creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

20223 23

0K
4
oF

ior

'y

0

K0

1
<
<k
0
<
~

ol

I+

ol

4
I

Ti-6Al-4V

IS

=
S

OIZEIHUAN =

X0
ulr

<l

g
i

)

o)
ol

E
ol

T
Kd

ol
Ho

<
Ul
&0



Corrosion of additively manufactured Ti—6Al-4V in
artificial saliva solution with fluoride, albumin, and/or
hydrogen peroxide

20223 238 25

ZMHED (et
HHAT B

Collection @ chosun



0

K0

1
<
<k
0
<
~

ol

I+

ol

4
I

Ti-6Al-4V

IS

=
S

OIDEIHO A

X0
ulr

<l

g
i

)

Kl

o

S

<+

=T

Z NEE.

0]
Ok
Hl

3

<]
oF
—I-tlﬂm

X

ol
Ho

ol
Ok
Hl

102

20214

o)
ol

E
ol

T
Kd

ol
Ho

<
Ul
|

Collection @ chosun



o0
K

ol

ol
OH
H

oF
ol

X
ol

nJ

R0

b

oJ

ol

<

o

no0

<+
E

E
ol

Tl
K

—he

KO
OF
oF

128

20214

oF

ol
E
ol

T
Kd

Collection @ chosun



LlST OF TABLES .............................................................. \V;
LlST OF FlGURES ............................................................ Vi
ABSTRAGT  wvereesereeresesresessessssssssssessasesssssssssssessssassssassnasennas xi
X-" 1 é!- A B e, 1
X-" 2 é!- Ol%&l HH%# ................................................ ?2
T 1 & EFOIEIS cerveereeesesssmsmssesiststsssssssssststsnsssssssssssssssencsens )

1. EFO[EFS  weveverersrseressssssssssnsssssstssssssss st sss s sss s ssssssssssnans 2

R S | e RO 6

H 2 B EIOIEIHSY BAl EA s 8

1. EIOIEFHS Ol BEAl QOl rrrrrerrersrsnisisssssstssssssssssssssssssssesees 8

D E2A 0RO YEE e 12

3. QUED[O] QBE wrrrererererrersressrnrsisssn s 13

4. DFAFSIAA Ol QB wrrrevrrrrmmresssssnsssss s 14

Collection @ chosun



- 16

A3 & &gdd

16

16

AR T EE oot s

1.

D
KH
)

00

19

H 2 & OlAl

19

il
EY

Mﬂ
IH

3. EBSD

20

il

nr
IH

oF
pd
L0

M_.
Il
I

al
I

H 4 2

22

- 23

Kl
B

ol

A 4 & A1Z0

H 1 & OlAl

23

23

2. OIAl

Mﬂ
IH

3. EBSD

H 2 &2 &J|ets

33

d

S

=
T}%

Z0 IhE Al=S

=2 0|2

1.

Collection @ chosun



l1| 5 X* % % ©000000000000000000000000000000000000000000000000000000COCOCOCOICIOIOGT ?6

X _, (= 77
él' ' - O{ 0000000000000000000000000000000000000000000000000000000000000000000000000000

Collection @ chosun



LIST OF TABLES

Table 2.1 Types Of titanium @llOys csssseceersmmmmsmmmssserssmssssmnssesssssssssssnssssssssssssnss 3
Table 3.1 Chemical composition of used powder to AM Ti—6Al-4V alloy -« 18
Table 3.2 Compositions of Artificial Saliva Solution (AFS) —eeesesessscssnnnns 18
Table 3.3 Solution USed in the EXDEr IMENT swssssssccrsmmsssmmmscessssssssssnnscecsesssssnnes 18

Table 4.1  Egorr(Vagiage1) of Ti-6A1-4V alloys in the artificial saliva solution
with 0 ~ 5000 ppm NaF ....................................................................................................... 38

Table 4.2 i (A/cm®) of Ti-6A1-4V alloys in the artificial saliva solution
with 0 ~ 5000 ppm NaF ....................................................................................................... 38

Table 4.3 iw(A/cm®) of Ti-6A1-4V alloys in the artificial saliva solution with
0 ~ 5000 ppm NaF ................................................................................................................. 39

Table 4.4 i,e(A/cm®) of Ti-6Al-4V alloys in the artificial saliva solution
with 0 ~ 5000 ppm NaF ..................................................................................................... 39

Table 4.5 i,s(A/cm®) of Ti-6Al-4V alloys in the artificial saliva solution
with 0 ~ 5000 ppm NaF ....................................................................................................... 40

Table 4.6  Ecorr(Vagiage1) of Ti-6A1-4V alloys in the artificial saliva solution
with 2000 ppm NaF + 0 ~ 4 wt.% albumin ..................................................................... 50

Table 4.7 e (A/cm?) of Ti-6AI-4V alloys in the artificial saliva solution
with 2000 ppm NaF + 0 ~ 4 wt.% albumin ..................................................................... 50

Table 4.8 iw(A/cm®) of Ti-6A1-4V alloys in the artificial saliva solution with
- iV -

Collection @ chosun



2000 ppm NaF + 0 ~ 4 wt.% albumin ............................................................................... 51

Table 4.9 i,e(A/cm®) of Ti-6Al-4V alloys in the artificial saliva solution
with 2000 ppm NaF + 0 ~ 4 wt.% albumin ..................................................................... 51

Table 4.10 i»sy(A/cm®) of Ti-6Al-4V alloys in the artificial saliva solution
with 2000 ppm NaF + 0 ~ 4 wt.% albumin ..................................................................... 52

Table 4.11  Ecorr(Vag/age:) of Ti—6AI-4V alloys in the artificial saliva solution
with 2000 ppm NaF + 1 wt.% albumin + 0 ~ 10 % H202 ............................................... 58

Table 4.12  igo (A/cm?) of Ti-6Al-4V alloys in the artificial saliva solution
with 2000 ppm NaF + 1 wt.% albumin + 0 ~ 10 % H202 ............................................... 58

Table 4.13 iw(A/cm®) of Ti—-6A1-4V alloys in the artificial saliva solution with
2000 ppm NaF + 1 wt.% albumin + 0 ~ 10 % H202 ......................................................... 59

Table 4.14 iy e(A/cm®) of Ti-6Al-4V alloys in the artificial saliva solution
with 2000 ppm NaF + 1 wt.% albumin + 0 ~ 10 % H202 ............................................... 59

