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Calcium-phosphate [Fluoroapatite (FAp: Cas(PO4)3F)] film was successfully prepared on magnesium alloy AZ31 substrate pretreated
in 0.5 M H3PO4 or 1.0 M NaOH aqueous solution at room temperature or 50 °C by flux method. XRD patterns showed that all films
prepared on the AZ31 were composed of crystalline Cas(PO4)3F, Mg3(PO4)2, and Mg(OH)z. In addition, the bio-corrosion behavior
of the film coated AZ31 was investigated in simulated body fluid (SBF). The corrosion current densities of all the film coated AZ31
substrates were decreased compared to the uncoated AZ31, indicating that all the calcium-phosphate films were effective to improve
the corrosion resistance. The film coated substrate pretreated in 1.0 M NaOH aqueous solution showed best superior corrosion

resistance.
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2. EEBAK

2.1 AZ31 EizowiniE

HEMRIZIZT I =7 5 3 wi%, T8N 1 wi%ex ERy & L7-
~ IRV U AEA AZ3 (FIER) Z W ie, AZ31 ERZE S
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Vel & ) — VI EE SR HE TR S RIETIZ L0 105
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Table L IR LZEEO T 7 v 7 ALEEE, A/ UilékE
AV 20 SRR S L7z, BIALEIC 0.5 M HsPOSVRTR &2 AV 7=
YINVDOBEICE, 7T v ALREDORAHARIC 1L.0M
NaOH #&iE% SmL i F L7, ZORAHMEEAILHEL -
AZ31 B ET VI F B2 FIC AN, RAREFEER FIZT
900 °C-h! M T 200 °C £ THENL, ZDIRE T 20 FFHEE
FFU72, TREFfR, 200 °C-h! OFEE T 100 °C T THAIL, %
D%, BRIFNTEEE THRE L7k, EXF»LY 7L
ZEOH LT,
FEOFESFOFREICIT X BENTEE (XRD, X #JK : Cu
Ko #, V7%, RINT Ultima IV) ®AT B — A2 & % T
HEE G =10 2AWz, REOBRKELE, BEEAER IV
FELRR 43 A7 12 1 A A BE - B BT (SEM-EDX, H A 7-#,
JSM-6010LA) % =, D F B8 LT Mg OfEAIRIEZ 7]
NDH72, XBNEFHNERE (XPS, XHIE - Mg Kaft, H
AEFHRNESHE, JEOL-JIPS9010MC) & v =, 7=, i
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BT DB E%EESHZTMT D701, RTrvagd Ay
7 iR & ERALFEA B — & v R (EIS) WIEZIT o7,
SBF DAERLIZIE, 7.996 g D NaCl, 0.350 g ® NaHCOs;, 0.224
g D KCl, 0.228 g ® KoHPO4-3H20, 0.305 g ¢ MgCl-6H:0,
0.278 g ™ CaCly, 0.071g® NaySO+ % AV =, F7z, BELUKIR
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MR Ag/AgCl Z R L7z,

Table 1 Reagent weight of solvent and solute used in flux
method.
0.5 M H;PO, &R | 1.0 M NaOH YA
KNO; 6.4995 g 12.999 g
LiNO; 2955¢g 5910 ¢g
(NH,),HPO, 02145 g 0429 g
Ca(NO5),"4H,0 0.639 g 1278 g
KF 0.0315 g 0.063 g
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Fig.1 SEM images of the intermediate layers formed in 0.5 M
HsPO, aqueous solution at (a) room temperature and (b) 50 °C
and in 1.0 M NaOH aqueous solution at (c) room temperature and
(d) 50 °C.
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Table 2 Atomic composition of the intermediate layers obtained
from EDS analysis.

