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{Abstract)

Surface Modification of Ti—6Al—4V Alloy by Anodic Oxidation and Cyclic
Precalcification Treatments

Woo-Yong Jeon', A-Lum Har?’

Department of Dental Engineering, Gwangyang Health College, Gwangyang, 545-703'
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The purpose of this study was to investigate the bioactivity of Ti-0Al-4V alloy, which was modified by an anodic oxidation and

an cyclic precalcification treatments, The electrolyte solution was prepared by mixing 79 wt% ethylene-glycol with 20 wt% distilled

water and 1 wt% NH4F. The anodic oxidation process was conducted at a constant potential of 10, 15, 20, and 25 V for 1 h at room

temperature, A cyclic precalcification treatment was done by soaking in 0.05 M NaH,PO; solution at 80C and saturated Ca(OH), solution

at 90C in turns, All samples were heat-treated at 500C for 2 hours. Bioactivity was evaluated by apatite forming ability in a simulatec

body fluid (SBF). The average diameter of nanotubes increased with increasing the applied voltage, The growth of nanotubes has

slowed after 10 minutes following the rapid growth in the initial stage, Nanotubes had self-aligned form with dense structure composed

of small and large diameter, their diameter at the bottom was bigger than that at the top, Bioactivity was accelerated through the

cyclic calcification treatment in 0,05M NaH,PO; solution at 80C and saturated Ca(OH), solution at 90T, In conclusion, it is the effective

surface treatment method of Ti-6Al-4V alloy for improvement of bioactivity that calcium phosphate is precipitated by cyclic calcification

in 0.05M NaH,PO; solution at 80C and saturated Ca(OH), solution at 90 after formation of TiO, nanotubes in ethylene-glycol solution

at 25 'V,
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g, FEAIsHET Al AtojoA] dofuh= whgAd Tl o3
A AR ET & Eolehre WA AAARAEL gk
I AE7E Gropa] gt o] 2Rl FoollM e L
et sk @ Ao 2 AA Q)0 H(Hirata 5, 2001;
Kuroiwa®} Igarashi, 1998), o]&{g} o] wj&Fo] 19| )&
B2 Ti-6Al4V dFo] EYHStt Ti-0Al-4V TS a+
B Fo] thFARI Ti F=o =X 71A1 AdI U2do] §-
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(Cai 5, 2003; Tijima 5, 2003).

AARBAC) S4S HolE Ti QBTHE o] B
pofaly] S el ShiRA Sol=SAlTiElE
(hydroxyapatite: HAp)9} 28 A&l AEhd] A8=
o= o] =Y o] WS viA 2719 SRk

Fsh= A3E BRI Bolek 71A19ke] Aol A 7gg
TS A= o] ol Bk opet FiH o ® FAE v
102 18] A v} dofvks 5] #AS vekit
(Wang 5, 1993, Fini 5, 1999). o|&|gh o]y & <] #1d
Aol gt ATellM= HApE &3k A3 22 83 7}
AHA e aukgo] A ukejEA] o= ol Thilo] KolA|
L low, 1o TRl W] shutEA] FAkskA e
ofe WeFE TIO, 35 F/4% v 43]35} kA e]o] 9
3l gk AR wg-s Pk A dig AET} o]
FoJz]3L QJtKKodama &, 2009, Nguyen %, 2013; Nguyen
=, 2015).
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Il. MATERIALS AND METHODS

1. Al AIHS| ZH|

AHEL (20 X 10 X 1) mn 7|2 HAst
ARSI Al
& TS FU3I] Sl #220~#1,200 SIC $IvA] A
THA] % }&Ea‘ HvpatdaL, GE} opAlE Bl 2zt
SERE 250k AlFEE 3 OE E olerE AFEISH BE
FAsEA g7} o] Fold wizbA] 50T ellA FA E=
Az71eA 24A3F o) Bakgh TR ARSI
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Al 3] AsHE AAE $18) HNO; © HF @ HOS
12 1 7 @ 8182 &3k g9lo) 103 FoF 2As)e] 2hA|A g
SFAL, o]ofA] 32k SRGTE AlFstaL Hxste] F=AskA
g)of] ARE3FTE ethylene-glycol 898 A3 F~gHo =2
ARE3E7] 918 Oh 5(2007)¢] glycerol -§-H9] J=4t5kA ]
E EajA A& Ato] ZA5k] HO 20 wi%eet NHF 1 wi%
E H7iekgth DC AAY AA](nverter Tech Co, Ltd,
Korea)®] =34 3= 22 FH]gh A3} #53HDSM,
A2dslaL 4101 oF 20 mn Holzl YAJof|x] A2
S YAAA Y, AFUEE 20 nA/on 2 A3 AF
%Ur AJ7ke] tﬂi}"ﬂ e A Wl Fe =
FAIsA ] & BE Al RS 3AF SR
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:

