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Abstract

Zn-TiO, nanocomposite coatings were prepared from a sulfate bath solution by pulse
electrochemical deposition. In this method, frequency and duty cycle parameters were
investigated. Morphological and corrosion properties of these coatings were investigated by
FE-SEM and potentiodynamic polarization in 1M NaCl solution. In case of frequency it was
observed that by increasing its value from 10 to 100 Hz, the amount of codeposited
nanoparticles increases in the coatings. Moreover, by increasing duty cycle from 10 to 75%, a
maximum value of codeposited particles observed at 50%. These changes are function of T,,
and Ty in pulse current.

Keywords: nanocomposite coating, electrochemical deposition, TiO, nanoparticles, pulse
current.
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Abstract

Hydroxyapatite coating on Ti substrate is being used more frequently as a bone replacement
material. Several methods such as plasma spray, sol-gel, ion beam assisted deposition and
electrochemical methods can be used for applying hydroxyapatite on Ti substrate.
Controlling microstructure of the coating is one of the advantages of electrochemical
methods. In this work hydroxyapatite coatings were applied by electrochemical method on
Ti-6Al-4V substrate under a coating voltage of 4V and amperage of 4mAcm™. The coating
bath contained Ca(NO3s), .4H,0 and NH4H,PO, at a pH of 4.1. The samples were heat treated
at 550°C for 4hr. The microstructure and the composition of the coatings were investigated
by scanning electron microscope (SEM) and X-Ray diffraction (XRD) methods before and
after the heat treatment. The results showed a more compact coating with an increased
amount of hydroxyapatite after the heat treatment.

Keywords: nanocomposite coating, electrochemical deposition, TiO, nanoparticles, pulse
current.
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Tetra calcium phosphate TTCP Cay(P04),0
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Dicalcium phosphate, anhydrous DCPA CaHPO,
Dicalcium phosphate, dihydrous DCPD CaHPQO,4.2H,0
Octa calcium phosphate OCP CagH,(PO4)6.5H,0
Amorphous calcium phosphate ACP Ca3(P0O4),.3H,0
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Abstract

In this study, corrosion rate and mechanism of 1015 carbon steel alloy in the simulated sour
electrolyte system was investigated for 21 days by the electrochemical noise and weight loss
methods. Changes of the corrosion rate were measured during test period and compared
with the results of weight loss. The statistical Distribution type obtained from
electrochemical current noise data was used to determine corrosion mechanisms. The
obtained results were confirmed by surface observations and weight loss results.
Distribution of current data showed that localized corrosion must be happened on carbon
steel surface during experimental period. It seems that electrochemical noise can be used
for corrosion monitoring in sour electrolyte systems.

Keywords: Sour electrolyte system, Electrochemical Noise, Corrosion, carbon steel, Weight
loss.
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Abstract

The effect of thermal oxidation temperature on microstructure, surface chemical
composition and corrosion behaviour of commercial pure titanium (CP) are investigated. For
this goal and creation of oxide layer with different thickness, the samples of CP titanium
isothermally oxided at temperature range of 400-800 °C for duration of an hour. Microscopic
studies, microhardness measurements, and polarization test in the physiological
environment have been applied for characterisation and evaluation of the surfa ce layer. The
structure of cross section and oxide layer thickness evaluated by employing optical
microscopic examination. Diffusion depth and distribution of oxygen in substrate
characterized by glow discharge optical emission spectroscopy (GDOES). Results show that
oxide layer thickness and diffusion depth are increased by an increase of oxidation
temperature. At oxidation temperature range of 400-600 OC, increasing oxide layer thickness
led to enhancement of corrosion resistance. On the other hand, increasing of oxidation
temperature in the range of 600-800 'C caused decreasing of corrosion resistance due to
local spullation phenomenon of oxide layer. Concequently, temperature of 600 C was
achieved as an optimum temperature for thermal oxidation of commercial pure titanium for
corrosion resistance.

Keywords: Commercial pure titanium, thermal oxidation, temperature effects, corrosion
behaviour.



