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Abstract:

In this paper, St-12 steel surfaces were coated using hexafluorozirconic acid conversion coatings. Influence
of different pH (2, 4, 6) on corrosion resistance of coated samples was initially studied. Electrochemical and
anti corrosion properties in solutions with different pH were studied by use of Polarization and EIS measurements.
The results showed that pH=4 hinders corrosion of steel much better compared to pH=2 due to less acidity. On
the other hand, pH=6 also couldn’t offer good corrosion protection for steel, since it is too alkaline to result in
proper oxidation of substrate. Next, questions of interest associated with how the concentration of MnSO, additive
(0.01, 0.1 and 1 g/l) affects corrosion resistance, morphology and composition of the coating. The properties of
the coated surface was examined by a range of characterization techniques including DC polarization and EIS
tests for comparing the corrosion resistance of differently coated samples; AFM to study morphology and surface
roughness; SEM to evaluate surface morphology; in addition to EDS and XPS to analyze chemical composition.
Results showed that the sample coated in solution with pH=4 and Mn?* concentration of 0.01 g/l possess improved
corrosion resistance (current density decreased about fifty percent in comparison to steel coated just with Zr) and
more uniform morphology. The result of XPS for the sample coated in optimized Mn*" containing solution showed
that the coating is composed of various zirconium oxide states and manganese compounds.

Keywords: Conversion coating; Zirconium; Manganese; Corrosion resistance; X-ray Photoelectron Spectroscopy;
Polarization; Electrochemical Impedance Spectroscopy



AYAY GLEawls A o ylas .fgudha‘éJJ’i@aw_ge‘gkuw

Ol 93 QS 53 9 (ol Cida ) (5595 93 Cao gle 58 5 1 90 9 ) (Tl Qi 53 0l 93 3 S0s (153 )

PH T 5 8 alllae > 5o 55 5 5Y 5 T 5 15 (S 2575
Coaslin 1l (6 94b 58 Olaj ST g cin S a1y J slome Slos 5

W3S o ks i Sla gl S5 5505 S 3555 4
el LS Gl (i gy LB 03 SO gy )3 sas sl Jule pH
@ B Sy Y pames Sl (S b pH 45 571>
03358 Jor ol pla 53 Ay (g b L8 035 e
3ul.utj,ujﬁ,‘cu_ﬂ,w,,ﬂ\wtgidfwgyp <wpH
2R R Bl G 53 S S Sl ) o Al sl
U S 525 0T 0 Sl g 5800 0393 i o0 5 slowe
StV Y 3 (Slad g j1odonl S50, 58001 ks 28
Ol Y 5, Sla0 35T o 5 peta i 35 353 Sl
Lus 0T G585 (olads S il (il
S 5 5 S5 s s S 5 () 59 S Sy S

S PO VI PR ISPy N [ NP IR RSP gy W

G 995 -Y

Sk gy 9 g0 dugi T

0 (a2 oo VO )30 53 YO)SENY o S 5Y b slad
2T 5 pleeed S b eslinal (s B AT 5005
S TS| IR L S B PP PR ERE PRSI PUPRE
o ) w5 ety S gloes 53 00035 03l VYo 3
o atnd Jaie ST U s 5 5,5 o 2 (Merck) oS e
W*’“"‘"&:"' ?~°C6u;);,.uu6ﬂf$ﬁ;;};w|g
3ok ag) ol S5 5 9558 8 (gl ok I gloms 53
Ao 3 0 Oy se 4 (Sigma Aldrich) @,MT LS oS
5 glacble 5 (8 5 F ) Calibes GWpH L (OT L5 s
2 Gl e 0 50/ ) F ub pH s Gl DU g
b slad s pH.Lus jgab se asl A Sode 4 Loee (slos
(5 5o 3l 0kt 4:g) S5 ) IS ol 5 S50 2t 039531
5 okd il Shie OT L g gad (g lueslel o 5lin i o a5
GilwosleT lad ghows  olas . Lidks ¢S F4°C (glos 45 05T o
5 558 53 05037 o 31 8 Lo g L agd oo T L
350 om 0T Cusby 5 edd ¢SKas YalST b Lds (gl

