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EkERFLTHRY4 P TORR

FFHOEBBREOIRSTHD e FeFv 7224 + (HA) #HAEK
L, fixOQMAHETAEL, FORERT HEMELTEL, LEEAER
L7

HABREXD7 v R LUTF 708

a. FuH

APF v (F¥£ 0.9 %, pH3.6) 20mlrhic HA K 500 1€ % &AL, 10
SRR, HBL, 20 ml O KT 3 EIEG L, 40°C ORETHE
L 7o,

b. La i

vafbs v x v (La* i 1.0%, pH4.3) MV, FLEL Rk HA
Bk 2 LB L 7o

c. F-La

HABRKRAZFME LI, LallB 2177,

d. La-F L

F-La B 2, La WMo, FUEZTT - 7

PEo A L HARKROLESFOBREYELCT T,

Table 1 Chemical analysis of the apatite powder treated

SNa(’r;lp‘f(f Sample % Ca (%)| P (%) |La (%) | F (%)
1 Control | 39.7 18.6 - -
9 La treated 39.1 18.4 0.07 —
3 F treated 39.1 | 13.6 — 6.8
4 La-F treated 38.5 15.2 0.09 4.8
5 F-La treated 37.1 | 13.4 5.9 2.5

La D ZEF o -RED S v E VEFRIHLTNC0.07% THD, TD
TS v 2 VITHARIIEEAETRD AT iy, FABDOESE 7 v #D
LHHEL6.8%THY, VVOEREEII3.6% TRLIERE LD 5 %ML
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KB U 7- La-F LERBO 5 v &2 v aE#120.09% ¢, La fLE®
AR EREFRCEYRL, FABCI TS VA VEERNMTEA LB BT
FTwIsnC Epbnd, —J, 7o FREHEIT4.8%T, FABORK L
NDEHA VI It o T By,

WHEDIRFZHC L F-LaglBRAK O 5 v 2 v EFREIZ5.9 %ITEL,
La-F LB 3K D §96015 T H %,

Thabb, HAREE LaflBL T35 v 2 v ORI AZEIHLTNTH D
Dy FABCIOHARRE 7 vy ZPFEHETH EEFICEL DT v 2 v H DA
Ehd, —7, 7vRDEHEREIT25%T, La-F UM L HANB &1
DETH 5,

BB AR A BR

FRAERDOFEHABKEZE 2 IR T4 THBIEERC T 2 EmR5x
1T - 726

Table 2 Experimental conditions of acid solubility test

Sample Wt. 50.0 mg

Acid Soln. 0.2M, pH 4.0 Acetic Acid Buffer (200ml)
Reaction Temp. 37.0°C

Stirring Speed. 250 r.p.m. (Roter 40mm)

Sampling Time. 10, 20, 30, 40, and 60 min

Filtration. with 0.22um Millipore Filter

T, REL501g 2R 37° C OFEAREE W (0.2 mol/l, pH 4.0) 200 ml
FRIZEAL, BHORBRE & WISV BOBRWEIEIL, 3V E7 714 % (9
12022 m) W THBELA, TO—EREHXED, Ca, P2HFiL, SRBOM®
X T HRMEZ R L, #RYR1, K2ixRd,

FKIUEDH A EH D205 TRBICER L, 600 HICHIE & A K54 ik
REBW BT 5. La UERB L 3ITRBOBHE ™ % 7~ L, La flExn
MTRMBEO R RBEb R,

FOAERBOHZEIRLBY LEESI Loy AOBRBEIZ LI, V) v O
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Fig. 2 The amount of phosphous
dissolved in acetic acid buffer so-
lutin (0.2M, pH 4.0)
(O Control [] La treated
@ F treated B La-F treated

A F-La treated

Fig. 1 The amount of calcium di-
ssolved in acetic acid duffer solu-
tion (0.2M, pH 4.0)

(O Control [} La treated
@ F treated B La-F treated
A F-La treated

A 0 G Y (R Y L O el

La-F LE% LAERB TR A 7 2OEMCHENY VR LIC S {7k
D, BAYY AOEBENFRLERBOKECKL, Vv OBBER /niito
<o

Moo ENERF O F-La QB3 & o Y L Kb BRic 3 2 W ERwd
L, WA AOERBIRLED 7 24+ &Y, FAED S
b, BEERBROOSEDY vOBRBEI AL D 1.5m mol/l XL, b
$220.0lm mol/l £7cbh, F-La flBaxfr5 2 &k b, HAFDY Vit
FEAEEBRLIZL T8 %,

