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Application of Rare Earth containing Yttria Nano-particles for Dental Materials
Motohiro UO", Toshihide KANAMORI", Masaki TAKAHASHI", Fumio WATARI"
Kohei SOGA?, Yasuo KOGO?
1) Biomedical Materials and Engineering, Hokkaido University, Sapporo, Hokkaido, Japan
2) Materials Science and Technology, Tokyo University of Science, Noda, Japan

Rare earth doped Y,O; particles (Y,0;:RE) are known to emit blue VIS light under near infrared
(NIR) excitation by an upconversion process. In this study, Y,O;:RE was prepared and applied for
the composite resin (CR). Y,O;:RE contained CR was well cured with NIR irradiation and its
Vickers hardness was higher than the CR with commercial spherical silica fillers. Also, Y,O;:RE
contained dental fisher sealant showed good hardness and high visibility under UV irradiation.
Thus, the feasibility of Y,O,:RE as the filler of dental CR and sealant was suggested.
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ERHAa R Yy LYy (CR) XLV IS ERESCHE L2 ST 570, 7T
A7 47 =BG LIEEEMEITHY . HEOREBEITILIMEHN TN TS, CR IZIF
ZOEAGFRIALFEES L NREEO FEN S D, BE CTITREEO R S L EAR
CRBZ HOWOLN TV D HEAEFBAITFEDKEDHEZWRIN L TT ANV EFHRAEL,
LYOUVE/ v DEAERETIME TH D, H<IE BANEAHMOR Y AL ATV
T—=TFT N EPHNBILTWER, AN DARA~D X FEEIRNEEE S BUE T
FTELTHORTHERT I 77 —F /) VR ERERA SN TS, SEEAT CR OE M
IZEWTIX, ERRHEZBROEDREN 2~3mm BBETH Y | EOERICBWTIE 2mm 2LT
DR ARV IET, BMELREALEL SN TWS, b LEESZ AN X E#EEo®Ey
EHRINETITH 2 ENARE CTh i, BEARREREAHINI Y, KV EVWERNEZ IR
HTEDHEMERD DM, TRAX—DEROITRIE TIERT 2 EABAANTHAF L2
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., 74 vvx——T2 N EEFEHBHRICRDCTVINESHEE, B TUHD CR X
TIGATAF )=k A MR EOFEM CHESKET 2L TT T =7 O EZIHI L,
b A TS MBI CTH D, FRINRICZ HWD R0, BREIZ XV ¥y A CHIET S
e EMB A L B AL L T 5, TFEOREMITFELREICENLTWDSED, 20
A DBRICHB N OFER VA G Tld e <, st EIC K> THHRMNICHEREZ A S IZT D
HENREEFN TS,
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Ty T arR—Yar (UC) BABIG LIX, AR MERIC R—F Sl LA 4
DOBEBI 72 4f =R VX — N ZFIH L CEBEBE S5 2 L2k ke LTHYL
TN EORERENRZAHN R EDO LV EEEDORICERT H2BLTH S, Zik
FHHEICHEEOBRETHY . EENO LN TH 2, 44 A= 70, Kkittfo
3T A AT VAIRELL DA A=V TTNRAL ZA~DIGHABPHIFEI N TS, Ly
BIZB W TRl S D UC FEoEo F eI, Fig.l 1”7 X 912 ESA (excited state
absorption : il IRBEWL L) & APTE (addition de photons par transfert d’energie : T % /L ¥ —
BENC LTI ©2OoBEBEINTWD Y, UCREELIT, EEYAR A Fhic F—
T EE A AR, SROF LA AU ERAEDE D Z L ICL o THREHEZH
T2 LENAMETH D, Bl TR A R E LT Y0507 % FHV T 980 nm D K1z
LoT, MEFEAA L THD YV, Tm™ % K—79 5 L 450, 480 nm iTfF D UC ), Er'’
% F—7F% & 530~550 nm {if D UC #. YO, Er''% R—7"9 2% & 660 nm ilT 5D UC
¥ ERTEREESNTND Y, £ ORA MEFCIZBNEEEN 72D ESA 2 EIc X 5 &
D LN A~DORME LD &, %7 4+ / 2 FEF(multi phonon relaxation; MPR)IZ X 5 T HEAL ~D
AR Z 572D, W7 UC N/ LR, MPR ZRBT 221X, 74/ =% )L
F—DENWERA MBEZHNDLERDHY, TDOXIREFAME LT AT AEHRA v
R U T (Y,0) 088 %