Table 4.15 i»sy(A/cm®) of Ti-6Al-4V alloys in the artificial saliva solution
with 2000 ppm NaF + 1 wt.% albumin + 0 ~ 10 % H202 ............................................... 60

Collection @ chosun



LIST OF FIGURES

Figure 2_1. Pourbaix diagram Of pure Titanium ......................................................... 7

Figure 2-2. Corrosion of pure titanium in high-temperature HNO3 solutions - 9

Figure 2-3. The dependence of steady state corrosion rates on the cube of molar

Concentration Of H2804 for temperatures Of 25_60 ° C ........................................... 10

Figure 2-4. Potentiodynamic polarization curves for Ti-6Al-4V alloy in 0.1%

NaFcontaining acid artificial saliva with different albumin concentrations 13

Figure 2-5. anodic polarization curves for mirror-polished Ti-6Al-4V in

physiological saline (0.15M NaCl) with and without different levels of H.0, at

Figure 3—-1. Tool Path of Additively Manufactured Ti—H6Al-4V alloy ---eeeeeeeeeees 17

Figure 3-2. Exposed surface of AM Ti—6Al-4V alloy after wire electric discharge

machining ............................................................................................................................... 17

Figure 3-3. schematic of 3-electrode electrochemical cel| --seeeeeeeeseeesieeeieciannnnn. 21

Figure 4-1. XRD results of SM Ti-6Al-4V alloy and YZ, XZ, XY planes of AM
T|_6A|_4V alloy ................................................................................................................... 24

Figure 4-2. Microstructure image of SM Ti—BAI-4V allQy «eemeeseenmsesmecsnncnscnns 25

Figure 4-3. Microstructure images of YZ,XZ,XY planes of AM Ti-6Al-4V alloy 26

Figure 4-4. IPF Map and 1Q Map through EBSD analysis of Ti—6Al-4V alloy --- 28

_Vi_

Collection @ chosun



Figure 4-5. IPF Map and 1Q Map of AM Ti64 — YZ plane at high magnification 29
Figure 4-6. IPF Map and 1Q Map of AM Ti64 — XY plane at high magnification 30
Figure 4-7. IPF Map and 1Q Map of AM Ti64 — YZ plane at low magnification 31
Figure 4-8. IPF Map and 1Q Map of AM Ti64 — XY plane at low magnification 32
Figure 4-9. Potential polarization curves of (a) SM Ti-6Al1-4V and (b) YZ plane
of AM Ti-6A1-4V in the artificial saliva solution with O ~ 5000 ppm NaF.(inlet
: magnified CurVeS Of 1~3.5 VAg/AgCl region) -------------------------------------------------------------- 34
Figure 4-10. Potential polarization curves of (c) XZ plane and (d) XY plane of
AM Ti-6A1-4V in the artificial saliva solution with 0 ~ 5000 ppm NaF. (inlet :
magnified curves Of 1~3.5 VAQ/AQC| region) .................................................................. 35
Figure 4-11. (a) Ecorr(VAg/AgCI), (b) icorr(A/C"lz), (c) i1V(A/sz), (d) i1.6V(A/sz),
(e) iosv(A/cm®) of each sample according to the fluoride content in

artificial Saliva Solution ........................................................................................... 37

Figure 4-12. Surface of SM Ti-6Al-4V after polarization test (a),(b) in the
Artificial Saliva Solution with 2000 ppm NaF. ....................................................... 41

Figure 4_13. EDX analysis results in Steps 1 and 2. ........................................... 42

Figure 4-14. YZ plane Surface of AM Ti—-6A1-4V after polarization test (a),(b) in
the Artificial Saliva Solution with 2000 ppm NaF. ............................................... 43

Figure 4-15. (a) Figure 4-15. EDX analysis results in steps 1. -oeeeeesesceenn 44

Figure 4-16. Potential polarization curves of (a) SM Ti—-6Al1-4V and (b) YZ plane
of AM Ti-6Al-4V according to the concentration of 2000 ppm NaF + O ~ 4 wt.%

- vii -

Collection @ chosun



albumin in artificial saliva solution. (inlet : magnified curves of 1~3.5 Vagagc

region) ................................................................................................................................... 46

Figure 4-17. Potential polarization curves of (c) XZ plane and (d) XY plane of
AM Ti—-6A1-4V according to the concentration of 2000 ppm NaF + O ~ 4 wt.% albumin

in artificial saliva solution. (inlet : magnified curves of 1~3.5 Vagaeci region)

Figure 4-18. (a) Ecorr(VAg/AgCI), (b) icorr(A/C"lz), (c) i1V(A/sz), (d) i1.6V(A/sz),
(e) iss(A/cm®) of Ti-Al-4V alloys in the artificial saliva solution with 2000
ppm NaF + 0 ~ 4 wt.% albumin. ..................................................................................... 49

Figure 4-19. SM Ti-6Al-4V Surface after polarization test in the Artificial
Saliva solution with 2000 ppm NaF + 1 wt.% albumin. = eoceceeceececscmeccnmncnnnecnnn. 53

Figure 4_20. EDX analysis results in Steps 1 and 2 ........................................... 53

Figure 4-21. YZ plane Surface of AM Ti-6Al-4V after polarization test in the
Artificial Saliva solution with 2000 ppm NaF + 1 wt.% albumin = -eeeeeeeeeeeeeennens 54

Figure 4_22. EDX analysis results in Steps 3 and 4 ........................................... 54

Figure 4-23. Potential polarization curves of (a) SM Ti—-6A1-4V alloy and (b) YZ
plane of AM Ti—6Al-4V alloy in the artificial saliva solution with 2000 ppm NaF
+ 1 wt.% albumin+0~ 10%H202 ................................................................................. 56

Figure 4-24. Potential polarization curves of (c) XZ plane and (d) XY plane of
AM Ti-6A1-4V alloy in the artificial saliva solution with 2000 ppm NaF + 1 wt.%
albumin + 0 ~ 10 % H202 ................................................................................................. 57

Figure 4-25. (a) Ecorr(VAg/AgCI), (b) icorr(A/C"lz), (c) i1V(A/sz), (d) i1.6V(A/sz),
(e) ios(A/cm?) of Ti-Al-4V alloys in the artificial saliva solution with 2000