Al e] BHel] WeRE TiO, 28 F43 the A
= Fofslr] flsf 80T = 7FAEH 0.05 M NaH,PO; &4}
90C = 7}83gF Ca(OH), E3}=g-Ho) 22} 1385 F7|= 8
o] 203] =RHRIAAEE Alakelnh A13]s) 3] (cyclic
precalcification treatment) $- W=F-H TiO, 2| %24 <t
A3k 9 9B ) BERE A Shs) AR 2w
(Ajeon Industrial Co, Ltd, Korea)dl] @il $-24% 10T /min
SR 500CE 225 &X 2ARE ¢ FAIT



4. QA EEAIH

WA 2213 $13) pHst 7710l 9] S o
kel I fARE sER 2Hg &M (simulated body
fluid: SBF)ol| EHIZE AE-E A stalr HApe| A& Fd&
ARSI BE AL 120 oA 202 FF asPET A
& faLx] sBrof el om, 37C oM FAIHE 5% CO;
9171¢] w71l 72A18F FF fASFTE SBFE Hanks
balanced salt solution (H2387, Sigma Chemical Co, USA)]|
0.185 g/ [ calcium chloride dihydrate, 0,09767 ¢/ | magnesium
sulfate, 0,350 g/ | sodium hydrogen carbonate& 37}5}¢]
A3 o, IN HCl -89S AL83t] pHE 7 42 24838}
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LReR T, Z3h SBF A% F e Yefeta vl
% W3}E AAMASAPAAFER] 7 (Field Emission Scanning
Flectron Microscope: FESEM, S800, Hitachi, Japan) .2 ¥z
3L, YA T WHIlE XA A ER(EDS, Bruker,
Germany) 2.2 #A}9]t} Bgh wjukso] EAjshs Ui
AATZE X4 3J-7](Dmax TI-A type, Rigaku, Japn) 2
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Ill. RESULTS

Fig. 12 Ti6AIM4V $E2HE 20 wito HO9} 1 with NHFES
S8k ethylene-glycol 8-HollA] ZQkS 10~25 VE HIIA|
719 60% Bk FF48F AE)S wje] FE-SEM ARxlola,
Fig. 2= QI7FASH A998 thefae] B 27 Aelo] ¢
AE ZASE Zlojth =RHEL & AAE Abojo] 2k
2750 AR FH2 AL F2E o] Few, Q7
gto] Azste] wat 20 V o)E A7 Zp} TA EshEE
Fs Bk

Fig 32 25 V Z%S 603 F3 Q7Fh= FHgellA] dofut
T WeREe A<l Wels dEs Aotk 30z A

A Z713F8FAR1 AkslRkg-0 2 <lal 3 HA] AAA] 4t}

epgo] M AgEo] A BHA BEE (),
AT Al 2719 BAE MRSl g3lEn 2]
UeR7] Al ew(b), 382 A3 Al FEAZE Bt
(0). °1F 60 A7 Al e FHEL ¥ T/ gkl ek
218 FEE 2 D3 F2E O)FATH).

Fig. 4% 25 V Z%& 0% B3 A7Fslk= #gellx] A4
2o W vheRre] AolHstE EAg Zlot) theRH
E2 Agazo) whel 27 208 St FAsH o7t &
7RIaL, o] Fel= Ao] ST} EslEe FdE Btk
Fig. 5% 25 V 9k& 208 59 Q7Fsl= gl et

o] o ote] Wisls A FE-SEM ARzle]t,
24zt iR HEL 2| 2RE SYE FHAZE o]
Fom oA R A4S FH o] F7ESITh

Fig. 62 25 V S 608 Fet o7lste] WefHH TiO,
ZS A3 & 80T 0.05 M NaH,PO; &3} 90T
Ca(OH), Z3}g-Hof| 242t 1039} 203] w8H31A A of
o rHdEES A oy 3wy od 9uss
FE-SEMC. 2 #asth ARzlelt), Qlhbdes MEEE2 w8
gle] 3147 S715k wet goje] JEE olFH ST} H
RoM(a, o), FAHOE eFH UYNE HE7F o
Agto] o] & WIE BAkb, d).

