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Abstract :
hydroxyapatite, which is a principal component of human bone material, were investigated. A visible light

Dental properties of polymer composite loaded with hybrid filler of barium silicate (BaSi) and

system was utilized to activate the acrylic resin matrix of the composite. Based on the experimental
results, it was found that mechanical strength of the composite was consistently increased with an
increase of BaSi content in the hybrid filler. And those value rose above the dental specification enough to
apply for dental materials. However, abrasion resistance was slightly decreased with increasing BaSi
content in the filler. Depth of cure value was 6 to 9 mm applicable for dental restoration irrelevant to
hybrid filler composition. On the other hand, there was no strict trend between filler composition and
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polymerization shrinkage as well as degree of conversion.
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WA EEalAd o) 45 RS E86HE um 3719 A A
F-she AtiiAle PDRCE 44 838 Y & 9o
A B2 ARt o] Adoe] 4u]A EAdo]
Zo] = 44 nm wAg
At FAAE ARSSHE PIA] S WiedAkg o] Aol R0
ol WiIIal U} Fof AFot ek Fofl oJgh 3 2
Yol Ao And g5 H F QIF AR glot mo] vl
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M= ¥ PDRC MZ. PDRC Alzol] ARS-H 71413 bisphenol A
glycerolate dimethacrylate (Bis—GMA, ACS Reagent, Aldrich,
USA) e} o]2] Aw=3]494|91° triethylene glycol dime—
thacrylate (TEGDMA, 3G, Shin—Nakamura, Japan) S FAH|
£ 70 :300% 3o ARSIl o o] s8] " 2E Figure 1
off RISt 71412 S8 7 AE ARSSE B o=
WA A ZE= camphorquinone (CQ, 97%, Aldrich, USA) 2, 3=
A2+ ethyl—4—dimethylamino benzoate (EDMAB, 99%,
Aldrich, USA)E 71415 7122 77} 059 1.0 wth= 314
M GA glo] TSR i ARSIl

PDRC A|Zell ARg3E 24A1E Figure 22] AJXSEARIAE Y|
7d (scanning electron microscopy, SEM, Jeol Co., JSM-—
6330F) ARlelME vrebd vk} o] 9§17 15 nme} 4o
100 nm 7] 7FAi= HAp(ACS Reagent, Aldrich, USA) 9} %3
T $1739] 1 umQ! BaSi(Schott AG, Germany) & 2F/d-8 118
sl FAMIZE 9 1 194FE 5 1 571K EXsIAA ARESIIT

(o] CH3 (o]
He A | /l\“/CH3
c 0/\/\0 (I: O/Y\O
CH, OH CH, OH CH,

Bisphenol A glycerolate dimethacrylate (Bis—GMA)

”ﬂc\n/?\o/\/°\/\o/\/°\ﬂ/‘\cHJ
CH,

Triethylene glycol dimethacrylate (TEGDMA)

Figure 1. Molecular structures of resin matrix: Bis—GMA and
TEGDMA.
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Figure 2. SEM photograph of hydroxyapatite (X 60000).

PDRC $4419] 54458 PDRC AA|l T 7|02 72 wt%
2 3lo] % W7 % 719} 3 kneadingA1A o)) wpgaHO
TYUHA o] Az

24 M. Alx¥ PDRCE dix2] 3 54 sA%s
(degree of conversion, DC) 2 #73te PDRC A& °F 10
mge Eoldd FE Aolel] Yol 2 ton?] ko= 20%3T &
2s 7ele] RkE FE(FA 10 um) e AET} o] RS Hx
AF1(460 mW/em®?, XL—2500, 3M, USA) 2 40% 53t 473
AR 5 dAACIE oA 24417F BRF Bsh 0] Agkd AlES
A Q)32 7] (Fourier transform infra—red [FT—IR] spec—
troscopy, Spectrum GX, Perkin Elmer, UK) & AR310] 45197
th = 53 A% PDRC Al#He] FT-IR spectraclA! e b=
1638 cm '] A= C=C &< 9129} 1610 cm ™' &) W& C=
C ¥ Y201F 7D vlE 78 v, 2 (D& AH8sle] PDRC
°] DC %= Tat3ith

o

[Abs (Aﬂphali(‘ C:C) /AbS (Aromalif C:C) ] polymer
DC(%) =100x (1 ) (D
[Abs (Aliphatic C=C) /AbS (!\romatic C=C) ] monomer