doddo -

S I e VS IP
S sl 515 5 [V ] 558 o0 Ol bl s b 22871y e 4 OT
OT S, 31 6,8 sl el jlo s Sl Cmis 53 Lol ool
Sl be, 3l S Y Cwlos S o 555 4 ) ok e 5 35
St b 3 o 2ol o S5, 55 45 53 5Y 8 5l bl
S 23,08 5l g 0 Fa o 05 e oS Sl S
ST 50T 5 o (5 o b iy o) [F] 215 0L 5
Caglie b e S AT la b g s e Rl
G0 O ke 3 L) ) 4 g (St sV Sos 5 4
25 G s gdous Lyl aslesl 0l Lol [F-V] Az
4003, 6l gy A Sl o3 S o3l iy (ol 3 eslizl
K e o s Sy 4 Sasli s o ay o e
JL>dtg.[r]@tdﬂ,;,@Tujbclwcwi&uu:,,
Jdsee 515 5 5b 4 & sai Ol e g yls glausgdos gy opl
Tl P A 008 il Sl et 5
LfJ{l{&}}jdﬁw\nj‘}fﬁﬁw%‘})éﬁrﬁ.[QjVJJ)b
Slales 3 Sallulg 5[4] 35,5 Cado ol S g S eslizul
D 575,58 o plowil Lamea (sles 51 5V

3o b b bl )3 (i Baps ST A sl ity
S il g ¢l Dl 55 [V ]S o g5 28 Coas b
S sl sy e s e dhaz S OleST DU s
DFNY] psdT L 51 0T s3T5 il & S
o S [V Y3 5 V5] (s V] o8 19510] o 5e
ClaS DI b i [NV 2K 5 (Cui) g8 .ol
o S S 0 Sl Ol 4 p g L e 5
Jlo 55 5,8 Jasl AZIID (50 SUT o2 b idips S
o 3505 05555 254k bl Sl Ab s L S YV
Ost s s 5 JB s p Sl (S5 5SS ol ok 5l Jern 5
LYY-YF] Ctls g5y Slind 2 b awslin 435 Shes alS
5 S 4 Sl i, [Y0] L8HKas 5 Jlase Lo
S B Al S5 5555 8180 ook (sla 2y sl
«(Bonderite NT-1) o1y 5 0l Cu b 5) WbeSal s 56 L ok

N | USSR TETIVIV NEVISLES WLRXY

Co Cr S P Mn Si C g
ofs ¥ o[ Yy o[\ ofo¥ +[VAR of\Y o[+8) SI9 Ao
Fe Cu Nb Ni Mo g

V. PN LR

NSRRI P

SIS




VWAY (il A o jlach p g Jlos (550 95 st g p gle dolilind

g S 5 5 i by S5 i oo glle 8 95 95535 S g o8 s ke w3 [P

VFAZIP) ppn T gla 2856 L oS0l ansl XRIE2 T
.MJ:H(CJJOJ}Q‘\YOV/?)ﬁF}(QJ}Q}}Q\

S @b -r

Ogawl 3 3% SO T -1

okd iy 6oV B e 4 g Ol o B (sl gt | S
e 535 o3 WO glome 3 15 0kl idsy 5 e 58S 55 L
Ly ia(Y ) bl sl STy . das oo Olis L1 IS
5 Sl Jloms 53 0l o 05081 Ll 5 055040 A5 4
ey 53 ol (6318 2T 5 Il 4y b gy o () (6T 28T
a5 Dol Sy b b8 sla [1STTy o ( S35
Sl per 835 g5 Ly b gy o s ) 5 ol il s 518
besl 53 BU ol O3 S 355 on Ok 0L J& LS
S Wb esy S 4 Sy 0l JEs 5 Jeuily o s
Jy‘}é\a‘ww)b.@‘aﬂaJJ)TijlJ‘pl:-@\Z}\‘ Jod>= >
Lo b 7 ¥ pHOs ol iy o 6sai 5 A D5k
e s Bl RIS T gl
03,5 Iy oS 7208 sla 0L I v 4 05l 3 sl
g A gad 4 by e (O pA/CM?) T Hldie o S Ll
PH=F el 68558705 05588 1388 ¥ sm 0/ ) Uslowa 13 003
PH=F 3 e |5 L5 &Y & das (o O s .ol
(i, = O/F pA/enr?) PH=Y baslin 5315 (o550 4 Caslin
e ol Llg oo al cpl Cl odilide 550 oS e 4
o ek Jom Jsloen 3 6 2k 8T 5 G PH s 87 5
pH};,.:@K,A\;‘s.u\sduumstmué%éu;U,-SJ\
Y gz 03,87 O ey Sl el 21 L bl (o0 I (5
L 36 s pi PH 5l 4 (So555 215 55 pslie d ol
G sl 53 1y o B ol PH 3 Ko (55w
AT bl BT 8 4| el il 5 el e o g 0
Saﬁ@@jj&ngyL;;&ﬁFe%cﬁv.a.[\’b]
4>.r._:.SJ:.:ﬁdQsﬁgrﬂ)élﬁFCJerqB)Q&Q
Coaglis 3,05 ¢ g 5, S pH=Y & G pH=F 5 iy
4 i 5 PH=F 55 oaT s 4y (s 2y (S35 55 4

