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Silica nanoparticles for polymeric dental restorative composites were prepared by Stober method, and then the

effects of surface treatment of silica particles with 3-methacryloxypropyltrimethoxysilane (y-MPS) on the dispersity of the

silica particles in the organic matrix was investigated. Particles having various average size were prepared by using controllec

amounts of tetraethylorthosilicate (TEOS), water, and catalyst and by changing solvent used for reaction. The size of

particles prepared by using methanol as solvent was smaller than that prepared by using ethanol as solvent. In addition, the

size of particles was increased by decreasing amounts of water and by increasing amounts of TEOS and catalyst.

Hydrophobic silica nanoparticles was prepared by reacting hydrophilic nanoparticles with +MPS to improve interfacial
properties with organic matrix. Amounts of v-MPS per unit mass of the particles was increased by decreasing particle size,
even though the amount of -MPS per specific surface area were nearly the same regardless of the particle size. The
dispersity of the silica particles in the organic matrix was improved when the surface treated silica particles were used fo

preparing the polymeric dental restorative composites.
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ol 4= HEHF TR AT A= TR B3 Al i
7K & e UsAETE gAke] e FolEr olEgt A W&
of HFE, Hlo| HIEEA § 1=9] 7|&S JAF e 4kl
AoA, 712 A7l YRR B Bakwa, xke] eyl P
g eyl kel Azrt a7E 2 ok

olglgt 27& UEATIE A} YAE Axde oY YHE
Z 7P tEAR] WHo] Swber gl o] WHE &4 g
A Yehde Zieisintes S3ke-e ks 2o, Yo}
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o] A AFIAR F2 AEEI Jrh? B2 ATFES B3t
A A A2zt o] FAR L YA T FollA adte] A A=
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Aot 2 xH2 A7 YA Azl oA Bag AR tetra-
ethylorthosilicate(TEOS), 8-1Q] Wgh-&3} o §h8-2 AldrichAtll A T+
ate] AHBHEITh SU12 A RUORH30.0 wit NH)E 4
Asfsto 2 e FUst] AT, /MRS AT FRFRE 2
A FREE ol g3tk Aeivk Yol EA Hels s AHgE
3-methacryloxypropyltrimethoxysilane(yMPS), 3442 A& triethyl-
ene glycol dimethacrylate TEGDMA), 12813 BS540 ethyl4-di-
methyl-aminobenzoateEDMAB)= AldrichAF23E] T3tk 2134
FEE BEARY Az AHLHE F7] GREFAJ] 2,2-bis[4-(2-hy-
droxy-3-methacryloyloxypropoxy)phenyl]propane(Bis-GMA)+ Polyscience
AL, BAAAAZ AREE Camphorquinone(CQ)E SigmaAtZH-E 7<)
sto] ARg-SkATh
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Al i & Wol U9l Stober methodZ TRFE FV|E
= A7 =g AE Az &4 whgollA 8l B,
o] oF &9 of T3 AFAIQl TE0SS 4 So) A+ =7)
e P AT &0 1 Lol SFE AR & S
EUolrE 718l 25 CollA 1417 B¢t EAIZITh 8la, A7)
]l TEOSE #7Iet &, 25 CollA 3AIzE B<t WhAIZTE Wk 5
Z gdg uto g o] 3L 20000 rpm o2 F 14 YA R
7](T-1180, Kontron, Italy)E o183l A4 A7} dAE Sl A
B3k, 110 T 37 3 QEA 2447 Axste] 82 AlA
3 HFE APEQ] A7l Y=dAE Qoloh Aegt dAvr 23k
Uz g8 yMPSE AEl7} YAk FA Aol ARESlTh A7zt
AAFe] Z7), W Azl Uak wHel e WA whgd £ Qe
¥MPS7} 8 umolQl & e wll, Z43] excessQl ¥MPS 1 g& 2
o= A7} §Ao) Hrlsied P 2A7E BF RESAIZICE WS & &
34 YAEEIE ARSSle] EH Al Al dAE gdeER
B B8 343t} n)dhS +MPSE isopropyl alcohol(PA)E 33
HHE AlFste] AAS * 110 C 37] <8 L84 24A13F =3}
o 29 AHgd A7t Y=YgAE 353k

