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Fluoride has been one of the most widely studied caries-preventive agent since it was found to be responsible for reduction
of dental caries. Dental gels and rinses for caries prophylactic contain fluoride at concentrations ranging from 0.1% to 1%.
In addition, many types of fluoride releasing materials have been used in dental applications. The purpose of the study was
to investigate the addition effect of fluoride into artificial saliva on the corrosion resistance of pure titanium and titanium-silver
alloys. Titanium and titanium-silver alloys were arc-melted, homogenized at 950C for 72 hours, hot-rolled, and solution
heat-treated and quenched. In order to investigate the effect of the fluoride ions on the corrosion resistance, potentiodynamic
polarization testing, potentiostatic testing and open circuit potential measurement were performed in artificial saliva containing
0.1% and 1% NaF. Passive current densities of titanium and titanium-silver alloys increased with increasing NaF concentration.
Titanium-silver alloys had a higher corrosion resistance than titanium in high NaF concentrations. The open circuit potential
of titanium reacted sensitively and decreased with increasing fluoride concentration but that of titanium-silver alloys with a
high silver content reacted less sensitively to fluoride ion concentration. Titanium-silver alloys had a higher resistance against
the aggressive attack of fluoride ions and showed a more stable open circuit potential and current density than titanium in
the fluoride-containing solution. Therefore, it is thought that their use in complicated environments like dental fields could
reduce the concern about corrosion by existence of fluoride in oral cavity.
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M 2

Tigh 7 WS 4 WA, B WIRE, ohE
FEAE vls) F GRS AT G Bak of
Yk 78 AAAJFA S 7HAS o] AAAER
de] A8-% 3 9] o v (Niinomi, 1998; Davies %, 1990;
Therin G, 1991) X3}, A3 e]a} & 2| & Fofoll4] &
A i weE oA 2elol) ik QEE 9 @A,
TEHES A% oI Ao LAZ AgE I glrHWang
3} Fenton, 1996). Ti¢} 1 §39] Fo3 EASL 1
FEwloll QA== A3patel] 98k EAJol o]zigt 4t
Sepe 949 RAAGHS ZHAA G wa ohie}
el g, B, Az 9 dzAe] Ti Elste]
Zglof] 9lo] Faog A¥-E Fhrh(Escalas 5, 1976;
Gonzalez 2} Mirza-Rosca, 1999; Lautenschlager £}
Monaghan, 1993). 12|} 4= Tit= FME-z184 §
wolu 2ullal A g Kol 25 9 ukEA Ao
ol Aol Algte] glow, vl &7 WY A4, A
SN, F2A4, 7HA, 4HA T el At
(Collings, 1984; Brunski &, 1996). w2} o]#]gl g3
< Bgsla g4 S A A2 S
s o] A&Ea gk olAd Ti F T
TiAg $He B2 FES} 58 WAS o] ¢4
Tigl §AHE AP S 7HA= % o2
Baxlo] el &, 2002).

T30l A 9] A7) 542 A8 e
ARG S AR 28 A7 5 ek A
7§ 59 A3 54 HA Bl JERIE
9 71AH] 54 kol o] & f-elel 2J3t 14
£4, AESH EA & g v|X|7] wiFoldt
FAAEoI Y HAEE =& gk st AHHQ bt
ol & d5R, 7HAQ] whgell o3 F<o]
o] felol wE THAAA ek, A 7|38yl
ofslf A AAFo] =7 F9ol FHE Holl upE 4
ZAE] el o] o] & Wl W A% AAME £
W 4 Qome Ao g wi oug FEAR A
78k B4 AAAGA wolA ol§ Fasiehn
& % vk 77 ol 4§k N3kg G S,
5 W2H0~70T) ¥ AFZ SAE2] Falloll whE
pH WIBHpH 21 )0l 5 358 P4 A4S § 3}l
oF 3l T oAYX| A AL-0] TR X8 ¢
72 FAAGAE L ofe] =712] AFEFY Well4]
FhE|ofo} ghef, it 4] ubALS o Aleha 2] $-
Aol 438 HAsHE Zgol Qo] HaA F
£EEE o} Al i X\ofel] Hrbslv] X4

