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Abstract

The densification behaviors (include- transformation) and high-temperature characteristics (especially oxidation resistance and high-
temperature strength properties) ol sintered bodies using ADs—Yb,0; based sintering additive are investigated.

Densification ané&—3 transformation behaviors were investigated by varying the compositions @AY b,O; additives. In terms of the
influence of the ¥O3/Al O3 ratio on densification behavior, a greate,@g/Al ;05 ratio tends to inhibit densification. Tle{3 transformation
tended to be delayed in sintered bodies with a small additive amount of 3.4 mass%. Compared with the transformation behaviors of the sintered
bodies using AIOs-Y,0; additives, those using ADs—Yb,O; additives exhibited a narrower temperature zonef¢y transformation, which
attributed to the finer structure for the sintered body usingAdYb,O; additives. This is affected by the difference in solubility off&j in
the two kinds of glass phase.

High room temperature strength of 900—1000 MPa was obtained for sintered bodies with a 10.0 mass% addition of additives, and this is
considered to be due to the finer micro-structure. Precipitation of &i¥\,0; phase at the grain boundary glass phase, as induced by
crystallization processing, enables the improvement of 180irength to about 650—720 MPa. Crystallization processing resulted in a 30%
reduction in the amount of weight change during oxidation (from 3.42 to 2.46 m/demonstrating the effectiveness in improving oxidation
resistance.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction superior high-temperature strength has been obtdiffde
application of ApOs—Yh,O3 additives is considered to be
Substantial effort has been devoted to the research and deeffective in obtaining SiN4 with both improved sinterability
velopment of $N4 ceramics aimed at improved efficiency and excellent high-temperature strength.
for application to various high-temperature equipn’i‘em. The phase equilibrium for AD3—YbyO3-Si0; has al-
order to improve the high-temperature characteristics of ready been elucidatédThe solidus temperature, at which
SigNa, it is important to control the glass phase formed at the liquid phase begins to form during heating, for new
grain boundaries with additives (added for densification) and additives based on AD3—Yby,O3-SiO» system is about
SiO;, (contained in $N4 raw powders). Additives such as  100-150°C higher than that for conventional ADs—
Y203-Al203,% Yb203, and LipOz* have been used for  v,04-Si0, systen? It is, therefore, expected that the sin-
developing SNy sintered bodies. The ¥3-SiO—SikN4 tering behavior with AJOs—Yb,O3 additives is different
phase diagram has been clarified fop ¥ based additive3,  from that with AbOs—Y,05 additives, and it is necessary
and it has been reported that the!j sintered body having  to ascertain correctly this behavior in order to optimize
the sintering conditions. And, it is also necessary to deter-
* Corresponding author. mine whether SiN4 with superior high-temperature strength
E-mail address: fwip2008@mb.infoweb.ne.jp (H. Yamamoto). for high-temperature application can be obtained under
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sintering conditions in a nitrogen atmosphere under 1 MPa bulk density, and the relative density was determined from the
by using these additives. theoretical density calculated by allocating the weight ratio of
Accordingly, in this paper, densification aadg transfor- the additive composition. The pore distribution was observed
mation behaviors were investigated by varying the composi- using an optical microscope, after polishing the specimens
tions of Al,O3—Yb,O3 additives, and the high-temperature embedded in plastic. The amount @fphase was quanti-
characteristics (especially oxidation resistance and high-fied from the ratio of diffractive intensities of Si3N4 (20 1)
temperature strength) of $l, sintered bodies were eval- andp-SisN4 (10 1) peaks observed by the X-ray diffraction
uated. (XRD). Microstructural observation was carried out using the
scanning electron microscope (SEM).
Strength characteristics were evaluated for samples with
2. Experimental relative density corresponding to approximately 98% and
above. Forthis purpose, four-point bending strength was mea-
The raw material powders used for testing were Ube In- sured at room temperature and at 13G0All strength eval-
dustries SN-E10 (purity of 99.9% and average grain size of uation conditions were based on the JIS-R1601 standard. A
0.3um) for SkN4, Sumitomo Chemical AKP-30 (purity of  large electric furnace was used in the evaluation of oxida-
over 99.9% and average grain size of @) for Al,O3, and tion resistance properties. The above-noted JIS-R1601 test
Shin-Etsu Chemical SU (purity of 99.9% and average grain pieces were placed in an SiC jig, and kept at 1300-1400
size of 0.1um) for Yb,Os. for 100-300 h, with oxidation properties evaluated by visual
The compositions of the sintering additives are indicated observation and measurement of weight changes during ox-
by the solid dots on the phase diagfaim Fig. 1, in which idation.
the raw material YpOs/Al O3 ratios are also shown. After For comparison, §N4 sintered bodies were also prepared
measuring the prescribed amount of raw material powders,using a representative #AD3—Y>03 additive consisting of
wet mixing was performed in butanol, and the mixed pow- 4.0 mass% ¥Oz and 1.6 mass% ADz (Y 203/Al,03 ratio
ders were obtained after drying in a rotary evaporator. The of 2.5), sintered at 180TC for 4 h.
mixed powders thus prepared were subjected to CIP forming
at 392 MPa to produce pellets measuring 30 mm in diame-
ter by approximately 5 mm in thickness. For investigation of 3. Results and discussion
densification and— transformation behavior, sintering was
carried out in a 0.6 MPa nitrogen gas atmosphere in the tem-3.1. Densification behavior
perature range of 1500—2000. The rate of temperature rise
was 1°C/min, and the sintering bodies were cooled in fur- Fig. 2presents the densification behaviors @hgjceram-
nace after the temperature had risen to the target temperaturecs with different amounts of additives, using additives with
And, for evaluation of high-temperature characteristics, sin- Yb,Os/Al,O3 ratio of 1.0, 1.7, and 2.5, respectively. In spec-
tering was performed in a 0.6 MPa nitrogen gas atmosphereimens having additive amount of 5.6 mass%, densification
for 0-16 h in the temperature range of 1700-1900The tends to be inhibited with increasing the X@s/Al O3 ratio.
compositions of the prepared sintered bodies are also showrn particular, when the Y#03/Al O3 ratio is 2.5, a sintering
in Fig. 1 temperature of 1900C or higherisrequired in order to obtain
The sintered bodies obtained were subjected to evaluationa dense sintered body having relative density of above 98%.
of density and pore distribution. Density was measured asIn the case of an additive amount of 10 mass%, the increase

