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ABSTRACT

Spinel/zirconia-glass composites prepared by melt-infiltration were fabricated to investigate the effect of zirconia addition on
mechanical and optical properties of the composites. The infiltration distance was parabolic with respect to time as described by the
Washburn equation and the penetration rate constant, K, decreased due to the reduction in pore size as the amount of zirconia rose.
Although the optimum strength(308 MPa) of the spinel/zirconia-glass composites was observed when the zirconia was added up to
20 wt%, K and transmittance decreased as the zirconia content rose. In conclusion, it suggested that the positive effect of strength as
a result of the addition of zirconia was not effective.
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Fig. 1. Flexural strength and fracture toughness of spinel/
zirconia-glass composites as a function of zirconia

content.
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Fig. 2. Comparison of particle size distribution for spinel and
zirconia, respectively.
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Fig. 3. Shrinkage and relative density of spinel/zirconia
preforms as a function of zirconia content.

0.5} H

0.4+

0.3 {

0.2}

Pore size (pm)

01

0.0F 4

L

0 10 20 30 40
Zirconia content (wt%)

Fig. 4. Pore size variation as a function of zirconia content.
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Fig. 5. SEM micrographs of imaged with backscattered electrons of the indented spinel/zirconia-glass composites. The zirconia

content is (a) 0%, (b) 5%, (c) 20% and (d) 40%, respectively.

#1394 A 11 5(2002)



1032

(c)

- ol -

sl - e

@

Fig. 6. SEM micrographs of imaged with backscattered electrons of the fracture surfaces of the spinel/zirconia-glass composites. The
zirconia content is (a) 0%, (b) 5%, (c} 20% and (d) 40%, respectively.

o AtolE 71% 27171 0.8 pum= 2E Bl #9
AR olggoz Judegy & Axgel 43 Hda
sh= @apel BuEALHS

3.2 20jd/Xj2AL{0 THMUEH 2 REIMENSE

La,035-A1,05-Si0,4] /2] AFAZk 5 Zold gt
A7} Fig. 791 EAIEC] Ut} gukxog, gdHzlo]o
FE7F g2sle A7k 73] A7) vl Evia $E
S0 g AERE L Fig 74 BE AAY &
AT A7to] Z71e=E Washburm 2]ol] 9jA X &AM
(parabolic) HE| &2 F7leldon, S7HEE Fig. 49 71
377} A4S 2okl A2Fo}l Aol
R AT asle gasidon] Aeado} ool
25 wi% o1IME 7139 2717} 1um o|3kE el
wheh Fig 7914 BE AHH feARel B2 Alzke] &
2Ee 2adAaokfel BgA ) ALsl) 4
oFo] 92 Ao FHEL. ] AF A9 4y 2
#= Washburn®] 2P 2 A shich.

33 2Ld/K 2 ALI0l-RE| HEN | Tex £4

7PN B 99<¢ 360~700nm HS WolA UV spectro-
meterE o] & And/xEFUol-GE BEAel =u}

HER BRI

16 T T T
® 0%

s . —
(=] N A

o

Infiltrated distance? (mm?)

0 20 40 60 80 100 120
infiltration time (min.)

Fig. 7. (Infiltrated distance)” as a function of infiltration time
for the spinel/zirconia preforms having different
zirconia content.

A 2FZol-§7] E3A 2l T3 (transmittance)S 27 3}
At Fig. 8llA Ee AAE 7MABd 34 da &
8 WAL R AEE Aol £33 A (spectra) ¥



$EATHOE AZT NG 2oIMETIoL R B S Sgel viE A2l AkE 1033

¥
16
14
12 'L-

L 10F

" s

g s

] 3

b=

E 6

[7:]

&

e 4r
2 F
0 -

_2 i n i 1 A 1 A 1 " 1 ) US|
350 400 450 500 550 600 650 700 750
Wavelength (nm)
T M ] N T T T M T v T T T v T
16 | 8
]
14 -
12 -

.t

<10} e

S L

E 6 T

[7/]

&

e 4T ]
2F 4
0r .
2 I S 1 n % i PR | 1 4 1 "

350 400 450 500 550 600 650 700 750
Wavelength (nm)
T M I N L] T { T ¥
18 (©) ]
- @ —@— Spinel 1
16 1
I —&— Alumina ]
14 + .