PDRC®] Z§7l0]%= o]l rusH! Wz} st 453
(A7 .2 mm, Z°]: 20 mm) o] F5 T vHskE ARE F
QI3 3 XL—-2500 FFAVIZ 40% Bt AR U, F3o =
FE APEE st sk FEs AlAskaL W= ZdskE PDRC
AL FAE vlo|ARREE o]g3sto] S8t o] Y 3
3 SAst9l o S w2 Szl k& Tl
th. FRFEELS Leert? AR AF7PAAHEWSY] (inear
variable differential transformer, LVDT) 2 2=lat 2A)7+ A
EUH 34 BAE" Agaiol Blalsi

Az8 PDRCE] 71718 8798 WFsdEA137] (universal tensile
machine, UTM) & AR&-8F 7HQI7 S (diametral tensile strength,
DTS) &} &7 (flexural strength, FS) 32l 743} vjrl: o
712 Eal) 12s19itk PDRCE] DTS ke wl=2)33 3] (American
Dental Association, ADA) 24! 1 mmE ¢FHE=
UTM (LR10K, Lloyd Co., UK, load cell : 1000 kg) & ©]-&-5}
XL—-2500 FZAPIZ 40% 53t F4ske A (F74 0 8 mm, =
o] 14 mm)S A7 WFoE Ax|sie] wfdE wj el Ho S
sk & 24 (2)F o]g3te] ARkt
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Figure 3. Schematic illustration of the abrasion resistance test—
Ing machine.

DTS=2P/(x-D -1 @

(P maximum load, D : specimen diameter, 7": specimen thickness)

FS k& A %5317 ]+ (International Standard Organization,
1SO) 7#Ael'” whe} eJA] W43 UTM(load cell : 500 kg)<
ARESEe] Fol 20 mmQl AR $lofl Ax12HE FEje] F7 st
H AH@5X2 X2 mm) < T2 AH $9S 1 mm/min $5%
2 FEEA AE Y 88 34, the (3)AS AREste] Al
eivi=s

FS=3F-1/(2- b+ K) (3)
(F : maximum load, / : distance between support, 4 - specimen width,

£ specimen height)
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400! s AMESIlem AlEe A7 20 mm, T 2
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Figure 4. Degree of conversion of polymer composite filled with
barium silicate hybridized with hydroxyapatite.
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Figure 5. Depth of cure value of polymer composite filled with
barium silicate hybridized with hydroxyapatite.

713 glo] B ATellA A% PDRCE A Fol|e] ZgAdo)] & &
A7E Yok AL ge1g 4= It $hH, PDRCE 3tzlolo)
o3t 4] FAdu]ele] OEANE BaSi deko] SR F8)
o7} sl Eolde & Utk o]Zte HA| Az ARSE
FAslE S Fold e 2719 HAp gHgko] gl u}
2} £ 4o blockingo] FHAEo] F§zlol7E 3 5 s
Ve Qo) HA Azl AR 43k FHAl Solld 3
Zgol A 472 nm 32 oF 2u)ef sk BaSi(E7] : 1
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Figure 6. Real time polymerization shrinkage value of polymer
composite filled with barium silicate hybridized with hydroxyl—
apatite.
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Figure 7. Diametral tensile strength value of polymer composite
filled with barium silicate hybridized with hydroxyapatite.

vk oz f71d9] 7Aleh 712 FHAR 4% PDRC
o 71AIA EAE AR 71A19) el dvlel SEshs DC 4t
FAAS] T A7) 9 FHE S 2 oy 7 218l &
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oA Alzst ekl F7149 A 72 w7t 5O e F
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Figure 7 ¥ 7tollA A|Z3t PDRCE] DTS #t 2d¥E A8
o AREsl A3} FHAIE 8L = BaSi/HAp Hl&ol| uhe
Wake Vb Zlolok 1 A, FA vlellA BaSi el 71
Shol w2t DTS 3k skl s & = Sick olefsh 1%
7o) o Avf= AelM T AFS nle} o] Hite] 71A4 &
Aol DC gkt TR 79l T4 Soll A JE=sth=" A}
A dAsh= Blofe. AR o®, T FAF} S DC #h
218 A (Figure 4) dlollA] PDRCY DTS #2449 7 =,
Tnlelle] ejEdo] A Szt um w919 =7 )7) Blad &
FAAR BaSi 3+t HlEo] Folel wh DTS #ho] obA7)
. $hH Ax=s PDRCE st Sl 71AIe A9k =
sbd 9l 1A diellM 9] Al BAMS H7ks] sl DTS 57
Al 9FdE AJEe) hES SEME o]83}o] #4138 A9 Figure 8
off YeRIIct 1 Ay, E4d3ke A2 7 el BAIgle]
BaSi S84 F90el Wl I3k ot & ¢ glE AEE T4 ¢
A Afo] 2 717 HMAE IEA AL e & vk