WY Senls ¥ oLt a9 Jlw oS53 antign 5 asle dalilini
¥4

Polad palld anilind (Suj 98 U8 9 5 lALL ol gd 11 (Al ( galusst sles Gl 1 b))

L;\ﬁb\‘—%‘OC/min S Loy S 53 (LS
gt Ve HM ) S J5 ) o5l AT Y sl
Olej 970 c Lgb:AJ{}v&):Suijs 7] s 50
s s#rr Csles Bl 555 JE 5[] Csle 2
Y o gl Gl a5 Olgea H[A] Cela P
el p HLSGen 5 (S E ) s eS|
Gl 03 83 50 POl VL L 1 (ol O gl ST
PACly oo 53 (559ab 55 51 oy il ladised g
Y SO b wm § 15 Syl O peeldnS T Slles Cou
LS 5 5 i A8 1 (oS 5 il e LS
el p S 5 IS S Y LT cowsa sV
3dome 53k 9 (63 o I ey 1) (Sl O gl
u‘“—ir"‘\-“‘:’. Sladses fgy cpl ) disls 4l 8 eslannl 55 50
934z ) s Gl lles S (BT les 53 555 )
s Skl (ks &7 les 53 (Gl O sl
[8] a8 515 05 03,28 JU ST SKa

labes 55 Gl O pplenS T s IS Sliios A s
Ol 4 Caslie 55 ) shiea Y b ol 5 YL s
a\JM:wQLﬁau%@u)@\ okl ploil
S5 5 pPls WIS e e T SR8 b
S SA S X AT ans 5015 0T a3l s eilss
QY St (S 4 Saslie sy K 3 b
N5 am ozl 5 OS5 Ui @ilad AuST
50U S sladle; 55 ol O sraldenST g [V ] Sl
als\gdgl::.wg)jb;m{u\}\j@Mdeb&i ol o2
Dedoslgliy Coda

03 gdos y3 Syl LAl V':'L«'*: S sai ol G o
Thdas S ot sl 6K Sat Are CLFee s
L s oS 055 53 el Hsbany o 5 S|

’- Dong

*- Bell

°- Guleryuz
1% Cimenoglu
Qi

2. Guclu

13_ Isothermal

dockio — 1
VU 055 4 ool S blay 0T W3UT 5 (sles
sbas (o 68 Sl 5 I Sy 4 Caslie
(b Las I8 53 adar 5l Cakibes wliws ) o5 28
A T (ol o b ks o ealinal sl ge s 5 oot
5 As Ol il YU oLl S ol oy -5
Ll g (S5 5 5Ly OABedS 4L bl
o Ceslie Ladaoes 5l (om 3 0l oDl [Y 5]
C 0Ly e wse Ol dins o Ol |y has Sy
22 (T LT ) iles Lilows ST laaY oy 59
ol Sy 4 bl 5 Y sles )3 sdi 38, sl
e ol s 3 se oLl 13 6y JIST (glad s o
o5l 2L Ol i, Gl ) on 5 pHete!
e Sllas ja e Sl S, 5 ol 4 o slis
Gl 53 1y s e 0ol S5 ST Y oS
o) 5 b g Ceglan Wilgh (oo ciled ol 4t
[¥]das s 1y 0T S,

STy (g5l 5 Sl a3 s 5, |
NIRESI S BUCHING DU P L RS
5L aS Gl ods et |l [F] uST oSS O s
shils (RUUT (it ST e )" 55 i 48|
4 sl YU ol 4 S glin ¢y S ol oy
ol gmmilin (5 5l s ol s e S35
O “ sl xsl8 s eslinal gl (3L iy 5[0 5 F]
[0] 3,05 (S5sTgn 5 slas p,l8 5 Si gloaylyl
O e 45 Sl oladnl 351 K ol O gl
5 ST Y K sl b 0ls e ol 5 ol
IV 58 2500 O haws y e s J55)

Sldas 23S 5 Mty S el | a0l 5

5 Cola B Sdeas At € slas 53 ) O seileST]

'- Biocompatibility

% Rutile TiO,

3. Anatase

“_ Implants

5_ Thermal oxidation
6. Siva Rama Krishna



WY Senls ¥ oLt a9 Jlw oS53 antign 5 asle dalilini

fo

Polad palld anilind (Suj 98 U8 9 5 lALL ol gd 11 (Al ( galusst sles Gl 1 b))

e s i ged 2 Gl g A 4B S i s S Y sl

b ST o Kile 5 ek ($2LT ) gty 4l
535 O gl oMy 053 Lo 5 Lasgad (S5 4 Cuaglie
A eS8 sl) S5 e (o san J s
@QTL;.U,};JVQ,L;»U,%J;G(ﬁM%,K
ol 03,5515 sl 35 el DLl 0 Il
S 5 Ct e 273 A Je Sl enily oK 51 0 ga5T
55 S Ol gte s sl & 5y =S od osliul EG&G
Oy 4 (SCE) aads g lsl fou JIS7 55,01 5 S8
Osa)T Sl a8 s s oz 035,
03,51 6,55 Gl S 53 eSS Sl 5 5 0 gl 20N,