Fig. 72 103]¢} 203] =3HA]2] & BAGY=E AR
918l sBFof| 39 F<t FA g Fof FE-SEM ARzlo|t}, 103
TEA AT T3 HelE HolA] ¢tAtKab), 203
AP HApY] A& 27] WAl B FdE &
7ol WA FH AAA AL AgE P BTk
(cd). B8k 1] EDS #4 A3KTable 1)9|A %= Cas} P2
SheRe 203] ek Elre] 103] ek el vlsiA ot
Al =7 JERFTERP(0.05). B3 Ca/P YAP|= 3k4g] 3
571 103 27E 2082 710l wEhr] 1.842HE] 1,582
s Ve

Fig. 8 F-A2] Ti-6Al4V $Ha3t W 19] el vhefe
TIO, & B8 F 103]9} 203] <8HA2]& dfalr] SBF
39 b AAS Al XA s]HEA Ao}, FAg]
Ti-0Al-4 V <] M= Tie] 3 =vte] B2E QA v
1039} 203] <=8k2] 5 SBFol| 3% Fot W2Ek A=
B-TCP ¥ HApe] 5 337} 3| FE= e, 103] 34

rr




Table 1. Ca and P concentration after immersion in a SBF for 3 days

Group/Element Ca P Ca/P ratio
10 cycles 21.19+4 12 8.92+1 82 1.84+0.038
20 cycles 2941+028 14.40+0.26 1.58+0.02

Figure 1, FE-SEM images of TiO, nanotubes on Ti-6Al-4V alloy, Figure 3, FE-SEM images of the nanotubular TiO, layer on
which were anodized in a ethylene-glycol solution containing 20 Ti-6Al4V alloy, which were anodized at 25 V in a ethylene-glycol
wi% HO and 1 wit% NHiF, (2) 10 V; (5) 15 V; (0) 20 V; (d) 25V, solution containing 20 wi% H,O and 1 wt% NH4F, (a) 30 sec;

(b) 1 min; (¢) 3 min; (d) 60 min,
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Figure 2, Schematic outline between the mean diameter of TiO, Figure 4, Schematic outline between the mean length of TiO,
nanotubes and the applied potentials. nanotubes and the time of anodic oxidation treatment,



Figure 5, FE-SEM images of the fractured nanotubular TiO,
layer, which were anodized at 25 V for x min, (a) 1 min; (b)
3 min; (¢) 10 min; (d) 20 min,

Figure 6, FE-SEM images after cyclic precalcification treatment,
(a) surface view of 10-cycled, (b) fractured cross-sectional view
of 10-cycled, (c) surface view of 20-cycled, (d) fractured
cross-sectional view of 20-cycled.
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IV. DISCUSSION
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Figure 7. FE-SEM images after immersed in a Hanks' solution
for 3 days. (a) 10-cycled (X5K), (b) magnafication of point A
(X50K), (c) 20-cycled (x5K), (b) magnafication of point B
(X50K).
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Figure 8, XRD patterns after immersed in a Hanks' solution
for 3 days. (a) untreated Ti-6Al-4V, (b) 10-cycled, (c) 20-cycled.

o frelehes #stA717] ffell BHFS vhola=/ve

Z8 JAsh= o] AEH] gk vherze] 3 vt
olag 2o FH HIg|A T W& BHAS AlFsnE
=) Bt fefeb 2Rggar Bard vl glrkvang -5,
2004), B ATME Ti-6Al4V IS 03 vhe- B
Y TE2E e 7EE H3A7)7] $3 20 win HO0%
1 wi% NHFE §H3F= ethylene-glycol &0l =213}



HElE 3t YeRFH TiO, 55 A8, AAEHEE
NAE7] $JEl 80T 0.05 M NalLPO; 4843} 90
Ca(OH), Zslg-olo] &3l A= vl2lo 2 X35} 23]
= 3t 7334 QAT A AHAE 27E By
G218 Aol o3 Blolehy e Ao ElojelE o
T o] LheR1 IO, 38 FYsR )3 27jstetEel

