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ABSTRACT

The thermal mstability of AlLTiQ; ceramics was controlled by solid solution with MgQ, SiC:; and Zr(,
through electrofusion in an are furnace. The thermal expansion properties of AlTiO; composites show Lhe
hysteresis due to the strong amisolropy of the crystal axes of these malerial. These phenomena are ex-
plained by the opening and closing of microcracks. The difference in microcracking temperatures, e.g. 587.
6(ATG2), 405.5(ATG3) and 519.7°C(ATGA) 15 caused by Lhe difference in grain size and stahilizer type.
The thermal shock behaviour under cyclic condilions between 750-1400-750°C show no change in mu-
crostructure and phase assemblage for all three stabilized specimens. After the thermal loading test at
1106°C for 100 hrs, ATG1 and ATG2 materials decomposes completely to its components corundurm and ru-
tile in both cases. However, wilh approxumatelly 20% retention of the ALTiOs. Thus mn order to prevent
decomposition of Lhe stabilized material in the critical temperature range 800-1300°C it must be (raversed
within a short period of time.
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Table 1. Chemical Composition ot ATG' Composites

(wt. %)

ATG-1 | ATG-2 | ATG-3 | ATG-4
AL, 55.50 54.70 53.80 53.00
Ti0, 43.90 43.90 32.75 40.00
Zr0, 0.05 0.40 3.00 2.30
5i0), 0.15 0.30 7.90 1.20
MgO - - 2.10 3.00
Fe, 0, 0.20 0.50 0.20 0.25
Na,O 0.20 0.20 0.20 0.20
Ca0d 0.01 0.01 <0.05 <{1.05

"ATG:Powders of dynamic nobel chermcals, D-5210
trowsdort.

a5 A 1063
£ T4 # e gen, o) Ba 33 2YEs
Table 17} Zo}, ATGLH ATG2E A =xgke
ALTOEA Ti0p8 k& A st A0 Si0,, Zr0,]
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Fig. 2. Microstructure of sintered ATGIL, 2, 3 and 4 at 1500°C for 2 hrs.
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Table 2. Physical Data of the Sintered Specimens(1500°C/2 hrs.)

Physical Data ATG-1 ATG-2 ATG-3 ATG-4

Green density {g/cm”) 2.10 2.16 211 2.15
Raw density {g/cm?®) 3.39 3.43 3.44 3.45
True density (g/cm®) 3.68 3.68 3.61 3.67
Relative density (%) 921 93.2 95.3 5.1
Apparent porosity (%) - 3.98 3.7 4.7
Total porosity (%) 7.9 6.8 4.7 4.9
Firing shrinkage (%) 15.5 15.4 15.0 15.1
Heating/Cooling rate (°C/min} 10.0 10.0 10.0 10.0
Coefficient of thermal expansion - 3.0 23 1.3
Thermal expansion, RT-1273K (%) - 0.35 0.28 0.22
Bending strength (MPa) - 25.0 49.0 28.0
Hot-MOR {MPa) 800°C - 28.0 60.0 58.0

1100:C - 43.0 08.0 90.0

1300°C - 38.0 50.0 48.0

L9%3A
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Fig. 4. Thermal espansion curves of sintered ATG-2,
-3 and -4 at 1500°C for 2 hrs.
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ot Ay ¥ Y=g & g8 e 5
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7H e-ALO7E ¥hE3le] $HAE mullites) A-ke] =[gE
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liteth-2 2EFA] MpgO= 915le] MA-spineld= 218
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ALl 1100°CaM 10043 448 P4 HaEs
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E Jo] 29459 0-ALOF TiO-Rutile® Bal=&
G449 BekFAdEs Venjglet, f- ALTIOR) <+
A ERlEhe Ad&ala] 750°CE} 1300°CelA 1820°CH)
7Ael ex 99, = e dYd FfFele £l
750°Cs 4Ce T Ale Ar2E 33, A" F
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Table 3. Phase Composition of ATG Composites after Various Thermal Treatments

