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This study concentrated on improvement of thermal conductivity of alumina
substrate for Peltier element as functions of alumina powders, dopants, and sintering
temperatures. Alumina substrate also should have high mechanical strength and cheap
cost.  this study, AKP-30 and AES-11 were used as alumina powder while MgO and
Zr02were used as dopants. Alumina powders were doped with 0.5 wt% of MgO and
15, 3.0 and 7.5 wt% of Zr02and were prepared by a conventional oxide mixing

techniaue and sintered attemperature ranging from 1450 - 1650 °C for 2 hours.

AKP-30 and AES-11 with 0.5 wt% of MgO and 1.5, 3.0, 7.5 wt% of Zr02 dopants
could be sintered to nearly theoretical density . Thermal conductivity of AKP-30 in
the range of 30 - 38 / *K while that of AES-11 was in the range of 27 - 34 | *K
Therefore AKP-30 had a better thermal conductivity than AES-11, but not so
significantly. The mechanical strength of most of AES-11 specimen sintered at 1550 -
1650 °C was higher than 400 MPa. Apparently the mechanical strength and thermal

conductivity measured in this research had met the targeted values.

Department Material Science Student's signature...... /ﬂ‘}’"k ................
. ) ) ) {
Field of study Ceramic Technology Advisor's signature.../3....(.4.«:.412‘7@...

Academic year 2002 Co-advisor's signature.. .*f’.{‘?f[‘ff? ............



Acknowledgements

| would like to express to my deep gratitude to my advisor, Professor Dr.
Shigetaka Wada, for his encouragement, consistent guidance and for all that | have
learnt from his throughout this research. His advises never failed to inspire the good
idea and increase my motivation. | would like to extend my gratitude to my co-advisor,
Dr. Sirithan Jiemsirilers, who gave me a good advice.

| would like to acknowledge Mr. Tanakorn Wasanapienpong for his advice. My
works would not be completed without his helpful and invaluable suggestions.

Iwould like to thank the National Metal and Materials Technology Center (MTEC)
and graduate school of Chulalongkorn University especially the AISIN, Japanese
company for the research financial support.

My thanks are also extended to Mr. Panyapong Kimphan for his helpful and
support.

Thanks to aii my friends at the Department of Materials Science for their
friendship and supports.

Finally, ! would like to express my gratitude to my family for their loves,

understanding and encouragement.



Vi

CONTENTS
Page
ADSITACT (TR cuvvvvvvvvvvvrsrsrrsrmsssssrssssssssssssssssssssssssssssssssssssssssssssss8s 818 \"
ADSEITACT (ENGIISN) s ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss e Vv
ACKNOWIRAGEM NS .ovvvvvvvvvvvvvssssssssssssssssessssssssssssssssssssssssssssssssssss s ssssssssssssss s ssssssssssssenes Vi
COMEBNES ovvvvvvvvevrvsssssssssssssse s8R Vil
Lists of Tables....cccoiiinnn X
LISES OF FIQUIBS ovvuuuuuuussinenrssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssess Xi
Chapter 1 INtrOAUCTION oo 1
Chapter 2 LIterature REVIEW ... sessiossssssmsssssmmmsssssmssssssssssssssssssssssssssssssssssssssssssssssssss 4
2.1 ATUMING e 4
2.2 SINEriNG Of AIUMING. i 7
2.3 InflUENCE OF QUAILIVES cooiiiisisesisciisiii s 9
2.3.1 EffeCt 0f MQO ..iiiiicoiesirvscvvsivnsssssssssssssssssssssssssssssssssssssssssssssssssssees 9
2.3.2 EffeCt 0FZI0 2iiiiiiiiiiiiiiiisimsssssssssssssssssssssssssssss s u
2.3.3 Effect 0fS102 Si02CA0 cumuivivrmmmimrrrmmsssssssssssssmsssssssssssmsssssssssssssssens 12
2.4 Thermal conductivity of ceramic MaterialS. .. rrrvvvverrmrsnsssnene 13
2.4.1 Thermal conduction MeChANISM ..o 13
2.4.2 Thermal conductivity 0f Al2) 3....ovvvvvvvvvvviissssssssssseesnessssssssssssssssssssnssnnnns 16
Chapter 3 Experimental ProCRAUIRS...ccoimmmmmmmmimmmirrviessissssmssssssssssssss s 18
3.1 Raw materials and characterizations ..., 18
3.1.1 Starting raw materialS......conemrerrrsssssssssssssmmmmsssssssssssssssssssssssees 18
3.1.2 Raw material CharaCterizationS .. 19
3.1.2.1 Particle size distribution determin@tion........nnnn 19
3.1.2.2 Microstructure examination by SEM.....ccooommrnrnrrrrrrrrrinnnnnn 19
3.2 Composition and preparation of alumina poWder.....ccmmsmessssenserrennn 20
3.3 Characterization of Sintered SPECIMENS . ...vvivvvrrrrrrrssssssssssssssssssnns 23
3.3.1 Density MeaSUIrEMEN . ... .vvcssssssssssssessssssssssssssssssssssssssssssssssssssees 23
3.3.1.1 SPECIfIC Gravit cooooiiiiimmmsmssssssssssssesssssssssssssssssssssssseens 23

