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— ABSTRACT

EFFECT OF SPHERICAL SILICA FILLER ON THE PHYSICAL PROPERTIES OF
EXPERIMENTAL COMPOSITES

Seung-Hoon Kang, Sang-Jin Park, Byung-Soon Min, Ho-Young Choi, Gi-Woon Choi
Department of Conservative Dentistry, College of Dentistry, Kyung-Hee University

The purpose of this study was to investigate the physical properties of experimental composite resins
made with the spherical and crushed fillers. The 14 experimental composite resins containing 0, 5, 10, 15,
20 and 25%(w/w) in spherical filler group and 0, 10, 20, 30, 40, 50, 60 and 70%(w/w) in crushed filler
group, incorporated in a Bis-GMA matrix (Aldrich Co., USA), were made with 1% y-methoxy silane treat-
ed fillers. The polymer matrix was made by dissolving 0.7 %{w/w) of benzoyl peroxide(Janssen Chemical
Co. Japan) in methacrylate monomer, whereupon 0.7%(v/v) N,N-dimethyl-p-toluidine(Tokyo Kasei Co.
Japan) was added to the monomer. The weight percentage of each specific particle size distribution could
be determined from a knowledge of the specific gravity, the weight(w/w), and corresponding volume % (v/v)
of the filler sample in resin monomer. In crushed silica group and spherical silica group, the diametral ten-
sile strengths and compressive strengths were measured with Instron Testing Machine(No.4467), and ana-
lyzed in 14 experimental composite resins made by filler fractions.

The shear bond strength of 14 experimental composite resins to bovine enamel was measured with uni-
versal testing machine(Instron No.4467).

The fracture surfaces were sputter-coated with a gold film and investigated by SEM.

The results were as follows;

1. The diametral tensile strength was tendency to increase in crushed silica group, but not in spherical sili-
ca group. The highest diametral tensile strength was found in 20% filler fractions of two groups.

2. The compressive strength was higher in 15%(w/w) and 20%(w/w) in spherical silica group than in
crushed silica group, but not in spherical silica group.

3. The significant correlation was noticed in increase in shear bond strength in crushed silica group, but not
in spherical silica group.

4. The significantly highest shear bond strength was noticed in 50% filler concentration in crushed silica
group, and in 15% filler concentration in spherical silica group, it was not significant in relation.

5. In crushed silica group, cut surface of resin matrix and the interface between resin and filler is obvious.
In spherical silica group, fractures that occurred through the filler particles were round in shape.
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Fig. 1. Powders of crushed silica(x 1500).
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Fig. 2. Powders of spherical silica(X 200).
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Table 1. Experimental Composite Resins classified by filler concentration(w/w)

Filler Content 0% 10 %

20% 30% 40% 50% 60% 0%

Crushed Silica

Code C0 10 C20 (30 C40 C50 60 €70
Soherical Sili Filler Content 0% 5% 10% 15 % 20 % 25 % ~ -
phetical Siiica Code S0 S5 §10 15 S22 S92 - -

* Weight ratio

Table 2. Converted Volumetric Ratio of Fillers in Experimental Composite Resins

Crushed Silica Code Cc-0 C-10 C20 C30 CH0 C-50 C-60 C-170
VolumeRatio 0% 41% 82% 122% 163% 204% 245% 286%

Spherical Silica Code S-0 S-5 S-10 S-15  S-20 S-25 - -
Volume Ratio 0%  27% 53% 80% 10.7% 133%
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Fig. 3. Comparison of diametral tensile strength of 14 experimental composite resins. Increase pattern of diame-
tral tensile strength were observed on crushed silica, however on spherical silica, there was no regular pat-
tern by the increase of filler contents (left: crushed silica, right: spherical silica).

Table 3. Diametral Tensile Strength(MPa) in two groups

- Filler : o Coefficient.of
Group Code Coneentration(%) Meap Standard Deviation Variation (%)
C-0 0 9.27 0.59 6.39
C-10 10 11.3 1.75 155
C-20 20 185 8.45 458
N C-30 30 15.9 2.10 13.2
Crushed Silica C-40 40 8.7 11.8 411
C-50 50 2%.1 4.14 15.9
C-60 60 29.8 9.59 15.9
C-70 70 32.9 7.90 924.0
50 0 9.97 0.59 6.39
$-5 5 32.2 19.4 60.2
o 5-10 10 23.9 4.01 16.8
Spherical Silica $-15 15 %.5 12.5 471
520 20 37.8 15.0 39.7
595 25 30.5 12.3 40.3
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Table 4. Result of Statistical Analysis of Diametral Tensile Strength in crushed and spherical silica group

Main Effects 9642.876

7
X1 2642.876 7
Explained 2642.876 7
Residual 1742576 32
Total 4385.452 39

377.544 6.933 000

377.544 6.93 000

377.544 6.933 000
54.456

112.447

SAiE08 BF VaTialon . uof sauares i SuAre S it ot
Main Effects 576.212 4 144.053 7180 .552
X1 576.212 4 144.053 780 552
Explained 576.212 4 144.053 78 552
Residual 3695.970 20 184.799
Total 4272182 24 178.008
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Fig. 4. Comparison of compressive strength of 14 experimental composite resins. Spherical silica filled composite

showed the higher values at 15% and 20% incorporation (left: crushed silica, right: spherical silica).
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Fig. 5. Fracture surface of crushed silica group. Cut
surface of resin matrix and the interface
between resin and filler is obvious (X 1500).