.[\ \] Sl oo

o g s -Y

s g o Sl w3 T

2 STy phaie o (o Sy S sl ) JSE
Ldas oo Ol |y Calies slales 53 0S| (slads gol
S5 oSS o6 b 53 (il (5ol O pmlonS
b (s b5 TS Y (ol a b s e
s 5[ A Y] st e el (O3S 3
B s e S8 ST Y (Sl e
1,03 Ti0) oiks Sld STl ay e old Ll g
330 gl eS| r&;«, s 53 Ll cail, (TiO, Tis0s
L s poles 450 s Ve e °C Sl ST slales
o OS5 554U [0 5 Y] Gl ey b5 Conbls
S5 Dy ek o 0581 0SS ST il ol
IV Y]l Oy 68

355 5 ol A 55 e AeS TV U, ) IS o
OV iy 0048 o odalive 4S5 bilen A4S o ol 1, OT
00+ OC 5 ¥+ lales 53 odddnS| slaas sai 43 LS|
Avr OC g Ver Glales s odiadnS| Glad sas 55 5 S

Ll a5 1

%_ Saturated Calomel Electrode
>~ Oxide layer
6. Oxygen diffusion zone

Q)wéﬁwjﬂjbbg‘%bjbw‘q‘y@w
P55 3 gt i3 53 B IS Dlidod 5 Sl G
Qsﬁf.‘f @;:?rm}oaﬁo\jj ¢uf:l..~ BY) ¢v.:.;\::5u.>..h_.~
LoT 48" ol K3 slallas 4 Cod Slles o 0l

Al gn 4 o 4 Do Olej g i jp (UGl |

b3l plxil g, -¥
Yl sy (CP) )l Lalls wilss slaassad
et S 5L e Ao A s 458 e oSGl e e
c?" L;L&LGJ B LAM"N ubv\-&d-:@:\ d)v\_s- BL C)u\.’-.a
Q)HA—! C«.F«ng‘_g_i &:Ju\_ﬂ‘\_zA" OC}V" ‘9" ‘a"

&M&?QJ;JQMTJ%%W)-L_J‘LAM

390 JIobx (AL ailld obewd o Y Joua
yol> Guixd 53 odlaiu!

Ti Fe (0] C Ni H e

" VA IRVA TN NRVARN BRVAL gl BRVAR B P S TR R

Cole goddionls 5 Lwy 5l e gl (0 gunl STl 51 g
4 SIC O3 ol slaestin b eddile (lad gos .Ul
e g o3y edliw Ve g A P el b S
w&uaﬁ@uuajf(wwww@ﬁow
TS dlomn o5 las g e i 31 g 225 Sl
Voo sHNO;3 ) La¥-8 HF ) LoV S 5 L)
5 Lo ged phaie o o ks S8 (H20 2l e
Jos (6055 s s Sn Sl ealital b ST Y e
8 sy 35 Olympus &5, 5 5L BX 51 M
(e o 53 05| 55 g 5 35 Gas 285
e L )5 N b ) b g L s
GDS  Jus ol&ws 31 5 =8 o g LT(GDOES) Lol
e 255 15 bl syseleco oS s cs L 750
3212 ke gt e 5 o8z 31 o3litl s ad gos pelaw

S OsasT ol o5 ki (6,5 o 5lul Zwick oS8 ca L

' Commercial Pure
%_ Kroll
3- Glow Discharg-Optical Emission Spectroscopy




IYAN GLsls o ojladd a9 Jlos ((Sus0a (putige 5 asle dolilias
A

ol palld auilind (Sujea U8 9 6 lALL ol gd 1 (Al ( grluss sles Sl 1 b))

For C(P) D C () Fee € () Sllod 30 sl (S dignd 13 sl &Y xlalo gebaw 295w 9 oo ol 1) o
Ave C(&)gYer C(o)

OsalanST Glos 5 dnST Y Culs m S dal,

S o S N Al Sl g3y pege Do
X = 0.0000143T> - 0.011143T + 2.5771 M)
T 5 s, S cmep dS1 &Y Sl X 0T 55 &8
S el 31 E Sl w3 oy O el (Slos
@ g0 4 by e (/0 UM 55u) deSTT 4N Culbes Hldas
39d) Ol o 5 i 5 Frr OC Glos 3 sdidlS|

Wl Ar e OC glos 3 0diidenSTT & gas 0 b g 0 (F UM

—

(=]

Taekness i junm)
- e
o L il

L=
L&

Fro Glabes 53 sdddnS| lad s 53 dnS T 4V piocen
Glales 55 ol eS| Gl & gas wlaus #0r OC 5 00

Wl 03505 A abite 5 TSSO A OC Ve
Slos 4 T ST Y i D i e ¥ S
5 S Sn oo p Sl eslizal b o7 1) O ol ST
e oo OLES s (6,8 o3Il Y s s Tk pslas
Slos GhIFN L & el O S0l ¥ S )y
gl & Wl e (I ST AN Calks (O genldST]