Phase composition (Unetabiuzed) (Unetsiiired) (Fusélggbﬁized) (Fussdstabilized)
B-AT B-AT
After fusion process B-AT B-AT . Q'AIEO%
MA-Spinel MA-Spinel
m~Zr0, m-Zr(,
Sintering at 1500°C/2 hrs. B-AT B-AT B-AT B-AT
Rutile Rutile a-AlLD; -AlO,
Mullite MA-Spinel
m-ZrQs m-Zr0;
Cyclic thermal sock test B-AT B-AT B-AT B-AT
[750-1400-750°C. ot-AlO; 0-ALO, o-AlO; ot-Al O
23 Cycles> 100 hl Rutile Rutile Mullite MA-Spinel
m-Zr(y m-ZrC,
Decomposition test o-ALO, a-ALO; B-AT B-AT
[ Annealing at 1100” for 100 hrs.] Rutile Rutile a-AlO, c-AlO,
Rutile Rutile
MA-Spinel MA-Spinel
Mullite m-Zr0,
m-ZrQ;

A58
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Fig. 5. Thermal expansion curves of ATG-2, -3 and ~4

after cyclic thermal shock test hetween 750-
1400-750°C.
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Fig. 6. Thermal expansion curve of ATG-3 after
decomposition fest at 1100°C for 100 hrs.

Table 4. Characteristics of Specimens of ATG Com-
posites after Heat Treatment at 1500°C for 2

hours
Flexural | Young's e;hglr_lr;;;
Ma- | strength | Modulus [N R; Ry
terial E coefficient | 1) | [y
. [N/ r}’lrmzl [N/ mm?) | 20 L00C
[10%/%]
ATG-2 25 13 15 897 | 1346
ATG-3 49 34 1.0 1009 1513
ATG- 28 22.5 1.0 871 1307

e}, olufle} T2 cast ron U414 aluminiim
2 28 A 28L& 24 4 e FEE 25 ol
o} & gdstn nlAE FEZEA ] 3 BE Young
s modulus(15- 35 kN/mm®) 5] =22 7VeslA 81,
olu)e] v|AFIEL S5E3A0 w3 28 E F
g 4 ek =3 ATG EFAE ol 3 D@4 o
2 9g A FE s e B 8 (1334 kN/mm” 3 1w
2 gHAA(L0~1.5x 0% AEE YT gled,
E2 ATG2(897), ATGS(1009), ATG4(871)%} o]
2 A3 A5 (R,)E veEldT-

=]

%
==

4 A 2

o]E ALTIOSATH S SS9 B4 P& ma2 g
W3k ok o8 A% hysteresis TS Ve, <] &
232 v A H42] opening® closing2] = AR HY A=
713} <kgA Abold] wWE RlAdE £%= D7 5876
(ATG1), 405.9(ATG2)9F 519.7(ATG4)°Ce] ) 750-1400

EELER

- Constantin Zografou

750°CREA A 238 W Q3 A SR2 S A A
29 vzl Are Halvt gled S9F 5 o
], 1100°Ce]A) 100A1L Feh 44 Uity maED F
ATGHEEA = 7 T ALTI0= 2259 corun-
dum®} rutiles .arﬁﬂ 5]91@. 2322 2F 800-1300°CAM]
o] A RmeA EEE olF A= RaE A
Aol A= B e AIREERTe 2-gx]ojok Tith,

ZHAre 2
B E7E 19968 @S AAded (A
Z1961-0802-013-2)d ge] dX-o|m, At = del
Alzgle, 2, NS PYile] F A4red
2 AsHriEe) A=y oh

il

Ede
:[l
REFERENCES

L. B. Gugel, "Keramische Konstruktionswerkstofte fiir den
Motorenbau, Keram. Zenschrrft, 36(9), 477-479 (1984).

2. W. D. Grunde, “Keramische Isolationshauteile fir Mo-
toren, in: Keramische Hochleistungsbanteile fiir den
Motoren und Triebwerkhau, VDI-Verlag, Diisseldorf,
Zeitschrift fiir Werkstofflechnik, 26-35 (1985).