La fL12 R E Ot

F-La B » H A Dt Lc @ Rnd 5 & L0 Wit 7o £ 2 THRIR
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NDIEHZERL T, 7v &2 VABBEDOBEICSWTHRI L,
ETFUEBOT 224 POV THADEEDHILS v % v B T LI
LU, FMEBREEBECNT 500 v v A OBEMEZTRIEL 72,
MRICRONBERC T v 2 v OBENHEINT D & S BEREEWRD T 505,
1%D5 v 2 v BELTFTTLRDICHROS B Z L pibmnd,
MEBEROHAEEHRDOERY
FUERBOMARXBEFOMELY R4 17T, La B BBEoEAL, *
WHEHA L EAXRE % - v ic R E (I RS s - 72 FABEBD
ARCBHADEFBOEZNZ 7 wibsr vy ad (111) , (220) w3
HEFHR (VHD BAORBZE0S 7 vibn vy ADERLSHEI RS,
BRIzt Ty, La-F LEHEDRML AROEH & — v Th 5,
F-La UERB T, WECIS> TSRO 7 v £ B L5 v 2 v HAHIC

a

N 'S

L L—A__ALJ\AJL‘XWM

Caleium { m mol/l )

k- . i i " -y

20 30 40 50

0 ! ] 1 ! I ! Diffraction angle (deg. 26)

Fig. 4 The X-ray diffraction patterns
of the treated apatite with La and F
a, Control

Time (min)

Fig. 3 The amount of calcium dis-

solve in acetic acid buffer solution b. La treated
(0.2M, pH 4.0) c¢. F treated
(O Control

d. F-La treated
(1A @ Treated with 0.5%, 2%, (V CaF)

and 5% lanthanum soln.
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BOAERTHDZ LS D0b b, REO XBE OFR T F LERH
DREERU < 7 wAbh oy 2D RUMCE L EREBRE S hish -
foo ZAUTHADEEC XEEHT TIXAE T ERWIEMET L SERICK L#
MO VEES v a2 VbEHhy, b LA T v kS v A VYHERLTWDH D
LHEETE D, 2O ERHEDAI, F-LafiBl LHARBSGHLIEZ
LHR5ICRBND X H1Ic675° CleiE LMD bk, ThERL000°CET
BB A e o Tee ZOBDHORER L Y, F-La LBIH A KK %900° Cichn
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Fig. 5 TG-DTA curves of F-La Fig. 6 The X-ray diffraction pat-
tern of F-La treated apatite after

heating at 900°C
(@ LaOF, ¥ CaO)

treated apatite

3 X0 Cal (WH) YT 2EIHROHBEAAD R, $i, HAD (004)
EFEE b EAEACHEE L, (321D , (4100 , (401) O EIHT i 21
SAEEMCBHL TWABI ENnb 7 v KT x4 F DERIHEE IR D,

oMM X AE(LFABIC Y - TEKR L7 vibar vy 2L HADK
B, B kAL v A s 7 BT SEL PHERTEILDOEEZLND,

Cayp (PO,)s (OH); + CaF;— Ca;p (POy)¢F: + CaO + H.O

¥ FOE% LaflBlA 352> CERLULERED 7 LT v i v
PROKRIGIE Y s TAF Y 79k T v EVIRIEH I ENELLR DY,

LaF, + H.O — LaOF + 2HF

EDFERD F PN U A ERED 7 v 5 v & VR BT JONEL
BHOBEXGEERZHE L E ZAFATERIEL R,
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LEDZ EnOABLCHARERERED 7 vibS v 2 vpvERL, - h
DHADMBYEOR FICHEELTWASDEEL BN,

T4 MBS L URER TORE

HA¥RTOF-La WBOMEEM R BDO S itod, RICT x4 8
FEAR R L ORERE W TER LT - 7o,

La L 25 M Qi 5t

WBARNDIERZEZRT S L, TEAHRMECAEBMIAERINE EEZL

Nb,

2T, TTHABESGLYA
WT, 54MoFAE# La o
BB SV TR AT -
o X DFER, FLHEME La o
EORFEIE, 3 oM TH S/
AR O D 2 Epibn o
2 (R7) o DEDOEERTI,
FL#3s X o8 La LB o BRI
TRENR3HHE L,