- viii -

Collection @ chosun



ppm NaF + 1 wt.% albumin + 0 ~ 10 % H202. ................................................................. 57

Figure 4-26. Surface of (a) SM Ti—-6AlI-4V and (b) YZ plane after polarization
test in the Artificial Saliva solution with 2000 ppm NaF + 1 wt.% albumin + 1 %

Figure 4-27. Clis xps spectra of the surface of Ti—6Al-4V alloys after
polarization test up to 2.5 Vayaer in AFS ((a),(b)) and AFS + 2000 ppm NaF
(), () #reresrreressseemssseesisseesissse s 66

Figure 4-28. Clis xps spectra of the surface of Ti—6Al-4V alloys after
polarization test up to 2.5 Vagaget in AFS + 2000 ppm NaF + 1 % albumin ((a), (b))
and AFS + 2000 ppm NaF + 1 wt.% albumin + 1 % Ho0z ((c),(d)) seoeesermmsemmmmsenmaennes 67

Figure 4-29. Ti2p xps spectra of the surface of Ti—6Al-4V alloys after
polarization test up to 2.5 Vayaeer in AFS ((a),(b)) and AFS + 2000 ppm NaF
(), () #reresrreressseemssseesisseesissse s 68

Figure 4-30. Ti2p xps spectra of the surface of Ti—6Al-4V alloys after
polarization test up to 2.5 Vagaeer in AFS + 2000 ppm NaF + 1 wt.% albumin
((a), (b)) and AFS + 2000 ppm NaF + 1 wt.% albumin + 1 % H:0. ((c),(d)) - 69

Figure 4-31. Al2p xps spectra of the surface of Ti—6Al-4V alloys after
polarization test up to 2.5 Vayager in AFS ((a),(b)) and AFS + 2000 ppm NaF
(), () #reresrreressseemssseesisseesissse s 70

Figure 4-32. Al2p xps spectra of the surface of Ti—6Al-4V alloys after
polarization test up to 2.5 Vagmaecr in AFS + 2000 ppm NaF + 1 wt.% albumin
((a), (b)) and AFS + 2000 ppm NaF + 1 wt.% albumin + 1 % H.0, ((c),(d)) - 71

Figure 4-33. 01s xps spectra of the surface of Ti—6Al-4V alloys after
polarization test up to 2.5 Vayager in AFS ((a),(b)) and AFS + 2000 ppm NaF

_iX_

Collection @ chosun



Figure 4-34. 01s xps spectra of the surface of Ti—6Al-4V alloys after
polarization test up to 2.5 Vagaeer in AFS + 2000 ppm NaF + 1 wt.% albumin
((a), (b)) and AFS + 2000 ppm NaF + 1 wt.% albumin + 1 % H0> ((c),(d)) = 73

Figure 4-35. Fi1s xps spectra of the surface of Ti—6Al-4V alloys after
polarization test up to 2.5 Vayaer in AFS ((a),(b)) and AFS + 2000 ppm NaF
(), () #reresrreressseemssseesisseesissse s 74

Figure 4-36. F1s xps spectra of the surface of Ti—6Al-4V alloys after

polarization test up to 2.5 Vagaeer in AFS + 2000 ppm NaF + 1 wt.% albumin
((a), (b)) and AFS + 2000 ppm NaF + 1 wt.% albumin + 1 % H:0. ((c),(d)) - 75

Collection @ chosun



Abstract

Corrosion of additively manufactured Ti—6Al-4V in
artificial saliva solution with fluoride, albumin, and/or
hydrogen peroxide

Kyung Bin Ahn
Advisor: Prof. Heedin Jang, Ph. D.
Dept. of Advanced Materials Engineering

Graduate School of Chosun University

Titanium is widely used as an implant material due to its excellent corrosion
resistance and biocompatibility. However, the existing machining method has the
disadvantage of shortening the life of the tool due to a lot of material wastage
and high cutting resistance. It is 3D printing technology that can overcome
these shortcomings. In addition, it has the advantage of compensating for the
material loss of expensive titanium and realizing complex shape modeling.

Titanium is known to be vulnerable to environments containing fluoride ions.
Fluoride ions are present in toothpaste and mouthwash products, which can cause
corrosion of titanium. In addition, albumin can adsorb to the metal surface
within a few minutes during implant placement, affecting the corrosion
resistance of the sample. Hydrogen peroxide, which is classified as a free
radical, acts as a factor that promotes corrosion of metals due to the effect
that occurs in the inflammatory process. In this study, the corrosion resistance
of Ti-6Al-4V alloys with different manufacturing processes according to the
amount of fluoride ion, albumin, and hydrogen peroxide added in artificial

saliva was compared through electrochemical experiments.

_Xi_

Collection @ chosun



Ct.

AN

o

tE THEZ2 Zel AFEE D

13 A E

N S m < AF Mo 5 OoF ° muowp o

ur &
+ My m mesg WG R
WS =E B D mo W M
oopp g g P uwa s
Ir ) Jos Voo« 5 05
rwmos e oM s 2wy =
I Moo W o DA B >~
mw = ) Mmoo X m S g O 0
s ©3 nAﬂgol_LMmelo ol_%wclt
R % mags IO
— D W Wy f T R o WA
— = O~ Ul Ry T W Lo
0 _ = W i ~ )
of N K o0 <4 F .- I AN Iz ol
SR 0= Moo m o — St T
S ™M omouw Ry ST g D
RO <F =0 @r Ko oo o om Mgy <
oo _ ok T X H o O 3k
O_._._._._ll_._ ID@TW%M.AE_”%;@
Lvmgs gIE Ty x5
Swess ~ @y I LY oowEH
o T % o B D oz XMWy 11
Tt n g gz =0l w g
S — il s oo gy g o 2w g
w gl S rw oYy
[ TR *mow s
e L T T A L
,a._u_x .AoO_Jﬂ a0 o3 33 mMuLn__o._ U Ol
08 gro=s R O L= @
R A = B I T
= RO g do Wosr Fom B Om e 3
oo o E o orom A k= L m &
5 o K S RO HooW T L c
o Mgtz 507 = 8
= N gpguou=sRasmzm 49
N _ D (R = R N 2
xT_x_OE._m Mu..wmmulnaﬂo_.EW|O
O VTN RS U E R BEZZ o
H _ o & amﬁ.mOWJIM:.w
Z O Moau_ﬂmaz_ﬂwo__oﬂ_lx._d
A_._.= :_|_ o_E ol - o o_u o — IS )
S ~ w0 Wb o SR R 2R R

Ti-6A1-4V

0

teh Azl tWAEol 0IXle

=4 B30t

b

=)
=

EAILE Ti-6A1-4V

S

=

=y
[—

)

—

[—

A0 A

=

Collection @ chosun



M 2 & 02X &

H 1 &2 ElOIEtS
EtOIEtE

1.

