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ABSTRACT

Using zirconia and poly (methyl methacrylate-coethylene glycol dimethacrylate) (PMMA) microbeads, macroporous zirconia
ceramics were fabricated by a simple pressing method. Effects of template size and content on microstructure, porosity, and flexural
and compressive strengths were investigated in the processing of the macroporous zirconia ceramics. Three different sizes of
microbeads (8, 20, and 50 pm) were used as a template for fabricating the macroporous ceramics. The porosity increased with
increasing the template size at the same template content. The flexural and compressive strengths were primarily influenced by the
porosity rather than the template size. However, the strengths increased with decreasing the template size at the same porosity. By
controlling the template size and content, it was possible to produce macroporous zirconia ceramics with porosities ranging from 58%
to 75%. Typical flexural and compressive strength values at 60% porosity were ~30 MPa and ~75 MPa, respectively.
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Table 1. Sample Designation and Batch Composition of Macroporous ZrQ, Ceramics

Sample Batch composition (wt%) Remark
7ZrO, PMMA § um PMMA 20 um PMMA 50 um PMMA content (vol%)
PZ8-50 83.61 16.39 - - 50
PZ8-60 77.27 22.73 - - 60
PZ8-65 73.31 26.69 - - 65
PZ8-70 68.61 31.39 - - 70
PZ20-50 83.61 - 16.39 - 50
PZ20-60 7127 - 22.73 - 60
PZ20-65 7331 - 26.69 - 65
PZ20-70 68.61 - 31.39 - 70
PZ50-50 83.61 - - 16.39 50
PZ50-60 7127 - - 22.73 60
PZ50-65 73.31 - - 26.69 65
PZ50-70 68.61 - - 31.39 70
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Fig. 2. Effect of PMMA content on the microstructure of macroporous zirconia ceramics sintered at 1550°C for 2 h in air: (a) PZ8-50,

(b) PZ8-60, (c) PZ8-65, and (d) PZ8-70 (refer to Table 1).
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Fig. 3. Effect of PMMA size on the microstructure of macroperous zirconia ceramics sintered at 1550°C for 2 h in air: (a) PZ8-50, (b)

PZ20-50, and (c) PZ50-50 (refer to Table 1).

odFuh H71e PMMA vAlF2] Z=7]7F 8 um, 20 um,
Soyme = AZ wa}, Zzke] sy A7l 8~20,
20~30, 50~60 ym% Z7}8FH 3L, 7] oE‘E 58.4, 63.3,
733%E F7Ietth A Qe FUgEke] o

7] B¥E Z2H= PMMA YA @ pum 50 um)E xq %) 7}3}
Ae o 50 um =719 AT W go] BolHEE /)1FE

[

| F7heteh® mea o2et @4 50 um 2719 o
% PMMA "iA|e] H7FE J4H 7F3e 2E 3 %
otel] ak(diffusion)ol] 7123 AW3} FH o2 AAH
ojH-9ut, 8um Z719] PMMA wIAlTol] o3 FA4€E 7]F
& 2 T Bl 7Y AR Jds 5101 AR AL
718-&0] Sopxer rlesiaL :‘m&dv}. 4= o A
2o} Meiel 2] 7|F-ge e gk nAlE ot
st gt mAPe] A7]7} F1e a}ﬁ% e 4 &
A= 1?4 g At vAlRe 2718 Alojske A ,71%;
& Aoje] A HHd & Ahe A& veRdh

Fig. 4= PMMA w79 T3] wf& t3d A==
ol Aleb 9] 71FE ¥eke BYET. 8um WATE
A7teh AL 584~662% WA 71TEE YEI L,
20pm ® 50 pm PMMA WA & H7HeE Al 747t
63.3~68.6% % 73.3~75.0% ¥ 715&E vepdh
2AZZ(1550°C2 hy) PMMA mlAl2e] 2717} B 8t
o A7 71FREAA el FUrE we 7EE
7vohe BE&E JEbloh olEd A% PMMAE 71
YAz Fore ed sicd” 2 g2d BgeE
(mullite) Aeg 2ol s AFE Rk e 24213
PMMA 74| -¢] 33ko] 5d & of Hrhe 71334

o] &

e o

o] =7}t 7kl wel 71F&e] Skt A7 4
e AAZZA550°C2 el XAHJE W PMMA #lA|
T dEH A71E HM?-}OE}H thgd A =23} A
gl 71FE 58~75%2] WA Aolsts Aol 7}
g vERdh
Fig. 5% 1550°CellA 24)7F F<Qt 248

4R #EF wstd & F4E 2 e
gt Fig. 5914 BE0] PMMA BlA722]
TE, T3 N7 27 FHESE S E 9 %’f
=7t gaste 43S el 8um VAIFE F
7tet Aol A Yol 7P 2 ZEE JEly,