%
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ESA APTE
Fig.1 Excitation and emission mechanism of UC"
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W72 UC %R %2 CR H7 47— LTHEMATHZ LIk, B LR E
CR WTHHDRIZAES L, NEAHKAZEBIEL ZLENARRICRD EEZOND, &
FOFMECHEEEAA Y Y TR TA2 CR A7 4 7—& LCTEA L., RIS
ICEVEANARETHDL ZEE2RLTWD Y R TIOIRAEIRHN T COEARE L
WS ORREZHE L, £mTEEAA v MU TR 1L MPR (2 X M7 <,
A - FHEIC L 2BEEOBEMICBNTHRENGNWEZEZ N, Zha 7 1y
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2. EBRFE
2-1 HEEEARA v MY TR T O /ER

A > U 7 A (12mmol) & /L BT A(Er), VY 7 A(Tm)EB LA v 7 /L E T A(Yb)
OfEESE  (0.03mmol LLTF) ZZKE /K 100ml (IR L 72 V8K % R BV (1.2mol/200ml) (2 s
AL .90°C T 90 syl flest: L CHEADIEEMY 2157, T vz Doy Bl YEd L R&H 1200 °C
T1REMBERRC L C, TS AA v MY TR 7257, B Ok UC FkE A~
7 b V% 980nm D (K L —4— (RLTMDL-980, Roithner Lasertechnik; 50mW) 35 & Oy
FegmaHOTHE L, »— 7 NAMR FI3fmTHEE L Ta—a vy AEn)E H,
EREE RO FIETIER L,
2-2 ERAEA CR OFERL & HttlE

Bis-GMA(Bis-phenol A glycidylmethacrylate) & TEGDMA (tryethyleneglycol dimethacrylate) %
FREL2: 1 TRAL, REAGHBHI THLI I 7 7—F /7 2 (CQ%ZE 1 wt%IRIM L TR— A
T/ v—& LTz, TOR—RE /) v—|Z LR A v MY TR % 30~T0wWt% & 72 5 K D A
J U HSATIRS - BliE®IZ, B dmm O T AF v 7 HERICKE L CEFRZ 73—
ﬁ?va%L\%%m@#%%V~%~(ﬁL,w%mc774ﬂ~@1wmﬁ%z~

%%%LT@%%%@@LKO%%MEﬁA%iﬁﬁAvVV%i&/—wT%@%
AU AT VAR - G - AFEE L CNERD SEM Bl L By — A S JIE  (faf B
200g) ZATo 7,
23 T4y vx—V—F Y OHTHEERA v M) THBLF DTN

74ka~v—§Vbmmw%héﬁwﬁ§z74ﬁ/v—ﬁ%yh(mmM(%ﬁP
—3—) OBRD 25~75wt%% Eu ZHA » b U 7RI E# L, IZHE > THEFI L
H%%%—wF(E%mm\EéhmﬂKﬁﬁ-@ké@to%%Mk@mW@ﬂmﬁi
By N —AESPWEEIT o7, FIFEERISHM LIoX—Z M b MEERAEROZRE
AT L. LSRR IC K 2 BOR R ME 2 3FAM L7z, MRS LRI IZFOLIE K 385nm @
LED Zfii fH L 7=,
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3-1 HEEEHRA v MY TR T DR

BoilA y U TR0 SEM BEZX 2 ([ZRT, HolE%(Fig.2(a) X ERR TRIEK)
100nm D ¥ — 72001235 B A1, 1200°C X 1 R RAUBE R (b) 134 T UIUHE L. 70nm F2EE D%
HRIC o Te, ZORRII =TT 5/ LHIEILT —EThoT,

Er R—7", BEr-Yb 3t F—7 Tm-Yb 3 F—7 L7258k 980nm fihikd TD UC A~



7k VE Fig3 1R T, Er R—7F& Tl 560nm 3T & H0s & U 72 BB 22 fek ek 0 J8 6 2358
D HITWD, Br Bl F— 72T ErYb #: R—7 DOLAIE AT ML oIRIZE I
RV, BRENEL 2o TEY, 2L Yb—=Er O XL X—RBENC LD L0 LM S
7o F72 Tm-Yb 3 R—70OHAIT1E 490nm % F.0o & L HAIROF /B Hiv, 1ER

