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ABSTRACT

The investigation includes phase equilibria of Al, O3-HfO,; Cr, 03-Z10,, Cry O3 -HfOD,, Al O5-
Cry03-Z¢0,, ALO;-Cr 0;-HIO,,, ALO;-Zr0,-HIQ;, Cr; 05-Z10,-HIC,, ALO;-C1,05-Z10;-
HIQ,. In the systems the solubility near the end members has been studied at 1500°C and 1600°C,
respectively. Selective Compositions were investigated in the area of the guarternary system where

the phase relation was examined.
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Table 1. Phase Identified for the Systemn AL Q.- HfQ,

after Heat Treatment at 1500°C and 1600°C

in Ar.
Composition (mel %) Phase
Heat Trealment (°C )
No.| ALO, Hi,
1500 1660

1| 99 95 0.05 | (ALO ) (ALO) o

21 94 01 CALD, g (ALQY- HIO,
3 99 G5 (ALO,) -HI0, | (ALO,-HfO,
4| 99 1 (ALO,) ~HEQ, | (ALO,)- Hiq,
5| 98 2 (ALO;) -HfQ, | (ALO,)-HfO,
6 0 05| 99 95 | {HIO,) (O,

7 0.1 99. 9 (HfQ (HiO,)

8 0.5 99. 5 (HfO;) (H1G;)

9 1 99 (Hf0,) (HEO,)

w0f 2z 98 (HIO.) (HfO,)
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Fig. 1. Phase diagram near the end members of the
system AlQ: - FFQ, after heat treatment at
1500°C and 1600°C 1 Air.

Table 1- 2. Latice Parameters of ALQ,- HfQ, Sobd Solution,

Composition (mol %) Sintering Lattice Parameter of Sohd Solution{ﬁ)
No. Al Oy HIQ, Temp.C'C ) a4 bg [ a Structure
1 99, 95 0. 05 1504 4. 753 12. 978 Hexagonal

2 94, 0 01 1500 4. B33 13 326 "
1500 3. 245 5. 290 5 419 bg. 21° Monoclinie

b 005 | 99 95 1600 5177 5 238 5. 342 g9, 27° K4

1500 5 105 b 1587 5 274 g9 17° ”

7 01 89 49 1600 5055 5 117 5 223 98 25° "

1500 5 145 5 194 5 316 94 21° ”

8 0.5 99, 5 1600 3 03 5 094 5 195 99, 29° ”

1500 5. 13 5. 183 5. 302 99, 20° "

9 1 04 1600 5 179 5 238 5 353 99, 25° ’”

1500 5. 157 5 197 4. 331 g9, 19° "

10 4 98 1600 5 136 5 197 A 307 99, 25° ”
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Table 2. Phases Mentified for the System Cra0;-ZrO:
after Heat Treatment at 1500°C and 1600°C

solubility 5 = 9 v}

in A,

Composition { mol %) Phase

Heat Treatment (°C)
No.| ©rplly Zr0,

1500 1600
1] 9295 | 005 | (Cr00e {Cr,0;)-2r0,
2 99 9 0.1 (Cry 0404 (Cr,0,0-2r 0y
3 995 05 (Cry0)gs (Cr,0,)-2:0,
4 99 1 (Cr, 0, )5, (Cr,0N-2Zr0,
5| 95 2 (Crp0.)-210) (Cr0;)-Zr0,
6 0.05 |99 95 | (ZrO,)g (Z10,) o
7] 01 |929 (Zr0;)g (Zr0;) 4o
8 0.5 a9 5 (210, )4 (Z10,) 45
9 1 99 {21004 (21050 g5
10 2 o8 (ZrOy) (Z10,) g5

4( phase ) # o AR 4T
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Fig. 2. Phase diagram near the end members of the
system Cr.0;-ZrQ, after heal treatment at
1500°C and 1600°C 1n Air.

Table 2- 2. Lattice Parameters of Cr:0:- Zr0, Solid Selution,

Compasition(moel @) Sintering Lattice Parameter of Salid Solution(fx)

Nal €Cr,Q, ZrQ, Temp.((C) ag b, [ 4 Struclure
1 09, 95 0. 05 1500 5 Q08 13 703 Hexagonal

2 9¢ 9 0.1 1500 4. 975 13. 642 ”

3 99. 5 05 1500 5. 006 13, 706 ”

4 99 1 1500 4, 964 13. 597 #”
1500 5 015 5 062 5 17 99, 43° Monoclinic

6 0. 05 9. 95 1600 4 996 5035 515 94, 247 "

9. 99 15090 5. 073 9. 116 5. 225 99, 17° 4

7 01 99, 9 1600 5. 043 5. 085 5 203 go. 23° "

1500 5 10 5 153 5 258 89.21° 4

8 0.5 499, 5 1600 5. -37 5 094 5 196 89, 25° "

1500 5. 081 5. 135 5. 238 09, 297 ”

9 i 1¢] 1600 4. 991 5. 039 5 146 99 22° "

1500 5 076 5 118 5, 235 99, 24° v

10 2 98 1600 501 5 05 5. 164 99. 15° 4

A 243 2} 12 (1987) (35)
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HfO;

after Heat Treatment at 15009 and 1600°C

in Air.