Sio,

g%ost;ef%rlmier;g region) (Temperature (-
Liquidus Temperature) Composition of Sinterd body Sintering
(Symbol:Sample No) Sample (mass%) additive
N . N A °
Eutectic point (1773K) o ALOs  Yb,0s SO, SisN,, (mass%)

D) 17A 124 211 205 946 3.35
S, 1.0B 280  2.80
> 178 207 353 200 924 5.60
4 % 258 160  4.00
56 ’% 1.0C 2.80  2.80
R 1.7C 207 353 190  88.1 10.0
10.0 25C _ 1.60 __ 4.00
L
Yb,04 2517 1.0 AlL,Og

(Yb,05/ Al,O4 ratio)

Fig. 1. Composition of SNy sintered body and the position of grain boundary phase on phase diagram ofbthe- A, O3—SiO, system.
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lower, or 1600-1800C. For a high additive amount of
10.0 mass%, densification seems to have progressed substan-
tially at 1500°C. However, the trend with respect to density is
reversed at temperatures above 1900Specimens contain-
ing a smaller additive amount clearly exhibit greater density.
Densification behavior at temperatures below 1906 con-
sidered to be basically dependent on the amount of additives,
i.e. probably on the amount of liquid phase formed in the
sintered body.

Fig. 3 also presents the comparative results of densifi-

Relative density(%)

%500 1600 1700 1800 1900 2000 cation behavior of sintered bodies with different additives,
Sintering temperature(°C) Al,03-Yh,03 and conventional AlO3-Y,0s3, where the
5 Addivers omasete, Yor0/ALOYao—t 7 amount of additive is 5.6 mass%, and thgOg/Al 03 and

= Addiivet0 Omases YoOYALOyalio-T 0 Yb,03/Al ;03 ratios are 2.5. These results indicate that the
o Additive:10.0mass%, YbxOo/AlOyratio=1.7 relative density obtained by using AD3—Yb,O3 additives

