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Effect of Silanized Nano-Silica on Flexural Properties
and Color Stability of Polymethyl Methacrylate
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Abstract

Objective: To investigate the effect of silanized
nano-silica on flexural properties and color
stability of polymethyl methacrylate (PMMA)

Materials and methods: Flexural proper-
ties were tested by 3-point bending on silanized
nano-silica-reinforced PMMA bar (10+£0.2 X
64+0.01 X 3.3+0.2 millimeters). There were 4
groups of nano-silica containing at 0, 1, 3 and 5
percentages by weight (wt%) of PMMA (n=10
for each group). Color differences of clear and

tooth-colored PMMA specimens (11 £0.2 X11
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+0.2 X2 £0.2 millimeters) with silanized nano-
silica contents at 0, 1, 3 and 5 wt% (8 groups, n=10
for each group) were measured using Spectro-
photometer and then calculated into NBS units
(National Bureau of Standard) to indicate color
stability.

Results: The statistically significant high-
est flexural strength was the group with silanized
nano-silica at 1 wt%, and the statistically signifi-
cant highest flexural modulus was the group with
silanized nano-silica at Swt%. The groups with
silanized nano-siliica at 1 and 3 wt% of tooth-
colored PMMA had color stability.

Conclusions: This study showed that reinfor-
cement of PMMA with 1 wt% silanized nano-silica
significantly improved the flexural properties.
Tooth-colored PMMA had color stability when

reinforced with 1 and 3 wt% silanized nano-silica.

Keywords: Color stability, Flexural properties,
Nano-silica, Polymethyl methacrylate, Silane

coupling agent
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ticles, US Research Nanomaterials, Inc.,
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urluuns

Figure 1 An illustration shows 15 to 20 nanome-
ter-diameter spherical nano-silica par-
ticles (SiO, nanoparticles, US Research
Nanomaterials, Inc., USA).
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Figure 2 An illustration shows plastic template
for specimen molding which has beveled

edges.
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Figure 3 An illustration shows a specimen for
3-point bending testing with universal

testing machine.
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Table 1 Experimental group in the study of effect of

nano-silica on PMMA flexural properties.

Nano-silica Number of Silane
(Percentages Layers
by Weight : wt%) 0 1
Control n=10 -
1wt% - n=10
3wt% - n=10
Swt% - n=10

ihiunusmaseuAuINTARATIIA 81T R0
NARBUAINRBUEATOU (universal testing machine,
Instron 5566, USA) AvuAIz8ziIgAIusnssyu (sup-
porting pins) 50+0.1 dadiuns liviamaseu (load cell)
WA 1,000 TU ARSI 5£0.1 Aafiunssioundi
NovimasavlironnAUNURL & 9aRvARTRsTuIY
(wanosogUi 4) SulvsoauiunuAnmaunniin fuamn
AIANLDN0ARD0 (lexural strength) AU AE
AnY19 (flexural modulus) mﬂ'mmamﬁﬁﬁmmwﬁ
IFwnmanaiowazdiudesuuinnsguveoudas
NRU AATIEAAIURNANATEUANULUTUTINUUUMSLALD

(one-way ANOVA) uazmsileuiiisuidedousiiayid

JUnN4  mImadeuANEUNURAAYIMUY 3 90 A
IATBUNARDUAINADUANTOU
Figure 4 Three-point bending testing for flexural

properties with universal testing machine.
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Table 2 Shows number of specimens in exper-
imental groups in the study of effect of
silanized nano-silica on polymethyl meth-
acrylate color stability.

Polymethyl Nano-silica (Percentages
Methacrylate by Weight: wt %)
0 1 5
Clear n=10 | n=10 | n=10 | n=10
Tooth-colored | n=10 |n=10 |n=10 | n=10

ihiusuiegons A idsniosindn1ige
ARULEY (spectrophotometer, Ultrascan XE, Hunter
Lab, USA) lar1&miuszuuwes CIE L*a*b (CIE
L*a*b system) A1A11UA199008 (color difference:
AE= [(AL*)*H(Aa*)>+(Ab*)2]%)232429 |gasaums
AmualiAdresnaumuamdudinediuisuduen

fvosTunuusaziulunguildweduiia wumasian
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Table 3 Shows clinical color changing according

to NBS units, which within 1.5 NBS units

is indicated to have color stability.

Color
Color Differences NBS Unit
Stabiliy

Extremely slight change 0.0-0.5 |
Slight change 0.5-1.5 |
Perceivable change 1.5-3.0
Marked change 3.0-6.0
Extremely marked 6.0-12.0

change

Change to other color >12.0
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Table 4  Means with standard deviations of flex-
ural properties of PMMA reinforced with
varied amounts of nano-silica which sur-
face treated with one layer of silane cou-
pling agent.
Flexural Properties
Experimental Flexural Flexural
Groups Strength Modulus
(Megapascal) | (Gigapascal)
Control 51.90+5.092 2.59+0.11%Y
1 wt% 72.36+5.65° | 2.61+0.10Y
3 wt% 58.09+3.272 2.50+0.06%
5 wt% 58.00+7.642 2.79+0.07%
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Table 5  Color differences, NBS units and color stability of all groups from color stability experiment.
Nano- Clear Polymethyl Methacrylate Tooth-colored Polymethyl Methacrylate
silica AE NBS Unit AE NBS Unit
Mean (SD) | Mean (SD) | Color Stability | Mean (SD) | Mean (SD) | Color Stability
1% 4.18 (1.09) | 3.85(1.01) 1.21(0.45) | 1.12(0.41) |
3% 9.55(0.77) | 8.79(0.71) 1.52(0.37) | 1.40(0.34) |
5% 9.07 (0.87) | 8.34(0.80) 1.86 (0.20) | 1.72(0.18)
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