8 12} ]

Y L ]

S 10 -

P b

E 8F A J

2 | ]

g it \ .\ ]

4 F 4
L A\ .\. )
2+ A — -
\A\A . |

0 i n 1 — i n J S i

0 10 20 30 40

Zirconia content (wt%)
Fig. 8. Transmittance spectra in visible region of (a) the spinel/

zirconia-glass composites and (b) the alumina/zirconia-
glass, respectively. The difference in transmittance rate
is indicated in (c).

Aoz YA 2od/A 23y ol-f8] HHA|
A AEAQ F3 H37F AFFHAGY. T
60 nmolA 700 nmE FHAE O 2 LHFE F
7R o 2ol o] FrtETE FREE Ha
kA o 2 Akl 550-700 nmE W3H(610-700
nm), 53(570-590 nm), =4H(500-570 nm)2. 2 -4 =
01 it A zjolgo] MALS L@k M (yellowish brown)
o2 9 Mo BgHog A e dHlolng F
JﬂLE A AAA °P(natura1 toothy® AA 2 2 gatdc).
oA 23 Yol-F8 EFAME FAMS AVt B
et 7AYol F3H&(transmittance)S 2}
Eu=e WA HREZEOZ Fig 8(c)o YERG Uth
A FA ] we}t FaAgE AF oA 2 2709 A
HE BA3 A3} 2ud/A =23V ok-frg] EdAe ¢
FuA22Yok-fE] AR 5% FHEo] B
ZEon, 29d-fg EFA(17.1%)e & ¢Fry
Fe] BEA(T9%ETE Auldel Fiakgo] Fujold ¢
—ro}ﬁ‘:}.

4.4 B

29 /A 2 IS die-pressH S ©]8-3t] Tt}
ARAE A28 La,0,-AL0,-SIOA Rl E &§
AA 2ud/A23Yol-f8 2S48 Az
AFEAZ o) ZEFE ATl TEA BAR
shom AE Aee 718 2719 el AE2AYo}
7hgol AT E Fristth A 23t 20 wi% 3
7HERE o 2vd/A 2 ol52] Bl HAe 7}
S3H(308 MPa)o] #FE AT} X EFY o} o] F7)gHel
we}t {8 A% e F3E(transmittance)S 7228HA
ot 23U ol izt 2ud/RlE2FYolfa8] EHA <]
1A EA A mlxe 22 a3 vnE Hog
HE=E Ao

of

o do ot ok
o N Hn e

il

#Artel 2

£ d+e daAEAeE 247 2AHFHA-E - R05-
2000-000-00242-0) A o2 TP UL

REFERENCES

1. W. B. Hillig, “Melt Infiltration Approach to Ceramic Matrix
Composites,” Comm. Am. Ceram. Soc., 71 [2] C96-C9
(1988).

2. W. B. Hillig, “Ceramic Composites by Infiltration,” Ceram.
Eng. Sci. Proc., 6 674-83 (1985).

3. D.-J. Kim, M.-H. Lee and C.-E. Kim, “Mechanical Prop-
erties of Tape-cast Alumina-glass Dental Composites,” J.

A394 Al 11 3(2002)



1034 YR=X-RrA);: E=gp

10.

13.

14.

Am. Ceram. Soc., 82 [11] 3167-72 (1999).

. W. D. Wolf, L. F Francis, C.-P. Lin and W. H. Douglas,

“Melt-infiltration Processing and Fracture Toughness of
Alumina-glass Dental Composites,” J. Am. Ceram. Soc., 76
[10] 2691-94 (1993).

. H. Hornberger, Strength Microstructure Relationships in a

Dental Alumina Glass Composite, Ph.D. Dissertaion, Uni-
versity of Birmingham, 1995.

. D. Y. Lee, J.-W. Jang, B.-S. Kim, D.-J. Kim and Y.-S. Song,

“Kinetic Study of La;03-Al,03-Si0; Glass Infiltration into
Spinel Preforms(in Kor),” J. Kor. Crystal Growth and Crys-
tal Technol., 12 [1] 31-5 (2002).

. D. Y Lee, D.-J. Kim and Y.-S. Song, “Properties of Glass-

spinel Composites Prepared by Melt Infiltration,” J. Mater.
Sci. Ler., 21 [15] 1223-26 (2002).

. D. Y Lee, J.-W. Jang, D.-J. Kim, L-S. Park, J.-K. Lee, M.-

H. Lee and B.-Y. Kim, “Glass-alumina Composites Prepared
by Melt-infiltration: 1. Effect of Alumina Particle Size,” J.
Kor. Ceram. Soc., 38 [9] 799-805 (2001).