A Additive:10.0mass%, Yb,O3/Al,Ogratio=2.5

is about 10% lower than that obtained by,@®k—Y>03
Fig. 2. Sintering temperature dependence of the relative densitysiSi additives in the range of sintering temperatures below
ceramics (amount of additive: 5.6 and 10.0 mass%). about 1750C. When the temperature is further increased,
density for AbO3—Yb,O3 reaches nearly the same relative
of additives tends to promote densification, compared with density as that for AlOs—Y,03 additives, but the relative
the results of an additive amount of 5.6 mass%. However, the density tends to be somewhat lower for sintered bodies using
influence of YbO3/Al,O3 ratio tended to become smaller. Al203—Yb,O3 additives.
In order to achieve the dense sintering at the same tempera- Densification tends to be delayed for the;®5—Yb,03
ture of 1700-1900C using AbO3—Yb,O3 based additives,  additive, for which solidus temperatures are higher and the
a YhpO3/Al 03 ratio below 1.7 is needed for a low additive liquid phase is considered to be formed at higher temper-
amount of 5.6 mass%, or else an additive amount of at leastatures compared with AD3—Y>0O3 additives. In addition,
10.0 mass% is required. The rate of increasing density mayas describe later, the viscosity of28:;-Yb,O3 based glass
be affected by the solubility g8-SisN4 in the liquid phase,  phase, which has a higher solidus temperature, is greater at
although the S$iNg4 solubility to the liquid phase formed by  the same temperature than that of the@4-Y >0z additives.
the ALbO3-Yb,0O3 additives and Si@is unclear.
Fig. 3 shows the densification behaviors o§IS$i hav- 3.2. a—f Transformation behavior
ing additives with a YBOs/Al 03 ratio of 1.7 and with dif-
ferent, additive amounts of 3.35, 5.6, and 10.0 mass%, re- The transformation, which occurs during sintering of
spectively. As is clear from the figure, densification pro- SizsNg4, affects the microstructural morphology of the final
gresses rapidly from 1700 to 1900 at a low additive sintered body. Consequently, this is an important factor
amount of 3.35mass%, and the corresponding temperaturgor determining the sintering conditions for structural
zone for an additive amount of 5.6 mass% is about°@0  control. Accordingly, the influence of the AD3—YbyO3
additive composition om—f3 transformation behavior was

100 investigated.
Fig. 4 presents the amount @-phase as a function of

90 € sintering temperature, using additive with X@s/Al,03 ra-
3 tios of 1.0, 1.7, and 2.5, respectively. In the sintering behav-
) ior of specimens with an additive amount of 5.6 mass% and
§ with a YbpOs/Al2O3 ratio of 1.7, transformation tends to oc-
2 cur at lower temperatures as showrFig. 4. Regardless of
§ the YhpOs/Al 03 ratio, howeverB-phase amount of nearly

100% is attained at 165C. In the case where the additive
amount is 10.0 mass%, the change indhg transformation
rate is almost similarly independent on the, /Al ,O3 ra-

8

50 | 1 | 1 A . A
1500 1600 1700 1800 1900 2000 tio, and nearly 100% oB-phase is attained at temperature
Sintering temperature(°C) above 1650C
O Additive:AlZOg-Yb,Os, 3.35mass%, YbyOa/AlOgratio=1.7 o L. .
© AddineNa0s 10y Somasst, ToOyMOgalo=17 The compositional dependence of the liquidus line for
itive: 3 , 10.0mass%, ratio=1. . .. . . . . .
V' Additive:Al,05-Yb,Os, 5.6mass%, Yb,Og/ALOyratio=2.5 Al203-Yb,03—SiO, is indicated inFig. 1, in which the eu-

V¥ Additive:AlpO3- Y203, 5.6mass%, YbyOs/AlOgratio=2.5 . . . . .
o e tectic composition exists on a line with for the X®3/Al 203

Fig. 3. Sintering temperature dependence of the relative density;ngSi  ratio 1.7° Because a greater amount of liquid phase is con-
ceramics (YbOa/Al ,03 ratio: 1.7 and comparison of the additive). sidered to be formed at a composition near the eutectic
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Fig. 4. Sintering temperature dependence of the amo@ypdiase of SN,
ceramics (amount of additive: 5.6 and 10.0 mass%).