= 7] 5ol E3}%] o]l ch(Carvalho2} Cury, 1999). &
AH ez AR FRAAAY SXelE Hokel
B4 T oF 0.1%00 A ol 1%7HA) gH-slo] St
31 Karx]o] Qlrk(Fovet &, 2001; Nakagawa -, 1999).
olH{t H4E T B AlA|FAA, E4AAY
o Abgo] ZrbshuiA NBEo T AGHE T 2
o EAol & ¢S £ 4 el Ti Exdo
A3 Ar8kzo) ol 2ol <o) £45 & gL, o]
A% $AAGYe a ¥ ohel FHPAAE 1}
ek 3 4 ek olol B4 Gl ki A}
& F5A8S A7 AsS weldle At
A& o 2 Z130%]9) ). Lausmaa £(1985), Probster £
(1992) Tig] FAAgA o] 247} -8 789 4
of| A =A% 4 glrkar #1911, Schutz 5(1987)2- pH
7} 67 ofstol 7L} ol 7k 20 ppm ol 4l
274 Tk S Bel AR ez 24 5 ol
ok 3}AL Wigg §(1993)2 B4mo]29] Fxe 4
57b 22 E Tie FAZ F7RIGA sler
Johansson#} Bergman(1995)2- 47} % 7}51 £-oof| 4]
Tie] 2171884 $h4 E7k Z7helol Ti Apale) HAla:
7 ohujel 2 o] % Fte] B4 wal Zrkdicha

3}k gk 73 o] B4l sl 34 FEE
o) 2ajo] uatelm ol o] S} vio] 4%
go walol} skal g AL 4 Qlev] Azl
A §EFH F50] ohF Aol A EH SAEAR
sl AA7158e] AlE A 5 Ao
shlet. wheba] He] Aol 4l 774 o] A
£ A3HE S5 89] Eio gt FAAGA S
I Mg A o i o A8 IPAS AR 9
of 2% A} F 4 L Zoldh

2 Aol A= Bazol- o] H7lEl Q1FERR ol A
Ti 9 Ti-Ag 359 FAAGAE Hrlsla B0l
o] FXE Ao|, Ag 49| 7l W e A7)
sk Qbg Ak gl slsh BAMSE Yol a
Qe

Mz 3 2

B oodFel AL% TiAg g3 UzAls 2EA
Ti(FE 99.99%)3} Q4] Ag(EE 99.9%)5 A-&3)
Ack Ti-Ag $HF-8 Tioll Ag $He-8 03LE] 5.0 at%7}A]
05 at%¥ =Ag F7HA 3 AAIE st A=
9] &3l ol L3R E o] 3l &3l =712 A
v] W]9] o8 5x10° torrZ FAIE § SLEE of 2T
7}22E 200 tor7hA] FJAIA of 2T W9 7jollA &
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sfslick AlH FES F4aA &8l 2 5 Al 53
ukE g-afjslich Sl ofsl ol FE(30 g ¥
A1) zA o]l #AE 9 950T e 2EE A
s A dxe| 2ol 72 A7 F<F dAesiick
o] A|HE oF 2 mo| FR& FAE AlAslr] LA
950 CellA] A7k ghadslelar, A7k skl Al AA= 4
g ARA| (A A4k SR v, 13T7)ste] AlA
3+ % 950C 9] AF AA | RollA 1 A7 F<t &-A3}
Aelstdar, 4o FFollA Wrhsldct

Ti-Ag §52 FAAGA el v)X= A-F5ERY ol
FEAsls B0l kS =AY flete] IF
o} Wlol] NaF& H7lste] 491 A4S dslla, &
ZEle] 1Jje] NaFe] F%5 ulro] 719 b Al
Ak =3 Ti-Ag §a0 S4ole] EANS o 1F
el WellAe] A7)t EA3 S5 =g <t
AL F7kst7] flste] AAS9] AYES ekl 7
9% Ssialst

Aggol> olFEFN(Table 1)(Gjerdet ¥} Her,
1987; Johansson %, 1989)2 37C+1 TR FAsle] A}
5193 £ o] Edol FEE HAF7] 9
8l Zt7} NaF& 0.1%, 1.0%4 *d7}sldch A3 3t
of 7t drze] 24 F 37he] Alslo] FulHw 7+ A
H 2| 0.5 w7} Q- FEFHoll = ZEE 5 A3t &
oMo| 7l ulk-2-zo]| A|H-& A9 &}ar Electrochemical
Interface(SI 1287, Solatron instruments, Hampshire, UK)
o] AZdslgar, AE 93k cell 4 Hz2AF0F
NFA TS AL, 7IFASS BT
(saturated calomel electrode, SCE)S A3}t A%
Z §HL AFA] 2 E o] &3lo] wyhE AlZch
SHS) A% -800 V(SCE)?] &= A sfollAl 10
7¢ 744 B0 AX AE F 9 EE U AR
AAZE F kA 10 22 7EA1S] stoll Al QH 3HA]

tlo Mz o

Table 1. Constituents of artificial saliva

Constituent Concentration(g/ # )

