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Abstract

Two-component ceramic (alumina-zirconia) composites were fabricated by a soft-solution process

in which polyethylene glycol (PEG) was used as a polymeric carrier. Metal salts and PEG were dissolved in ethyl
alcohol without any precipitation in 1:1 volume ratio of alumina and zirconia. In the non-aqueous system, the
flammable solvent made explosive, exothermic reaction during drying process. The reaction resulted in formation

of volume expanded, porous precursor powders by a vigorous decomposition of organic components in the pre-

cursor sol. The PEG content affected the grain size of sintered composites as well as the morphology of precursor

powders. The difference of microstructure in sintered composite was attribute to the solubility and homogeneity of
metal cations in precursor sol. At the optimum amount of the PEG polymer, the metal ions were dispersed effec-
tively in solution and a homogeneous polymeric network was formed. It made less agglomerated particles in the
precursor sol and affected on uniform grain size in sintered composite. '
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Fig. 1. Complex viscosity of sol samples as a function of
temperature.
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Table 1. Summary of DSC thermograms for starting
materials

1st transition 2nd transition

Material

Ten (°Cy  H J/g) Ten (°C) H (J/g)
Art. 52l ME HESA AF A, 145°C ZH A PEG 68.83 16971 41317  193.20
W od7]9t 3 B = (complex viscosity) kol AN 99.96 60.96 165.88 613.58
FA Z7I3l= AL Folslgin. oAl 145°C AZ yAY 197.25 203.82 - -
Table 2. Summary of TGA thermograms for starting materials
. 1st transition 2nd transition
Material - -
Start (°C) End (°C) Weight loss (%)  Start (°C) End (°C) Weight loss (%)

PEG 203.52 427.98 100.00 - - -

AN 56.81 99.88 2.30 133.13 409.24 80.07

7P 136.50 223.86 45.96 223.86 600.30 23.833
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Fig. 2. TGA thermogram of sol sample.
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Fig. 3. FTIR spectra of (a) zirconium 2.4-pentanedionate,
(b) aluminum nitrate and (c) polyethylene glycol.
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Fig. 4. FTIR spectra of sol samples heat treated at various
temperatures.
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Table 3. Average grain size and volume fraction of
tetragonal zirconia phase at sintered composites as a
function of PEG content

PEG content Average grain t-ZrO, Vol.

(wt. cations : wt. PEG) size (m) fraction* (%)
1:1 04 74
3:1 0.3 75
5:1 0.6 70

*Relative volume fraction to m-ZrO,

Journal of Korean Powder Metallurgy Institute

759 %3] $2% Bgieh §o el o} 2l PEG
Zelrle] 2 AkeTae] el 4 ol£5e A
9§70l e PokT ¥ ), 319 PEG Ho
oA F o) ofeleEe) AR W o] Ao
2 oAgesy v #AY APV AZIAE
2 o % gleh 11e] A9, 318 Avsh a8
2 3jol g Holx) 9k glom, o|e Be} F7)
¥S) PEG ¥ (1:18] BRI 3:19) 23] 1]
do R ATAS) PR e 4 g
& & 4 oo 519 A9 Adimos A ol
PEG 0] 218t 452, B2 £ A5l Hlaled
HF YA A A 2ol ol A A
o1 % Hol g, ol R Aol WA BEY
HolM 2k A A4, 519 A% 32A R
3 Zejule] gapoll Slsle] ArjH o opol e 3
Aol Yot 3:18) A%l wlaled 1 UAle] ¥
FYgel 2 AL Y4 o] 2L BAE
2300 2 W), A7 AZ Al W) PEG 29
ole ofolee) FAME FAMA Bt FAD AT
A AxE s de, oA AzHIA e
2ok A\agel A Fee el olste] R
£ aelet ¥ 4 sk