composition, the rapid progress @3 transformation may
occur at a low temperature in specimens using additives with
a YbpOg3/Al O3 ratio of 1.7. In specimens with a large amount
of additives, e.g. 10.0 mass%, where a large amount of liquid
phase would be formed, the ¥®3/Al,O3 ratio dependence
of a— transformation behavior would no longer be exhibited.
Fig. 5indicates the amount @-phase as a function of sin-
tering temperature, using additives with atl/Al,O3 ratio
1.7 and with additive amounts of 3.35, 5.6, and 10.0 mass%,
respectively. The— transformation tends to be delayed in
sintering bodies with a low additive amount of 3.35 mass%.
Fig. 5also presents the comparative resultsfep trans-
formation behavior in specimens with &Zbs—Yb,03 and
Al,03-Y203 additives as a function of sintering tempera-
ture, where the sintering additives, with an additive amount of
5.6 mass%, and with XO3/Al,03 and YkOs/Al»03 ratios
of 2.5 are used for sintering. Compared with the@d—Y 203
additives, ApO3—Yb,O3 additives result in the occurrence

100
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20

Amount of B -phase (%)

0
1500

1600 1700 1800 1900 2000

Sintering temperature(°C)
O Additive:Al,O5-Yb,Og, 3.35mass%, Yb,Oa/Al,Oqratio=1.7
O Additive:Al,03-Yb,Os, 5.6mass%, Yb,Os/Al,Ogratio=1.7
A Additive:Al,O3-Yb,O3, 10.0mass%, Yb,Oy/Al,Ogratio=1.7
V Additive:Al,O3-Yb,03, 5.6mass%, Yb,OyAl,Ogratio=2.5
V¥ Additive:AlO3-Y,03, 5.6mass%, Yb,O4/Al,O5ratio=2.5

Fig. 5. Sintering temperature dependence of the amo@ypbiase of SN,
ceramics (YbOs/Al,03 ratio: 1.7 and comparison of the additive).
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of B-phase amount of nearly 100% at 16%0 this tempera-
ture is approximately 50C lower than that for AIO3—Y203
additives. It is evident, then, that the &3-Yb,0O3 addi-
tives affect the transformation behavior such that dh@
transformation takes place in a narrower temperature zone
compared with that for AlOs—Y,03 additives. This may
be attributed to the difference in the solubility of3Si

in the liquid phase existing at the gBi4 grain boundary.
The reason for this is thought to be that the solubility of
SizN4 grains is 7.5mass% at 1550 with respect to the
Al2,03-Yb,03-SiO, based glass pha§eand 6—7 mass% at
1500°C with respect to the AD3—Y>03-SiO, based glass
phasé i.e., indicating greater solubility for AD3—Yb,0s.

It is considered that the— transformation proceeds more
quickly when the A}Os—Yh,0O3 additives, having greater
solubility, are used.

Fig. 6 shows SEM micrographs of sintered bodies us-
ing Al2O3-Yh,03 and AbO3—Y203 additives with identical
additive compositions and with identical additive amounts.
These are observed immediately after thed transforma-
tion and after sintering at 190C. The S§N4 sintered body
using AbO3—Yh,O3 additives (for which transition occurs in
a narrow temperature zone) exhibits a finer structure than that
of the sintered body using AD3—Y,03 additives. The influ-
ence of AbO3—Re O3 (Re: rare earth element) additives on
microstructure of SN4 sintered body has been reporfetf
these results are in agreement with those 6fBjnd et al®

3.3. Evaluation of strength characteristics

Fig. 7represents the relative density and the 4-point bend-
ing strength of sintered bodies at room temperature and at
1300°C using additive amounts of 3.35, 5.6 and 10.0 mass%,
respectively. Comparison with the results fop@k—Y>03 is
also provided irFig. 7. Almost all of the samples attained the
relative density of 98% or higher, regardless of the amount
of additives added or the ¥3/Al,O3 ratio. Accordingly,
it was demonstrated that the sintering at 1800—T@D€or
4 h is sufficient. It was also clarified that the high room tem-
perature strength of 900-1000 MPa can be obtained when
the sintered bodies are produced using a large amount of
Al2,03-Yb,03 additive (i.e., 10.0 mass%). This is thought to
result from a finer structure due to the occurrencex-eff
transformation in a narrow temperature range. However, al-
though the room temperature strength is sufficient, this is not
reflected in the 1300C strength, which produced a low re-
sult of 300—400 MPa,; the results seem to be independent of
the amount of additives and the XBs/Al O3 ratio.