Figure 9l VFERA HAp/BaSi Hl&<ll w2 PDRCE] FS % 9
A Figure 7°] DTS %t A7}l w7 AZ BaSi $H12] wWobd
T 7R & g lvk e iR o w 549 DTS ks
9] S432] 71| ok W) thA & 38 g1 4= Q) ek
ISO 40499l eJaba 2|3} Azl oAl FS ghe] 80 MPa o4
ol XolriA] 5 7et QPFA o FS] wiehs 7lo] HE
2 2 AddeA HojX FS @HES AR QP x4l ek
F AEYS FRIT & Sk

AWkA © 7 PDRCY] vhRA S-S f71A 7119k 5712 E77)

(a)

(b)

Figure 8. SEM photographs of the fractured surface of polymer
composite filled with barium silicate hybridized with hydroxyl—
apatite : (@ 5:5and (b) 1 :9(x10000).
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Figure 9. Flexural strength value of polymer composite filled
with barium silicate hybridized with hydroxyapatite.
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Figure 10. Abrasion resistance of polymeric dental restorative
composites filled with barium silicate hybridized with hydroxy—
apatite.
o] Aol it Qs Rofalr|7} SHETE

TJHER @A K eJgtellA 7 el dofus A=) ARl
PR S TR AR Sls duld 54 e AS7HA
el QA ekar Qlom ot AHE 8 ofellA AnbAow A
She drkEe] Uk 24 7] ARSRE A o ® g7t
afar Qlrk 12 EE # AFlelx] AlzE PDRCE viRAIRAS ¢
&7 D83350l SAste] Anf] gEmtn A dYE AR
ato] AFERE ] ek =S 71kl

Figure 102 PDRC #3220l AR £33} 24715 793k 3l
+ HAp/BaSi H]&ol| t}2 PDRCY] WIEE HEE HERH 202 A]
A ellXe] HAp ghe] S7igtell wiel vt zobda
niR/do] dRdE= AvE Holal glrk ojefgt A% Avk= PDRC
Alzzoll ARG EASHE FAAE sl Al wlsEEAo] 1.5
m%/g?! BaSi(77] : 1 pm) BTFE 7)1 B4 ZowMw vlgH
#o] 260 m/go2A v HAp F4AI(=7] : 15 nm) 7} B&
o 2 AeAAE 7 AL Q71 wiell HAp 9ol S7kr5
PDRCE] mIEAR S wolF A= Azt = S84 el
o] HAp 1ol @oksdell w2t PDRC tlold F2dA =k 14
Ae7h Haghow Feix] 0w niAlel &g 234l v s 7t
A USSR NE AAAPE 3 E5E ARt
Zolx] oM e] mhE S A S glo] PDRCE| wiRAR
do] FElE Aow BRItk gk ofe|dh A9 Aol HER
HAp= A713E ARgStel] Slojr] ARaldat 24137 30] A=
EAIRo] ePdE R o)) tigh Ret A B T v 719
HAp F4A] ARgll k& PDRCE] w3 54 7ks nEstow
A HAp/BaSi7}F 2| 9H8- SAAIRAM 9 755 B9 S 5° QA o
= wstaat sk

=

=

& AelM= HAp/BaSiz 43k SAAE A8l 7hA1
el osf F5dvl= PDRCE Alxskal o159 X3 E45 7]
A =43 T8 54 55 A nse vt 2L A
=< A3 573%1 DC &3} SHrFHES

= 53A TUTFES

o
ab
To M

O

Zo/H, A3148 A2z, 20074

4|

2%

TAA T vl e v A dgker Sizlo]
BaSi o] szobrlel wieh Szl T7sigin 3t T 5
4 HEe B A9 Al SRS gEds Elssi 71
#2431 DTS} FS @k BaSi 9%l Hlglele] S7ksialom
ISO 71 k& 3lshe 9rd 244 e glsiglon 4
Ae 714 Aol 2A BEH e & 5 AT = T
A el el HAp §Hgol 7kl wheh PDRCE| inir/go]
FFEe 2R ek FF Az HEAL] F7] b8t
B7He Bedto w4 HAp/BaSizh A 9Hg S4A1=
W3S = QS Ao yckE:

=2 2712 T M=

morlr

CLERER

9] 7]

o5

L
[}

(¢3

ZAiel 2 0] 9 20068hAE st fsleiale) X
o= AFFHOmR ofef ZA=Fuh

P

et

=
—_

i

1. Chieoishinbo, Chap. 21, Jan. 6 (1996).

. Y. Choi and K. Kim, J. Kor. Res. Soc. Dent. Mater., 22, 7
(1995).