Uk

JU

oo

JHX S2HMeE T JHRE A

N

=
i

g

Ko

<
[l

4dr

Ju

Ol (8],

<
oFJ

)
]
il

)

2|

|
HoAb

ol dl
Mool o1gol

q

s

1791

0l

(Ti)

Jo

Et

=0l

e orM &l
210l o4 3| m
1910 0l 0122 M.A

(s

O=F
X

, = St

q

S
A

N

=

Til= Z9st
PN

B,

H=2OICk.
OtLlch &ka,

0

=]

2HAGHIIF M A

ol

i0J
<+
{H

ild

Cl

=
[a—

}

o)
ol

a

Al

ol
Jo

tOd EFOIEL

H I HOA TiCcl,2 LIEZE(Na)

o =
= E

Hunter

process ct

(Ca)S BrEAl

Hunter
TiCl, & ot22(Ar) JIA

=
[a—

0l
TiCl,2t

SN,

o
[—

83
e}
[0
X0

(=3} O| él-g

1937 =0l

EHSl EtOIEF

=
I=3

L
Krol |

ot AEX

EtOIEL

Q=<0 Kroll E2l AlZ=et SHCH9].

oA OF2UIZ(Mg)

e
]

s
ol

HJF Ol 01Xl 1948

=
[a—

WJ .Krol |l
3

JH&01 OIRHRID UCH 10, 11].

JHXITH

A

KIr

)
il

fAHCZE

Mgt HEo

=l

=S
o=

E
=

OH

EtOIEL

o

EIOIEIESl ==&82 1670 T M

a

o

N

Close Packed) =+

ORI 20
(et HCP (Hexagonal

(Body Centered Cubic) /X9

7= d20l

H

2l

o=

cC
I

oL
ur

oD

)

H
o

oD

o,

gt 80l LHE ElOIEts &=2 JIXIDJF =L

cEOl

o 82

I.
t3d0l Z0 &

A
(=]

0
ol
RF

0

o
K0
oJ

Ulo

OF
R0

ol
o

oD

b

s
b XHel2b Al

=S
[a—

s §
[==)

c. o
T =

H 130 kgf/m’S Y= DY

0l

=0l 2

2

5

dl

Collection @ chosun



Table 2.1 Types of titanium alloys [12]

ALt S840l E@0d s =#E0l UL

a-B 22 IhE
HEXOICH 2&
M, =XH0l E

Collection @ chosun

Alpha Near - alpha Mixed alpha - Near - beta
Beta structure
structure (some beta) beta structure | (some alpha)
Ti-BA1-6Sn—-27r-1 ) Ti-8Mo-8V-2Fe-3
) ] Ti-6A1-4V
Ti Mo—0.2Si ] Al
) ) Ti-6A1-4V-2Sn ) )
Ti-BAI-25Sn | Ti—-6A1-2Sn—4Zr-2 ) Ti-8Mn Ti-11.5Mo-6Zr-4
Ti-6A1-2Sn-4Zr
Mo .5Sn
] —-6Mo ]
Ti-8Al-1Mo-1V Ti-13V=-11Cr-3Al
_3_
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2. 8&Jt3 (Additive Manufacturing)

MBS Jl=2 1987490 HS SHOIA2M, CADLY 22 30 2y ATEQNH=Z
AHst M RES 0 e &S 52z NS00 MXSts 2A0ICH. ASItE2
3D Tool2 OIEol)| H20 =&&t gae HMSS datoid = UL MES2 JHIE =
2 = U= HEOl JUCH. HBIS Jl==2 IA 7IHKZ 2235 =d Binder
Jetting, Powder Bed Fusion, Directed Energy Deposition, Sheet Lamination,
Material Extrusion, Material Jetting, Vat Photo Polymerization O UCt. O & =

=3 0|88 H=JIE2 Jl=2 Binder Jetting, Powder Bed Fusion,

Deposition, Sheet Lamination OICH[18].

Directed Energy

Binder Jetting 2 2& ZZANA= SHE MECIH 23S AU =L MHIE %
D, ZElE &= NEE AKX 2L A0 BIIHE S&AIDI= LAt & 5
HSotD W & U2 oz HSot)| <ol 2= EHES ZLOLXA &Ch. 0ld8t
BHUA 28 HH L= Holfe d8doZ SHLMH AHSHOZ 3D 222 4ol
A EICH19].
Powder Bed Fusion (PBF) = ZH UWHAM LIS HEZ Il 222 HEOH =& wm
of 2% == Z1 doMd £= dAYES A Ul et dSH"oZ2 ZAE = 8t
SH EZAHA A0 24 3 UH 42 MZEoSte HOICH HIwA chE=sh HHl2E &
AMEYHoZ HUet 25 HM32 80| JtsotH 2@Bd X9 X8& MEM E0ldt
Ct. otXI2H, RS 25 22 ANS E00F sttt B £ & 42 WE22 M
2E0| ERotl= SES2 IR ACH20]
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Figure 3-1. Tool Path of Additively Manufactured Ti-6A1-4V alloy

Z

XY plane
- Axis Z

v XZ plane

- Axis Y
|
YZ plane Y
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Figure 3-2. Exposed surface of AM Ti—6A1-4V alloy after

wire electric discharge machining
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Table 3.1 Chemical composition of used powder to AM Ti-6A1-4V alloy

Chemical composition (wt.%)
Sample : Other | Other
Ti C 0 N H Fe Al V each fotals
AM
Ti—€|3/|\|—4V bal 0.0110.13] 0.02 |0.002| 0.2 | 662 | 4 <04 <04
alloy

Table 3.2 Compositions of Artificial Saliva Solution (AFS)[46]

Used reagents Artificial Saliva Solution (g/L)
NaCl 6.7
KCl 12
Na,HPO, 0.26
KH,PO,4 0.2
KSCN 0.33
NaHCO; 15
urea 15