3. Morosin and R. W. Lynch, “Structure Studies on ALTiO;
at Room Temperature and at 600°C; Acta Cryst. B28,
1040 (1972).

4. E. Kato, K. Daimon and 1 Takahashi, “Decompasition
Kinetics of ALTIOs in Powdered State,” J. Am. Ceram.
Soc. 63, 355 (1980),

5. H. A. 1. Thomas and R. Sterens, “Alumininm Titanate-
A Literature Review, Part 1: Microcracking Phenome-
na, Br. Ceram. Trans. J., 88, 144 (1989).

6. H Nink, H. Keller and A, Krauth. “Keramische
Werkstoffe fur das GicBen und Schmelzen Von Alu-
minium und Aluminivmlegierungen,” GieBerei 64,
282-283 (1977).

7. W. Rieger and Thayngen, “Neue Keramische Werkstotfe
mit hober Ther Moschockbestiindighkeit fiir die Chem-
ische Industric,” Sprechsaal, 115. 12, 1102-1106 (1982)

8. Ch. Han and D. Selh, “Verbessemng von Aluminiumti-
tanat-Keramik, Sprechsaal 118(12), 1157 (1985).

9. L J. Kim and Y. 5. Ko., “Thermal Stability of Alu-
miniumn Titanate(ALTiO;) Solid Solutions, The 11th
Korea-Japan Seminar on New Ceramics, Sept. 28-30,
91-96 (1994).

10, 0. Kubaschewski, "Therdas Datenbank,”
Theoretische Hiittenkunde, Aachen (1986).

11. O. Knacke, O. Kubaschewski and K. Hasselmann,
“Thermochemical Properties of Inorganic Substances,”
Springer Verlag, Verlag Stahleisen m.b.H, D sseldort.

12. 1. 1. Kim, "Anwendung des Sol-Gel-Verfahrens auf die
Herstellung  keramischer Werkstoffe ans Alumimumiti-

Institut fiir



14.

16.

A7 84 Eorse 4% ALTIO; Ceramics?] g5 =44

tanat-Mullit, Dissertation, lostiut fiic Gesteinshiitten-
kunde,” Techn. University Aachen, Germany, (1991).

. W. R Buessem, N. R.. Thielke and R. V. Sarakauskas,

“Thermal Expansion Hystcresis of Aluminium Titanate,’
Ceram. Age, 60(3), 38-40 (1952).

J. A Kuszyk and R. C. Bradt, “Influcnce of Grain
Size on Effects of Thermal Fxpansion Anisotropy in
MgTii0s, L. of. Am. Ceram. Soc. 56(8), 420-423 (1973).

. G. Bayer. “Thermal Expansion Characteristics and Sta-

bility of Pseudo-brookitetype Compounds M0, L.
Jess. Common. Mer. 24, 2, 129 (1971).

L J. Kim, W. H. Kang and Y. S. Ko, “Aluminium Ti-
tanate-Mullite Composiles : Part 2 Thermal Shock Resis-
tance, Korean Jouwrnal of Muterials Research, 4(2),

17.

18.

19.

20.

1068

206-212 (1994).

D. Munz and T. Fett, “Mechanisches Verhalten Keram-
ischer Werkstoffe, Werkstoff-Farschung und -technik,”
Herausgegeben von B. Iischer, Band 8 Springer-Verag,
(1989).

W. Staudt, “Eigenschafien, Korrosionsverhallen und Mo
gliche Anwendungen Von Geschmolzenem Aluminium-
titanat, Dissertation, RWTH Aachen (1988).

U. Dworak, “Einsatz Keramischer Werkstoffe im Mo-
tarenbau Teil 1, 2, Technische Keramik in Vulkan
Verlag, Essen, 260-276 (1988).

G. Schuseil, “Keramik im Motorenban, Cfi/Berichtc
DKG 617-87. 242-249 (1987).

A 35 % A 10 Z(1988)



