Chapter 4

Results and Discussion
4.1 Experimental results of pellet specimens
4.1.1 Density and water absorption

Specific gravity, water absorg ‘ , sity were measured as shown in
Appendix 1. The relationship betw ' lativg nétering temperature is shown in

Fig.4.1.1 (a). Relative dens CLeaSe ith _sintering témperature. Density reached to

almost full at 1600 °C becat® v ) has vely smallg ., which is a good property to

enhance sintering. Fig.4. 3 the relations| cen water absorption and

sintering temperature.
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Fig.4.1.1 (a) and Fig.4.1.

and water absorption are normal. ositions show a little higher relative

density than the undoped compc doped composition) also shows a
little higher water absor {as shown in Fig. 4.1.3.3,

water absorption of pure eri ;;J ‘temperature over 1600 °c.

Tape specimen shows very IO}V water absorphon at the sintering temperature of 1550 °C as
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In sect|on 4.1.1, AKP-30 can be sintered to almost full density at 1600 °C. To know
the effect of bulk density on the thermal conductivity, the specimens for measuring thermal
conductivity were sintered at 1450 - 1650 °C. For this experiment, 12 mm diameter die was
used because the diameter of specimen, which will be measured for thermal conductivity

should be in the range of 9.5-10.5 mm diameter. Three to five pieces of specimens for each
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composition were sintered. The results of specific gravity, water absorption, relative density
of this set of specimens are shown in Appendix 2 A.
The thermal conductivity of the material (A) is dependent on the density (P), thermal

diffusivity (OL) and the specific heat of material (C,) from the relation

Thermal conductivity of p s\_ ‘ ped AKP-30 sintered at various

temperatures are shown in Table.4. Fhos ; from Thermal diffusivity, specific

Composition k der c Iconductlvnty (W/m.K)

AKP-30

AKP-30 +0.5% MgO

AKP-30 +1.5 ZrO,

|

9 1550 3.822 34.2

AKP-30 +3.0 ZrO, 1600 3.893 30.0

1650 3.949 33.9
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Thermal diffusivity, which means transient heat flow conditions is an important factor
required for getting good thermal conductivity. The density is also an important factor as

shown in Fig.4.1.2.1.
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K. is the thermal conductivity of matrix, K, is the thermal conductivity of dispersed

phase and V, is the volume fraction of dispersed phase. When K. >> K, the following

equation is derived.

o = K [(1-V )i(1+(v,/2)] (5.2)

In this experiment, ZrO, and pore are second phase. The thermal conductivity of ZrO,

is 3 W/m.K that is lower than that \ // K. The experimental results can be
calculated by the equation 5.2. Th & of pore volume and ZrO, volume,
From the relative density and Z b i . All data used for calculation and

equation 5.2 e
s
“h 18 [ )kl
Composition Sintering Rela ﬂerjt{ _r__ Vol. of v, K.,
temperature (°C) > i (W/m. K)
1450 LS T M - 0.01 39.4
AKP-30 15 o {006 000 | 400
1550@ & 0.01 39.4
1500 . 0.93 uom 0.00 0.07 35.9
AKP-30 +0.5% F‘1 ﬂ ’J w %-Js‘ﬂ 'j ng / ] ﬂ)ﬁi’ 0.02 38.8
MgO 600 38.8
1 ‘ 39.4
1550 0.97 0.03 0.01 0.04 37.7
AKP-30 +1.5

1600 0.97 0.03 0.01 0.04 37.7

ZrO,
1650 0.99 0.01 0.01 0.02 38.8
1550 0.95 0.05 0.02 0.07 35.9

AKP-30 +3.0

1600 0.97 0.03 0.02 0.05 37.0

ZrQ;
1650 0.99 0.01 0.02 0.03 38.2
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Fig.4.1.2.2 shows the relationship between measured thermal conductivity and K.
When pores and ZrO, grains are dispersed in the alumina matrix like the model for equation
5.2, measured thermal conductivity and K should be equal. The data should be plotted on
the dashed line in Fig.4.1.2.2. However, measured values are always a little smaller than K
as seen in Fig.4.1.2.2.