Table 3.3 Solution used in the experiment

Solution (Based AFS)

F~ concentration /

(g/L) | Albumin (wt.%)

HzOz (VOI.%)

500 ppm NaF / 1.1 -
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—_ | —
D50 w NooswNd—
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el el e Y
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Figure 4-1. XRD results of SM Ti—-6Al-4V alloy and YZ, XZ, XY planes of
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Figure 4-2. Microstructure image of SM Ti—6Al-4V alloy
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Figure 4-3. Microstructure images of YZ, XZ, XY planes of AM Ti-6Al-4V alloy
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Titanium (Alpha)

Figure 4-4. IPF Map and 1Q Map through EBSD analysis of Ti—-6Al-4V alloy
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Titanium (Alpha)

Figure 4-5. IPF Map and 1Q Map of AM Ti64 — YZ plane at high magnification
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IPF Map and 1Q Map of AM Ti64 — XY plane at high magnification

Figure 4-6.
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Figure 4-7. IPF Map and 1Q Map of AM Ti64 — YZ plane at low magnification
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Figure 4-8. IPF Map and 1Q Map of AM Ti64 — XY plane at low magnification
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Figure 4-9. Potential polarization curves of (a) SM Ti-6A1-4V and (b) YZ plane
of AM Ti-6A1-4V in the artificial saliva solution with O ~ 5000 ppm NaF. (inlet

: magnified curves of 1~3.5 Vag/agci region)
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Figure 4-10. Potential polarization curves of (a) XZ plane and (b) XY plane of

MM Ti-6A1-4V in the artificial saliva solution with O ~ 5000 ppm NaF. (inlet :
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magnified curves of 1~3.5 Vagaeci region)

_35_



(a) 0.0

o
)

corr (VAg/AgCI)

E
s
i

—=&— SM Ti-6Al-4V
—&— YZ plane
—&— XZ plane
—¥— XY plane

T T T T T T T
0 500 1000 2000 3000 4000 5000
Fluoride ion concentration (ppm)

1E-6 1

—=— SM Ti-6Al-4V
—&— YZ plane
—4&— XZ plane
—w¥— XY plane

T T T T T T
0 500 1000 2000 3000 4000 5000
Fluoride ion concentration (ppm)

2E-6

—=— SM Ti-6Al-4V

—8— YZ plane

—4&— XZ plane

—w¥— XY plane ~

Collection @ chosun

T T T T T T T
0 500 1000 2000 3000 4000 5000
Fluoride ion concentration (ppm)

_36_




(d) 1E-4
—=&— SM Ti-6Al-4V
—8— YZ plane
—4A— XZ plane
—w¥— XY plane
<~
IS
o
<
8
-— 1E-5
T T T T T T T
0 500 1000 2000 3000 4000 5000
Fluoride ion concentration (ppm)
1E-4
(e) —=— SM Ti-6Al-4V
—&— YZ plane
—4&— XZ plane
—w¥— XY plane
<~
IS
°
<
@
'_N
1E-5
T

T T T T T T
0 500 1000 2000 3000 4000 5000
Fluoride ion concentration (ppm)

Figure 4-11. (a) Ecorr(VAg/AQCI)y (b) icorr(lb\/cmz), (c) i1V(A/sz), (d) i1.6V(A/sz),
(e) i2.sv(A/cm?) of each sample according to the fluoride content in artificial

saliva solution
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Table 4.1 Ecorr(Vag/ager) of Ti-6Al-4V alloys in the artificial saliva solution

with O ~ 5000 ppm NaF

Solution SM Ti-6Al-4V AM Ti-6A1-4V alloy
al loy YZ plane XZ plane XY plane
AFS -0.35 -0.32 -0.28 -0.31
AFS + 500 ppm NaF -0.44 -0.22 -0.47 -0.3
AFS + 1000 ppm NaF -0.37 -0.23 -0.31 -0.1
AFS + 2000 ppm NaF -0.24 -0.23 -0.32 -0.28
AFS + 3000 ppm NaF -0.2 -0.2 -0.22 -0.32
AFS + 4000 ppm NaF -0.31 -0.12 -0.19 -0.26
AFS + 5000 ppm NaF -0.46 -0.35 -0.38 -0.38

Table 4.2 i (A/cm?) of Ti-6AlI-4V alloys in the artificial saliva solution with

0 ~ 5000 ppm NaF

Solution SM Ti-6Al-4V AM Ti-6A1-4V al loy
al loy YZ plane XZ plane XY plane
AFS 4.26x 107 3.63x10°® 1.13x 10 2.37x 10
AFS + 500 ppm NaF  5.82x10® 2.37x10° 1.29% 107 6.57x 10°°
AFS + 1000 ppm NaF ~ 1.60x 107 3.20x 10°® 3.03x 10°° 1.36x 10°°
AFS + 2000 ppm NaF  2.02x10°® 4.46 x 107 3.60x 10 6.33x 107
AFS + 3000 ppm NaF  3.10x10® 1.85% 10 6.27x 10 3.42x10°¢
AFS + 4000 ppm NaF  1.95x10°® 1.19%10°® 1.43x 107 8.80x 10
AFS + 5000 ppm NaF ~ 1.20x10® 4.26x 10 3.35x 108 2.03x 10
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Table 4.3 iw(A/cm?) of Ti-6A1-4V alloys in the artificial saliva solution with

0 ~ 5000 ppm NaF

Solution SM Ti-6A1-4V AM Ti-6A1-4V al loy
al loy YZ plane XZ plane XY plane
AFS 3.54x10° 3.51x10°® 4.62x10° 4.94x10°
AFS + 500 ppm NaF  3.72x10® 3.99x10°® 3.47x10° 4.37x10°
AFS + 1000 ppm NaF  4.10x10® 4.55x 10 5.23x 10 5.14x10°¢
AFS + 2000 ppm NaF  4.97x10® 5.24x10°° 6.80x 10°° 7.41x10°
AFS + 3000 ppm NaF ~ 3.20x10® 3.21x10°® 4.55x 10 6.48x 10°°
AFS + 4000 ppm NaF  4.80x10® 5.98x 10 5.46%x 107 5.29x 10
AFS + 5000 ppm NaF ~ 2.84x10® 3.39%10° 3.85%x10°¢ 4.82x10°°

Table 4.4 i, ¢e(A/cm?) of Ti-6A1-4V alloys in the artificial saliva solution with
0 ~ 5000 ppm NaF

