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ABSTRACT

Using alumina-glass infiltrated material which has been in the spotlight of biomaterials including dental material, appropriate
omposition of glass infiltrated material mainly depends on the thermal expansion coefficient. To obtain proper compositional glass
f suitable thermal expansion coefficient efficiently, a Taguchi analysis was conducted. The influence of alkali oxide and alkali earths
xide, which affect mostly the thermal expansion coefficient of glass infiltrated material, was infiltrated material, the effect having
nfluenced on the thermal expansion coefficient of glass was presented in this order (Na,O 2> K,0O > MgO = CaO). The effect of
Ja,O was about eight times as great as the effects of MgO, CaO and K,O was about four times. Among the interaction affects of
:ach variables, the interaction affects of K,0-CaO showed most significantly and thermal expansion property of specified composition
vas predicted by calculating contribution rate on each level of variables and interaction affects

ey words : Taguchi experimental method, Infiltration glass, Thermal expansion coefficient, Alkali and alkali earths oxide, Inter-
action affect

.M B dotgt A gol7] Wl A MERAM ZEA AE} A
e Agel tig Edg Arvh Aol g ol E

A9hg A BE FUE, EHEES 2 B U232 & ol AR A2 Ass 35 399 vasky ¢
35 2SR BY ol A7, FTA A7 Fele) = T AR, AAHTY, Fe YAEE, $48 02
RANE, EAL, olsElolE, SRU, AZTUCL & FHL S AMHdA Fod QB she £ 4
“ES TE AT MRS BEANA ARHT . BBAS 7T ) WRe] FEg W Jnk?

v Vo gEdes A EE 35 35S A4 B4 A2 AHE AR AHEHIL e ST AEe

d A B FF& EsiaAT Avlde 1dE o 7HR A, otstetel B, &Ry, slayrjol 29d, X253
Yotet Altm Agel fel B 5ol ALHT A

L : olg}dt A2 FEE 45470 MPaZ THFstthY e,

( orresponding author : Ju-Woong Jang ~ =

I -mail : orienta@empal.com GAARRZ AT 5 ZAY, ol el E 52 st

Tel : +82-2-891-2809 Fax : +82-2-891-2846 S5 GG, KBS 52 24 F 7hEo] oy

—93—



94 % - olSg - Ao - ATS

g &o] F2 o]F AMER Roto] TAE FAst, o A AEtEs dgw ER e vkd 18 £ 7
gE°| FF0] ?4_01‘/}1] e 22T 2d 2 Ae dd AEEEA fE] WielA Hlsd 54& ¢
Brh tha @e 2w fEE AFAE Inceram W dakal ZF Y neRgor Ag 544 EF UEY
2ol tigk A7vF FelE FEj A s o r A A €tk 2B 7} Q1A Alelo] wsag-& HHEy]
THZ Ak old 48 FF WY S BgHE Yt AAS PaiAc
FAste AT As2e vtavlAel 29d, GFuu 2 AgoM fEld Axe duryel 33 2§, &
A ez} Fo] gyt €, 999 A e ok Axaier fEY &8
FHAANEE AHEEE A7HA AR T rlavlA o &3 1450°Coll A 1A &3ttt w9 g elA] @33 A
4o Are ta GAN P 943 AvAds 7R, T & AHE Azr] Yt AE 1009 T ==
A23ole ZErt 8 v Av g {2 IFs E ARgst o Wio d8Ee AAs st 5
o] Ta HZg Xﬂiol‘:‘rm dFE o] F AR F EEE 7M1 Ao §8E fElE FolA g9 A
ZFAES 54E /A Ut oW ARfde F4E T &3 ANHE AFsATh o2 WHOR F 1659
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FEE 7T £ Ut & dreM e oA 4 AE
HE o] &3t oA AFE Aty ARES] AFRE Table 1. Glass Composition
2 AMgHE #ehols &R AACIE fel9 E Composition Content (wt%)
WA Aol vXe fE 29 gL BIEoH, Si0, 20-25
E3] fejo €3 544 7H g2 dFs A ¢ ALO; 16-18
g AtsEd 47 EF AsES $8 dAZR 2HE B,O; 16—18
o #Fstch TiO, 10-12
La,O5 41-44
2. Algdiy Na,O 0-1.95
K0 0-1.95
zh Ao il Wig FEFs #Fsh] Asteq v MgO 0-1.95
2 AR AT L)) 2kl 488 Bairt. g2 C20 0-195