T of

3' 7Ed %

1:18] FIulE Zhe gFauA 23 ol B3
8] Azel 3o, dF2L 874 slal PEGE A7}
g A2 2Rl oJste] PR 2= o
0 s 45 5 e, vlad A v
ATEE Heole &34 45 5 Il T
Hguhg-S B3t 718 FA% Walle HEA
F FAkH Agste] ATAY FEE SRR
PHAA 7 Golq o4 FH AZE 7he
s skt o] A4S, PEGS] ol wel A7A)
Frke] ko) xfolE Hodrh. PEGS] 2 A<
el FE g #HE AR ANA A EElE o
&S Folom, Zelv] ATE HellA 5 gl
o] st A ES Hel H43 PEGE] A7l
g 3:19] E)elA vl =2 dzk=r)er @
g T2 E VRIS 1500°C skl 2t
o] o 03ume] FAZ HHTEE Zbe dFv-
A2 3ol B3 Az dAT ATAlel 23|



SEEREE

At PPssleka Az, ol7e PEG Z2iw A7
o SI2 2 30 o AL 2 e

& ojulaie}. o] zke] Soe] O3 24EA olAe)
Ao EUel Felolel $88 ¥R
He B2 474 F oTEOE RS T F
T RS o, Yo o 2 Zelu] WIS
Eab U US4 Az Ae 2 g
4 Q7o B B2S F A0 sl

7

o

2 dFe sy 4729 (RO1-2002-
000-00290-0) A|QL 2 NS

Z

o
rot

1. M. P. Pechini, U.S. Patent No. 3 330 697 (1967).

2.L. W. Tai and P. A. Lessing: J. Mater. Res., 7 (1992)
502.

3. M. A. Gulgun, O. O. Popoola and W. M. Kriven: J. Am.
Ceram. Soc., 77 (1994) 531.

4.D. A. Fumo, M. R. Morelli and A. M. Segadaes: Mater.
Res. Bull., 31 (1996) 1243,

5.D. M. Roy and S. O. Oyfesobi: J. Am. Ceram. Soc., 60
(1997) 178.

6.8S. J. Lee and W. M. Kriven: J. Am. Ceram. Soc., 81
(1998) 2605.

7. M. A. Gulgun, M. H. Nguyen and W. M. Kriven: J. Am.
Ceram. Soc., 82 (1999) 556.

23njo} EA|Y) A2FA 3

! oA Tzl w)RE ERi A7 9% 317

8.S. J. Lee, E. A. Benson and W. M. Kriven: J. Am.
Ceram. Soc., 82 (1999) 2049.

9.M. H. Nguyen, S. I. Lee and W. M. Kriven: J. Mater.
Res., 14 (1999) 3417.

10. 8. J. Lee and W. M. Kriven: Ceram. Eng. & Sci. Proc.,
20 (1999) 69.

11. C. H. Jung, J. Y. Park, M. Y. Lee, S. J. Oh, H. Y. Kim
and G. W. Hong: Kor. J. Ceram., 6 (2000) 47.

12.S.J. Lee and C. H. Lee: J. Kor. Ceram. Soc., 39 (2002)
336.

13. H. Yang, L. Song and Z. Wang: J. Mater. Syn. Proc., 2
(1994) 207.

14. X. Li, H. Zhang, FE. Chi, S. Li, B. Xu and M. Zhao:
Mater. Sci. Eng., B18 (1993) 209.

15. G. O. Curme, Glycols, Reinhold Rublishing Company,
NY, 1952,

16. M. H. Nguyen, A New Polymer Route to the Synthesis
of Mixed Oxide Ceramics, M.S. Thesis, University of
Illinois at Urbana-Champaign, 1997.

17. S. Kimoto, K. Hirota and O. Yamaguchi: J. Am. Ceram.
Soc., 77 (1994) 1694.

18. M. L. Balmer, F. F. Lange and C. G. Levi: J. Am.
Ceram. Soc., 77 (1994) 2069.

19. K. Yamakata, K. Hirota and O. Yamaguchi: J. Am.
Ceram. Soc., 77 (1994) 2207.

20. M. L. Balmer, F. E Lange, V. Jayaram and C. G. Levi: J.
Am. Ceram. Soc., 78 (1995) 1489.

21.J. D. French, M. P. Harmer, H. M. Chan and G. A.
Miller: J. Am. Ceram. Soc., 73 (1990) 2508.

22. H. Toraya, M. Yoshimura and S. Somiya: J. Am. Ceram.
Soc., 67 (1984) C-119.

23.R. T. DeHoff and F. N. Rhines, Quantitative Micros-
copy, McGraw-Hill, N, 1968.

Vol. 10, No. 5, 2003