Thermal conductivity of AKP-30 are mostly higher than 30 W/m-K for all compositions

4.1.3 Mechanical strength

s

Relative density, w, bsorption speci \ ich are used for étrength
measurement are shown in A %f I 3 o\\o us of each specimen were used
to calculate mechanical strengt equatic he ‘relationship between mechanical

strength and sintering temperature -?nvv in
Appendix 3, Fig.4.1.3.2 and\ 4 "

.3.1 and Appendix 4. As shown in

Q P o .
07C are low in relative density

h ause of lower strength in
sy 'l
every doped composition “ cept in pure AKP-30 compos n, which shows very high

mechanical strength as jlrzejﬁa temperature 0f1500 °C with the low relative density.
Specimens usually% to rmnEJ m(ﬁWI&Lgﬁ §rface cracks. Fracture
surface was observed to detect fractureforigin using am,optical microsggpe. However, we

cousro ko oS g e b b Ekch

and high in porosity. Presenc
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The mechanical strengt S measurec ASTM. The increase of

mechanical strength in u;, = .E# of density. AKP-30 +
3.0% ZrO, composition shoﬁ the hig 0 its r-"f size and density as shown

in Fig.4.1.3.5. The pure AKP- Ci@ hows the abnorr&) behavior that the density increases with

sintering temperatﬁ W/}Wﬂ% %%rﬁe}ﬂﬁmh temperature. The

causes of high mechanical strength in p‘ure AKP-30 composmon may come from the very
el A AR TR NN N2 3 \ 8
The fhechanical strength of the specimen sintered at 1550 is the highest in

average. Most of specimens attained over the target value, 400 MPa and the best strength is

in the range of 700 —-800 MPa.
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Fig.4.1.3.5 SEM micrograph of AKP-30 +3.0%ZrO, sintered at 1550 °C
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4.1.4. Microstructure

Microstructure of Pure AKP-30 and doped AKP-30 which were sintered at
various temperatures were examined using a scanning electron microscope (SEM) and
the average grain size was determined by a line intercepted method following ASTM

standard (Designation E 112-96). Results are shown in Table 4.3.

Table 4.3 The average grain Sz intering temperature

Composition '5" //ﬂ *\\\M\:ﬂ grain size (micron)
NS
/)= a NN
V71T N NE
(i 3\ =
0.80
0.87
AKP-30+0.5 MgO
1.71
1.85
1:03
AKP-30+1. |¢a o
ﬁ?ﬂ ! 13
Y 1650 205
RN TR
9 1550 0.92
AKP-30+3.0 ZrO2
1600 1.56
1650 1.33
1450 0.26
AKP-30 (tape) 1500 0.30
1550 0.38
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The SEM miciog f specimen in Appendix 6. The grain size of
every composition 4Nér tihg temperature as shown in
L T g
Fig.4.1.4.1. Pure AKP, J) shows the allest'grain size compared to other compositions.

The average grain size of pure AKP-30 thimgtape in Table 4.3 also shows smaller grain

ot offe bbb VA P B3 seron

MgO and ZrO, were used agradditives in tﬂi experiment. (‘i‘perally the effect of
MgOQtWﬂﬂaah%ﬂ@msN%rq @u%&jaqﬁagof sintering and
also afi%ct to decrease the average grain size and that of ZrO, is to inhibit grain growth
and also decrease the average grain size. From the experimental results, MgO and ZrQ,
could not act to decrease the average grain size completely. This may come from the

incomplete dispersion of additives.
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4.2 Experimental results of tape specimens

4.2.1 Thermal analysis (DTA/TGA)

Thermal analysis curves by DTA/TGA of Yuken tape and Miyazaki tape are

endothermic peaks at AGiumetes @% show that Yuken binder is

composed of at leastt jf, Organic materials. The weight loss is about 8
percent.

Fig 4.2.1.2 iyazaki binder tape. Two
endothermic peaks . > jand” 28] G showed ithat the Miyazaki binder is
composed of 2 types 0 ‘ : difhe tilos \‘~ bout 9.1 percent.
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Fig 4.2.1.1 DTA/TGA curve of Yuken tape
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tape specimens, high i ound 800 °C that the binder should
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be removed at this tempe&ature and then it becomes constant over 500 °C

The bmﬂ %E’ fa W Haﬂﬁ Wnﬂ\qmess because it affects

the cracks andithe defects in the snntered tape. So that the temperature at 300 °C is
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4.2.2 Sintering of tape specimens

In the sintering process, flatness of sintered tape is very important. Some load
was applied on the top of stacked tapes for preventing the warping. The stack of 5 tape
specimens were prepared by sprinkling with Zirconia powder in between each tape. The

specimens were heated at 300 °C fo with a heating rate of 3 °C/min for binder

removal. Further the temperature was faisg ith a heating rate of 3 °C/min to 1500,
1550, 1600 and 1650 °C and'Soaked f “Fhessihtered samples were cooled to 35 "¢

in the furnace.
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Relative density and water absorption of sintered tape are shown in Appendix 8.