3.3.1.2 Theoretical deNnSIY o mmmmmmmmmmssssssssssssssssssnens 23



viil

CONTENTS (Cont.)
Page
3.3.1.3  REIAtVE UeNSIY oesseerrrrrrrrrrrsvsssssssmssssssssssssssssssssssssssssssssnseens 24
3.3.2 Water absorption measurement. ... 24
3.3.3 Microstructure examination DY SEM......ccccccommmmmnnnrmrrrsssssssssssmmmmmmmnnnnnns 25
3.3.4 Strength measUreMeNt...mmmesssmssssssssss————————— 25
3.3.5 Thermal conductivity MeasuremMent . s 27
Chapter 4 EXPeriMental FeSUIS ..ot sst st 28
4.1 Raw materials CharaCterizationS ., 28
4.1.1 Particle Size diStriDUTION..ommmmeccervvvvvrsrmsssssssssssssssssssssssssns 28
4.1.2 Morphology of alUmina POWART ... 30
4.2 Preliminary sintering of AES-11and AKP-30......ccccooimmmmmmmmmnnmrrmrerrsvssssssssmmninnnnnn 3l
4.3 Thermal conductivity and microstructure of AES-11 and AKP-30.............. 32
4.4 Mechanical properties 0f AES-11......nssssssssssssssmmsmnsssssssssssssens 38
4.5 The effects of sintering time 0f AES-11..ovvvviiiiissssssssnnrsrsssssssssssssnssnnsnnnnns 40
4.6 Sintering of mixed additives at 1450-1650 ° C coovvevssessesssssssssssssssssssssssssisinnen 42
CRAPTET D DISCUSSION ceivituiieiriisesisieseisssissses st e s bbb s s 43
5.1 The effects of the difference of Al20 3powder for density and
MICTOSEIUCTUTE 1ot sssssssssssmssssssssssss s 43
5.2 The effects of the difference of additives for mechanical strength.......... 44
5.3 The causes of deviation in relative denSity ... 45
5.4 Mechanical SrENGN .. 49
5.5 Thermal CONAUCTIVIEY .ovvvvvvrrrrrrrrrsssssssssssssssssssssssssssssssssssssnsssssssssnens 53
CHAPLEr 6 CONCIUSIONS ..oveeeeeeieieieeceeeee ettt 59
CRAPLET 7 FULUIE WOTK....ov.veoieeeereseseseeses i sess st 60
R (=T = o o= 61
N T2 [1oT-Y- TSRO 64
1 Classification of ceramics by fUNCHON ... 65
2 Thermal conductivity of alumina from severalmanufacturers.......oereneee 66

3 Drawing of biaxial-flexure strength-teSt qUIPMENt..rvcvvvvvvvvvvvvrrrssssssssens 68



10

1

12

13

14

15

16

17

18

Biography

CONTENTS (Cont))