RC I P SN 1

=

400 #10

Bs]

g [ lik] Lo

Thermal ogidation lemperatare ("C)

2Ol A1 (Slod 4y Cund IS T Y Clbro Ol g o 1Y S



IYAN GLsls o ojladd a9 Jlos ((Sus0a (putige 5 asle dolilias
fY

ol palld auilind (Sujea U8 9 6 lALL ol gd 1 (Al ( grluss sles Sl 1 b))

Glales 53 5l (St OpmldenST slos 4 e 354
S b &S i iled el g A+ TC st I S
el I Y 5 0955 4 O3S 358 5 A o0 QLS |
WY 1058 358 G b 1l Ad AT 4Y e o
el St ol 358 G b Sl Ak LS

[¥] 55

—— BBPT
= L
& BFL
—s— ATL
(- WL

Chxymen o erdrailan (wita)

Depth (Em)

29 0w | (S g0 O 5 | CAlE Ol g X IS
iz sk

las Sl L a5 503 Ol Ol 5 (o0 YU g5 1 enlizal |
o 53 54l il 51 O gl ST (O gl LS )
S5bisn PSiaas O3S 358 4l g Joies AST 4
oS 53 5 O eS| o il 1,05 o b 51V
O3S 5585 4ol Gos 5 ST Y Culie s ol
i 54y 5 OB gk gy 4 e Al e
WL 5 B 4 il e eyl g S T4 Y r e
23505 LN g 5 63l e 6 sy ilis AnST 56
Gl 6L sl YU glales 55 487 sl (TiO24) O3S
[¥] 258 o sl OT&.-@)%AJCBLSJJ(»ADJB
S rlge b g STl Sl Dl g e Hli b oy
- U S [ PPN | L D W PP

IVF] 558 oo S8/ S i fuad 5 LS|

-F laking
4 Spullation
5

- Vacancy

O | Cdald O gaks (g 9 —T-Y

33 odideS| Gladigai O3S Bl Ol ¢SS
Sl eslizal b o7 1) plaw 1 dhols oy Cilies slales
(GDOES) plosSly ki b 55 125 i b i
Jﬁi)awdu@m e B o OLES (old agS
O3S 3585 4l 5 25 5 @ilis AN 55 53 058 356 Y
oualin &8 5 boler S o ol 1y ST &Y 0l s
058 Chle &S ol 5 S b oo den 53 0558 o0
nl 35 3 g i b 4 b &S5 bl 228 OLSTL
ST a4 by e 5039 O3S (o5L 5 Hluae Juld 4
Sadisad 53 el b 4l pl [V 5 Y] ol (oelans
5 035 35 Yl Ave °C 5 Ve glales 3 sdsdS|
YL: clales s e.,\..'::JSiJ .,L:.S| 4.1\( Q:ﬁﬁ&y;i olasolis
2S5 Son Sl gy g 3l ol B bl pl e
el 5 5L

Gty el G 1 CBlE Gl mie (65) &S > L
GBS e 0S| Bl Gas RI5 4Y 5
55 55 O5enS| ok 31 L oS (glasb (P SE) Wb
Pl w¥ ) 5 058 358 4l 4 b 4T
©lales 3 oSl (lad god 53 4l ol [Vr 5 Y] ol
03 9 Gmas 0 B30LE 5 035 3 sginn MalS" Aer °C 5 Vos
doly 4 ey LWL Glale 5o 0581 358 4l
(Y ) 358 o 2 (o]

D = Do exp (-Q/RT) v
OT L 5 Gl O gl lenSTT (sl 51 b (6 5 i3580 O g
O gl eS| (o3 21 L g 3503 (o led oittns dlai
15 0 el ST VY] o Gl 05T 3585 Gas
@ g 51 ST Y Ole 51 05| 0 5585 a5
S Jbs s e 'C)}Lé/.x,wf\ &S e Joad S
S 0 S poba 358 G b b O gt
A1 36 53 3585 (giledled (6551 .35 5 oo sloul Callies

e ol el Ssline (S5 5 05eST (61 55

I Inward oxidation
2. Outward oxidation



WY Senls ¥ oLt a9 Jlw oS53 antign 5 asle dalilind

fr e gh en (g us R .
ol palld auilind (Sujea U8 9 6 lALL ol gd 1 (Al ( grluss sles Sl 1 b))
Ol oo i 5 Fr v OC (glaos 55 ol b1 4 5as G @l 4 (5 5)) ST 56 GV o S Y