1500 1550 1600 ﬁ 1650 1700

The relationship between relative density and sintering temperature is shown in Fig.
4.2.2.1. The relative density of Yuken tape increases at the temperature range of 1500 -
1600 °C and then decreases at 1650 °C. On the other hand, the relative density of
Miyazaki tape increases with sintering temperature and becomes the highest density at

1650 °C.
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The relatlonsh« \ ing/ emperature of tapes were

b |
shown in Fig.4.2.2. il he tendency of waler absorption shown in the Fig 4.2.2.2

conforms inveﬁl with f\ﬂendency of dersity in Fig. 4.2.2.1 that the water absorption
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Weight loss of sintered tapes wés determinedeafter sintering agyshown in Appendix
o &) dhhonb ) Bdfebrabdidebd/bnd bl bmbiplufe)ere sroun i
Fig.4.2.2.3. Weight loss after sintering is rather constant, around10 =11 %. The weight

loss of Miyazaki tape is a little higher than that of Yuken tape and is of the same

tendency with thermal analysis.
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Shrinkage of sintered tape was determined as shown in Appendix 10. The
relationship between shrinkage and sintering temperature is shown in Fig. 4.2.2.4. The
sintered tape has symmetrical shrinkage to vertical and parallel axis around 16 —17 %.

The shrinkage of Miyazaki tape is a little higher than that of Yuken.

AULINGNINGINS
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4.2.3 Mechanical strength of sintered tape specimens

The mechanical strength of tape specimens were measured using biaxial -

flexure strength—test fixture (Appendix 13) in conformity with ASTM F 394-78.

Table 4.4 Mechanical strength of sinteredjtape specimens

Composition Sintering { 7 Y%o-RElG en3|ty Average mechanical

x ' H strength (MPa)

Yuken ‘,////‘ lk\\\\“\ 438

e YTEPNIN 4

Miyazaki 430 .

Miyazaki i / "‘ ’\\\& 465
5 AR

Relative density and/watel g f.test specimens are shown in Appendix

11 A. Applied load, thickness anc rlength are shown in Appendix 12 A.

The average ‘e )l strength peg’is shown in Table 4.4 and
t -?o values higher than 400
nis around both widt -I,‘ d length.

Fig.4.2.3.1. Most of thé
MPa. The size of spe
Data of the meclﬁnal strength of sintered tape is shown in Fig.4.2.3.1.and the

rangeisgoo@oumwﬂmwmm
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f AISIN samples, 491 MPa, as

size of specimen might affect the

e same size as AISIN's were prepared



57

Table 4.5 Mechanical strength of sintered tape specimens (controlled size)

Composition Sintering temperature | % Relative density Average mechanical
(c) strength (MPa.)
Yuken 1450 96.8 633
Yuken 715
Yuken 645
Miyazaki - - 849
Miyazaki 500 a BSico 845
L - “:‘-’
Miyazaki i l////‘ \\\&“\ . 848
ﬁ/zﬁ PARRN 491
1400
1200 - v
“ Yuken 1450 C
uE“.’moo - ® Yuken 1500 C
% - A Yuken 1550 C
f’ O Miyazaki 1450 C
§ 600
§ € Miyazaki 1500 C
g 400

@ Miyazaki 1550 C

S
Er Aisin
J

Fig.4.2.3.2 Mechanical strength of sintered tape (controlled sized)
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Relative density and water absorption of test specimens are shown in Appendix
11 B. Applied load, thickness and mechanical strength are shown in Appendix 12 B.

The average mechanical strength of sintered tapes (controlled size) is shown in
Table 4.5 and Fig.4.2.3.2. The mechanical strength value of most sintered tapes is

higher than 500 MPa. They are also related with their densities. The strength of Miyazaki

specimens is the highest obviously i ing the tendency in Table 4.2.3.2 and

tape. Miyazaki binder CE ‘ { th better than Yuken binder as

shown in the results.
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