Table 2. Experiment Design (Taguchi Orthogonal Array L16(2‘5))

A B ab C ac bc abc D ad bd abd cd acd bed abcd
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2
3 1 1 1 2 2 2 2 1 1 1 1 2 2 2 2
4 1 1 1 2 2 2 2 2 2 2 2 1 1 1 1
5 1 2 2 1 1 2 2 1 1 2 2 1 1 2 2
6 1 2 2 1 1 2 2 2 2 1 1 2 2 1 1
7 1 2 2 2 2 1 1 1 1 2 2 2 2 1 1
8 1 2 2 2 2 1 1 2 2 1 1 1 1 2 2
9 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
10 2 1 2 1 2 1 2 2 1 2 1 2 1 2 1
11 2 1 2 2 1 2 1 1 2 1 2 2 1 2 1
12 2 1 2 2 1 2 1 2 1 2 1 1 2 1 2
13 2 2 1 1 2 2 1 1 2 2 1 1 2 2 1
14 2 2 1 1 2 2 1 2 1 1 2 2 1 1 2
15 2 2 1 2 1 1 2 1 2 2 1 2 1 1 2
16 2 2 1 2 1 1 2 2 1 1 2 1 2 2 1

*A 1 Na,O, B : K;0, C : MgO, D : CaO
*a, b, ¢, d : Interaction affects of A, B, C and D (ex) ab is interaction affects of A and B)
*Level 1 : Og, Level 2 : 195¢g
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Thermal Expansion Coefficient
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Table 3. The Sum of Observation and Squares of Individual
Factor and Interaction Affect

Sample No. 1 2 3 4 5 6 7 8

-"EC(XIO_G/O K) 6.29 645 684 691 7.09 738 6.99 7.49

Sample No. 9 10 11 12 13 14 15 16

-'"EC(XIO_6/°K) 7.63 7.07 740 7.70 7.05 822 797 8.19

Lig. 1. Thermal expansion coefficient of individual sample.

Factor  Level Sum Qf Sum of Degree of
observation squares freedom
1 554414
A 2.09034 1
2 61.2246
1 2914
B 26291 1.04203 1
2 603746
1 57.9166
ab ’ 0.04335 1
2 58.7494
1 57.17
C % 033241 1
2 59.4861
1 477
ac S8ATTS 0.00522 1
2 58.1885
1 .
be 28,0843 0.01546 1
2 58.5817
1 57.5861
abc 0.13946 1
2 59,0799
1 252
D 57,2528 029171 1
2 59.4132
I .
ad 58.3898 000081 1
2 58.2762
1 4434
bd 2443 0.30825 1
2 572226
I )
abd 377982 0.07150 1
2 58.8678
1 58.3467
cd 0.00005 1
2 58.3193
1 58.4347
acd 0.00259 1
2 582313
1 .
bed 59.0839 0.14096 1
2 575821
1 572769
abcd 0.27884 1
2 593791
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Fig. 2. The sum of squares of Na,O(A), K,O(B), MgO(C),
CaO(D).
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Table 4. Analysis of Variance(ANOVA) After Pooling

Sum of Sum of Degree of

Factor Level observation squares  freedom Fo
A 1 55.4414 2.09034 1 433.14
2 61.2246 ' '
B 1 56.2914 1.04203 1 215.92
2 60.3746 T .
. 1 579166 e 1 3.08
a 2 58.7494 ' '
1 57.1799
c 033241 1 68.
2 59.4861 2 o
1 57.5861
b 0.13946 1 28.90
abe 2 59.0799 ’
1 57.2528
D 0.29171 1 60.45
2 59.4132
b 1 59.4434 0.30825 1 63.87
2 57.2226 ' '
1 57.7982
bd 0.07150 1 14.82
a 2 58.8678 ’
1 59.0839
bed 0.14096 1 29.21
2 57.5821
1 57.2769
abed 0.27884 1 57.78
2 59.3791
. 0.02413 5 -

*ac, bc, ad, cd and acd were combined to generate the
pooled error estimate.

Table 5. The Contribution Rate of Individual Factor, Interaction
Affects and Average Contribution Rate

Sum of level

Odd Even
A —0.36145 0.36145
B —0.25520 0.25520
C —0.14414 0.14414
D —0.13503 0.13503
ab 0.0521 —0.0521
bd —0.1388 0.1388
abc —0.0934 0.0934
abd —0.0669 0.0669
bed 0.0939 —0.0939
abcd 0.1320 —0.1320
Average contribution rate 7.291625
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