Ave OC Lo ys odsunS a5 9ol am b g 0 (AV HV)

sl

Iardness (1%

L -1
h o 1] L] By ) L] WE

Thiérmal onidarsan IeEperaiant (*C)

Sbod 4 S Tl (S O s S 1F IS
NG YWV g

& 039 sldy gwyp -T-F

SLA a5 ESaliy3 gl O sl M Sla ot 0SS
NaCla g/l Jsdowe 531y Calides (glales j3 ol iunS|
wils ( (S35 55 il pslie Y sl das o Ol
2 otbdenS| ladisad S5y S s S3y5 0L 2
Tl Al Ol 5N Sla s 1 a8 1 Calies slabes
A e O Y gt 50 Ko )y s oo OLES ok
Jeiley F0 e TC L Fre 510 palinSTt by il 531 L oS
S oy o GRS e s I b (5o
Sgaian by o (/P00 V) (Ssyp 5 fouily jldis
(2 /YYOV) Ol s o i 5 Fr 0 OC (sl 3 0l iS|
Jemilyy .l #00 OC (slas 3 0dddnS T Ss0s & b g e
L o/re8 V) 00 s °C glos 5 odidenST 6 5a5 S5,
(o /APY V)V OC glas 53 odbuST 4 gad Jouily
Sl plp b B

S das o DL Y Jgdo 50 JSKE gy ¢SS5 3 b
wudls o CC L Fre S0 swldnS glas il 80 L

bl I e 5 el b (S 0

e s ol [0 9 F]55d oo Ady sl 25 sl Coge
[ ST &S e Judb 53 555 S 5 g Sl s,

s g QLB 949 ok £ B 4 e g 0 Gl

T (S Ol gdd g TV

Sl S o (e O e B S
Cal OT FOLF Ko ) ks oo OLES |y O gasldonS|
b o Gh ) e (B O gl ST gles 131 &S
b Gas 5 ST 4 Y Cules (51 s 4 Ll g e &S
[18 510 OF] sl 05871 3 i

ek B (6350 ¢ Sl O semlienST) 1 slizal |
S5dgn Jrol wn (e L dglie )3 o (B 53
bl S5 &S50 b ST N V0 58] ol o ¥ 51 i)
OV U awlin 531y (6 28 e plie el slabes o
A e 0L YU glales s avwa\eg\réu.éw.\:ﬁﬁ\
5307 358 5 ST 51 B0 ) g a5 oy !
Las 5 560 e alSTay ol e o8
LSS Co s gl )3 dST Y s S
[8] ol e Jas!

Rt S TR B Nv-I S PW N W o - PRS- S P
e slaml ()55 (SRanl Sl (G20 Ll 5 o oS L o
CE—“QMWT%)W‘YLSW;:)?MJJ#)J
LS Y o (65 Jdoa Sl (s sy (ol 5L
SUIT slaasts Sglize O gemldenS | Coo s des 4 4
05 = N7 510 43k 35 T o 50 Jos Sy
e 53 5 deeS | Y Canlind O gonlinSTT glos 21531 L
Al &5 5 oSl Jlai g il (oo 1P o (25
23 G Gl Ll a5 5 ) sloes ails 53 )L
Mlg‘ﬁd@bj):ﬁﬁ.ybsf}u}i@m
u&;.ng}Q!kfj\‘w!rSdgwéﬁ;}Sju
by o (Ve HV) e e o S VO] 355 o

I Indenter
2 Islands



IYAN GLsls o ojladd a9 Jlos ((Sus0a (putige 5 asle dolilias

Ff

Polad palld anlind (Suy 93 JUE) 9 6 lAL ol a3 ()l 5 O gamilasst sles Gl S (b))

5ottt Sy fewily Ol ST slaaY (g5l
)sjuélidhl_f;y}}uﬂjo\iﬁwbﬁ:&a
Lo sles 31l oo Sl ) (S35 4 Coglin 4
Ll s il ST Y Calies &S 0T 55 5L A e °C
NES IR SYTE PP oy s ol Ay GL“J:": ;l BE) ng
dj_laﬂmjwudwi&\{f‘d‘sdﬁédﬂ'c)w}ﬁ
Jw@d‘ﬁﬂ\jbw}o“}écbba.b)?
S 3555 e 5 0L windls p3lie Il 5 (Sa) 55

.J}_.ngb_)}_é-ygL_a)uajAuA_?sﬁjaj

XY AJem?) s, 0L o dnndlsydie o a8
Ol o ynis 9700 OC (los 3 odidnS | &gl 4 b g 1
SLas 53 edid ST 45 50 4 Ly e (Y/4x) 7 Afem?)
g%duaﬁja,f@ﬂww.wwﬂc
G Fre 51081 glos il 31 L oS das o OLES
Ol wils Ly bl yon (S35 55 o w0 °C

b I e 3 SR b (S
ol ol Calibes glales y5 Sy kb, Ol ok e
5l (il Jdsan e CC L B gl I aS