Based on the evaluation results for the strength charac-
teristics of the sintered bodies produced with 5.6 mass%
addition of additives as shown iRig. 7, a trend was rec-
ognized that the 1300C strength increased with increas-
ing YboO3/Al,03 ratio up to 2.5. Also, in comparison with
the same YpOs/Al,O3 ratio, room temperature strength
tended to increase with larger additions of additives. Thus,
Fig. 8 presents the influence of ¥03/Al,0O3 ratio and
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After o-fj transformation

(a) Additive: AL,O,-Yb,0,, Temperature : 1650°C 0.-Y,0,

3 2vy

2

After end of sintering
(b) Additive: AlLO,
5

g
g

,0,-Y,0,, temperature : 1900°C

3 "2vy

-

Fig. 6. Microstructure of $N4 ceramics of just aftes—3 transformation and after end of sintering (a) and (b)@¥-Yh,O3 sintering additive; (c) and (d)
Al,03-Y>05 sintering additive.

additive amount on the high-temperature strength. Here, boundary glass phase accompanying the liquidus tempera-
the YkpOs3/Al,03 ratios of the additives are 1.7-20. The ture (viscosity may also be increased due to the precipitated
amounts of additives are 5.6, 10.0 and 20.0 mass%, andstate of the crystal phase). In the sintered body with additive
the sintering conditions are 4h at 180D. Although the amount of 20.0 mass%, the room temperature strength in-
room temperature strength tended to decline with increasecreases with increase in ¥03/Al 03 ratio, suggesting that

in the Yk O3/Al 03 ratio for both 5.6 and 10 mass% addi- sinterability increases with increase in X@s/Al 03 ratio.

tive amounts, the 1300 strength was conversely found to These results show that sufficiently greater density enables
rise. Structural observation suggests that the reason for de-higher 1300 C strength while maintaining room temperature
crease inroomtemperature strength is the increase in porositystrength of about 800—900 MPa. With a)@xs/Al 203 ratio of
resulting from reduced sinterability. However, a clear rising 20, 1300°C strength was found to improve to approximately
trend was observed in 130Q strength. This is considered 450 MPa.

to be due to a composition outside the glass forming region In order to clarify the influence of the amount of sinter-
(shown inFig. 1) for large Yl»Os/Al,O3 ratios, which at- ing additive, further evaluation was carried out in a sintered
tains the precipitation of a crystal phase in the grain bound- body with a Yl»O3/Al,03 ratio of 20.0 and 22.9 mass% of
ary glass phase, as well as greater viscosity of the grainYb,Ogs, sintered for 4 h at 1800C. The room temperature

Sintering temperature:1900°C
|:| Sintering temperature:1800°C

100 — 1200
M ©
9N N | S ro00} NEEE g
g N\ N\ = N Ll ]
= o N '0_—_' 800 N N
2 N 1 = N
S N £, 600
£7N o |
g 5 400
% 12
B 200
c
[0
95 N @ 0
(1 @ @ @ 6 6 @ 6 © M @ @ @ 6 © @ 6 O

(1)Additive: Al,O3-Yb,O3, 3.35mass%, Yb,O4/Al,Ozratio=1.7
(2)Additive: Al,03-Yb,O3, 5.6mass%, Yb,Oy/Al,Ogratio=1.0
(3)Additive: Al,O3-Yb,O3, 5.6mass%, Yb,04/Al,Ozratio=1.7
(4)Additive: Al,O3-Yb,O3, 5.6mass%, Yb,04/Al,Ozratio=2.5
(5)Additive:Al,O3-Y,03, 5.6mass%, Y,04/Al,Ozratio=2.5
(6)Additive: Al,O3-Yb,03, 10.0mass%, Yb,Oy/Al,Ogratio=1.0
(7)Additive: Al,03-Yb,O3, 10.0mass%, Yb,O4/Al,Ogratio=1.7
(8)Additive: Al,O3-Yb,O3, 10.0mass%, Yb,O4/Al,Ogratio=2.5
(9)Additive: Al,03-Y;03, 10.0mass%, Y,04/Al,Ogratio=2.5

Fig. 7. Sintering additive composition dependence of the relative density and the bending strength at R.T. &8d1.380l, ceramics (amount of additive:
3.35, 5.6 and 10.0 mass%).
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Fig. 8. Bending strength at R.T. and 13@of SN, ceramics(amount of dditive:5.6, 10.0 and 20.0 mass%) as a function,@i¥Al ;O3 ratio of additives.