O Mg Al Zn P Na
(@%) | (%) | @%) | @%) | @%) | (at%)
H3PO4 &K
ot 4361 | 3492 | 126 | 030 | 6.89 -
(i) ’
H3PO4 VA
42 | 14.01 . - 10.4 -
(50 °C) 56 0 3.57 0.48
NaOH W | 1570 | 7378 | 143 | 024 - -
(ZRR)
NaOH &%
16.86 | 6629 | 1.21 0.18 - 0.64
(50 °C)
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Fig.2 XRD patterns of the samples formed on AZ31 substrate

pretreated in 0.5 M H;PO, aqueous solution at (a) room
temperature and (b) 50 °C by KNO3-LiNO; flux method.
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Fig.3 XRD patterns of the samples formed on AZ31 substrate
pretreated in 1.0 M NaOH aqueous solution at (a) room
temperature and (b) 50 °C by KNO3-LiNO; flux method.
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IR2VRIE [Figd(a) & (€)XY 50 °C[Fig.4 (b) & (d)]DF A,
ANITREOFERDEL TR EINTND Z ERbND, X561,
ATLEVATR OWIESEVIE S, ROV A ANKEL 2o T
BO, ¥, TORBERRZELZELSPERINTWS, —
77, BTALERIATR OFEE L IRIROE WIS X DR E A~ D8
L 5 L, RAERIR O A 28 2 12 07 RS SRRkt
THRBIIRETNZ LR, £z, Wil SEM &% HW
THEE 2 HIE U7 AE 5, HsPO4 EIRES £ 1Y NaOH ¥R CRITAL
BL=Y TV OBERIZENZENA10 & S5um TH Y, HsPO4
BT LTG50 FRREVEETH- T,

Fig.4 SEM images of the samples formed on AZ31 substrate
pretreated in 0.5 M H;PO, aqueous solution at (a) room
temperature and (b) 50 °C and in 1.0 M NaOH aqueous solution
at (c¢) room temperature and (d) 50 °C by KNO;-LiNO; flux
method.

WIT, HsPOs IRIEF L O NaOH i TR L 7- 31 12/
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FUTVZELTYH, FOEFEN Calllb X THEITH DL Z
LMD, ZOB\REDFIIMg &G LT Mg AR SH
TWAHZ LRI D, =i, NaOH iR TR L 7=
AZ31 FEMUCHERL U 72 D F 1s & Mg 2p Bl D XPS A2
kL% Fig.5 (29, F Is fliED XPS A2 kL%, FAp 2
KT 25 6843 eV FIEOE—7[13]1&, Mgk IZEKRT 2
685.75 eV FHEDO E— 7 [14IZ3 T bivd, £, Mg 2p B
D XPS A7 hUiE, Mg(OH): IR T % 49.3 eV (LD ¥
— 7 [15], Mg ERICER T 5 49.8 eV fFizD E— 27 [16],
MgF2 IZHER 9% 50.8 eV T D ' — 27 [17], Mgs(POs)2 \ZHE R
T5 52,65 eV AHEDOE— 21810 4 DI T biLb, ML
v, XPSHIE TIiX MgF: DIFENFER TE, XRD /3F — 2 H
21X MgF: f @RISR T2 B —27 OFERRD LRV &
Mh, MgFald7E/LT7 7 A2l oTWbH EEX LA,
Fig.6 12 SBF FFIZF8 1) 5 RZ LoD 43 it #5300 38 78 s SR o= 4,
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Table 3 Atomic composition of the films obtained from EDS
analysis.

) F Mg P K Ca
@% | @% | @%) | @% | @% | @)
HsPOSEHE | 1) 6q | 1002 | 1251 | 838 | 090 | 324
(i)
H:POL IR
3 | 1510 | 4. L1 1.
soee | 5838 | 507 | 1510 | 408 7 56
NaOH I | 5019 | 627 | 1350 | 406 | 089 | 222
(i)
NaOH &K
(30, | 4035 | 884 | 1403 | 625 | 106 | 334
(a)F 1s

Intensity [arb.unit]
Intensity [arb.unit]

1 1 1 1

685 680 54 52 50 48
Binding energy, E / eV Binding energy, E / eV

690 46

Fig.5 XPS (a) F 1s spectra and (b) Mg 2p spectra of the samples
formed on AZ31 substrate pretreated in 1.0 M NaOH aqueous
solution at room temperature by KNO3-LiNO; flux method.

