

ﬂyJ 1 U a o { d L.
ernzuUsiunuguunnil Alansglugui 4.3 was SUN 4.4 audney
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30

20 4~ - L

p.d

15—

~ 1= Conductivity (.m)A-1

10

anmwi i (Q.m)-1

200 250 300 350 400 450 500 550 600
gauuiilundasinaiu (K)

G‘j o '1 d. L4 o
5 4.4 pyvianwdaliia (Qum) AuUsiuaugamgd

$

NNWANTINARBIILANIIANTUUTZEN ST updziinsnVuTlogam il gt Wy
vinefvindletiuguvd () aswnndu Aansiulieniliihvosansusynau CuCryFey 0,
iininTunudulumibhalhareinaiu (V) waguaalmiuinaisuszneu CuCr,,Fe, 0,
\uTaquesludidnnsnuladl (P-Type), Arvesanmiumulniirasiidanadlumisleny

= a o P g{ 1S we ey ! o I~ :’fl al = =
was Wegamall (1) dawiutu uwinduiunuaaniwdilwiiesifiswwsnndiogamgll () §

oA XY = < o e dl
ANANTW TuineieansUsyney Cucr sFe,,0, Wuannsoilwilafunniiiogamgiaaun

Tu 1fosnnanmituntulniiiianas arsuseEnay CuCr,Fe;,0, FeBusouliusyglui

o o
Wwaaunlaae

4.3 uan1sinauinianesludianninluga

MMM sIaausiulii (V), armnudumu (Q) warAnszud (1) AuNasi
qmwgﬁﬁﬁwummmaﬁmﬁL?ﬂw%n‘lu@a 1, 9 uag 20 M1 MUFIAU WAWINISAILINVIAN
Ml (P) 9neuduius P = IV anuvquf] Muansnunnsedl 4.2, 4.3 uay 4.4

© s o 1 ﬁJ a < |
mudau uagtharlumsundeansmiiielinsieving uancegluguin 4.5, 4.6, 4.7, .., 4.13
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AT | *T(Hot) | *T(Cold) | usefiu | AWFIUMIN | N3zud e
) O (°C) (mv) )] (mA) (W)
30 49 19 17.67 97.40 0.212 3.7460
60 84 24 18.34 100.00 0.217 39798
90 114 24 18.79 102.00 0.223 4.1902
120 146 26 19.21 103.70 0275 4.3223
150 L 27 19.68 106.20 0.230 4.5264
180 195 15 13.88 108.00 0.234 4.6543
210 227 17 RO 111.30 0.240 4.8264
240 237 17 20.45 112.60 0.255 5.2148
270 293 Hi) 20.74 118.20 0.258 2.3509
300 325 o 21.07 119.30 0.262 55208
mnewg AT = nasihevasgmgiisewinailifeud vty
T(Hot) = aaumnfitleiou
T(Cold = grumgiiituiuy
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E

p o

5=

= SEEE
s

z

= 7 - e e

16
15
0 50 100 150 200 250 300 350

AMULANAIYRIRUNYI ( °C)
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5.5

3 5 4 ! _— SIS, N [ FUS NSNS T T S i) - ==

(uwW)
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AINUANASYBDUNNE ( )

|
a ar

U 47 psmluansrnuduiussenatananeandwemamall (°0) fu fds (W) 1o

U

mosludidavinluga 1 67

NNFYN 4.7 WU nanudmius P = 1V Wauswiulndanunssualwiisiuny

2
a w0

AUUANAIYBIRNNI At i AssLisAuiy Jouumide AT O P

a { @ wa a d = Ly
M990 4.3 LLﬂﬂ\?ﬂ'}ﬂ'ﬁ?ﬂﬂﬂJUﬁﬂ?ﬂLV)BﬂﬂJ@LﬁﬂWﬁﬂIﬁJﬂa 9 a7

SKT *T(Hot). | *T(Cold) LTI ANLIATUNU AL A8
(°C) 0 (°C) V) (M) (UA) (UW)
30 a5 16, 0.222 7.71 0.031 0.0069
60 76 16 0.264 8.43 0.056 0.0148
90 103 13 0.294 8.94 0.091 0.0268
120 133 13 2:311 10.66 0.182 0.0566
150 164 14 0.338 11.81 0.224 0.0757
180 194 14 0.362 12.04 0.262 0.0948
210 222 12 0.369 12.84 0.326 0.1203
240 256 16 0.378 12.93 0.344 0.1300
270 283 13 0.391 19:1¢ 0.476 0.1861
300 318 18 0.395 13.28 0.493 0.1947
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] 1 @ L A s u a‘ elf"
NFUN 4.10 wuhananuduius P = IV deussiulwindunsyualaiiudumg

1
v o o0 W

AULANAvasgunil dalumdsinihAssiintusng [Weuunusag AT o P

= i @ wa a a o
M990 4.4 uansrmsinautinianesludianninluga 20 &

*AT | *T(Hot) | *T(Cold) | wseiu | Alnwsunmu | nssud GE

(0 ) ) V) (kQ) WA | (uw)

30 a7 L 0.094 23 6.021 0.5660
60 74 14 0.162 a7 10.85 | 1.7577
90 107 17 0.313 150 9.473 29650
120 155 15 0.337 182 21.611 7.2829
150 165 15 0.392 193 26615 | 10.4331
180 196 16 0.506 75 34,098 | 17.2536
210 g23 T3 0.592 235 39.6% 23.4491
240 257 17 0.713 241 40.78 29.0761
270 290 20 0.834 243 4231 35.2865
300 321 il 0.907 257 43.84 39.7629