Solution SM Ti-6A1-4V AM Ti-6A1-4V al loy
al loy YZ plane XZ plane XY plane
AFS 4.46x10°° 5.10x 10 7.60x 10 7.83x10°
AFS + 500 ppm NaF  6.01x10® 7.55x10°° 7.43x10° 1.29x 107
AFS + 1000 ppm NaF ~ 1.07x10® 1.15% 10 1.21x 107 1.86x 107
AFS + 2000 ppm NaF ~ 1.77x10°® 2.03x 10 1.20x10°® 3.72x10°°
AFS + 3000 ppm NaF  1.90x107® 1.99% 10 1.40% 107 3.40x 107
AFS + 4000 ppm NaF  1.46x10°® 3.50% 10°® 6.84x 107 4.70x 107
AFS + 5000 ppm NaF ~ 2.60x 107 3.46x 10 5.51x 107 4.48x 107
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Table 4.5 iss(A/cm?) of Ti-6AlI-4V alloys in the artificial saliva solution with
0 ~ 5000 ppm NaF

Solution SM Ti-6A1-4V AM Ti-6A1-4V al loy
al loy YZ plane XZ plane XY plane
AFS 4.86x10° 6.10x 10 6.08x 10° 6.75x 10°°
AFS + 500 ppm NaF  6.11x10® 1.42x 10 7.97x10° 1.03x 107
AFS + 1000 ppm NaF  8.68x10® 8.54x 10 1.80% 10 1.72x 10
AFS + 2000 ppm NaF ~ 1.22x 107 1.50% 10 2.68x 107 2.87x 107
AFS + 3000 ppm NaF ~ 2.03x 107 2.15x 107 1.03x 107 1.46x 107
AFS + 4000 ppm NaF  3.91x10°® 1.80% 10 4.48x 107 2.10x 10
AFS + 5000 ppm NaF  1.25x 10 1.60% 10 1.59% 107 2.00x 10
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Figure 4-12. Surface of SM Ti—6Al1-4V after polarization test (a),(b) in the
Artificial Saliva solution with 2000 ppm NaF.

_41_

{=/Collection @ chosun



Gl Element | Weight%  Atomic%
O K 27.55 49.01

F K 7.29 10.91
Na K 0.65 0.80
Al K 221 2.33
Ti K 60.07 35.69
V K 2.23 1.25
Totals 100.00
Full Scale 360 cts Cursor: 0.000 ) ke

(a)

Sl Element | Weight%  Atomic%
F K 33.38 53.45
Na K 2.52 3.33
Al K 5.26 5.92
Ti K 57.06 36.23
V K 1.78 1.06
Totals 100.00

Full Scale 360 cts Cursor: 0.000 ke

Figure 4-13. EDX analysis results in steps 1 and 2
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2.00um

Figure 4-14. YZ plane Surface of AM Ti—6Al1-4V after polarization test (a),(b) in
the Artificial Saliva solution with 2000 ppm NaF.
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Sl Element | Weight%  Atomic%

O K 16.65 34.77
F K 5.25 9.23
Na K 1.96 2.85
Al K 0.35 043
Ti K 72.32 50.44
V K 3.48 2.28
Totals 100.00

Full Scale 391 cts Cursor: 2285 (12 cis) ke’

Figure 4-15. EDX analysis results in steps 1
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Figure 4-16. Potential polarization curves of (a) SM Ti—6A1-4V and (b) YZ plane
of AM Ti-6Al-4V according to the concentration of 2000 ppm NaF + O ~ 4 wt.%
albumin in artificial saliva solution. (inlet : magnified curves of 1~3.5 Vag/ag!

region)
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Figure 4-17. Potential polarization curves of (c) XZ plane and (d) XY plane of
AM Ti—-6Al-4V according to the concentration of 2000 ppm NaF + O ~ 4 wt.% albumin

in artificial saliva solution. (inlet : magnified curves of 1~3.5 Vagag region)
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Figure 4-18. (a) Ecorr(VAg/AQCI)y (b) icorr(lb\/cmz), (c) i1V(A/sz), (d) i1.6V(A/sz),
(e) iosv(A/cm?) of Ti-Al-4V alloys in the artificial saliva solution with 2000
ppm NaF + O ~ 4 wt.% albumin.
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Table 4.6 Ecorr(Vag/ager) of Ti-6Al-4V alloys in the artificial saliva solution
with 2000 ppm NaF + 0 ~ 4 wt.% albumin

. SM Ti-6Al1-4V AM Ti-6A1-4V alloy
Solution al loy YZ plane XZ plane XY plane
AFS + 2000 ppm NaF -0.24 -0.23 -0.32 -0.28
AFS + 2000 ppm NaF
) -0.15 -0.24 -0.26 -0.36
+0.2 wt.% albumin
AFS + 2000 ppm NaF
] -0.39 -0.22 -0.44 -0.4
+ 0.5 wt.% albumin
AFS + 2000 ppm NaF
] -0.47 -0.44 -0.47 -0.42
+ 1 wt.% albumin
AFS + 2000 ppm NaF
-0.39 -0.4 -0.38 -0.39

+ 4 wt.% albumin

Table 4.7 icorr(A/cm?) of Ti—-BAI-4V alloys in the artificial saliva solution with
2000 ppm NaF + 0 ~ 4 wt.% albumin

SM Ti-6A1-4V AM Ti-6A1-4V al loy
al loy YZ plane XZ plane XY plane

AFS + 2000 ppm NaF ~ 2.02x10® 4.46 x 107 3.60x 107 6.33x 107

AFS + 2000 ppm NaF

+0.2 wt.% albumin
AFS + 2000 ppm NaF

+ 0.5 wt.% albumin
AFS + 2000 ppm NaF

+ 1 wt.% albumin
AFS + 2000 ppm NaF

+ 4 wt.% albumin

Solution

6.67x 107 6.10x 10°° 5.06x 10 6.79%10°
2.16x 107 4.20%10°° 1.48x 107 1.32x107
1.02x 10 2.43x10°° 4.44x10°° 9.54x10°®

2.00x10° 1.71x107 1.55% 107 1.26x 10
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Table 4.8 iw(A/cm?) of Ti-6Al-4V alloys in the artificial saliva solution with
2000 ppm NaF + 0 ~ 4 wt.% albumin