AsE A

g

9] 7
Like

o

1l
U

JiN'
>
koot

i)
7]

%
°§i

)v

o]

of)

76
* s
72+
<
< 68t
>
=
0
© 64l
[
[+ 1
——8 um
60 - —@— 20 um
4 50 um
56 i i i i 1
50 55 60 65 70

Template content (%)

Fig. 4. Porosity of macroporous zirconia ceramics sintered at
1550°C for 2 h in air as a function of template content.
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Fig. 5. Strength of macroporous zirconia ceramics sintered at 1550°C for 2 h in air as a function of template content: (a) flexural

strength and (b) compressive strength.
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8um PIATE 50% H7bsh AlHe] 2w AT
7t} ~37 MPat ~97 MPa©l 3L, WIA-E 60% % 7He
AJHL ~29MPa®] F7tx 9} ~78 MPal] Y27 EE U
1332 0=3

SHA, 50 um PMMA WAl 72 F718 A" A
T ﬂa‘; 7t W F7E 9 4EAEe] Mt )
T AL, mAFe] Tkl Aglo] 5~6 MPad] E7k%E
9} 8§~15MPa] U=71EE UERTE 50 um PMMA 7|
Aol Hrbs e d xgﬁqo} Alepe 2z el 50~
60 pm =719 A71F-& FYA AL, o9 e Ay
o] dAATCRE Agate], AR 7Fd oMol ¥
std Zle g AzhdEr.

e 9 el 7EE YE2EAS 13357 %g}
o Fig. 59 ZAE4E 71549 T2 Jepliol
AHE Fig. 6914 HAFT} Fig 604 R0, 7JE

go) A7 A AFHA AL G F A7, G
siel ARtz FPE % ¢
o glel 71 Eol SUHE m

=

39, Gain'? T 70nm Z7)9 ZrO, B %3} 150~
200 um =71¢] PMMAS EUUSE R ARS8t g4 A
23aYol Nuag AxE[Y, olFA AxH v
Aol AgtEl el SAEE 7]5&e] oF 53%d 1,
H7FE7) oF 150 MPaz w9 %-39i Tt Fig. 58 &3
Al PMMA ®ulA 2] A77F A854E thgd A 23 o}

Al 46d A 12(2009)



40 Ars - AEL - 4908

At ze] Zeg Zoled a3 ¢ 4 JANL Gain
Y dF A= td A23Y ol Algte e It
2 =9)7] Ysie LY EdA PMMAS =7] Bk
ofzt A E23Yol Y] A71E A e A £ U
T F8%E et 23y 39 Ee °‘x}ﬂ7l”

11]/\-1_4. A o:];q.g]ui T ]
Ado] Fastrty AAETh

48 B

7717} B 37 79 PMMA UA£E 7|23
Az AMEste] AFAE 1550°ColAH 247 Bk 24
o224 71g&H 7137t Ao d3d AEFY
At 28 Azs9. PMMA tlA| 2] dao] 5
o, 32 23} Agze 7FgEL 7FHA
9] =77} 27 Ee| we Z7FsEEa, PMMA B Al
A717F Y & ule 7T AR Stgo] 2718
2} 718tk wEkbd, PMMA A o] Z7]9k 3k
Aoz bagd AN=IFol Aetyze] 7)F8
58~75%2 < W AejstE Aol 7hsstrt. 28
47 FROR Axd d3d A2Fo} Al
e B AEAEE 71%?%‘ A8 =719} el S

==

JHLmlorulo_&ﬁémSL'_&nsL'oi

of w} Zhastath. v ABFY ol ARty e %73
=9 4FAEE 71Tl 65%Y Wz ~20 MPad}
~50 MPa°] AT},

Acknowledgment

B dATe AAA4ARL] 21 A7l ZEE] o7& TA
Hol A3 XA A B 7| &7 BAFE D(the Center for
Advanced Materials Processing, CAMP)&] <1-7H] x|l o
2 FYEJ e, oo A =yYTh

REFERENCES

1. Y. P. Jin and Y. T. Chou, “Thermal and Mechanical Prop-
erties of Porous Y-PSZ/Zircon Composites,” Mater. Res.
Innovat., 1 227-30 (1998).

2. J. W. Baek and D. J. Kim, “Ceramic Foams by the Self-
Blowing of Polymer (in Korean),” J. Kor. Ceram. Soc., 41
[7] 555-59 (2004).

3. S. H. Lee and Y.-W. Kim, “Processing of Cellular SiC
Ceramics Using Polymer Microbeads,” J. Kor. Ceram. Soc.,
43 [8] 458-62 (2006).