Lle Ll g5 god 9 Sl 5 GWBPH ol aS7| 2 ol S pH=F

o 3395 SlogeT -Y-¥

O SV 5 edd iy oV Slases (5255 sl seT
A ol s 5 8 g o N 3y Sla st L g i,
(Electrochemical Impedance Spectroscopy (EIS))  gla.s
OT 53 a8 (635 /S s ilolus &S5 5 a0 g 3T S s S5
257501 Ol 5t g 0ok i 5y 4 5o (S8 25 5801 0 g 4 5,
Jo 03 e 29 2S00 Olsis a0 WIS o0, 55 1S 5 IS
5 el IS s S5 Ao 53 VIO J gl 53 5 g la s 2SI
G305 e fa Bl ) Comln y gleandis iU (a0 05T
52508 S 55 e bsliee Lo g O o 4y 5 i plnll
I 02 812 05l Y 5, 00 30T A 0y (8518
sy o )8 ks iy (S Jeuily 5 S35 0L
095 3k e Jedly 4 S L oo TV 00 05 ks 53 5
Sy 0l S s gmast Iy /) (Kl S 5 S
Olbl s Lat b fuily 53 BU oL O S Sleslizal L
<> 4 ((Open Circuit Potential (OCP) L s fouily
SIS s o3 gdos 53 glacd 5 SN uilial (sla (5,8 01l eT
lne sy Ml el o plosil 58 /0N B 50 ST e
G031 .55 5k sle il 51l 5 SYL s oo Ve Jlesl
Autolab oKews bws olass 5,8 uildely O gl 33 Y 5
(NOVa) 15 i 3lp 5 Lo 5 ol 5 5 ¢l PGSTAT 302 N
S 0505 s el

Gt S 9 s i 5 ol 1Y

Loodii g ol by o3¥5d b wldlo,
D PR PPN Yy | INUPURL SRVP S S | [P S
ol ,on 4 (TESCAN, Model VEGAII, Czech Republic)
e o8 Sl sl (65 e b
3,35 (Model RONTEC,Germany, QUANTAX Software)
) 3 Sy Sn Sl esliimal b 28 8 15 L)l
Sadi s b wlblsw ) 3 (AFM, Ambios Tech, USA)
3 E 5 g andlan sy ge0dd Jib s

b g (b Ay et S
(X-ray Photoelectron Spectroscopy) _-SG! axi! 5 =S 55 45
5 e ¢S Jele (Model X-Ray 8025-BesTec, Germany)



AYAY GLEawls A o ylas .fngL.u‘é.\J‘g'a@.uW_ge}\Luw

Ol 93 QS 53 9 (ol Cida ) (5595 93 Cao gle 58 5 1 90 9 ) (Tl Qi 53 0l 93 3 S0s (153 )

O o/ /o)) K6 opl ) Calides Clale aw s o OLES |
@;J‘JB‘\&‘U@GJJ}A

T T T “'\ T T

3

107F " \~
'0~. '.'l:.