Z O F-La fL3 o it Mt 0 51
X5 v 2R/ DHETIHEL, 5V
v ERILHELETETLAED
h, 7o R—FHELEORG

= HABERE 2 VTIN5 &,

Calcium (X 1073 mol/l)

Time (min)
Fig. 7 Quantity of calcium dissolved in

the solution from the apatite sinter treated
by 1%-La solution

FABHEMERN, 2Ah 20 a%BR4£L

DFFHFICRICONTL RO REL D -7 (K8) o
TORTUABRBDOER Y\ EED LD, QHEEFO pHELiCx L, LEL)HR
DEBOLI R (K9) el ERTHES v 2 VvREYUTH B,

F-La L2 L7 HA (6 RHOBE
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control MMM
APF RN l1.4r
ST N\ =
y R > L.2F
e N 2
ce ié, 1.0
Pr
Nd % 0.8¢ + La
Eu w
6d R S 0.6
: (& ]
Tb
oy N 0.4}
Ho N
Er AN 0.2
m \ I 1 1 1 1 1 i
w RN 0 3
RTINS W VU W W W 6 1 2 3 4 5 6 7
0 .02 .04 .06 .08 ,1 .12 .14 .16 .18 pH
Phosphorus (m mol/l) Fig. 9 Dissolution rate of treated
Fig. 8 Acid solubility test of F- apatites by various pH of 1% rare
rare earth ion treated apatites earth soln.

Fis L O F-La BEREHC > ¥, BEHRIRITHC 0 5 BERhkm O (L
ZHEBEE L (K10) .

FOEBEMOEE, 7vlbhryy s bE2DbRBRROMEEHTRONT
VB, BEIRERER 1 RS ST L 2EREOHRE /A E & T 5. —
¥, F-La LB DEE, 7vibanrv s X VHEEOERE 7 vL T v 2 Y
ME SR TRRLE > T b, £ LT, BERRRKTLIREAL
BALI S BEL, B X ARBOBMBEITHD I Ehbh b,

hEE PkABEICXLTO F-La L3

FIRE/c MR R e b XARCHEA Ly, T OMEBMEDOBRIIIEFITIED
SENRKEM ST, THIIRY 2 AR EORBYIROREXE Y, 7T v
VIR Y o TREIRSWTID, MBEOLELAREZTCWEEZDN D,

FoT, RBEAY L DHEC, ¥EOEYR ES®LDIC, THEBA (~v
AR RERLERE (5= v 7)) SB=vFv s (7=VE, V¥V
) oW THRE L 7o,

WL s = v v F v I X AR TG & A ERRD IS o T2, Y
V= » F v 7 OHE, 1 mol/l M Dy DWW A AV U, FECRIC K
THEMM AL 2 B ENTE D, Tiebb, MEHERR1ERRO LYY
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— before — — after —

Control

F-treatment

F-La
treatment

Fig. 10 SEM photographs of the treated apatite sinter before
and after the acid solubility test for 1 hr (:<6000)
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Solubility Ratio*2 (%)

Fig. 11 Comparison of solubility of

the treated permanent teeth
*1 pretreated by 2M-H,; PO, (1 min)
*2 solubility ratio : values correspon-

ding to the control value equal to
100

91
A0, Control ®#lé, F
MR F9 iz LT 5 (K
11) o

i, F-La g3 (Rra#E & LG,
2mol/l DY v v F v I R(TH)%
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BEOEITITIVEAVEIV 7y
FEHREWOAENRT W D0% X <A
7w 7F 54 %= HTHN,
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SRV EBIO 7 vRIL, REND
¥15m OPEFTHELTHDH T E
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HELSRHA EFRICHESRED 7 b v 2 VAVERL T 23D EEZD
, XgEfogE HAOES LR UERI bl (J13) 6
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Ca

arbitrary umt

Depth (um)

Fig. 12 Electron probe X-ray mic-
of the F-La treated
parmanent teeth before and after
the acid solubility test for 1 hr

roanalysis

J' : surface of enamel

ISR EEIEe .
1.6 2.0 2.4 28 32 36
d(A)

Fig. 13 X-ray diffraction (Cr K(a))
patterns of the F-La treated per-
manent teeth
a, F-La treated permanent teeth
b. F-La treated permanent teeth

(after heated at 1000°C)
(W : peaks correspond to ones
based on LaOF)
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