4. J. H. Eom, D. H. Jang, Y.-W. Kim, I. H. Song, and H. D.
Kim, “Low Temperature Processing of Porous Silicon Car-
bide Ceramics by Carbothermal Reduction (in Korean),” J.
Kor. Ceram. Soc., 43 [9] 552-57 (2006).

5. D. H. Jang, K. Y. Lim, and Y.-W. Kim, “Effects of Additive
Composition and Content on Sintered Density and Com-

Al el

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

- Al -

RS

pressive Strength of Cordierite Ceramics (in Korean),” J.
Kor. Ceram. Soc., 44 [4] 230-34 (2007).

. J. H. Eom and Y.-W. Kim, “Fabrication of Silicon Oxy-

carbide Foams from Extruded Blends of Polysiloxane, Low-
Density Polyethylene (LDPE), and Polymer Microbead,”
Met. Mater. Int., 13 [6] 521-25 (2007).

. B. H. Yoon, E. J. Lee, H. E. Kim, and Y. H. Koh, “Highly

Aligned Porous Silicon Carbide Ceramics by Freezing Poly-
carbosilane/Camphene Solution,” J. Am. Ceram. Soc., 90 [6]
1753-59 (2007).

. Y-W. Kim, J. H. Eom, C. Wang, and C. B. Park, “Pro-

cessing of Porous Silicon Carbide Ceramics from Carbon-
Filled Polysiloxane by Extrusion and Carbothermal Reduc-
tion,” J. Am. Ceram. Soc., 91 [4] 1361-64 (2008).

. C. Heisel, M. Silva, and T. P. Schmalzried, “Bearing Surface

Options for Total Hip Replacement in Young Patients,” J.
Bone. Jt. Surg., 85 [7] 1366-79 (2003).

G. Dell’Agli, S. Esposito, G. Mascolo, M. C. Mascolo, and
C. Pagliuca, “Films by Shurry Coating of Nanometric YSZ
(8 mol% Y,03) Powders Synthesized by Low-Temperature
Hydrothermal Treatment,” J. Euro. Ceram. Soc., 25 [12]
2017-21 (2005).

I. K. Jun, Y. H. Koh, J. H. Song, S. H. Lee, and H. E. Kim,
“Improved Compressive Strength of Reticulated Porous Zir-
conia Using Carbon Coated Polymeric Sponge As Novel
Template,” Mater. Lett., 60 2507-10 (2006).

A. K. Gain and B. T. Lee, “Microstructure Control of Con-
tinuously Porous t-ZrO, Bodies Fabricated by Multi-Pass
Extrusion Process,” Mater. Sci. Eng. 4, 419 269-75 (2006).
B. Nait-Ali, K. Haberko, H. Vesteghem, J. Absi, and D. S.
Smith, “Thermal Conductivity of Highly Porous Zirconia,”
J. Europ. Ceram. Soc., 26 3567-74 (2006).

A. K. Gain, H. Y. Song, and B. T. Lee, “Microstructure and
Mechanical Properties of Porous Yttria Stabilized Zirconia
Ceramic Using Poly Methyl Methacrylate Powder,” Scripta
Mater., 54 2081-85 (2006).

Z. Y. Deng, J. F. Yang, Y. Beppu, M. Ando, and T. Ohji,
“Effect of Agglomeration on Mechanical Properties of
Porous Zirconia Fabricated by Partial Sintering,” J. Am.
Ceram. Soc., 85 [8] 1961-65 (2002).

X. Yang, 7. Xie, and L. Wang, “Fabrication of Porous Zir-
conia Ceramics by Injection Molding Method,” Key Eng.
Mater, 368-372 758-61 (2008).

S. H. Chae, J. H. Eom, Y.-W. Kim, I. H. Song, H. D. Kim,
J. S. Bae, S. M. Na, and S. 1. Kim, “Porosity Control of
Porous Zirconia Ceramics (in Korean),” J Kor. Ceram.
Soc., 45 [1] 65-8 (2008).

S. H. Chae, Y.-W. Kim, I. H. Song, H. D. Kim, and J. S.
Bae, “Effect of Template Size Ratio on Porosity and
Strength of Porous Zirconia Ceramics (in Korean),” J. Kor.
Ceram. Soc., 45 [9] 537-43 (2008).

J. H. Eom and Y.-W. Kim, “Effect of Template Size on
Microstructure and Strength of Porous Silicon Carbide
Ceramics,” J. Ceram. Soc. Jpn, 116 [10} 1159-63 (2008).
Y.-W. Kim, H. D. Kim, and C. B. Park, “Processing of
Microcellular Mullite,” J. 4m. Ceram. Soc., 88 [12] 3311-15
(2005).