-5 : .,
10°F ~

6 i l:
10°F '

Current density (A/crnZ)

()01 M H2ZF6 - pH4
m (.01 MH2ZrF6 - pH4 +0.01 glit Mn S04
n o mm (.01 M H2ZeF6 - pH4 + 0.1 gllitMnSO4
wn 0.01MH2ZrFG - pHa +1 glitMnSO4 | |

Ay
=)
-~
m— -
- e T TPl e LT,

07 06 »0{5 04
E (V) vs. Ag/AgCl

WNoo _/ NUghRo )30 3ub  yiuiiga 53Vg9 5l dig.03 gaml j )M sld ikie:Y S
2301 )ga6aLigulilgan 3iSie 9183 Y93 PH=EL Sl S555 3359293543135
buzxosled )3auli I dydlikoslble dun
(SIS adan 5339 3905V Dgdro )3 9 alogi)

X s 53 o 03l Ol palie 5 ¥ SKE lo 05 4 a5 L
G g0 4 by (YORA/CM? ) B3, 55 0 o J&s op S
G 2555818 Y a0 /0) (Gl Jske p30dd 2y
Jooity bl o PH=F b Sl 5800 2 0 80700 5
o by sl ges S5 L amlin 53 35 4sel ol (S35
0 a5 0355 1 K8 ol 4 e polie Coaw 4
Fe sy S90Sy San idu 53 his Jls

gl o o3l Cj:-

Gl s Sl 3.3 5 pelan O gesldonS T 5 (sl sLapH
QK;JJ?QYMg}M)ijQ:ﬁYpd\ﬁoM:\jT
Gl e ¥ 5 Y & Cawi pH=F 55 Sy foily il o
o;b@;j\@xﬁu;&w,@“qw.muaguas

.@Io.urf;;)}&i\

(LS sl aST
2H" +2e — H,1 ()
0, +H,0 + 4¢” — 40H" (¥)

L;.bT ,«.S‘ . b
Fe — Fe*" + 2¢ (\”)
103
~N
£
4
5 l()—.‘_ 2l
Z
-6
:’EJ 1051 .-. 4
E i == Bare Steel
(s} = == u w001 MH2ZIF6 - pH2
107 ‘ - (01 MH2ZF6 - pH4
1 == 0.01MH2ZIF6 - pHE
L L | L . L L L
0.7 0.6 0.5 0.4

E (V) vs. Ag/AgCl
Unlxo )30 3ia390 3 yiaisga9i5 Y99 sla g0 gaml j ) Ma sl ixied) JSuis

Slod )38l dyaliste sl PHL SuuwlSiigS 3359,939J81358 )¥g.0+/+\
(Qulpls” PEK VIS 93903 Y/ dJgdze 53 y9alog) boaxe

63V (Slad ga3 (LIS 5 (T O sanl 33 Dy (Sla oeia ¥ IS

O o 5500 5 5l O3k 5L 535S 05 Slad shome p30d 2y

Jouzmo 5los )3 sl A S0 dgiligan 3355 39463 93391 094395 339 S Ughxe ) 303 Hiailins9 53V98 (5L 3503 51 JAB b w9 p2 )l Jols sldosla:¥ g s

(S3LUS o330 5339 3403 ¥/ Dgdxo )3 y9 dbogs)

(MV) Fs555 Joily o S a4 g
(uA/em?) B, =
-0+ /0 dals sY b
—OAY o/f «/+\ M HyZrFg - pH=¥
—0f4 o/Y +/+Y M HyZrFg - pH=¥
—04A O/A +/*\ M HyZrFg - pH=¢
—OVF £/ +/+\ M HyZrFg - pH=¥ + \ g/lit MnSO,
—$\Y \7Al «/+y M HyZrFg - pH= ¥ + +/\ g/lit MnSO4
—ov$ Y/0 «/*\ M HyZrFg - pH=¥ + +/+\ g/lit MnSO4




1YY el A cJLAaﬁ(eja.udLu xéddﬁww‘geﬂu&w

g S 5 5 ol by S5 53 a oe glle 8 ) 95 95535 LS Gl o33 s i (0 31 [ \

VS s Ol oY s sl o Sl edeT Cws 4 S
3,0 Lkl

1400 | : ' m
= Bare Steel

~ 0.01M H2ZrF6 - pH2
1200 - w 0.01 M H2ZrF6 - pH4 E
O 0.01 MH2ZrF6 - pH6

1000

2" ()

Z'(Q)