2Hg0 2 QI3 Ak} v]ule] A} Bioleo] ofdh AkEkE
o] ZafEhee] datetal AFEaL °lEHKanec 5, 2007;
Macak <5, 2008). F=4tst Aele Fd ol BA QL]
TAg A9 st uE-S 4T 5 oL, s 8
o] 243} pH, A} AFL= 2 /A 52 224 93]
Asfuekze) FAg 53¢ 28ske el FsstL, e
Qollo] MelZo] Wi, AAZQ] & So] HollA] AHS zh=

E](Macak 5, 2008; Moon 5, 2008), & AAF-ol|A] Ti-6Al-4V

S 20 wi% HO89 1 wit NHLFE 3-8 ethylene-
glycol Sdofx] 25 V DC Sk QI7Fste] =413 Agls
g A3}, 271l 2715k8HEQ) skt B4 o]
ofgh gefzkg-o = 13 AstalugolA g7 dojup m
A71EE0] B ARl EAA AL, o F ’\]71'01 783
sh ebdgk A1 E FHE 2 FETRY TIO, 3o
o] HAok A7 YpeRHES SHE FETXE 9
T oA SRR A o] STFEIOH, oH
AHT FEE st F3o] Hof Q= 725 YEhit
(Fig. 1-Fig. 6).

A B2 5SS Hole Btk J2TE BHd
GAS Fofate] SRS 7] SIsf ofz] 71A] HPHol
AE=EQ oW (Chung 5, 2001; Hanawa %5, 1995; 1996;
Kokubo 5, 1996), 7L <] 3k 7}A] W0 =4 As)s) 2%
2Ho] =¥t H3lst A e HApY| F4<! ¢l
e P ol ek 8dlA AEste] &k
FEHE| TO, 39 A7) ¥he-5& frisste] AAAds 7
Sh= FHAE] Motk Wen &, 1997; Ma 5, 2008). ¥
Kodama 52009} <= Efo]ERT Wl NaH,PO, # HF &
A BelS ARSEt] WeRE TiO, 3 BT the A2
©] 0.02 M NHH,PO; =813} Ca(OH), E3} G-&Hol|A]
203] =SIA A E 3k A3, SBFeJA] HAp A&0] X1y

llTl

Stk ®arsldtk Nguyen $4(2013; 2015)& Ti-6Al-7Nb $F
A AZHEZS 20 wth H,09 1 wtl NHFE ﬂo—s—}b
glycerol &Ml 20 V LS QI7Fste] YeRFB TiO, 58
A3 TR 80°C 0.05 M NaH,PO, $~&43} 90T Ca(OH),
FspgHollM 203] A AE g A JETES A
A= FA A=A Barskgith 2 ARl A
Ti-6Al-4V TS 20 witve HO9} 1 witt NHFE 3he-sh=
ethylene-glycol &)X 25 V 2 27|sle]
TIO, Z& 348k the 80C 0.05 M NaH,PO, -89} 90C
Ca(OH), ZE3}8-o|A] 203] =318 A]2]E g 2}, SBF

W HAp &) ZX1x]o] AAGAH=7} ZA /i 23t

HJthFig. 7, Fig. 8).
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V. CONCLUSION

E AFoNE 2o 2o 2Re3h= 29 QSTUE A
BE AR-HI QIE Ti6Al4V 2] AAZ AT} YA

s 7|8 B2 0 2 ethylene-glycol -&-Hol|x] J=FAks}
Ag)dl] o3 VEeRE TiO, 25 3498kl 4133} 8k
oA olxkzigre] HES SoElglon Akl Zol|A] A
ABHEE AW 27, oga) 22 A3E A9l Whiek
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Hexe] 43)3} mekAe]2 wEA 7HE5E AT

olxte] A¥tE n|Fo] B uf Ti0Al-4V 53 ethylene—
glycol €A 25 V LS A7fse] LheFH TiO, 52




sk 80°C 0.05 M NaH,PO; 58l 90C Ca(OH), &
3} g dA] H3)al $RAEE sho] QikdEe] MES
S Eals THAEE AT e FE3 Sro] 2
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