- NaCl 0.40
KCl 0.40

CaCl;-2H,0O 0.795

NaH,POs-2H,0 0.780

Na;S-9H,0 0.005
CO(NH,)2(Urea) 1.0
Distilled water 12

9l :

S20/22 gRst OIZEIY LHIMS Ti-Ag 8120 SAMEN 145

Lot

-1200 W (SCE)¥E] | wV[sec®] FA £ 58 ok
o 2 1200 W(SCE)7HA ALS Z7HA)7|HA 1
AFAEE 2480, 39 AL 774
T = A2k & 5 = 250 wW(SCE)9] A9
Q7R Aol 4 2 AZHEe fAte] 2 e A
-2 24N RS S0

1o 1o ot

duone X B o= Y
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Ti-Ag §a2] FAA LA o v]X]= QdFElY Yol
FEAslE E40l 29 AE-E zA%Y] Slslo] AF
o} Woll NaFE 7}slo] 4% A el A
g ZA7}-E Fig. 1ol EA8 ). B4} Ql-gEle] ol
A7FE S Wl S9SB4 CA Ti 9 Ti-Ag
o] F5d ARt Skl AS € 5 Ut
o] e AFUEE 0.1% NaF7) d7hs ol
el ol A= NaFE 7kt goks ulie} 72 W
371 A9 AI8E, 1% NaF7l 4715l Qlgelool| 4] A3
g ZAztol|l A= AFdEe] Frleko] =A eyt
Ti¢} Ti-Ag §Ha9] F-5el AFLEE vael Hoks
o} NaF7} H7bs]A] ¢k Q1gErl ol A= 4~5
em, 0.1% NaF7} 715 Ql3€lY Wol|A3= 8~10 pa/ew
o] FARE 3k JeRYANE 1% NaF7} 71l ol-FE}
o} el A= Tie] Fgel Ao} Ti-Ag 5o 2
SH AFdEbY oF 10 wer BE A ebyte)
E3] Ti20Ag, Ti30Ag 3ol HSg Ague
w1 3}gko] Tioll vlsl| A Vel ow] NaF 247}kl
b E e AFdse] 7171 AA vebytie

Fig. 2= QI5EtY o] NaF 5% Xol gt Tigh
Ti-Ag 829 NgA91e] M3lE HolFa Qi) NaF
71 9 2 Htekel w2l Ti ¥ Ti-Ag §5-<] MkA
N7F Zdshe Ao g velydel F, QFEll Yol
NaF7} 7kslvd 2 M 917} 7hae)a, 7ha-gk
< ATEFN 9] NaFe] F%of vlaldhe & 4 s
t}. Tioll u]3l Ti-Ag -2 NaF 7)ol wje} & wis}
7F Ve Al ekoko Ti-Ag b5 5 Ag H7)gko] @
<+ $EETF vS AR AN E veblg =
gk AL e AREEe} vpslAZ 0.1%
NaF7} 715 Q1-FElkNof| A 3= Ti, Ti-Ag ¥ 25
37} 2A VA ¢EkAINE 1% NaF7) 471l Q1%
Elelol| A= 1 Wi$}sko] it 1% NaF7} 7%l Q%
el ol A Tie] A= =] 748k vy Ti-Ag
a2 Tiol wlasl] BEobS wll iAo g Zhd-eko)
Zhokek dhge] ZAME vl HokS ul= Ag ¥
o] F713tell ulel MYASN7E Forels 743k o
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Fig. 1. Potentiodynamic polarization curves of Ti and Ti-Ag alloys when NaF was added to artificial
saliva, at 37C. (a)Ti. (b)Ti1.0Ag. (c)Ti2.0Ag. (d)Ti3.0Ag. (e)Ti4.0Ag. (f)Ti5.0Ag.
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Fig. 2. Open circuit potentials of Ti and Ti-Ag
alloys when NaF was added to artificial
saliva, at 37C.
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Fig. 3. Current densities of Ti and Ti-Ag alloys
at 250 W(SCE) when 1% NaF was added
to artificial saliva, at 37T.
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Fig. 32 NaF7} 1% 4713 Q1-5Ekey WellA| 250 av
(SCE)2] A SlellA] AL ARS8 A7E HolFx
olek. Tio] AFLEE HEo] Aslx B3
U} o]el] uhall Ti2.0Ag, Ti3.0Ag 352 ¢+ ¢ &
o AFUEE FAS ol §- GAAY ASS B
et Tie] AFUE= 7~13 whar 12 7HAH A 7bol)
ulg} =2A] WSl Ti20Ag =S 5 e,
Ti3.0Ag 52 2 phfew °)5}2] Y AU EE e}
Won Ag HE glo] MR s 7Hl
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Fig. 4. Comparison of current densities of alloys
between no NaF added and 1% NaF
added artificial saliva from potentiostatic
testing(at 250 W (SCE)).(a)Ti.
(b)Ti2.0Ag, (c)Ti3.0Ag.
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n