ookt wkg Z27el mE) wHERl A7k 4Ake] 4 a7E
E324 213 1) 7(TEM, model: JEM 2000EXII, JEOL, Japan)2 ©|-8-3}
o] A3}, image analyzerE ©]-83l] YAk HF F71E AlLbs)
Atk A7k J2 29 Ay F A FHl| ¥hE3F yMPSe| ¥
Element Analyzer(EA, model: EA1110 CE Instrument, Italy)Z ©]-&3}
o Btk BE X Whe A5 A7l dRel EAlsks ©
& EAE #4388 3 (1) 2lell 0171 Berendsen?& o]-83te] g
7F 47 FHe 9hgE 5 -MPSS] 4& ALFSHATE
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7)o R WS HE 24E g S HAES Wl ne
¥MPSell A w4 AR 4 M2 pMPSO| A, S A=d
A7} YAre] HIEHA (RS 1 mY/g)S 27 YERAT

FHH R o] 8EE A HolrEg EiAle = 30 T
ZF HAES £7] dABis-GMA 70 =% HAES TEGDMA 30
F%F HAETL &30 AT 70 T HAES] Ay A=
TAE Utk FPH SR o] &E e LEAA AolEg EAA
9 ] Ayl dAF 2= 29 Ao mE Qxt £ W
E B3] g7 el 2 AgelMe Axd gk vt 1
T HAEE X33 EFAE Azt BAE WskE stk
E3A| Az ©]F JE71(BA915, Bau Technology , Korea)”} AHS-=]
AL, B vH3-S S8l AL CQet BF4A EDMABE 7+
Z} 0.5 wi% H7ksted =tk Aatd 4718 4FulE Wl
Azd AHrEE EFAZAEXFA=6 mmX2 mm)E Hol A
219 B447)(DSC, TA Instrument, DSC-2010, USA) WellA 35317
(variable intensity polymerizer (VIP), BISCO, USA)E & #H-S 1)
stk A7l A F9 Aol e 4 WEE WSk el
B EAAE A da B917164 Adsie, 9 FE-SEM
(Field Emission Scanning Electron Microscope, JSM-6700F, JEOL,
Japan) & ©]-8-5to] FE3IS T
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Figure 1. TEM microphotograph of silica nanoparticles (Sample 4)
synthesized by Stober method. Note that ethanol was used as solvent.

Table 1. The Size Changes of the Silica Particles Obtained by Varying
Amountsof Precursor Water, and Catalyst under Ethanol Solvent

Sample H,0 TEOS NH,OH Ethanol Particle size
(mol)  (mol) (mol) L) (nm)
1 10 0.28 0.5 125
2 0.28 375
2-1 10 0.14 1 200
2-2 0.42 1 450
3 10 0.28 2 450
4 15 0.5 100
5 0.28 1 150
6 20 0.5 45
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Figure 2. TEM microphotographs of various silica nanoparticles obtained
with Stéber method by varying catalyst content. Note that methanol was
used as solvent: (a) Sample 12 (5 nm); (b) Sample 13 (10 nm); (c) Sample
14 (25 nm).
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Table 2. The Size Changes of the Silica Particles Obtained by Varying
Amounts of Precursor Water, and Catalyst under M ethanol Solvent

Sample H,O TEOS NH0 OH  Methanol Particle size

(mol) _ (mol) (mol) L) (nm)

7 0.5 5
8 5 0.28 1 I
9 10 0.28 0.5 5
10 0.28 15
10-1 10 0.14 1 8
10-2 0.42 17
11 10 2 1 50
12 0.5 5
13 15 1 10
14 0.28 2 25
15 0.5 s
16 20 1 —
17 2 10