SM Ti-6A1-4V AM Ti-6A1-4V al loy
al loy YZ plane XZ plane XY plane

AFS + 2000 ppm NaF  4.97x10°® 5.24%x 107 6.80% 107 7.41x 107

AFS + 2000 ppm NaF

+0.2 wt.% albumin
AFS + 2000 ppm NaF

+ 0.5 wt.% albumin
AFS + 2000 ppm NaF

+ 1 wt.% albumin
AFS + 2000 ppm NaF

+ 4 wt.% albumin

Solution

2.99% 107 4.26% 107 1.41x 108 2.62% 107
4.49% 1078 4.62x 107 4.36x 107 3.97 x 10
4.50% 107 4.94% 107 4.83% 107 5.10% 107

3.90x10°° 4.19%10°° 4.04x10°° 5.12x10°

Table 4.9 i,e/(A/cn?) of Ti-BAl-4V alloys in the artificial saliva solution with
2000 ppm NaF + 0 ~ 4 wt.% albumin

. SM Ti-6A1-4V AM Ti-6A1-4V alloy
Solution al loy YZ plane XZ plane XY plane
AFS + 2000 ppm NaF 1.77%x10° 2.03x107° 1.20x 107 3.72x107°

AFS + 2000 ppm NaF

+0.2 wt.% albumin
AFS + 2000 ppm NaF

9.45x10°° 7.72x10°° 9.54x10°° 1.25x 107

_ 9.27x10°® 1.03%x 10 8.76x 10°® 7.41x10°®
+ 0.5 wt.% albumin
AFS + 2000 ppm NaF 5 6 6 6
] 7.12x10 1.03x 10 7.68%x10 8.49x 10
+ 1 wt.% albumin
AFS + 2000 ppm NaF % % 5 %
] 6.43x10 1.01x10 5.80%x 10 7.01x10
+ 4 wt.% albumin
- 51 -
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Table. 4.10 i.s(A/cm?) of Ti-6Al-4V alloys in the artificial saliva solution
with 2000 ppm NaF + 0 ~ 4 wt.% albumin

. SM Ti-6Al1-4V AM Ti-6A1-4V alloy
Solution al loy YZ plane XZ plane XY plane
AFS + 2000 ppm NaF 1.22%x 107 1.50x 107 2.68x 107 2.87%x107°

AFS + 2000 ppm NaF

+0.2 wt.% albumin
AFS + 2000 ppm NaF

+ 0.5 wt.% albumin
AFS + 2000 ppm NaF

+ 1 wt.% albumin
AFS + 2000 ppm NaF

+ 4 wt.% albumin

1.71x107° 9.84x 107 7.10%x 107 6.02x 107
8.38x 107 6.75x 107 6.63x 107 6.70x 107
7.11x 107 7.50% 107 6.56% 107 7.00% 107

6.39x10° 1.14x 107 8.73x10°° 7.87x10°
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SM Ti-6A1-4V

1 15.0kV 15.4mm x25

Figure 4-19. SM Ti-6Al1-4V Surface after polarization test in the Artificial

2.00um

Saliva solution with 2000 ppm NaF + 1 wt.% albumin.

Full Scale 679 cts Cursor: 2.227 (41 cis)

Full Scale 330 cts Cursor: 2.227 (42 cis)

Element | Atomic%
CK 2545
N K 32.27
F K 2.05
Na K 044
Al K 421
Ti K 34.55
V K 1.03

Element | Atomic%
CK 2.22
N K 1.29
O K 71.38
F K 6.02
Na K 1.22
Al K 0.70
Ti K 16.38

Figure 4-20. EDX analysis results in steps 1 and 2
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_53_



YZ planc of
AM Ti-0Al 4V

¥ DK SEL)

Figure 4-21. YZ plane Surface of AM Ti—6Al-4V after polarization test in the
Artificial Saliva solution with 2000 ppm NaF + 1 wt.% albumin.
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Na K 122
Al K 0.70
Ti K 16.38

T T T T T T T T T T T T T
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Full Scale 330 cts Cursor: 2.227 (359 cis) ke

Figure 4-22. EDX analysis results in steps 3 and 4
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Figure 4-23. Potential polarization curves of (a) SM Ti—-6A1-4V alloy and (b) YZ
plane of AM Ti-6Al1-4V alloy in the artificial saliva solution with 2000 ppm NaF
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+ 1 wt.% albumin + 0 ~ 10 % H:0,
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Figure 4-24. Potential polarization curves of (c) XZ plane and (d) XY plane of

AM Ti—6Al1-4V alloy in the artificial saliva solution with 2000 ppm NaF + 1 wt.%
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Figure 4-25. (a) Ecorr(VAg/AgCI), (b) icorr(lb\/cmz), (c) i1V(A/sz), (d) i1.6V(A/sz),
(e) i.s(A/cm?) of Ti-Al-4V alloys in the artificial saliva solution with 2000
ppm NaF + 1 wt.% albumin + 0 ~ 10 % Hx0..
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Table 4.11 Ecorr(Vag/ager) of Ti-6A1-4V alloys in the artificial saliva solution
with 2000 ppm NaF + 1 wt.% albumin + 0 ~ 10 % H.0»

_ M Ti-6AI—4V AW Ti-6AI-4V al loy
Solution al loy YZ plane XZ plane XY plane
AFS + 2000 ppm NaF -0.47 -0.44 -0.34 -0.36

+ 1 wt.% albumin

AFS + 2000 ppm NaF
+ 1 wt.% albumin -0.09 -0.19 -0.12 -0.17
+ 0.1 % H0»

AFS + 2000 ppm NaF

+ 1 wt.% albumin -0.18 -0.22 -0.19 -0.06
+ 1 % H0o

AFS + 2000 ppm NaF

+ 1 wt.% albumin -0.12 -0.13 -0.11 -0.11

+ 10 % H0,

Table 4.12 g (A/cm?) of Ti-6A1-4V alloys in the artificial saliva solution
with 2000 ppm NaF + 1 wt.% albumin + 0 ~ 10 % H.0»

SM Ti-6A1-4V AM Ti-6A1-4V al loy

Solution al loy YZ plane XZ plane XY plane

AFS + 2000 ppm NaF -5 -6 -6 5
+ 1 wt % albumin 1.02x10 2.43x10 4.44x10 7.2x10

AFS + 2000 ppm NaF

+ 1 wt.% albumin 2.90% 107 2.87% 107 5.49% 107 3.93x 107
+ 0.1 % H0»

AFS + 2000 ppm NaF

+ 1 wt.% albumin 4.82% 107 4.40% 107 5.78% 107 7.89% 107
+ 1 % H0o

AFS + 2000 ppm NaF

+ 1 wt.% albumin 2.82x 107 2.61%107 5.89% 107 2.64% 107
+ 10 % H0,
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Table 4.13 iw(A/cm®) of Ti-6A1-4V alloys in the artificial saliva solution with
2000 ppm NaF + 1 wt.% albumin + 0 ~ 10 % H:0.