and 1300C strengths at this composition were found to im- 3.4. Improvement of high-temperature characteristics
proveto 711 and 609 MPa, respectively. Theresult of PAD0  rhrough grain boundary phase crystallization processing
strength measurement of this specimen was 480 MPa. A high

strength similar to the 130@ bending strength of a sin- Sintered bodies using AD3—Yb,0O3 based sintering ad-

tered body using conventional AD3—Y,03 additives was  ditives were also subjected to crystallization processing, and
obtained in the sintered body at 14@with Al,03-YbyO3 the possibilities were considered and evaluated for the im-
additives. provement of high-temperature characteristics such as high-

In order to identify the factors responsible for the dif- temperature strength and oxidation resistance.
ference in the high-temperature strength characteristics of It was clarified that, regardless of the glass composition,
SigN4 using AbO3—Yb,0O3 and AbO3—Y,03 additives, eval- the crystallization initiation temperature is 1160-118&nd
uation was attempted with respect to the high-temperaturethe glass transition temperatures is 880-968 Thus, the
viscosity properties of AlO3—YboO3—SiO, glass. The eval-
uation method used an ELD type viscosity meter, with a 1000
crucible and rotor made of SiC which does not easily react
with glass. The glass was first completely melted at 100
in an air atmosphere. After the generation of air bubbles
ceased, viscosity coefficient measurement (shearing speed
of 0.105-10.531) was initiated. Measurement was difficult,
perhaps due to high viscosity, and the only glass composition
for which measurement was successfully conducted was that
having a YbOg3/Al 03 ratio of 1.7, with 39.0 mass% AD3,
38.0 mass% Y§0s3, and 23.0 mass% SiOThese results are o
indicated inFig. 9, showing viscosity coefficient at 160C ‘ —S—Speac.05s
of 83P (shearing speed of 4.19-90P (shearing speed of 55 6 6.5 7
1.05s1). This is high in comparison with the viscosity co- 1000/T(K)
efficient measured for 4D3—Y205-SiO2 based glass. Ac- Fig. 9. Temperature dependence of the viscosity coefficient of Al-Yb—Si-O

cordingly the high-temperature strength is considered to haveglalsses (glasses composition: 39.0 massHOAk 38.0mass% Y03 +
; : tvacll . s
improved by using AIO3—Yb>O3 additives: 23.0 mass% Sig).

100 ¢ E

Viscosity Coefficient (P)
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Fig. 10. Crystallized processing dependence of the relative density and the

crystallized fraction of $N, ceramics. Fig. 11. Temperature dependence of the bending strengtp4 8eramics

with and without crystallized process.

processing conditions selected for the heat-treatment for crys-
tallization consisted of 5 min holding at a crystal nuclei for- lem was seeninterms of the sinterability of either the 229B or
mation temperature of 95, and 4 h holding at a crystal 53B compositions; they had finely sintered results. In 229B
nuclei growth temperature of 120Q. composition, the YESi>N2O7 phase was formed as a crystal
The SgN4 sintering additive formulations evaluated were phase in the sintered body without crystallization processing,
characterized by superior high-temperature strength, consist-and the amount of Y(5i,N,O; phase approximately dou-
ing of a composition with a Yf03/Al 03 ratio of 20 and an bled during crystallization processing after sintering. On the
additive amount of 24.07 mass%(229B composition), and a other hand, in the 53B composition, the p8»N»O7 phase
composition with a YBO3/Al>03 ratio of 20 and an addi-  precipitated due to crystallization processing.
tive amount of 5.6 mass%(53B compositioR)g. 10 indi- The strength characteristics of these samples are presented
cates an effect of crystallization processing on the relative in Fig. 11 For the 229B composition, crystallization process-
density and the crystallization fraction in these sintered bod- ing of the sintered body served to improve both room tem-
ies. Here, the amount of the precipitated crystal phase wasperature and 130CC strength, with the latter in particular
defined as the ratio between the maximum intensity of XRD rising from 620 to 720 MPa as a result. For the 53B com-
peak for Yy SioN2O7 and that fof3-SizgN4 in XRD. No prob- position, room temperature strength declined slightly due to

Triple point of grain boundary

Diffraction pattern

100nm

Fig. 12. Electron micrographs and electron diffraction pattern gifl $ceramics after crystallized process.
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Table 1
Weight change of $N4 ceramics after oxidation at 130C

Additive content (mass%)

Crystallized processing

Formed phases
(crystallized fraction)

Weight change during
oxidation (mg/crf)

Al2,03-Yh,0O3 53B 56 No
Yes

Al,03-Yb,03 229B 2407 Yes

Al>,03-Y203 56 No

- 3.42
YhySizN207 (46.2) 2.46
YhSiN207 (39.2) 3.96
- 5.68

crystallization processing, but 1300 strength rose from

500 to 650 MPa. These results demonstrate that the high-
temperature strength is improved by the precipitation of a
Yb4SioN2O7 phase in the grain boundary glass phase due to

crystallization processing.

amount on densification behavior, densification proceeds
at a lower temperature in sintered bodies with a greater
additive amount, but sintered bodies containing a smaller
additive amount tend to attain larger density at sintering
temperatures above 1900.