Ti 9 2 e 2 U5, A 7AH A4
S8 HAA S 7R 0, A|Ez=Zol| gt SAaF &
gl 27] vhgo] glat, ohE F-oll ulal] U B 55
744 wi g} 74 ARE A ES 7HA A o,
4 £ e g2 EAlgtzsts 22 WA
S Bg3tar glo] QA Well AleYa}e] vk-gol 23 o]
& &% 740l Yol & AAANEEA de| o
453 B2 A7 A Qck(Breme 5, 1998).
58 Tig] 9+ 7257} g, vf2AZAY, AE F+
A4, S A4 Fol ol 2 AL 317 o]
A= 7] wlEoll Ti 9ha-e] Aol Ea o ¥
3} ol gk A7) AlS AePE s Qick $HA)
2] AEE 5 e Ti ghaolle Ti6AldV ghgo] gle.
U ek EA4e) vhbEd4me] 540 Z Q1% AA|
A3 FollA FAZE Al71E S Jek(Lugowski 5,
1991; Okazaki 5, 1998; Winship, 1992). eI+ %3 Q)
€ Ti 3 F Ti-Ag 382 & 258 /A AE
EXo| ¢ Tigl FAsle] AAHFYA o] 8 Al
2 §Fo iR 5, 2002). Ag U4
4 (precious metal) HA&ZA]  7]H # (electromotive
force)o] ol & ollA] 52 d}ehH AL
9 9 A, 5% A4 g AW 71548 S S7IAE
g gler, 3rFE 5ol vhRA A, REHAA G
A, v &8 A 59 FE ol T %S Aot

B4 e ol F<rElo] fluorapatite®} calcium
fluorideE #Aslo] HBAS &g 747,
ANA3)3HE BolstA sl Aol AL} =A
dekg o ATl o3l WA=l 4He] FE A4A
A &4 ZAE vehlie ez 494 v
(Larson <5, 1976). o]&]3} E4=9] 3--AA4 wlitol| o}
oFgt A gl E47F A bE o FHAAHA
A, E4AT} 2L kx| s giegk ofve}t B4
g el ofolem] AlwlEL} E43HG @A F X3}
T A 8elx de] AEE 5 Qi) o] dt B4t A
7HE g Ag Al 77N Ti a4 Eolu) HAE
o] WA, BAg FEsAY U A F
et H4o] o] 7 Hol| EalelA B X|aHE F
S8 A4S s, 53 Tie] RAAYAH S
k32| 7)== o] H4zo|o] Ti Abshuty} uk-g-s)od
TiOF, 3}3HE-3 A7 slo] o] 3jtEo] 43}tel
TF2A 7A3e FEsto] FEAS A slsl] wiitel
tHToumelin-Chemla 5, 1996; Reclaru®} Meyer, 1998;
Schiff 5, 2002). ¥z X|o} 9212 WA|s}7] f1al %)

oF, FAA7AA & oA 7HA 4aTF AFES AR
shaL 9l gt AlEE AREslell ulel EAjslAl =
= T7We 4ol o] XaFEA e WAl
AGgE VXA = F4HoE ALHoA 1 AU+
TRR7AA, Aok, B4 A 45 0.1%5E o)
1%7HA] -Elo] Qlokar gk Ti 9 1 328 3
A 7FgAXG 7HEA FAagX) e FETFZES A
A8 75 AEX oL o XX 2 BALAAME A
£ Q1S ofvE #HTell= NiTi 335 24 &
A go] Agsl=ul, 2B X 8ollA] 4] ¢i&
Aslo] Pol= AT E = FF o]y o]2|et B4
E F 47 Hol| zhEsl= Bao] &2 2L 429
WA gl BAZGgAe) 4g-g F 4 dvrh(Harzer 5,
2001, Watanabe®} Watanabe, 2003). ¥-&+ Ti A-3}eta}
X7} AW E ARl E27HEA 7 Q1476 ]3]
HAH 55HA At AW Ed|A] felEs 4ol
o] oJslo] Lj4Y ogkS WS 4 9o, Ti ¢ ¥
AE fribsle] 552 g83 7l d48S ¥
T ek whehA] Eao| ol gk X 2§ o] IF
EloY ol| 2] o] KA x| A7 A 7]3H8HH QPAA] - A
A Y4H GollA meis]ojofsdt Fast Qlxlolrt

