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Abstract : Dental composites were fabricated as microfilled composite, and experimental de-
sign has been carried out by using the important factors affecting mechanical properties of
composites. BIS-GMA /silica composite has been selected as microfilled composite, and flexur-
al strength and modulus were estimated as mechanical characteristic values. Heat treatment
temperature, silane coupling agent concentration, silica content, and crosslinking agent con-
centration were considered as important factors, and experimental design and Taguchi meth-
od have been simultaneously carried out and compared by using orthogonal array. Among
these factors, flexural strength was mainly affected by silane coupling agent concentration,
and flexural modulus by silica content. From these results, optimal level combinations and

predicted values of mechanical properties were obtained.
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BIS-GMA/Az]7t 559 84 FHF
e f3 BME ysdn. aEln SAAE
BIS-GMA/4z2]7} B89 2838 EHU 2F
7} % (Flexural Strength) 2} 22 €b4J & (Flexural
Modulus)S ®3lgoen, EA4 #IXE ANO-
VA-TM & A3l & EAX9) 233 A7
g £4S FYPsiint.

4 ¥

Al ®. AHE BIS-GMA ] Shin-Naka-
mura At} EMA-1020 2 dimethacrylate 357)
g 71K FRlojH, BEE Fol|7] 93l AEH 3
AR 2o 3Ake) 3G(iriethylene glycol di-
methacrylate, TEGDMA)E AM&3tct. 38 A
7= FE3I5te] ZEOSIL-658 AH&3 o™ A}
28 A8 AE59 E4E Table 3, 4, 50 Vel
ik w3 dgk FHEHME PetrachAle] -
methacryloxy propyl trimethoxy silane(y-MPS)
£ AHglon, A3A= Kanto AF9] benzoyl per-
oxide(BPO) & A}&-3ic}.

QAtet A Z R, E APANA AMEH AR}

Table 1. Factors and Levels used in this Experi-
ment

Levels
1 2 3
A:Heating temperature(C) 80 110 140
B:y-MPS concentration(wt% ) 0.25 0.5 0.75
C:Silica content(wt%) 5 11 15
D:Benzoy! peroxide concentr-

Factors

) 15 2
ation(wt%)
P:Position in sample(noise .
4 positions
factor)
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Table 2. Orthogonal Array Table of L and Measured Values of Characteristic Value

Factors A B CD Flexural strength(MPa) Flexural modulus(MPa)
W ?;—;‘; - ~—‘; Noise factor
Exp. No. P1 P2 P3 P4 P1 P2 P3 P4
1 1 1 1 1 96.09 93.75 93.14 89.05 3616 3747 3717 3671
2 1 2 2 2 1039 100.8 105.4 110.8 3908 3901 3956 3981
3 1 3 3 3 8566 87.32 85.66 92.38 4285 4267 4265 4285
4 2 1 2 3 8562 8093 8535 86.38 3885 3843 3882 3897
5 2 2 3 1 9551 96.58 91.29 97.61 4306 4282 4082 4314
6 2 3 1 2 9631 92.30 98.40 95.44 3762 3802 3771 3799
7 3 1 3 2 8461 87.98 77.44 77.30 4071 4066 4053 4046
8 3 2 1 3 9215 95.78 92.15 98.12 3819 3895 3821 3727
9 3 3 2 1 9173 9298 1034 97.38 3801 3864 3886 3796
Table 3. Properties of EMA-1020 (BIS-GMA) aaAe §3W /RGE sl mel sheEsiAzl
Molecular mass 452.55 Aol y-MPS 2 £13H= % (prehydroly-
A.cid v.alue (r?gKOH/g) 0.55 sis)S ALERITH = -MPSE 70% o|ehL/30%
Viscosity (40°C, mPa-s) 82400
& (de-10nized and distilled water, pH=3.5) &
Table 4. Properties of 3G (diluent) Aol 1AIZHERE 7heel sigint ke eale -
Molecular mass 286.33 MPS & 50g & d2i7} 10g2 ¥ 224 4
Specific gravity(257C) 1.073 & T, ARAA Hdzste] guAeE d427te A
Saponification value(mgKOH/g) 395.4 23T FEAYE A7E SAYE ALLE T
Moisture( %) 0.02

Table 5. Properties of ZEOSIL 65 (fumed silica)

Ultimate particles( zm) approx. 0.02
Specific gravity 1.95-2.05
CTAB surface area(m?/g) 105-135
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Ay ALY o] &3 BIS-GMA/AE 7t 5FAad 84 HH8

head £E+& 2 mm/mino|th. &5 B4 &L & Table 8. ANOVA Table of Flexural Strength-S/N
By JAHY 7] 71E7)E ol &3t T3 Data
o 14 Factors Pool Vv F rho%
) A Y 0.150
B N 0.967 3.49 38.40
A3 2 33 C Y 0.402
D Y 0.278
2Ry e 0.277 61.60

Raw Data ¥4 : 25 39 35 489 &
A A2 Table 20 VERAQCH 3 raw data Table 9. ANOVA Table of Flexural Strength-S/N