023 )3 0dub Hiubgs 9 5IVgd Sl 3903 gL Gy ixie Y JSub
alio sl PH b Sawl 39S 35 9995918 1358 HYg0 /+\ b Jgkxo
buzxo Slod )d Al - e Ay
(S4IS paans (5339 3903 /D Jskxo 13 y9 abgs)

— —

RP or Rct

—

EIS gl 93,5 b s Jdleo Hlaw € Jsob

Cakides b gla odidy 5 Sl (651 i Glme 4 Hldae
AU Gl IVl (o (6 5 51 (U o (1 5SSL Jee
4Y IS L ekyls5l (b Ol (b Gble 5 s
N Hldae o Jodo Glas [YVYA] das o QLGS ) Jodieme
Ol g 380 /) SV /LIt gla Clale gl /AT I sy
Sl Ll e S aml il N g/lit ol AT &

i e iy o SOU
Sl Sl A S R Oad SVl Dl
GRS Sty L) el ) oS adl Rl iy

.J))@JU&JJ‘

2 ol 9 i guiline!  iwcinb (SB g0 )T —F-Y

2 s S ety S sl (el 03T
o 51 slge Sl ol Saos bl Gl o
[¥9] cl (S35 sboiylsil 5 51T Slapks o iy
S, sl bw g Olg o1y odd 2bg SV uldal b,
Sag gai s $SGU (glayls g3 515 OLES 39 b oy SO
el ok 033 Ol ¥ S jaels iy 5 oY 5

Clad g (i 5 gab 48 J glows aw 53 4B A0 s 4 ad gos
X SPH b ol &GS 05 5,556 15508 Yo Ve 5l
GLad 505 (512 (HE S e akias DLt 6 s 05 K 7 5 F
oslanl b by O9a3T ol sWmesls s gi s odalin (g3 g
S s Kos obie 5 05l cCanglin Jold dobas lie
Il 4y Caaslie &S5 0T 53 a8 das o Ol | (gole B IS
ks lse OT 53 03l 5 Canslie oS (6 K05 5lia b (5
(b 5B jeaie R sl Caslie Juls lte opl syl
Ol8) RR n pslie sl 2R L Jlast Cwglas 5C
Jsder 3 @505 2 51, (CPE Lubast £, Y0 5 (CPE
el 0kl 03,41 Y

eilel o313 Bbl SIRD Hlde ¢ 2 5 05y K Sl
3 8 gl 53 ey UL s g0 R e 5 (225
(Z,Alim_ (| Z(0) | SR=Z)) 558 o 5035 o o
o5 s oles R Sopeesle e K gl T o S @
N R UM [ S PGV V) LIPSy
sl ldde 95 oyl

231y el opl dzusly (Mansfeld)dawis 5 (Lorenz) 3,4
Cel Ll g0 DMl ol s ST 0L g Lias Ol 3yl 50 &
):S@\:\q—}:qtq-.:ji;:)?@ﬁ@)w:)}Tﬁ
Lyl Sa) e LR islie GUl O 55 &) s
ALl R Jg ayls

Glawi s Rl jadeia ¥ Jgder 5 Y S )3 &8 ) shailen
4 PP VPP ATV Qem? ki 4 ol iy
Ll Bl 215508 5 F Y sapH ol

Sy by S U Oslp Vs Caslie 35 ol



AYAY GLEawls A o ylas .fgudha‘éJJ’i@aw_ge‘gkuw

Ol 93 QS 53 9 (ol Cida ) (5595 93 Cao gle 58 5 1 90 9 ) (Tl Qi 53 0l 93 3 S0s (153 )

595 23) 995948 1358 sl Jgdxo ) 03uis yiudg 9 LD 53V (SLa Aiges (Sl (H3lesisg JiSIl sl ol (ST iulo g,..)'T ol Jools sla o3ls ¥ Jgaa
(RIS @230 (5359 390)3 ¥/D Ughxo 3 )9 Aboge) bouxo SloS S Al = 3w &y il JiSie gu63 Y933 9 b Syl

n Yo(Mho) R, (Q)  Rs(Q) JEVRIN
*/AQ AD OA+ AO dals sV g
*/AY ovy VYV \e +/+\ M HyZrFe - pH=Y
o /AN Y44 \FPe a/# +/+\ M HyZrFg - pH=¥
VA Yo S Verd +/+\ M H,ZrFg - pH=¢
V/AY o VO Vo/A +/+\ M H,ZrFg - pH= ¥ + \g/lit MnSO,
VJAY YA WY I +/+\ M HZrFg - pH= ¥ + +/7g/lit MnSO4
VJAF Yao Yfoo [} +/+\ M HyZrFg - pH= ¥ + +/+\g/lit MnSO,