. K. H. Kim, O. S. Kwon, H. K. Kim, K. C. Baek, C. M. Um,
and H. C. Kwon, J. Korean Acad. Cons. Dent., 22, 35 (1997).

. G. Willems, P. Lambrechts, M Braem, and G. Vanherle,
Quintessence Int., 24, 641 (1993).

. 0. Kim, C. M. Um, H. H. Son, and J. Chun, FPolym. Sci.
Tech., 12, 46 (2001).

. K. H. Lee and S. Y. Huh, Operative Dentistry, 4th ed., Chap.
7, Komoonsa, Seoul, 2000.

. Dentsply Friadent Ceramed, 7echnical Report, Lakewood,
USA, 2000.

. B. Sandner, S. Baudach, K. W. M. Davy, M. Braden, and R.
L. Clarke, J. Mater. Sci. Mater. Medicine, 17, 39 (1997).

. 0. Kim and W. J. Shim, Polym. Composite, 21, 176 (2001).

10. O.Kim and T. Lee, /. Ind. Eng. Chem., 7, 78 (2001).

11. (@) O. Kim, Y. Kim, S. Han, M. S. Gong, K. Y. Park, C. K.

Kim, B. S. Lim, B. H. Cho, and M. H. Oh, /. Korean Ind.

Eng. Chem., 14, 998 (2003). (b) Y. Kim, C. K. Kim, B. H.

Cho, H. H. Son, C. M. Um, and O. Kim, J. Biomed. Mater.

Res., Part B Appl. Biomater., T0B, 82 (2004).

J. J. Heigh, M. F. Bell, and J. U. White, Analy. Chem., 19,

293 (1947).

L. B. Lee, J. Korean Acad. Cons. Dent., 26, 134 (2001).

(a) C.Becker, P. Mueller, and H. Schmidt, SPIE Proceedings,

Vol. 3496, 88, July (1998). (b) O. Kim, S. Han, and C. K.

Kim, Polymer (Korea), 29, 102 (2005).

O. Kim, /. Ind. Eng. Chem., 11, 287 (2005).

Counsil on Dental Materials and Devices, New American

12.

13.
14.

15.
16.
Dental Association Specification No. 27 for Direct Filling
Resins, J. Am. Dent. Assoc., 94, 1191 (1977).
Dentistry—Resin based filling materials, /SO Specification
No. 4049 (1978).

0. Kim, S. Han, and M. S. Gong, J. Korean Ind. Eng. Chem.,
15, 808 (2004).

17.

18.



19

20.

21.

22.

23.

24.

. O.Kim, T. Lee, and M. S. Gong, /. Korean Ind. Eng. Chem.,
13, 268 (2002).

K. W. M. Davy, M. R. Anseau, M. Odlyha, and G. M. Foster,
Polym. Int., 43, 143 (1997).

S. W. Kim, Ph. D. Dissertation, Seoul Nat'l Univ., Seoul,
Korea (1999).

M. S. Sheela and K. T. Selvy, J. Appl. Polym. Sci., 42, 561
(199D).

0. Kim, S. Han, K. Seo, C. K. Kim, B. S. Lim, and B. H. Cho,
J. Korean Ind. Eng. Chem., 16, 422 (2005).

Y. Kim, J. Lee, K. Park, C. K. Kim, and O. Kim, FPolymer
(Korea), 28, 426 (2004).

O|EZ} FRE 1AL B x4

25.

26.
27.

28.

147

=74

(@) C.S. Wang, J. Mater. Sci. Lett., 18, 1259 (1999). (b) C.
C. Chappelow, C. S. Pinzino, L. Jeang, C. D. Harris, A. J. Holder,
and J. D. Edik, /. Appl. Polym. Sci, 76, 1715 (2000). (c) J. W.
Stansbury, J. Dent. Res., 71, 1408 (1992). (d) J. W. Stansbury,
Ph.D. Dissertation, The Univ. of Maryland (1988). (e) F. Sanda,
T. Takata, and T. Endo, J. Polym. Sci.; Part A° Polym. Chem.,
32,323 (1994).

A. D. Puckett and R. Smith, /. Prosthet. Dent., 68, 56 (1992).

I. B. Lee and C. M. Um, J. Korean Acad. Cons. Dent., 25, 359
(2000).

E. Asmussen, Acta Odontol. Scand., 33, 337 (1975).

Polymer (Korea), Vol. 31, No. 2, 2007