In order to investigate the extent of crystallization in the (2) In terms of the influence of the ¥B3/Al,03 ratio on

grain boundary glass phase, ultra-micro domain analysis was

performed using a transmission electron microscég.12

shows TEM photos of the 53B composition sintered bodies.
Dot count results for the ultra-micro domain analysis images
did notreveal halos (that would accompany non-crystallinity)

at the grain boundary triple points. However, although crys- (3)
tallization occurred at the grain boundary triple points, no
clear determination was made with respect to even finer do-
mains, such as at the interfaces. In general, itis predicted that
crystallization would be difficult from a physics perspective (4)

in such extremely fine domains.

3.5. Evaluation of oxidation resistance

The 229B (YbOs3/Al,0O3 ratio of 20, additive amount
of 24.07 mass%) and 53B (¥0®3/Al,03 ratio of 20, ad-
ditive amount of 5.6 mass%) $h, sintered bodies, which

possessed excellent high-temperature strength, were sub-
jected to oxidation behavior measurement by holding the

crystallization-processed samples for 300 h at 12D air.
The evaluation results are shownTiable 1, which also lists

the amount of additives and crystallization processing. It was
found that, even for identical amounts of additives, the substi-

tution of Yb,O3—Al,03 for Y 2,03—Al>0O3 resulted in areduc-

tion of approximately 60% in the amount of weight change

during oxidation (from 5.68 to 3.42 mg/&n and that crys-

tallization processing resulted in a further reduction of 30%

(from 3.42 to 2.46 mg/cR).

4. Conclusions

The densification and— transformation behaviors and
high-temperature characteristics ofISj sintered bodies us-

ing Al,03—Yb,03 based sintering additive are summarized

as follows.

(1) Interms of the influence of theo®3/Al 203 ratio on den-
sification behavior, a greater ¥03/Al O3 ratio tends to
inhibit densification. In terms of the influence of additive

the a— transformation behavior, transformation was
observed to proceed at lower temperatures when the
Yb,0O3/Al,03 ratio was 1.7, but the— transformation
rate reached nearly 100% at 16%Dfor all of the ratios
examined.

In terms of the influence of additive amount on the3
transformation behavior, a tendency for transformation
was delayed in sintered bodies with a small additive
amount of 3.35 mass%.

Compared with the transformation behaviors of the sin-
tered bodies using AD3-Y>03 additives, those using
Al>,03-Yb,0O3 additives exhibited a narrower tempera-
ture zone foi—B transformation, which is attributed to
the finer structure for the sintered body. This is affected
by the difference in solubility of N4 in the two kinds

of glasses phases.

High room temperature strength of 900—1000 MPa was
obtained for sintered bodies with a 10.0 mass% addition
of additives, and this is considered to be due to the finer
micro-structure. The high-temperature strength of sin-
tered bodies having a ¥s/Al 03 ratio in the range of
1.0-1.5 was about 300—-400 MPa, and no improvement
in high-temperature strength was observed.

For sintered bodies obtained by using additives with
a YhpOs/Al203 ratio of 20 (with 22.9 mass% YiD3

and 1.17 mass% AD3), high-temperature strength im-
proved to 620MPa for 130T strength and 480 MPa
for 1400°C strength. The improvement in the high-
temperature strength of $8i4 using AbO3—Yh,O3 ad-
ditives is considered to be due to the fact that the high-
temperature viscosity coefficient of AD3—YbyO3—SiO,
based glass is higher than that of,@k—Y>03—-SiO;
based glass.

Precipitation of a YRSioN2O7 phase at the grain bound-
ary glass phase, as induced by crystallization processing,
enables the improvement of 1300 strength to about
650-720 MPa.

Crystallization processing resulted in a 30% reduction
in the amount of weight change during oxidation (from
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3.42t0 2.46 mg/cr¥), demonstrating the effectiveness in
improving oxidation resistance.
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