Table 4 IZF & D, HRRAIEDRERND, RAHED AZ31 &
L7 X, WTNROY BT S, BAEEMA
BibL, BAEEBRBEEMETLTWAZ EBbND, ZOk
B, HEOWHEICL Y, SBF I ComAEMRmELEZ
Enbnd, £, RENEIROLE TILRTLERRR DE
TOMEEOEITIEE A ERWVD, JRIED 50 °C DFET
ERTALEEREOBE VWA K E L MEEO R EICEET S,
Table 4 |2~ L7- R EN L BREREEOMEZ KT 5 &,

ATLERAIR OB E AN KR ESEEBL WAL Z ERb2 S,
HRIR 50 °C @ HsPOL VAR CTRIMLEL 2 L7856 L RO AZ31

10' §
a -1 E
£10 r
° EFq (b)
T100E @ ©
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Z 07 E (a) A731
1 E _
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ST § (¢) NaOH (50°C)
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Potential, £/ V vs. Ag/AgCl

Fig.6 Polarization curves of the film (a) uncoated, and coated
AZ31 pretreated in 0.5 M H;PO, aqueous solution at (b) room
temperature and (c) 50 °C and in 1.0 M NaOH aqueous solution
at (d) room temperature and (e) 50 °C by KNO;-LiNO; flux
method.



Table 4 Values of the corrosion current density and corrosion
potential obtained from the polarization curves.

JE A BN & BB
(V vs. Ag/AgCl) (mA-cm™?)
AZ31 -1.67 2.04 x 10!
H3PO4 VAR (5295 -1.31 3.99 x 10!
HsPO4 AR
-0.1 . 104
(50 °C) 0.10 3.56 x 10
NaOH iz -1.53 5.58 x 102
(=;IR)
NaOH ¥&i%
-1. . 106
(50 °C) 55 8.08 x 10
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EH RC DRIBEDOHT THHD LHETE S, b DfE
HING, OSSN RS Z ENHEERTE 5720, Uk
R — MBS KOV E — R O Z SO R EREZER LT
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Fig.7 Nyquist plots of of the samples formed on AZ31 substrate
pretreated in 0.5 M H;PO, and in 1.0 M NaOH aqueous solution
at 50 °C by KNO3-LiNO; flux method.
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AL, BRI HsPOs V72 & X 121E, Mgs(POs): FE LI
FAp % )2 < SR WO ARIZ K o TEROMm-EE?
m_EL, RIALEIZ NaOH & W= & &(2i, eti2E35
O Mg(OH: I LICFAp 2 &2 TR S - Z LItk 21
AHIBRRICE Y, EROMEERM L EHESNLD,
RRIE & EIS JIEDOFERMN S, MEMEOm Izhk b RN
ZRATALEE L 50 °C O NaOHIBR CThH H LWz 5,

Table 5 Electron transfer resistance values of the samples
formed on AZ31 substrate pretreated in 0.5 M H3PO, and in 1.0
M NaOH aqueous solution at 50 °C by KNO3-LiNO; flux method.

HsPO4 1R NaOH &%
(50°0) (50 °C)
%ggg_ 595 [Q-cm?] 714.6 [Q-cm?]
BN — AR H 1052 [Q-cm?] 595.4 [Q-cm?]
4. £EH

LR Z W27 5 v 7 RIBICE Y, BRI OREES
AUER B 5T, AZ31 R EIZY VBRIV T AFRO
FAp ffa e L CERSED Z LI Lz, BRELTZ
fE1%, FAp Of, Mg(OH). <> Mgs(PO4)2, MgF2 72 & % & 118
EEETHoT, ZOBEEREOEMIZE Y, SBF # T
AZ31 B oOmEMEEm L L7z, AEEE 50°C, 1.0M ®
NaOH &K % BB WV TERE U 7 RIS i b BN T2 A
PEZR LD, ZhiZ7 T v 7 AETIEA L= FAp &4 R
& NaOH VA O RITALEL TR L 72 Mg(OH): IO B 5872750
BRMEMER LICES LEEbEELZDND, F0RD, K
FHEICL > THEARBEZ R S S~ R 7 L6582 4K
ke LTHERT 3 7-0100%, EEREfMMEICONT, RIR%E
HRVETH D,
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