2
— BT
—— TO0MC
15 - GO
= gl
P I —=— A0
o
= 05 - i :
= i
=
0.5 4
.-12' A0 -E 5 4 2 i

Log current density (A/em™2)

NaCl 4 g/l Jglono 33 cciliseo Slod 30 oubibpudf (SUs diged Cuolis Sguuili Crgaul 3 5% (Slb owino B K&

Algo (Slod 3O subumS T (S dignd (T3395 St g § (59395 Ol o Aiaild (( T095 Sl pOlae Y Joue

& 095 Sty 95 Ok ddld | (T 2595 o g
903 £95 (V) Jogdl 29 5l ) i (A/em?) (mpy)
Foo Cslos s odkbtnST & gus /o 5% vax). "
Dre € gles s eddtnST 4 500 —o/¥58 VIAxY £y
For C les 3 akdokenS) & gl —OYYS VYxy V/Yxy
Voo € glos 53 odbidenST & gl YAl ¥y Yy
A Cglas 55 odidnST & gus —JFAY Y/axy V)




WY Senls ¥ oLt a9 Jlw oS53 antign 5 asle dalilini

¥

Polad palld anilind (Suj 98 U8 9 5 lALL ol gd 11 (Al ( galusst sles Gl 1 b))

LS Y sl gl g Bl S 5o e
el 558 e s 53 (o) 55 4 pslie

& 5 omt ¥

onl 03 el plonil S o 5 a0 55T (lafllas g sazes |
:;Jw'G\J‘MWQ)y@bljgljﬁj@Lﬁcﬂjz
A CCL P S0 wldaST gl 2l v
O O5wS 1348 Goas F UM 55u-buuS| 4 Culbes
b o2 FIAV HY 5 5o b ela s /O M O 500
s 0 U 0 pldnSTT glos izl 3l LV
(RIS Jeily ST QY s 13
S 2055 Ll 5 Al (S5 0L iy
b Al

s A TG o 0 peldnSTT glos izl 3l LV
i 5 ST oY (ab e OABad 548,55 oy ¢ 8
S 255 4o Teglin (8 e b o) 5 U plos udtaes
Al e Rl

Gles 55 ol jalls wilis ol O gl Y
GY sloul gl s i Ll 5 (Celu &S Sea 00 °C
Jlsb b b e (s 50 (Sa)55 4 pslis 4S
35 A0l5 o 5 03 (O ls0 i 31 (6,8 Jlo g) 1,08

.;,“.f)\}uu;wu)y;\yﬁdmﬁ,tf

e 3 5 DS Gles RIBI L Jsene ks
Ob o yse )l Cmles kST GlaaY Culbs il Bl
s 43 g4l il Bl Jaloes 55 I3 STy ol YL
R3S VP Al s (S 4 aslis
WY 55 Sy 5k, ok B 55 AT aY skl
Lo 51 1) @l Ll gas H1seS 5 AT 0¥ & syl
Sy 2 Olse 4 beS 51,5 ws S s ‘..-»L@.a
prle GlOg 358 dighp Csmome ol gl
[ ST &S tn b 55 SSIIE gls o J S5 Eisl
stlbrois SN Blond 1Y gane iSial i Oz 5 0 5o
5 L Olse 4 ol ST zen DI S S
ot cplply AS o oo LT Olge & 36 4V 5
o 0k IMouil s AT Sy geo 4 Jgloes b pladys
4 e s b on S 15 /SN S e b U )

DV Tosbio gy (b 3p OBt gty
G OC Glos 53 odddenSTT & g0l Oganl 3o M sl 5o
odasilis a5 345 ai odalive (LIS b ) asl
o Sy e3gdoen 53 o i Sa, 4 Cuaslie
Gl 53 o didenS | gl &S pl 4 ar g LSl 0l
QYimléuéﬁ):)l:\)j:)?uﬂwj:.«fﬁn °C
Sl OamldenST s (sl Ll 3 cmlie LS

Of o 0 s el S Sdess 00 °C Glas s

&y

1. Dong H. and Bell T., Enhanced wear resistance of titanium surfaces by a new thermal
oxidation treatment, Wear, 238, 2000, 131-137.

2. Qi P.Y,, Li X.Y.,, Dong H. and Bell T., Characterisation of the palladium-modified thermal
oxidatioin-treated titanium, Materials Science and Engineering A, 326, 2002, 330-342.