D
24 B4 ATE Table 6, 7o) ushigs, 22

O

Factors Pool \Y F rho%
T B9 A BN ARE 2 dFS nA= A Y 0.017
Folgoz Yehid 22 3Ee) 23 w49 B Y 0.058
AS 4747 Qlaprt 2B (Lo4o] AL s C N 0.701 21.99 83.99
earo R wpig)gol glol B foj4el A D Yoo 0020
oo, oluf felye) e gl BE(FAH % ¢ 0.052 1601
Zo| £2 4 ¥g, AYS)L 01022 o F
B2¥o) F gtoz syt 22 xo A= S/N Data ¥4. S/N data?] A 24 AN
E3] y-MPS %7} fol4de] b Zon, A Table 8, 9o uUehigith. S/N data®) B¢
7} @23 BPO ¥EE Hlad 2 fol4el A raw datash= 2e] 27} ste] Qajke) f-o)4
oh S 2F wAee) AeE st g & 2 ngon Unx QASL BE foj4e] Hol
9ol 9538 2 Hoz Uit A ool B9 HAUT. fo) FEL 94 01002

Sgon, 2% Awel A%E y-MPS FEgl,

Table 6. ANOVA Table of Flexural Strength-Raw =4 B8 A7) gFte] foAE B
b FA49) AL raw data BAolAgt Bl E
actors Pool F rho% o
T8l & freldel vebgth.
A N 5.04 5.53
- 71
B N 31.64 41.96 @ Table 100l 2t A% 24l S/N &
C N 13.12 16.60 & JERITE. Table 1064 B 4 %o &3
D N 9.72 11.94
e Y 23.97 Table 10. S/N Values (db) of Characteristic Values
Exp. No. Flexural modulus  Flexural strength
1 71.33 39.38
Table 7. ANOVA Table of Flexural Modulus-Raw 9 71.90 40.43
Data 3 72.61 38.85
Factors Pool F rho% 4 71.77 38.52
j]; II:]I 12'92 1.90 5 72.55 39.57
09 6.61 6 7156 39.60
C N 215.01 82.78 7 7217 38.22
D S 6.00 égf 8 71.63 39.50
° 77 9 71.68 39.65
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Table 11. Optimal Levels of Charateristic Values

Levels
Factors Flexural Flexural
strength modulus
Heat treatment temp.(C) 80 110
y-MPS concentration{wt% ) 0.5 0.5
Silica content(wt% ) 10 15
BPO concentration(wt % ) 1 2
T T S Pl T "Z.'.,'::"“' =

. svaze
[re.2983¢
[ve.a1222
rdd
jse. 43203
fos.annr

NTAREN

81 A2 &3 M M M € € < B B2 P

Fig. 1. Level average graph of flexural strength
(raw data).
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Fig. 2. Level average graph of flexural modulus
(raw data).
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Fig. 3. Level average graph of flexural strength(S/
N data).
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Fig. 4. Level average graph of flexural modulus(S/
N data).
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43 ALY S )& BIS-GMA/E27t 53489 &

0.05 2 dFatgrt. 2 FEo HA A9
o ZZke 105.98( +£3.77) MPa & Hag 92.61
MPa B0t 14.44% Fa=do™ Z3 @482
3.95 GPa o)A} 4.31(+0.05) GPaZ 9.11% 38
FERGE 2ol v AAE FHH 20449
1 Ay 2 2T A= 1059 MPa, &3 &
A& 434 GPa g L]—E}L} Ay ARy £
o] €3 & oo 1 AY ARE
Table 12 9] 75‘?46}911:}. rz»gj Table 13¢] ©H&
AHE $£AEY 2T ZES el g
o] &l Ay Ze} Table 13¢] & vlasted
By 2 el AMESE BIS-GMA/A2] 7t 5§
ZHEA 4 ZEHe] ©h2 FAE viE)| Bl
Fo AT e eS¢ 5 Ut

S/N Data ¥4 : S/N data 2] A 749
S %% AT A% 39 84(+O74)dbi
#3k 39.30db 2o} 0.54dbo] FAEY

*%% 71.91 db oA} 72.45( + 0.25)db 2 w]
dbo] =Tt el 43 ZAif= Table 12
oA} B5o] Z+zk 40.45db @ 72.75db 2 vENY

Table 12. The Results of Confirming Experiments
Measured values Mean S/N
stic values 1 2 3 4 values (db)

Characteri-

Flexural

strength  96.3 110.7 108.6 108.0 105.9 40.45
(MPa)
Flexural
modulus 4354 4301 4317 4392 4341 72.75
(MPa)

Table 13. Flexural Strength of Dental Resins

Denture base Crown and bri- Isosit microfilled

PMMA"Y  dge veneering  heat-cured
resin? composite¥
Flexural str-
50-60 84-89 103
ength(MPa)

1) Unfilled, heat cured.

2) Mixtures of PMMA and microfilled system, molded under
heat and pressure.

3) BIS-GMA microfilled system, heat cured.
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