Composition (mol 20) P hase

Heat Trealment ("(C)
No.| Cr0, HEO,

1500 1800
L{99 85 | 005 [(CrQ, (Cr05)~ O,
2] 99,9 0. (Cr0,)~ HQ, {(CrQ3) - HIO,
3985 0. (Cr0,7- HEQ, |(Crp0y) - HIO,
4| 99 1 (Cr,0)~ HfO, |(Cr,0,) - HIO,
51 98 2 (Cry0, )= HED, [(Cr, 0,0~ HiO,
6 005 |99 (Hi02) 55 (R0, g
7 01 |9 (H{0,) g (HEO,) g5
8| 05 |ou (HEQ,) 5 (HEO) g5
g 1 9 (HfO,) 45 (HIO,) &5
0| 2 8 (HEO, ) s (HO,) ¢s

Table 3 - 2. Lattice Parameters af Cr;0,-

kel eeal 1500°C et 1600°Cell 4 4215157

“l-Fo o o] w4 (solubilty ) wlvh
3-1-3 Cr0;-HIO, System
Cr;0;-Z2rQ, 2 ’“ S| of] A 2} 'rr“‘]' 733]'4‘ —é O-‘T
3 sievl, Table 3.} Fig.3el4 R4 upe} 3| HO,
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Fig. 3. Phase diagram near the end members of the
system Cr.Q; - MfO, afler heat treatment at
1500°C and 1600°C in Air.

HiQ; Solid Soluticn.

Composition (mol %) Sintering Lattice Parameter of Solid Solution (f\)
No.| Cr,0, HiO, Temp. ('3 ag by C, 8 Structure
1 | 99 95 0. 03 1500 4, 989 13. 677 Hezxagonal
1500 4. 08 503 5. 14 99, 17° M onclimic
6 0. 05 09, 85 1600 5 044 5. 094 5 208 09 21" "
1500 5. 088 5 137 5. 253 0g9.11° ”
7 a1 99 g 1600 5 066 5117 h. 229 99, 16° "
’ 1500 503 5 083 192 | 99 18° "
B 04 99, 5 1600 A 045 5 101 5 209 g9, 12° "
1500 5 039 A 084 5. 204 98 21° 4
9 1 99 1600 5 076 5 132 5 242 99 21° "
1500 5 052 5 102 5. 219 g9 10 "
10 3 N3 1600 5 (88 5126 5. 256 ag, 23° ”
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Table 4. Phases Identified for the System ALO;-Cr,Qs— ZrO, after Heat Treatment at

1500°C and 1600°C in Alr.

Composilion (mol %) Phases
{ Heat Treatment ('C)
No.|  ALO, Cr,0, ZrQ,
1500 160G
I %0 5 5 CAL, Cr),0, - Zr0, - T CAl, Cr)0, - ZrO, - T
2 85 5 10 {Al, Cr);0,-Zr0,-T (al, Cr)0,-7r0, - T
3| a0 5 15 (Al, Cr),0,-Zr0,-T (al, Cr,0,-Z:0,- T
1 85 10 5 (Al, Cr},0,-Zr0,-T (A), Cr)0y-Zc0,- T
5| 80 10 10 CAl, Ct),0,- 2r0, - T (Al Cr )0, - Zr0, - T
6 75 10 15 (Al CriQ,-2Z10,-T (AL Cr )0, - ZrQ, - T
7180 20 20 (Al, Cr},0, - Zr0, (AL Cr )0, - 270,
8 40 20 40 (Al Cr),0, - 210, (AL, Cr 3,0, - Z10,
ol 20 20 80 {Al, Cr),0, - Z10, (al, Cr)0, - Zr0,
0] 40 40 20 (al, Cr),0, - ZrQ, {al, Cr 0, - 210,
1| =20 40 40 (Al Cri0,-210, (Al, Tr),0, - 210,
iz 20 60 20 CAl, Cr),0y - 210, (al, Cr0, - 210,
Table 5. Phases Mentified for the System ALOs ~Cr:0y = HiQ, after Heat Treatmenl at
1500°C and 1600°C in Air.
Composition { mol %} Phases
Heat Treatment (°("
No.| AlLG, Cr,0, HfO, |
1500 1600