“vowg AT = uasnsveseumgiisywieileutullndu

T(Hot) = aaivntlsiau

T(Cold = anumgiiiladu
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i i 4 o o v a a
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@
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luga TnsluruidefmvilozSuannsdaasigiaisusenay CuCr HFe,,0, litaiATes

Inssairsvesdniainiasiinssinisidianuussdidng (XRD) wuiiudn CuCr.Fe,,0, @

=

] [ aaa . . =l o
run5YURATE 109U (solid state reaction method) Vigaunnil 1050 A waLdea i

Y -

¥ = Y] [y i A &
dnvaurguuuunsEeuuidensiesiuaetivesladedlnoanted (CUCro,) UsingTuiiyy
\deaiuu 20 = 184, 30.4, 35.6, 37.3, 43.5, 53.9, 57.6, 63.2 was 74.3 09/ fans Taeiin
o & (Y & v A oa £
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d L} d o 1/ o o
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a a  daw 4 < v w & d &
\Aailn AdnvargUuuUMSsIRsTULTidenadoeiu Fe,0; Ysangliufiyuasiiuy 20 = 303,
357, 43.3, 53.7,/57.3 uag 62.9. 84A1 IERANIIRLIULTIINNARSITUTULUUNISIE D NUY

i

sdondlugndeyauinigiu JCPDX Mgl 26-0509  uARNTuYnIsIiAsEsiAn

aflg
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t,e

o

= al
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= o = a d a a ¢ o d

nAssy dnvdu. 2556, inaluladinesludidnnin. Auasen 2. anaums : A
Wmanilazmalulad uninedusivdganauns

o ¢ v a = v a cd o ¥ o a
UFWIY LANTUHN,2550,M15ANWIMUINNNI TN s uLdseindiievininfaunazundn
InihlngldinesTudidnvin, InendnusuSyarngmansanamnssuumUndin @191
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= @ a [~ 1% o a o a v o Qs
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SYUUEIRTUNGIIULETind InerdnusuS g denssumansum S adnaivn i
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wialulad(ineguu).
Ander Killander, John C. Bass, 1996, “A Stove-Top Generator For Cold Areas”,
IEEE 15th International Conference on Thermoelectric, pp.390-393
F.A. Benko, F.P. Koffyberg, Mater. Res. Bull. 21 (1986) 753.
Rida  Y.Nuwayhid, Atan - Shinhadeh, Nesreen Ghaddar. “Develelopment and
testing of a. domestics. woodstove thermoelectric -Generator with natural
convection cooling”, Energy Conversion & Management, Vol. xx, No. x, pp. xxx-

xxx., 2004,

http://archive.lib.cmu.ac.th/full/T/2555/mat30355np_ch2.pdf

[10] http://km.signalschool.net/wp-content/uploads/2015/01/ch2.pdf
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26-0509 Qualty: cuozccu
CAS Number 12018109 Copper Chromium Dxide

W Ref: Ustyantsev, Marevich, Inorg. Mater. [Engl. Transl ), 9, 306 (1973]

Volume[CD} 580.93 i

Dx 5295 Dm: v

Sys: Cubic £

Lallice: Face-centered E N

G F LR ]

Cell Parameters: X = L

a 8.344 b c e | ! | l |

- : . 1 "B %

SS/FOM: F 9=5(0.128, 14) 0 5 5 2 85

1/lcor:

Radt oy 2 md hk || 2 e hk 1|2 I h ok |
Lembda: 154056 18.3%2 5 11 1 |37.280 5 2 2 2 |57557 0511
Fiker: 30378 80 2 2 0 |43472 0 4 0 0 |B3202 50 4 40
dsp: 35597 00 3 1 1 |53886 15 4 2 2 |74266 20 533
Non-Ambient Temperature

L. POF # 391346, Wavelength = 1.54178 (A) BEE

331346 Qualiy: ” Fe203 %
M , j -

CAS Number 4

MolecuarWegh, 15369 .. Motth Dakota State University.

Volume[CD} 582

Dx 4856 Drm:_4.900 g

Sys: Cubic E

Lattice: Pimitive “Z

S.G.: P4132(213) 3 £ g

Cell Paramelers: x = |

28351 b ¢ - | > | i 8

AN CR Lk L

55/FOM: F30=35(,0030, 35) 0 5 5 205

1cor: 1.4

Red Cuka 2 I h k1| 2 ek ok 1| 2 né nik 1

Lambda: 1.54178 14,969 5 11 0 [50049 2 4 2 1 |72488 W5 4 0

Fiker: Gragh 18.399 4 11 1 (53778 0 4 2.2 |74540 5 533

duspdifiactometer [ 23799 § 2 1 0 |54972 1.4.3 0 |75513 CUN o)

Mineral Name: 26.124 5§ 2 1 1 (56154 115 1 076514 A6 3 0]

Maghemite-C syn 30.265 3B 220 |57 2 5 1 1|77515 A6 3 1]
251 2 22 1 [s9620 1 520 |72952 1 444
33910 2310 [60738 25 2 1 |s0s5m0 als 3 2]
35659 00 3 1 1 [62981 34 44 0 |814%8 1710
37.260 3 2 2 2 |64051 1 4 4 1 (542 i7 21
38679 103 2 0]]65130 1 530 |8239 2. 642
40.410 103 2 1]|67.262 A4 4 2)|893u Aar? 3 o)
43320 6 4 0 0 [68314 106 1 0][%03x7 7°731
44741 1 4 10 |69368 16 11 %5203 3[8 0 0]
46110 A[3 3 0]|71441 3 620