(Callg JS2) o g s 5N g c@.@\ouuﬂwp
Sy bl sl o0 035 enliw I 5L oS Sl b gl (o5l
(=7 JSC0) ol G558 55,559 818 U slome 13 (555 4L 5
Slrazs ol pod 4 K (057 Sl 5 A8 o0 i (505050
T UK 8 Jo 550058 (aods WLST psssS 5 5
25 H 1 Be ol Joms 53 0ds by SV 4 by oS
oo oalie Slrass !l ol Ol g 50 5 el S S7 05
Lz ol ol Jold IS 5b 4 p i S 5 sla s o sh
D3y by &S e b 53 o a1y i (2351 S
@3 G y3 18 oS 5 S Jlo j3.kins o 28l 03 S meos
23LeT Oloj 5 Los PH o gkl 5 sla eyl (g5l g L[ VO]
23 i pledl b laamd Ll 103,87 1y a8l (55
A o o en s HZIF G (s Jsloe Lo 5Y 58
JS)plam 53 58 sla O s g (F JSKB) L5 5 95
03331 8 8 eSOl gn Nigh gr feS Olaad Lol o(z—F
Fhe (83 iy b 5 iy oS sl sl 58 0y
03,8 s 53 (oS B 5 dy (o 5 4y 58 or el
e 5 il Sy p 5 oS 5 LSS rie fuab o el cazils iy
oS D3 Gl pls el o g S 5 s J ST s 4
St 78 (55l ghomn SloceT s 4y i 3590 5303 S
SV pelans a6 5 2SS S gl litn S 575 oS
Al S35 5555081550 Y gm0/ ) U glome 53 (555 4b 58 3l n
OV S 3 0T 5 guam b5 Sl g 580 ) e 05 pH=F s
23,8 ez )33 5 grodaliiaV IS 5348 ) slailas . bleuki ol
3RV (gl JS8) 580 (gl I plome Sl oceT s 4y 2y 53
b geboms (25 2 s 53 803 (Sl iz S S 505 sl (0

i [idg 5 i O 3V 8 T sSOU slals gas 0 IS
s (o QLB MDY s 05 5L e s S 5 (s Jshos 5
Y S A RS S YR PGP PR U PRE Y
O sl 52 0¥ 53 Conglin 055 oo 035 3 PH=F L p 5 oS 505 J sloes
Zr s M sl g (s bl oo 31 (oal YE v VB9 1)
Ogemtl 325V 55 Glaesls b o glie 3 5ugp o 5 ilazils &K 5 i 3
S 45 I8 S i U5 o pl s 2l S oa ¥ s
b Caslie sy g a0 ) Gy Dl R L

el Bl g5 B Sy

= Bare Steel
2000 | |®™ 0.01MH2ZrF6 - pH4
O 0.01 M H2ZrF6-pH4 + 0.01 g/lit MnS04
¥ 0.01 M H2ZrF6-pH4 + 0.1 g/lit MnS04
A 0.01 MH2ZF6-pH4 + 1 g/lit MnSO4
1500
g
N 1000

Z Q)

Vlubigey Ylulig U1 5V5S b Aigas aungil Sl iie B JSib
PH=E b Saml Su395 335 9053903 1352 H)¥g0 +/-) S Jgdxo )3 )3 03ub
Qs e &y ilicke Sl wnddle H3 OT pguda b 9 wulidow 3ifie p9uda Y93
(RIS 233un (5359 3403 ¥/D Jghzo )3 )9 aloge) baaxo slod S agls

el Al RSy e b § gl il g 5 P
05555 23 b edkd iy 5 oV Sla wisad mha (5550855
3 bl pla 4 0T 035380 O3y 5 Sl g 7800 035331 L