3. Seog Hwang K., Hwan Lee Y., An Kang B. and Bok Kim S., Effect of annealing titanium on in
vitro bioactivity, Materials in Medicine, 14, 2003, 521-529.

4. Siva Rama Krishna D. and Sun Y., Thermally oxidised rutile-TiO, coating on stainless steel
for tribological properties and corrosion resistance enhancement, Applied Surface Science,
252, 2005, 1107-1116.

5. Siva Rama Krishna D. and Sun Y., Effect of thermal oxidation conditions on tribological
behaviour of titanium films on 316L stainless steel, Surface and Coatings Technology, 198,
2005, 447-453.

6. Siva Rama Krishna D., Brama Y.L. and Sun Y., Thick rutile layer on titanium for tribological
applications, Tribology International, 40, 2007, 329-334.



AN LS ¥ ssladd s Jlo ( (Sussan seutige 5 asle oliliag
Polad palld anilind (Suj 98 U8 9 5 lALL ol gd 11 (Al ( galusst sles Gl 1 b))

7. Borgioli F., Galvanetto E., Fossati A. and Pradelli G., Glow-discharge and furnace
treatments of Ti-6Al-4V, Surface and Coatings Technology, 184, 2004, 255-262.
8. Guleryuz H. and Cimenoglu H., Surface modification of a Ti-6Al-4V alloy by thermal
oxidation, Surface and Coatings Technology, 192, 2005, 164-170.
9. Guclu F.M., Cimenoglu H. and Kayali E.S., The recrystallization and thermal oxidation
behavior of CP-titanium, Materials Science and Engineering C, 26, 2006, 1367-1372.
10. Bloyce A., Qi P.Y., Dong H. and Bell T., Surface modification of titanium alloys for
combined improvements in corrosion and wear resistance, Surface and Coatings Technology,
107, 1998, 125-132.
AYAP Olgiool ¢ 23l ¢Sl aaio oS5 ¢ ol ) 4BOLY g Olghlle el 1Y

S5 4 Caslie jsiien Soles (Al WSES Sl OS5 f B g Ol al Y

YAV (5ol Sles 5 b qudige (o Hlinw (ngs (8 S5 5 L 5
13. Guleryuz H. and Cimenoglu H., Effect of thermal oxidation on corrosion and corrosion-
wear behavior of a Ti-6Al-4V alloy, Biomaterials, 25, 2004, 3325-3333.
14. Briks N., Meier G.H. and Pettit F.S., Introduction of high temperature oxidation of metals,
2" Edition, Cambridge university press, Cambridge, 2006.
15. Kumar S., Sankara Narayanan T.S.N., Ganesh Sundara Raman S. and Seshadri S.K.,
Thermal oxidation of CP-Ti: Evaluation of Characteristics and corrosion resistance as a
function of treatment time, Materials Science and Engineering C, 29, 2009, 1942-1949.
16. Kumar S., Sankara Narayanan T.S.N., Ganesh Sundara Raman S. and Seshadri S.K.,,

Thermal oxidation of CP Ti - An electrochemical and structural characterization, Materials
Characterization, 61, 2010, 589-597.



WY ewls ¥ ol a9 Jlw oS53 antign 3 asle aalilind

1038 G gy daxals 5u ¥ ¥ (58 K05 0¥ 6 (alsancd g A S8 5 ooy 53

Yo¥ O350 oY 9 (eabsand g sl LSS 5 (o) 3
1538 a9y als o

Y. Ve . e s T
'@lJlaogf‘Mfﬁf‘*Mlcmw‘ﬂ

Liseu Lo g3 oLSEIIS  crunigo oS il go ceudige 09,8 « Lalical '
Ciseu Lo g3 olSEIS ( crunigo SUSEINS o g0 ceudigo 09,8 «yulicdi,ls |
a.fattah@basu.ac.ir :J ghuues ouicus g3 *

VAN /Y el syl VYA /02 TP ol e f

o

o3Uitnl U &S5 5 g ol Y g0 /0 Jsloen 53 ¥ F 055 5V (555 ks S5 LIS s &Y ol (o ) 5o
23 8l 3 gily S sty 1HIE sy Slaa¥ plite ol Sl i s pbianin S il e i
S il ool gl s il ot (S0 g 3T o 5 JoSK85 4255 0 Ol Sk 53 ol gl Jonily
FAcke Vb 5 kS 85 aels s Sy e Ve S o el Sl g AU uilitial (i e (5180 5051
‘._fkguu.;ljf ).’)@)’Gﬂ&?hﬁiﬂ&l{ Sla 853 55 /80 Ve B /A0 sl oL 53 487 sls ol cl:.; s el
Y YU CHds L olie by o JUisl odias 0Las VU (sbe uilS 3 5s S5l dil 358 oo sdalin oWl ails> ¢S
Sw&gjagfgguéu@@gbjauJg,::fJMJu,pw\JT)w)@\ﬂwmu)t,fdﬁ”
S, &S (B il 55 pogde (Vv r Vce b +/80  Jawily 03 d5en 53 oS ol J 5l o390 loen / 1,38 gy 4
e Y S oy 53 b pl 53 135 0508 08 3T 51 AL 45T b sdalie 15 oS (sla S5 55 G5
s bt s i sl o by o Sl 5 pe S lgn L 53 Canglie o e e b Caaglie Olejen talSTa
Wl a5l il (gl O gee Jie 08 gy Y (ST Olods”