LicftHEHm A v MU TR A2 UC LR E LTHOTH S Z E A LT,

T ' T T ' T
—Tm+Yb :Er
—Er+YDb
3| l
=
2
=
)
E n
! : I
480 500
Wavelength (nm)

Fig.3 UC emission spectra of Y,03:RE particles; (excited at 980nm)

3-2 UC A v Y TEHM CR OERNEE KT

Fig.4 1A > F U 7¥RI0 CRIT 980nm D UL AR A4 4 ST & W 7o il b4 Wi T2 ihi 2> b NED
ZA»poTE Yy H—AMES DEALZ T RTRERZ RS, 7 47— % 50wt%IZ[EE LT HRES
Rff] 2 2 b S 7254 (Figd(a) Tlix., BKFREMOBINIHE > TR O S 3 m EL, &
BAVREHME TETLTWD Z L0005, fEHEE Imm F2E O S 13 NIR JR4T 10 43 TiE
EF—EE20 BEBENET LTV LHHBEND Z b, KR/ A 10 2ICEE LT
4 T —REEZEAIETMER (Figdd) TiX, 74 7—RED L & & HIZHFITHE S 2
AL TWDZ ERSnD,
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Fig.4  Depth dependence of the Vickers hardness of NIR cured Y,0;:RE contained CR.

(a):cureing time dependence (filler=50wt%)  (b):filler content dependence (cure=10mins)
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Fig.5 Comparison in SEM images and Vickers hardness of Y,0O5:RE contained CR

and commercial spherical silica filler contained CR.

A > MU TEM CR OffE LI ZHROERK T Y 7 7 — (A MSR-8020 ;
Kigt 12um) Z AW EA Ll LR 28 Figs Th b, AMECEHIZA v NI T 747
—WBHR Y AT 4 T —ICHRTBD TR THY . A7 47— RETOHES HA v b
UT DFWENZ ERghoT, —fRIZHKRIO 7 ¢ 7 —I1% CR FICEBECHRMT S Z &
MAMRETH VY . CR O SCMEEFEMER LICHHET LB DN TND, o TARIFAET
FRLIEAY NI T 740 7—b CRHAZ 47— LTHRHEEEZ LN,

33 EuEgf8A4y NI TR FIREY—T v MO
MR —7 > MIITERD Bu B a4 v U 7RI 721G L7256 O S % Fig.6(a)llx
To A P TIRMEOHALELEBICHEINMMETLTCEY, il —7 > b (B 0%)



DO S X VRV, ZHIEA v MY 7T OHEGREEN 5.0g/cm’ THY, ¥ —F 2 bDOHTT A
K (K 22g/em’) ITHRTE W=D, T ZAMKO—EHEFEREDA v M) 7 CEBT S
ZET M SBRDOERELE RSB LTcled LRSS, Bu B faA v MU T & 50% 5T —
7 ¥ X Flg.6(b)D X 5 IZEAMERS T TR 2~ L, OERNTY— 7 > FOHER
MamDD ZLIlHFLETDLEEZAONT. EHOIILANZ EuE A CRAT T A7 4 7 —IC
OWVWTHE L TWDEN V. AEDA v U TRk T3R5 2R X 0 iRAMEIC
B, FEBb—e YA FARTHY, —F U NOBRHEELI RN D,

=T M DOFEMECITHRENME L MR LoD, OFENTO/REMR FICAEZhEZEZ BT,
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Fig.6  Vickers hardness and fluorescence (excited at 385nm) of Y,0Os:Eu contained sealant.
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AR TIEA LEEGAEA y P TR FAFR L, 8§ CRBEIRY—TF » b ~DIS
MZERABT, TmYb IRINA > B Y 7RO RE TR a0 UC Htx L, 2L
ZRIA U CERIETRIE CR ZHEASELZENAETHo 72, 5N CR T+
RS &R LT, BEuiiA v MU TIEERA Y —F > FOBEE L TR S &8R-
FRE COMfE & CRBMEEZ R Lz, UbEXo, FtEEAA v U 7k 2 B R
ELTHHATOLD Z LRI,
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