Ol 93 S 5 9 (ol OBy (59 95 o Cao glie HLI8 50 5 95 5y (e i

VWAY Leasls A o jlacdi a geu Jlos (S0 95 (seusigs § p gle doliliad
53 0oty 2 i o0 31 | PP

la dslome y3 0l (2 gy (St sad (12 p 35S 25 (S35 el
Bl o YIVF 5 VYA 5 58 03531 0ot 5 L p s oS 5
a5 Ol n A3l o 48T 3551 5 sl g 3 5 s 50 5K
OLS 5 G Ol immen 5 50 ol lous 55 23 S
05555 25 8 S o gy VB AT 5 mhaw 5 p s S5

By W5 F ST Gl LS

sV sle JSK8) 58 O p s oS 25 sl U sboen 3l e3lizd
3 S 350 53 8 ekl 2 S 15 3 Sleand 5
3 sbal ol s s ods 3K 5 p S 5 (S5l Jskma b
el P S (s G A Sy S sl b ol s

LS by Koden
313 0l (7 5 oF JS) STy 55 (il Jlos

HaZtFs + Fe + 2 H,0 ====>ZrO, + Fe > + 4 H* + 6 F + H, ®

5000 Fe
E F
E Mn

» ]

i

g:

o o

[

r‘

SEM MAG: 30.00 kx
SEM HV: 15.00 KV

SEM MAG: 30.00 kx
SEM HV: 15.00 KV

)
1um

o

Energy (KeV)

5 Fe
2 F

10000-; Wi

g

5 o

~

(v}

5000-;
o-J‘—‘

10

e SEM MAG: 30.00 kx
It SEM HV: 15.00 KV

Energy (KeVv)

30 &y o/ AM HZrF Jolxo 53 0dubs yhuibigs Sld diges (yiuiST s (5) 3l (i wiulo Julxs 9 ®lown (yuolivh sy ) (all) SYgd mloww (puslivhs sy y oo
(g)+/-\MnSO g/l =sale b 9 () MnSO, 934 boaxs slos »3 &l 4



VFAY Ll A o jlacdi o geu Jlow (S0 95 cunige § p gle dalilad

Ol 93 QS 53 9 (ouliedi Cida ) (559 95 o Caa glo 5 5 1 9l 58 3 ) (el i 53 0l 53 3 530s (193 )

GRS gy “ilitke juolic (539 3403 :E Jga

Zr Fe 0 Mn s | J gloes
YAF | amey | vy £/00 (33 2o MN™ 55
VWA | are | Y/Af CIA (3 Leys) MR*

oo el an &0 LU e el e 150 ALl 200

o0 e 40 &0 w0 100 120 “e %o ne L)

(39 Z cmslidguns 3iSio ol pad &3 Suwnl 395 335 9959181358 (o 9 l s9ls Jgdmo Jl ool o &y yiusigs (5l (5051 (59 )48 95uwg )Sao aglios Y JSubs
Sl K395 295 995948155

O ZrO, 5 1, ZrY &S Cual Zr 3d 3/2 4 Ly 0 (VAO/Y
[32] O-Zr wigs & by o Ll 5 2O Is Cabs [¥V] das
Jshilen AL VPl o OT 51 56 O-H 5 <[33] O-Fe
R N R ]
b og yhwadl ST 51 506 35 oS Sl b e OT oslis
aseia FE 2p bl sla S il o 4550 b s olas
Ao g ydet/ ST aT la 68 51 WS pslie &S AST s
Calzses aT (gl ST (61, O 18 s aSlosT 1t s 5 2 5

ol axdl 09 pisTMei g8 i Linb Ollllae -Y'-£
b sy Bk ) s S n5 e gt S
S el A S s LS eSS sl o 1Sl
s s o Ol ) Fe 3 Zre Mnc Fo O o 8 (o4l
il o Z13d Cal Sl 4 by e (A JSK2) OT s
OAYFEV) 5l s (65 1 y348 gladbec ol alban folaabs -yl
a3 o O 1, Zr0 68 S cl VO YA Zr « b s o e
SOIAMF eV) VL Wgw 550 5o s oKy 93 5 [ VY4