Fig. 19] 54 %] A3 A3E ¥ NaF7| H71=]A) ¢
%S wle] Fao Faul AFd=e} NaFrk 1% 37
g die] F5e AfFLEe] Xo] & vl Bk
< uf] Ti-Ag §H5-2 Tiol] B]3l] 2 X}o|7} A9kt Q1-F
Elel o)l Hrhd E4o]9] FE7} F713tel die}
Tig} Ti-Ag 352 -5l AFUEs S7Hsich &
g 1% NaF7} 4715 Ql-getel ulol|lA] Ti-Ag §hgol
Tioll w]al] 2 10 pAfer AE 2 F-5d] AFLEE
B3k o] o] A b= Ti-Ag ol Haole] ¥4
o] gk #gAlo] Zsta KFA A o] et A
H 55 gtz Qe E4olee] g d i
AL 9u|gict. GAWe] B4 HFE-AF BE F4:0]
<, A 5 7HA Fel 2 EASHA Hek & o]
7}A B4-9] e 257 Tigk 1§59 FAASA
o &S vlA 4 k. AA|, HF 22 43hae
715o.2 $HAlslo] Fol7l BEFolgta 3 5 9=
Ti Ab3ek-g spajslA FRA s A7l o
28k R4 718 272 F7HAIZIA = o]l A
& 53l Ti 4k3}ute] g4o)-of o3t Hall 9 s E
7}4:31A1 71 A Elch(Boere, 1995). Ti Akshahg- A4lkol]
A 2al=le] TiF; ¥ TRl 22 &38 34
87| flok. B4, BAo]| &5 Tigk 1 9] A3
< o3}, E3A) 7= FAA ol &Eelth Ti 435l

TIOR:S} -8 thakat ¥Ab5o] Y4g o= 8 Ti 4

=



3pub-e ofshy] 3 g} gich. o] pH gko] 7ol 747t
€ w2 gl BAE o] Bao|2ew £
gkl B Aol AL g5 pH e 5
3t A3} B 550014 6.740]9] 7kg 73k welA
B ol o)A Tigh Ti-Ag g9 FAAGA el &=
u] x| 49 elis HF F-2loll 2|3 dgko] 7] Kt
£ B4o| o o3t ez A7

Fig. 2= 40| F5°] Hisd}ol] wh& Tig} Ti-Ag
ghol A9 S Jehdla leow, 3] Ag o
of] wh bl WskE Al Vel FaL
ot} Ti-Ag g4 Age] shako] S7485 WY
A9 wdt Frlsla glok. 2|3 Ag o] 2
(Ti3.0Ag, Tid.0Ag, Ti5.0Ag) 52 H40]2-2] H7}ekell
w2 b gl o] wisteko] z17] ¢kghe). ol HAEE
o7 BiEE Agzt 2 @] MR E A7
o], Bio]o] EAsh= ATERY ol o] A
919 Z4£E FAA s §A3 e Ao A7

ARG Ay Age] &4 oA e A7)8He}4
Hh-gAl 9} QP A& Z2A s ol A Aol
gt & = Aok A7l whE AFPEe] AsE B
oA 1 A8 £ dollAe] HEAE H73t
4 ok A9 Ay AnE 2 Tio] AfdErt
of§- Eebgshe 1 ghol A QEde A &
ek whd, chi-Ee] Ti-Ag 32 ol ¢ 22 A7

5 yelon, A AEE Hck Fig 4ol4]
B ule} o] Ti 95 Bduol EAllol w3 A
9 9] 717} AL, A7l whE x| 2] Wizt A}
Al Vel vbE, Ti2 0Ag, Ti3.0Ag 4132 7$= 4
o] & FEAllol] ub-E W7t A9 gl HEH AFE 2
k. o] A= Tizk §H9] o] 2] Jier
Ew At3lato] ofstE|Qlon] A 7)8HEHY el 7+
3k g oJvldict
B0} A7hEl £ Jlol|A] €] Ti-Ag §H5-¢] 4713
H4 Qb Aol gt 9AX F 7 E AdE + A
L g 7HA] Q1 Ti-Ag §hao] EHow 4%
)uhg GAeto] Hiol &) Foll Tl A
ZsiAl velhd 4 ek Aol ko d
-Ag g0l B4} e g EAlslh= 3H7l
gubg E4A7IR B4 o] 9 AdE ARl
8L 7IA A 9= Aolgla & 4 Qo BE AY
A3}E S8 Ti-Ag o] Tiol] u]el] 4-Zo0].2-9] o)
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