Table 5. Compressnve Strengths(MPa) in two groups

2@k SORom

Fig. 6. Fracture surface of spherical silica group.
Fractures that occurred through the filler par-
ticles were round in shape (X 200).

Group - 'Code 7 Coﬁceriiill‘on( % Mean S’tar;dardegvigtion : (\J[Z;ﬁ;z:z;lt((;) .
C-0 0 425 155 36.4
c-10 10 48.2 7.78 16.1
C-20 20 89 4 32.6 36.5
N C-30 30 86.0 19.2 292.3
Crushed Silica 40 1125 426 37.9
C-50 50 157.3 36.4 23.1
C-60 60 201.8 89.9 445
C-70 70 167.9 97.2 57.9
S0 0 42,5 155 36.4
s 5 5 139.5 59.8 42.9
S 510 10 186.2 103.1 55.3
Spherical Silica s-15 15 298.9 101.6 34.0
$-20 20 270.1 90.9 33.7
$-95 % 130.2 23.7 18.23
A Hogs Ry, a3 oA gask) & H1, 7499 Ao ENYe F&Awd vaf &9k
AP AIT SN A B2 4FAEE B9 4% o},

ave BHFF 60%Q C-60To|F e, 33
FAME dHF 15%A S-152oA velgrtt, 733
Adei7hte] Z97t £33 Heto 4EAEA
7 veis.

Table 62 $7142) Axoltt, 4% 4237Hp<0.001)
g 748 Ael7Hp=0.002) 3¢ +572=rt D
o8 JFE L AR Uit

EAZAUANT SN BAHLE A £& 454
=8 B A& g 50%FE 10%7HAAL, T3
ARt FoME 15%9 20%7F FA8H & ¢&FA=

94

3. McHHEEdE

o) TF FFS gesid AxE 1] 44T
B3 A9 37%94 FAE Ao HFAd g A
o] Gt #AE Table 7o 228t Fig. 74l H|
w3k}

EqgAese 4¢ g8 g A3 igstA % C0
ToME 9.3MPad AVZAFAEE JehUT, F2i9
B3t Sl wlel 7.7MPa, 8.1MPa, 9.3MPa, 8.6MPa,



Table 6. Result of Statistical Analysis of Compressive Strength in crushed and spherical group

Crushed Silica
Source of Variation  Sum of squares DF Mean Squaré == - P . - - Signif. of B
Main Effects 145420.455 7 20774.351 7.430 .000
X1 145420.455 7 20774.351 7.430 .000
Explained 145420.455 7 20774.351 7.430 .000
Residual 125816.769 45 2795928
Total 271237.224 52 5416.100
Shperical Silica
Source of Variation ~ Sum of squares DF Mean Square < - = B s Gignif of F
Main Effects 144239.821 4 36059.955 5.628 .002
X1 144239.821 4 36059.955 5.628 .002
Explained 144239.821 4 36059.955 5.628 .002
Residual 179387.682 28 6406.703
Total 323627.504 32 10113.359

Table 7. Shear Bond Strength(MPa) in two groups by filler concentration ‘

Filler S - Coefficient of

Group Gode Concentration (%) Mean . S“g‘aqd:ard‘Dewatloni o Variiéltioﬁ‘ (%) .
C-0 0 93 3.87 AL 5
C-10 10 7.7 1.94 95.1
C-20 20 8.1 2.05 95.2
g C-30 30 93 2.39 25.7
Crushed Silica C-40 40 86 1.67 19.3
C-50 50 13.8 5.44 39.4
C-60 60 9.0 0.95 10.55
c-70 70 118 1.29 10.94
S0 0 93 3.87 415
§5 5 9.8 1.02 10.4
s $-10 10 12.7 3.27 95.8
Spherical Silica s-15 15 13.1 5.08 38.9
$-20 20 12.7 1.96 15.5
$-25 % 88 2.74 31.0
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Fig. 7. Comparison of the shear bond strength of 14 experimental composite resins made with two kinds of silica
fillers. Crushed silica (left side) and spherical silica (right side).

Table 8. Result of Statistical Analysis of Shear Bond Strength in crushed and spherical group

Crushed Silica
Source of Variation Sum of squares DF Mean Square F Signif. of F'
Main Effects 147.430 7 21.061 2.646 .028
X1 147.430 7 21.061 2.646 028
Explained 147.430 7 21.061 2.646 .028
Residual 254.689 32 7.959
Total 402.119 39 10.311
Shperical Silica
Source of Variation Sum of squares DF Mean Square F Signif. of F
Main Effects 76.132 4 19.033 1.945 142
X1 76.132 4 19.033 1.945 142
Explained 76.132 4 19.033 1.945 142
Residual 195.712 20 9.786
Total 271.844 24 11.329
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