S WEE AdollA APEE ANA o] BH AL Fokar 7t
A o, g dEn WEkE oA JeEsE dekAe] Hars)
H]-&(supersaturation ratio)®] T 37| wj&Eo|th2 B HAoA] A==
Ha 719 WA G nm)EH BS 2717 2AE JAE Alxsh)
. dAF FAdo) 7hsst HAFS] STH(0.5 mol)2t Z7-41(0.28 mol)
ARg-3kaL 7} ¥ AR FAEE YA =27
24812 $al 5 nm= A FAEATE o) Fe AAE T
W HRS-ER] AFAL B o Fuidl g=Uo} < 8o T/
A3l we} 5—450 nm HLle| Tk A7E = Ak v
UAE Stober FAHHOE AT 4 AT}
Stober Mo ® A2H Ayt JAe A7) Zagel wet
A7 AR -SRERE dde] HEEE ol A YAEYTE FH
A7} ot b2 U AfstE e d4ol 17] wizoltt. Figure
39428 42 27171 20 nm FIRtIAE AR SREl] 5]
TZEE Zte APk A FAEARE 1 o) ArlelMe AL
S3Ho] Aaste 7t Yt Y YAE AT F AT
y-MPS2 0|88 A2|7} ARt #H Mzl Az dej7t dAte] &4
ol & =BTV} EABE] wEel XY A4Sz ok A=
H AR o] B0 & f7] &Aet £t EdAE Az
g o F-R7] LA AR Aol A glo] Alzd EIA)
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EAHE v MPSYS ALISIATE EARAS B3t 3H XEs F
A7l FH 9ol ©hae] o] Bolxl A& gRIstHoH, oJAS
F3te] yMPS7E A7) e ¥h3dte] EAlshs e & 4 St
AE)7t FHe EA5hs pMPSS] & ¢7] 913, Berendsen 21-&

= 2o

— =

brom o e

o]-g-5t] ATt Berendsen 2lollA S(HIZEHZH)E S=3(6R)' S
2HY 0 62 A7t AR 2EE YEiie =7 w2}

E2|H, A30¢ A1E, 200613

(e}
AES-

x|

i

Figure 3. The effects of particle size on the degree of coagulation of the
synthesized particles with Stober method: (a) Sample 17 (10 nm); (b)
Sample 8 (20 nm); (c) Sample 14 (25 nm).

Table 3. Changes in Carbon Concentration with v-MPS Treatment
and the Amount Grafted y-M PS on the Surface of the Silica Particles

Before After .
Sample  treatment treatment Eﬁﬁ;ﬂg:%l Gr?gle;iOI/yl;llz/)JPS
(wt%) (wt%)
Sample 5  0.6021 1.8157 1.2136 5.9932
Sample 10  0.2718 9.4573 9.1855 5.9957

ZZH 2R AT G7)ME 1.6 gem®E DT AR, R
B JAF 9SS YERILE o] Alke 5381 sample 5 25 m?/g,
sample 109] 7= 187.5 m¥/ge] A4S AU} o yMPSS] 45
701tk B+ YA =717} 150 nmQ] sample 52} 15 nm<! sample 1001
¥MPSE FREAIA A3 A& 27} treated sample 59} treated sample
1022 YeERHATE Table 30 VFERA A3 o] ¥k ol Ueht=
B A7 g Azl dojM AFAR ARE-E TEOSe 7191

3 lolm, T AP BE WG F e hao] o] SN 21 T
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Figure 4. Changes in the dispersity of the silica nanoparticles (Sample 6)
included in the organic resin matrix. (a) composite prepared by using
untreated silica nanoparticles; (b) composite prepared by using surface
treated silica nanoparticles.
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7hrEsllol] et SR;Y o] A, Fuldl dEYolse
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