1 90 5 5 {Al, Cr>,0,- HiQ, (Al, Cr),D, - HEQ,
2 a5 a 10 (AL, Cr),0,- HiO, cal, Cr)y,Dy- HIO,

83 10 5 (Al, Cr),0,- HiO, (AL, £r),0,- HiO,
4 80 10 10 (Al, Cr),0,- HiO, (al, Cry,0,- HiG,
5 a4 3 3 CAl, Cr3,0,- ffg, CAl, Cr),0, - HIG,
6 9z 3 5 (Al, Cr),0,- HiD, ¢Al, €r),0,- HBfo,
7 87 3 10 (Al, Cr),0,- Hfg, (Al, Cr),0, - HIQ,
8 1 3 96 (HEO: ) o (HIO, ) - (AL, Cr),0,
g 4 3 a3 (HEO,) - (Al, Cr 30, (HEO, ) g
10 8 3 89 J (HIOy) - (AL Cr),0, {HfD,) -~ (AL Cr),0,

A 24 A 12 (1987)
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ZATAS® A Tz 7] Aol A ALO, o Crye
0;2] 8Ast Zr0,2) monochnicAtube] FEAS G o
732 Zr0, 9] ¢ke] 20mol % o]dolels] 4AAp) Gra-
inol Aaste] 27 ol ol 524 YAl Aol
ol Folgla uew Cri0, 9 ool wol 474o] vhw
2, A Els} o] Rolx]A] Fo P F|A Aol b4
sted7] dl-Fos Alngoh 98] Halz £ 343
ol Al Zr0: 9 Ate] ALQ, - Cr.0; a-8a St E4
H Ador FARE O 5 o,

3~2-2. ALO;-Cr;0, - HIO, System

Table 5ll4 ZASE alal 4o ALO, & A=
3t Cra0s o HIO, S 22 5mol %9 10 mol%
7tz A zhgk A% Cr.0: 5 ALO, st 243 =

a

H odel = vepdel, 28l HiQ,2] peak= i ®
EAshedrl, HO, = AlLOyol| A2 2ge] == o

trbe A% d9m, ol ¥4 24 EAldE e
23T WA WO, 2 F1ARde] ALO. 9 CaO

= ARl s8Rl 9ul Al Aol HEO, 4bate]
gty glgde, oA apAlel 2 AHaA el Asie A
Hgrzol ALO, # Cr0, = HO; o Zmol % o]4ke]
sohibility 2 #bxl2 ¢le)l, 7zlm 8wlvh 9w m%a]
o] HAjA 4 & Table 5-2¢) ZAFhgok
3-2-3. AlLO,-Zr0,- HO, System
Tabie 6+ 4 R50] AlO, 4wl Zr0, - HO; 783

o] ZAE g et ALOyst Zr0; Zeln ALO,2k HO,
A nge) HA 2T oin) orelal A,

AlLO, 7| Aol 24l Zr0; 8} WO, 7} bl o8
o] o]|Zo{%l W o= Hold 1500°CEt 1600°C ¢ A4

A5 W5 AlLO, 8 784 peak 7} U5t o] F Aol T dikwl lalEe] FRE AiEAE Pl ALD,
Table 5- 2. Lattice Parameters of AlLOy- Cr;0;— HfOa Solid Sclution.
Caomposition (mol %) Sintering Lattice Parameter of Solid Solation { AD
No. {Component |mot % [ Temp. (°C) ag bg cq B Structure
Al 0, 1
3 Cr,0, 3 1560 5. 077 5. 132 5,243 ng 12 ° [Monoclinic
HfO, 96
AlQ, 4
g | Cr,0, 3 1600 5088 | 5 146 | 5258 | 99 17°|Monaclinic
Hi0, 93
Table 6. Phases Identified for the System ALO:;— ZrO.- H{Q. after Heat Treatment at
1500°C and 1800°C n Adr,
Composition (mol %) Phases
Heat Trealment ("}
No. ALO, | €10, | HFOD,
1500 L60Q
1 85 10 5 | ALO,~(Zr, HI)O,-T AlO,-(Zr, Hi )0, -T
2 85 7 8 AL, (T, 1O, ALO, -(Zr, )0, -T
3 83 & 7 ALO, =(Zr, Hf ), ALO, - {Zr, HH )0, -T
4 85 5 10 ALD, -(ZT, HE) 0, ALO,-(ZT, BI)O, - T
5 a5 4 1 ALO, -(Zr, HI } O, ALO,—(Zr, {10, - T
) 95 3 2 ALO, ~(Zr, HE)O, ALD,-(Zr, T )0,
7 95 2 3 ALO, -{Zr, Hf)O, AlLO,-(Zr, Hf 30,
8 95 1 4 AlLD, ~(Zr, HEYO, ALQ, - (Zr, HI Y0,