Page
Specific gravity, water absorption and relative density of AKP-30 and
AES-11sintered at 1450 - 1650 °C .evvvvrmmrvrrmrmrmmmmmnnssssnnssssssssssssssssssssssssssssssens 71
The relationship between relative density and sintering temperature of
AKP-30 @nd AES-LL...srrrvrssssssssssssnmssssssssssssssssssssssssssssssssssssssssssssssssssssnes 74
Specific gravity, water absorption and relative density of AKP-30 and
AES-11SIntered at 1650 °C ..ovvvvvvverrvssinvivrnensesssssssssssesssessssssssssssssssssssssssnees 75
SEM micrograph of doped and pure of AKP-30 and AES-11....ccccooiiiivrsrsnne 7
Specific gravity, water absorption and relative density of AES-11
sintered at 1450 - 1650 °C .ooiiieevvrriinnnssssssissssssssssssssssssssssssssssssssssssee 82
Thickness and radius of AES-11 sintered at 1450 - 1650°C ... 87
Strength measurement of AES-11 specimens sintered at 1450 - 1650°c...92
Fracture of doped and pure AES-11 sintered at 1450- 1650°C .. 97
Surface roughness of AES-1kpecimens sintered at  1450- 1650 °C ......... 102

Specific gravity, water absorption and relative density of AES-11

sintered at 1450 - 1650 °C for 1,4, and 6 N 107
The relationship between sintering time, relative density and sintering
temperature of doped and pure AES-L1 s 122
Specific gravity, water absorption and relative density of both additives
doped AKP-30 and AES-11 at 1450 - 1650 °C cccoovvvrrrrrrrrrrrvvrrvvrrmmmssssssssssenes 125
The relationship between sintering temperature and relative density of

both additives doped AKP-30 and AES-11.....ns 133
Specific gravity, water absorption and relative density of second
Measurement of AKP-30 and AES-11sintered at 1650 °C ....oervvvverriiiiiviennn 135
Comparison of relative density of AES-11 between first and second
MEASUMBM BN ..o eeeseeseesssssssssssss e 137



LISTS OF TABLES
Page
Table 2.1 Typical properties 0f AIUMINA ... 5
Table 2.2 Values of intrinsic thermal conductivity of nonmetallic materialS..........ccccccee 14
Table 2.3 Approximate values for thermal conductivities of selected
CIAMIC MALETIAIS ..vvvvvvvvvvvrrrrrrrrsrsrsnse st 15
Table 3.1 Oxide powders and chemicals used in eXPeriment....oorrrrrrrrrvvvvvernnennnnns 18
Table 3.2 Compositions of alumina for Peltier eleMent......cccosseerrneerrrversvvvvssssssinmsnnnnnnnns 21
Table 3.3 Calculated 100% density of €aCh COMPOSItION .cuuuurrvvviiiiiiiriiiiiimiimisseesesssseeeee 24
Table 4.1 Thermal conductivity of doped and pure AKP-30 and AES-11 alumina
specimens sintered at 1650 °C fOr 2 N 33
Table 4.2 The average grain size of alumina sintered at 1650 °C f0r 2 N.vvvvvvvcencnens 37

Table 51 Measured thermal conductivity and calculated thermal conductivity.............. 54