. D. Y. Lee, J.-W. Jang, M.-H. Lee, J.-K. Lee, D.-J. Kim and

[.-S. Park, “Glass-alumina Composites Prepared by Melt-
infiltration: II. Kinetic Studies,” J. Kor. Ceram. Soc., 39 [2]
145-52 (2002).

E. Ryshkewitch, Oxide Ceramics; pp. 257-60, Academic
Press, New York, 1960.

. H. C. Park, Y. B. Lee, K. D. Oh and F. L. Riley, “Grain

Growth in Sintered MgAlL O, Spinel,” J. Mater. Sci. Lett., 16
1841-44 (1997).

. C.-J. Ting and H.-Y. Lu, “Hot-pressing of Magnesium Alu-

minate Spinel-I. Kinetics and Densification Mechanism,”
Acta Mater., 47 3] 817-30 (1999).

C.-J. Ting and H.-Y. Lu, “Hot-pressing of Magnesium Alu-
minate Spinel-1. Microstructure Development,” Acta Mater.,
47 [3] 831-40 (1999).

A. Granon, P. Goeuriot and F. Thevenot, “Aluminum Mag-
nesium Oxynitride: A New Transparent Spinel Ceramic,” J.
Eur. Ceram. Soc., 15 249-54 (1995).

. V. Montouillout, D. Massiot, A. Douy and J. P. Coutures,

“Characterization of MgAL O, Precursor Powders Prepared
by Aqueous Route,” J. Am. Ceram. Soc., 82 [12] 3299-304

17.

19.

20.

21.

22,

23.

24.

25.

26.

ol - ey - Yok
- (1999). -
16. R. Sarkar, S. K. Das and G. Banerjee, “Effect of Attritor

Milling on the Densification of Magnesium Aluminate
Spinel,” Ceram. Intl., 25 485-89 (1999).

D. Y. Lee, B.-Y. Kim and D.-J. Kim, “Effect of Calcination
Temperature on Glass Infiltration Rate of Spinel/Zirconia
Preforms,” Intl. Conference on Modern Materials & Tech-
nologies(CIMTEC 2002), Florence, Itlay, July 15, 2002.

. D. Y. Lee, D.-J. Kim and B.-Y. Kim, “Influence of Alumina

Particle Size on Fracture Toughness of (Y,Nb)-TZP/Al,0;
Composites,” J. Eur. Ceram. Soc., 22 [13] 2172-79 (2002).
D. Y. Lee, J.-W. Jang and D.-J. Kim, “Raman Spectral Char-
acterization of Existing Phases in the ZrO,-Y,0;-Nb,Os
System,” Ceram. Intl., 27 [3] 291-98 (2001).

D. Y. Lee, D.-J. Kim and D.-H. Cho, “Low-temperature
Phase Stability of Y,0; and Nb,Os Co-doped TZP Ceram-
ics,” J. Mater. Sci. Lett., 17 [3] 185-87 (1998).
Standard Test-method for Biaxial Flexure Strength (Mod-
ulus of Rupture) of Ceramic Substrates, ASTM Designation
F 394-78, Annual book of ASTM Standards Vol. 15.02, Sec-
tion 15, 446-50. American Society for Testing and Mate-
rials, Philadelphia, PA, 1996.

International Standard of Implants for Surgery-ceramic
Materials Based on High Purity Alumina, ISO 6474:1994
(BE), Geneve, Switzerland.

P. Chantikul, G. R. Anstis, B. R. Lawn and D. B. Marshall,
“Critical Evaluation of Indentation Techniques for Mea-
suring Fracture Toughness: 1. Strength Method,” J. Am.
Ceram. Soc., 64 [9] 539-43 (1981).

D. Y. Lee, D.-I. Kim, M.-H. Lee and J.-W. Jang, “Flaw Tol-
erance of (Y,Nb)-TZP/Al,O; Composites,” J. Kor Ceram.
Soc., 38 [1] 56-60 (2001).

S. Taruta, K. Kawashima, K. Kitajima, N. Takusagawa, K.
Okada and N. Otsuka, “Influence of Zirconia Addition on
the Sintering Behavior of Bimodal Size Distributed Alumina
Powder Mixtures(in Jpn.),” J. Ceram. Soc. Jpn., 102 [2]
139-44 (1994).

D. P. Hasselman and R. M. Fulrath, “Proposed Fracture
Theory of a Dispersion-strengthened Glass Matrix,” J. Am.
Ceram. Soc., 49 [2] 68-72 (1966).