(382
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A1,0,-Cr,0,—Zr0; ~H{ O, #| o] ) { phase) abfiol aAsh 9T

grain 8] A=k ol 47 (grain boundary )5 =) o £ wast gles o, & ARl e kel 2217
E=5)o] A (coalescencey & 4o] dolyls A5 5 ofl 4] 47 5lglz] o Holl =LA} o] FolAA ZH
2la)el® galz MO8 Ayl 2lE Zr0, LA ALODy & 7= & 3 7-gel 7o e 542 gyl
2] monoclinic «— tetragonal 4=l 0| 257} AFsln= 3-3. ALO;-Cr,0; -ZrQ,- HfQ; System
1~4ul 452 A% 1600°C A4-A o 28 Zr0, ALO,ol o)kl Cr04, Zr0,, HO, 5 271 &4
2] oko] Ao gk 1Al 10T 43 A ) o qleled AaAl B zalebel el Table 8ol 4] ZA|gt
542] 7§ 1600°C ol 4nko] w]eke] tetragonal 4ol Az} zka] B o4-Q3AE 240 B9l 348 8] bl
FATHE . A 24 dAAsE Aol 2 g givl, k0. o
3-2-4 Cr,0;-Zr0.- O, System ALO, o] slxlm-Sa) o] Bolx|w, 245 Zr0, ¥ HFO,
Table 7ol 4] #2]3} Z3} o] ZrO.9) HiO. 7+ =%t E AR gdzlsk ndaE gAehe], (ALO, -Cr00)%
225 498 ok 2 2842 tetragonal Ao %:*H HAlel (Zr0;, - HO; ) 2852] 7 Anke] £A)E 4
| o3 gloo), e HEOwe) 2|3k Rl =2 Algalt? v, 2E|m Zr0: 2] ofo] wg 1dizt 33l A= o) 4
grain] Azhf] vl Cr 05 2] )2 94® (constraint } o| 1600°C & A A% 719 nl tetragonal Abe] ol ZA)]
okalr] o2 ARREe) Crlae| &3 48 o) sk =l
o] =] #-slofAH, 1600°C oll4] Abd Bofe] 1074~ Lo o=
1072 atm 91ef ]2 5] 08 %yt Ho], Ab4o] ok ’ -
o] ZrlalrE Fulube] Erielm 9y 5 b A4S EE AlLO; — HEO,, Cry0;-Z10,, Cra0y- HO, 2 24

Table 7. Phases lentified for the System Crz0s-ZrQ: - HO; after Heat Treatment at
1500°C and 1600°C in Air.

Composition ( mol %) Phases
Heat Treatment (C)
Na. Cry0q Zr0, Hf0,
1500 1600

1 90 8 2 Cr,0,- ( Zr, H{)O, Cr,0,~{Zr, B0,
2 90 5 g Cr,0,- { Zv, W )0, Cr,0,- (Zr, N0,
3 0 2 8 Cr,0,- (Zr, HI 30, Cr,0y -~ (Zr, IO,
4 85 10 5 Cr,0,- (Zr, HI YO, Cr,0- (Zr, HE) Oy
5 85 7 8 Cr,0; - (Zr, HI 30, Cr,0,- (Zr, HI)O,
6 85 5 10 Cr,0;~ { Zr, HI)O, Cr,0,- (Zr, HEI 0,

Table 8 Phases Identified for the System ALQO;-Cr;0,-Zr0, - HfO, after Heat Treatment at
1500°C and 1600°C in Air.

Composition {mol %) Phases
Heat Treatment (")
No. | A1LQ,| Cr, 0y | 210, | HIO,
1500 1600

1 89 1 8 2 (al, Cr),05- (Zr, )0y (Al Cr),0,- (21, Bf)0,-T
2 89 1 5 5 (Al, Cr),05- (Zr, HE) O, (Al Cr),0,- (ZT, HE) O,
3 87 3 B 2 (Al, Cr),0,- (Zt, Hf )0, (A1, Cr),0,- (Zr, HEYO,-T
4 a7 3 5 5 (Al, Cr),0,~(Zr, HI)O, (AL, Cr)0,- (Zr, A0,

87 3 3 (al, Cry,0,-(Zr, )0, €Al Cr3,0,- (Zr, HE)O,

= 244 A 15 (1987) (392
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