Fig. 1.1
Fig. 1.2
Fig.2.1
Fig.2.2

Fig.2.3
Fig.2.4
Fig.2.5
Fig.3.1
Fig.3.2
Fig.3.3
Fig.4.1

Fig.4.2

Fig.4.3

Fig.4.4

Fig.4.5

Fig.4.6

Fig.4.7

Fig.4.8

LISTS OF FIGURES

Page

PeltiEr RIRMENT. ... 1
Structure of Peltier 1EMENT. ... 2
Packing of Al and 0 ions in the Dasal Plan@... s 4
Schematic of the geometry of sintering of two spheres, showing six
alternate paths for Matter traNSPOIt. ... ssssssanans 7
Effects of MgO content on the density of sintered alumina.......coonmesssssessreerrerrnnn 9
Thermal conductivity of alumina as a function of temperature....ooerrrrrrvrvvneeen 16
Purity dependence of thermal conductivity on alumina content......vvvvvvenen 17
Flow diagram of sample preparation of Peltier element by a conventional
OXIAE MIXING PrOCESS covvirismssisseressssssssssssssssssssmsssssssssssssssssssssssssssssssssssssssssssssssssssssses 22
Biaxial- flexure strength-test fixure in ASTM F394-T8........ccccooimmmmmmssssnsnneneneesssssssnnnns 26
Flash diffusivity apparatus (SChEMALIC).....ccourmrrrrrrrrssssssssmmsmmmsssssssssssssssssssssseens 27
Particle size distribution of AKP-30 and AES-11alumina powWders.....cwmnenen 29
(a) Microstructure of pure AKP-30 alumina powder.......mmmnenerrrrrssssssnes 30
(b) Microstructure of pure AES-11 alumina poWder .mmmmmmsesssssneees 30
(a) The relationship between relative density and sintering temperature

OF AKP =301 sssssssssssssssms s sssssssssssssssssssssssssssssssssssssens 31
(a) The relationship between relative density and sintering temperature

of AES-ILHULALONGKORN. . LUINIVERSITY. ... ererrrcrreeecessnssssssssessanns 32
The relationship between relative density and thermal conductivity of
AKP-30 @N0 AES-11ervvcvvvsvinssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssanns 34
The relationship between the amount of Zr02and thermal conductivity of
AKP-30 @NA AES-1L . rrvrvvvssvssssmmmnmmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 34
(a) SEM micrograph of 0% Zr02doped AKP =30, 36
(b) SEM micrograph of 0% Zr02doped AES-L1.sssssssssssssssssns 36
The relationship between the amount of Zr02and the average grain size
OF AKP-30 N0 AES -1 37
The relationship between strength and sintering temperature cf AES-11......... 39



Xi

LISTS OF FIGURES (Cont)

Page
Fig.4.9 The relationship between the relative density and sintering temoerature
OF AE S - Lt 39
Fig.4.10 The relationship between water absorption and sintering temperature
OF AE S LR 40
Fig.4.11 The relationship between sintering time, relative density and sintering
Temperature of AES-11 doped with 7.5 Wt% Z10 2. 41
Fig.5.1 The relationship between sintering temperature and maximum
QITIEIENCE (90) vvvvvvvvvrmrvrrrvrrssssisssnsssssseress st 46
Fig.5.2 (a) The relationship of relative density between the repeated measurement
for specimens No.1,1450 - 1650 T 48
(a) The relationship of relative density between the repeated measurement
for specimens No.2,1450 - 1650 L o 48
Fig.5.3 SEM micrograph of 0.5 wt% MgO doped AES-11 alumina sintered at
1600 °C 2 Moo ot ke sseesssssssssssssssssssssssssssssssssssssssssssssssssss 50
Fig.5.4 SEM micrograph of 1.5 wt% Zr02doped AES-11 alumina sintered at
1600 °C 2 Moot s 50
Fig.5.5 (a) Surface roughness of alumina of AISIN® 'NO.L cccooviiiieiiiiiiiiiiicsissseesesssssnneen 51
(b) Surface roughness of alumina of AISIN' NO.2....cccooeeessnernnrrrrrrrrvessesrssnnninmsmnsnns 52
Fig.5.6 The relationship between relative density and thermal conductivity of
AKP-30 @N0 AES 11 ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnns 56
Fig.5.7 The relationship between the amount of and thermal conductivity
OF AKP-30 aNd AES-L1L..icsrrrrrssssssssssssssssssssssssssssssssssssssssssnsssssssssssssssssssnes 56
Fig.5.8 The relationship between Kmand measured thermal conductivity(w/rrrk).......... 57
Fig.5.9 SEM micrograph of AISIN SUDSIIALE ...vcrrmrvvvmrrrrrmnrrnrrsnssrssssssssssssssssssssssssssssssssnnns 58

Fig.5.10 SEM micrograph of Y-A995 specimen sintered at 1650°C 2N ccscscscsssisiiiins 58



	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



