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EFFECT OF CORE-SHELL PARTICLES ON PHYSICAL
PROPERTIES OF DENTAL COMPOSITES

Kyoung-Kyu Choi
Department of Conservative Dentistry, College of Dentistry, Kyung Hee University

Rubber-toughened particles which are used in the field of chemical engineering are used
to increase the fracture toughness of thermoset resin, The application of Core-Shell parti-
cles, one of rubber-toughened particles, as a filler for dental composite or restoration have
not been examined.

The purpose of this study was to evaluate possible use of Core-Shell particles for den-
tal composite, and the hypothesis was that additional toughening mechanisms are activated
by the addition of Core-Shell particles, After blending 50vol% quartz with Bis-
GMA/TEGDMA resin matrix, the experimental resins were made by the addition of Core-
Shell particles with varied content level as 0, 25, 5, 7.5, 10, 125, 15, and 20wt%. Fracture
toughness was determined on three-point bending specimen with single-edge notch according
to ASTM-E 399, Also, flexural properties, that is, strength and modulus were measured by
three-point bending testing, Fractogragh of fracture toughness specimen was observed us-
ing SEM (JEOL 6400 SEM, MA).

The following results from this study were obtained

1. Fracture toughness of composite resin added 2.5wt% Core-Shell particles was significantly
higher than control group (p=<0.05).

2. Flexural properties were decreased with increasing Core-Shell particle content, which
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determined high fracture toughness.

composites.

showed a correlation statistically (p<0.05).
3. A toughening mechanism such as lamination and microcrack was observed in specimen

4, The dispersion of Core-Shell itself and quartz filler particles was limited present high con-

tent of Core-Shell particles, which decreased a resulting mechanical properties of

These results suggest that adequate Core-Shell particles can be used to enhance mechanical

properties included toughening for dental composites.
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Table 1. The composition of the experimental resin and filler

System Composition Content Manufacturer
Bis-GMA 4950% Esschem Inc, PA
TEGDMA 4950% Esschem Inc. PA
Resin Matrix cQ 0.70% Sigma Chemical Co, MO
DMAEDA 0.35% Aldrich Chemical Co, WIS
BHT 0.05% Sigma Chemical Co, MO

Silanated Quartz Filler

Fill
e Core-Shell Particle

3M Co, MN
Rohm & Haas Co, PA
Hanyang Univ, Korea

Bis-GMA : 2,2-bis[4-(2-hydroxy-3-methacryloyloxy)phenyl] propane

TEGDMA : triethyleneglycol dimethacrylate
CQ : camphoroquinone, initiator

DMAEDA : 2-(dimethylamino)ethyl methacrylate, accelerator

BHT : butylated hydroxytoluene, inhibitor
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Table 2. Fracture toughness, flexural strength, and flexural modulus of composites containing Core-Shell par-

ticles
Core-Shell Fracture Flexural Flexural
Content Toughness(S.D) Strength(S.D.) Modulus(S.D.)
(wt%) (MPa - m"®) (MPa) (GPa)
0 (Control) 1.44(0.05)* 139.2(17.7)* 856(0.58)°
25 1.59(0.05)° 137.7(186)* 831(0.31)*
50 151(0.10)* 1289(240)* 8.38(0.77)*
75 151(0.09)* 131.9(194) 8.03(1.01)*
100 1.49(0,12)* 1157(181)* 7.97(083)>
125 147(014)* 116.7(124)* 7.24(0.76)>
150 1.46(007)* 109.6(19.9)* 6.89(0.62)*
200 1.35(0.12) 98.0(145)° 6.61(051)*

Mean values for each test with the same superscript were not significantly different(p<0.05),
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Fig. 1. Graph showing fracture toughness for com- Fig. 2. Graph showing flexural strength for com-
posites with varied Core-Shell particle lev- posites with varied Core-Shell particle lev-
el. el.
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Flg 4, SEM rmcrograph of the fracture sulface of
the control group. The fracture surface
shows that fafure occurred in the resin ma-
trix and at the resin-filler interface. Some
darker features indicate where filler particles
were plucked out,

Fig. 5. SEM micrograph of the fracture surface of
experimental resin with 25wt% Core-Shell

particles, This image shows the delaminat-
ed fractuwre surface and appears less rough
than the control.
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. SEM micrograph of the fracture surface of

experimental resin with 20wt% Core-Shell
particles. The fracture surface shows non-ho-
mogeneous distribution of quartz particles in
the rough area and appears smooth regions
by Core-Shell particles,
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