IYAY Lenls ¥ ssladd s Jlo ( (Sussan seutige 5 asle woliliag
FA | } " e . syl L5
1038 G gy daxals 5u ¥ ¥ (58 K05 0¥ 6 (alsancd g A S8 5 ooy 53

Investigation of the Electrochemical
Behavior of 304 Stainless Steel in
Transpassive Region

Arash Fattah-alhosseini* !, Maryam Bolhassani’, Marjan Darabi’

! Assistance Professor, Faculty of Engineering, Bu-Ali Sina University
2 Bachelor of Science, Faculty of Engineering, Bu-Ali Sina University
* Corresponding Author: a.fattah@basu.ac.ir

Submission: September 16, 2011  Acceptance: June 19, 2012

Abstract

In this study, the properties of transpassive film formed on 304 stainless steel in 0.5 M
sulfuric acid has been examined using electrochemical impedance spectroscopy (EIS). For
this purpose, transpassive films were formed potentiostatically at selected potentials for 30
minutes and then EIS measurements were done. For EIS measurements, an excitation
voltage of 10 mV and an applied frequency ranging from 100 kHz to 10 mHz have been used.
Results showed that in the potential rang 0.85-0.90 Vscg, a high frequency capacitive and a
low frequency inductive observed. The high frequency capacitive loop reflects the high field
assisted migration of defects in the transpassive film, and the inductive loop at intermediate
frequencies is due to the relaxation of the negative surface charge formed by the
accumulation of cation vacancies at the transpassive film/solution interface. In addition, in
the potential rang 0.95-1.00 Vsc, the faradic pseudo capacitance is detected. In this region,
by increasing the potential, Ry, Rsc and Lsc are decreased.

Keywords: Transpassive film, Point Defect Model, Capacitance loop, Inductive loop.
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Abstract

Development of inert anodes in the Hall — Heroult for aluminum production has been one of
the major challenges in recent years. In the present study, the use of HSLA-100 steel has
been studied for use as an inert metal anode in aluminum production industry. Hence, in
order to create a corrosion resistant surface oxide layer, the alloy got surface heat
treatment. After surface heat treatment at 10002C for periods of 1, 5 and 10 hours on the
alloy, the behavior of oxidized samples studied in molten cryolite at 9302C for 20 hours. EDS
and XRD studies showed that after surface oxidation on the alloy mainly were formed iron
phases as Fe;03 with compounds containing of nickel, chromium, copper and aluminum in
the oxide layer. So the oxidized sample for 1 hour that the thickness of oxide layer was about
237um, has the highest corrosion resistance in corrosive cryolite — alumina environment.
Finally, the mechanism of corrosion occurred in the corroded samples were studied in the
mentioned environment.

Keywords: Hall — Heroult Process, Inert Anodes, Surface Oxidation, Corrosion in Molten
Cryolite environment.
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Abstract

Effect of hypophosphite anion on morphology, deposition rate, composition, and corrosion
behavior of trivalent chromium coatings, as a complexing agent in trivalent chromium
electrolyte, was investigated. For this purpose, the concentration of hypophosphite anion in
trivalent chromium electrolyte was changed from 0-0.75 M. Morphology and composition of
the coatings were evaluated by using scanning electron microscopy (SEM) equipped with
energy dispersive spectrometry (EDS). Corrosion behavior of the coatings was investigated
using Tafel extrapolation method and electrochemical impedance spectrometry (EIS)
technique in 3.5 wt% NaCl solution. Results show that the deposition rate was decreased by
addition of hypophosphite anion to the bath. However, further increasing of its
concentration to 0.525 M, results in increased deposition rate. Moreover, the incorporation
of phosphorous in the trivalent chromium coatings caused higher micro cracks density and
increase in porosity, and thus the corrosion resistances of these coatings were decreased.
Keywords: Trivalent chromium coating, Hypophosphite anion, Phosphorous, Deposition rate,
Corrosion resistance, EIS.
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