SM Ti-6A1-4V AM Ti-6A1-4V al loy

Solution al loy YZ plane XZ plane XY plane

AFS + 2000 ppm NaF -6 6 -6 5
+ 1wt % albumin 4.65x% 10 3.52x10 4.24x10 3.87x10

AFS + 2000 ppm NaF

+ 1 wt.% albumin 3.12x10°° 4.30x10°° 3.52x10°° 4.77x107°
+ 0.1 % H0»

AFS + 2000 ppm NaF

+ 1 wt.% albumin 1.29%x 107 1.45%x 107 1.29x 107 7.75%x107°
+ 1 % H0o

AFS + 2000 ppm NaF

+ 1 wt.% albumin 7.54%x107° 9.60% 107° 9.23%x107° 5.56%107°
+ 10 % H0,

Table 4.14 i,e(A/cm?) of Ti-6A1-4V alloys in the artificial saliva solution
with 2000 ppm NaF + 1 wt.% albumin + 0 ~ 10 % H.0»

. SM Ti-6A1-4V AM Ti-6A1-4V al loy
Solution al loy YZ plane XZ plane XY plane
AFS + 2000 ppm NaF 2 4o, 4076 1.03% 107 7.86%10°  8.49x10°

+ 1 wt.% albumin

AFS + 2000 ppm NaF

+ 1 wt.% albumin 1.00%x 10 8.75% 107 8.75% 107 1.00x107°
+ 0.1 % H0»

AFS + 2000 ppm NaF

+ 1 wt.% albumin 3.15% 107 4.27 %10 5.66% 107 3.25% 107
+ 1 % H0o

AFS + 2000 ppm NaF

+ 1 wt.% albumin 2.01x10™ 2.77x 107 3.00x 107 2.11x10™
+ 10 % H0,
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Table 4.15 i,s(A/cm?) of Ti-6AI-4V alloys in the artificial saliva solution
with 2000 ppm NaF + 1 wt.% albumin + 0 ~ 10 % H.0»

. SM Ti-6A1-4V AM Ti-6A1-4V alloy
Solution al loy YZ plane XZ plane XY plane
AFS + 2000 ppm NaF 7 45 406 7.23% 10 6.73x10°  7.05x10°

+ 1 wt.% albumin

AFS + 2000 ppm NaF

+ 1 wt.% albumin 2.67%x107° 2.52%x107° 2.37%x107° 2.67%x107°
+ 0.1 % H0»

AFS + 2000 ppm NaF

+ 1 wt.% albumin 1.01x10™ 9.40% 107 1.00E-04 6.03%x107°
+ 1 % H0o

AFS + 2000 ppm NaF

+ 1 wt.% albumin 4.30% 107 4.30%10™ 5.60% 107 3.52%x 107
+ 10 % H0,
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SM Ti-6Al-4V

I 1 I ]
3 15.0kV 14.6mm x10. 0k SE(U) 5.00um

(a)

YZ plane of
AM Ti-6Al-4V

(b)

Figure 4-26. Surface of (a) SM Ti-6A1-4V and (b) YZ plane after polarization
test in the Artificial Saliva solution with 2000 ppm NaF + 1 wt.% albumin + 1 %
Hs0,.
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SM Ti-6Al1-4V YZ plane
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Figure 4-27. Cl1s xps spectra of the surface of Ti—-6A1-4V alloys after
polarization test up to 2.5 Vagaeer in AFS ((a), (b)) and AFS + 2000 ppm NaF
((c),(d))
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Figure 4-28. Cl1s xps spectra of the surface of Ti—-6A1-4V alloys after
polarization test up to 2.5 Vagagei in AFS + 2000 ppm NaF + 1 wt.% albumin
((a),(b)) and AFS + 2000 ppm NaF + 1 wt.% albumin + 1 % H.0, ((c), (d))
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Figure 4-29. Ti2p xps spectra of the surface of Ti—-6Al-4V alloys after
polarization test up to 2.5 Vagaeer in AFS ((a), (b)) and AFS + 2000 ppm NaF
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SM Ti-6Al1-4V YZ plane
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Figure 4-30. Ti2p xps spectra of the surface of Ti—-6Al-4V alloys after
polarization test up to 2.5 Vagagei in AFS + 2000 ppm NaF + 1 wt.% albumin
((a), (b)) and AFS + 2000 ppm NaF + 1 wt.% albumin + 1 % H0» ((c),(d))
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Figure 4-31. Al2p xps spectra of the surface of Ti—-6Al-4V alloys after
polarization test up to 2.5 Vagaeer in AFS ((a), (b)) and AFS + 2000 ppm NaF
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Figure 4-32. Al2p xps spectra of the surface of Ti—-6Al-4V alloys after
polarization test up to 2.5 Vagager in AFS + 2000 ppm F + 1 wt.% albumin
((a), (b)) and AFS + 2000 ppm NaF + 1 wt.% albumin + 1 % H:0, ((c),(d))
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Figure 4-33. O1s xps spectra of the surface of Ti—-6A1-4V alloys after
polarization test up to 2.5 Vagaeer in AFS ((a), (b)) and AFS + 2000 ppm NaF
((c),(d))
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Figure 4-34. O1s xps spectra of the surface of Ti—-6A1-4V alloys after
polarization test up to 2.5 Vagager in AFS + 2000 ppm NaF + 1 wt.% albumin
((a), (b)) and AFS + 2000 ppm NaF + 1 wt.% albumin + 1 % H0» ((c),(d))
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Figure 4-35. Fl1s xps spectra of the surface of Ti—-6A1-4V alloys after
polarization test up to 2.5 Vagaeer in AFS ((a), (b)) and AFS + 2000 ppm NaF
((c),(d))
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