VWAY (il A o jlach p g Jlos (550 95 st g p gle dolilind

g S 75 5 i Sy S5 o oo gle L 55 95535 (LS et g pol 33 s 3350 30 31 [P

OB pH ja M Calises (gla SLale s 5 (7 5 F Y) Caliies
5 obandis S uilibal i (s (6l 15 03 51 ks Jles! €
)JGMT@JM&&}{‘K-\JAXS;M&UQ#‘J&)Y}{
L'J.L‘jJJ‘J&}@_J;J)P&Z\;A}L&R;)YPH4-:\;-:-~ij=?
oS Y ) 5O e ;s e EalSTL Al s 4 PH
sl S8l nll hb gy Sy 4 wslie (pH=F) 2
Sodal Cows s 2y o 1 (s 9 S O S S
U’JBJJcJ‘JQLﬁJb(axJ;ﬁjQ\)SCQJMn2+Q)a\{d‘,laa
Slaezs ol (/) g/l Clle MDY (gl Jglowe 5 30 3 45
Lg\.a[)_,.U'T@\:JQSMT@:Q&F&\}&&M)MM\P
ors EMN? S dy o sl Sl 55 Sy
N fp S fia Joad 3 70 L (2B, (Jy adls iy gy 5
SFAEI S D30 w0558 25 o) okd Lol S 05 S
,-:i;ﬁwuuux;Jy,gag@qg¢|Jsdtﬁp.M>t)
S 4l 05 1S 5 5 s b it S 57 5 05 Sl
Ll LS (}f;ﬁj Sob ol Hob 4 iy a5 sl Ol
3lie A1 5 (oo 4" Ll bn y a5y LS 5800 oS 3lie

Al ;’J}"' 2l

Shd g Kl -0
}Us)}t.‘ew;@,;bjl&ﬂ\;@p‘yUs.ﬁolfwy

5 ololid il oo op 055 sl P (gladls 5 187 o 35
Glaals oLz A IS8 Cads ol [SCis (ST (gl845 8 (g 5Lkt
C.,.LGA{vaj'\j‘oﬁc)blébojfg‘éjjuf@\O KLL
g Lo LY 3l 55 xS0 o s KW O Is Sl 0

il oLV 30 S0 ous

(d‘ - :-'f (‘." 2r3d5/2(183.3) Zr 3d
o H 2r3d'5/2(182.4)
g 2 2r3d 3/2(185.3) \
£ /
g
wz

£ ,,//v s g L —
c - Bn‘.
3 & o g & 3 8
E ol & = Binding Energy (eV) -
[
S
] )
¥ ac "
2
s w e -
> 3}
=
@
2
g
2
£

]

»

e

N

E——
1100 1000 900 800 700 600 500 400 300 200 100
Binding Energy (eV)

SVgd sl Aiges uSal Amibl Hg pisllgigd (i iub S b A JSub
/) G Ugd=o )3 buxo slod )3 Axili A= o &y 03ub yludbgy St-\Y

(l) lidgan 5iSho pid p3 @) +/4) 9 Sl Su395 235 993543 1335 HVg0
() Zr3d Gisa b g

S 5 Ao - ¢
Al S8 05 5555818 4l (b S8 Gk 53
sl T s plos 31oslaal LSENY 655 51 (639 5 (slas s
GLPH L (/N M) sl 6558 05 55556 1,88 ool clale

&&lyp

[1] L.S. Van Delinder, Corrosion Basics — An Introduction, NACE International, 1stEd.,1984.
[2] J.H. Hong, S.H. Lee, J.G. Kim, J.B. Yoon, Corrosion behavior of copper containing low alloy steels in sulfuric
acid, Corrosion Science Journal, Vol.54, 2012, Pp. 174-182.

[3] T.S.N. Sankara Narayanan, Surface pretreatment by phosphate conversion coatings, Journal of Review on

Advanced Material Science, Vol. 9, 2005, Pp. 130-177.

[4] C.R. Tomachuk, A.R. Di Sarli, C.I. Elsner, O.B. Ferraz, Morphology and corrosion resistance of Cr(III)- based

conversion treatments applied on electrogalvanised steel, Journal of Coatings Technology and Research,

Vol. 7,2010, Pp. 493-502.

[5] S. Maeda, Surface Chemistry of Galvanized Steel Performance, Journal of Progress in Organic Coatings,

Vol. 28, 1996, Pp. 227-238.



VFAY Ll A o jlacdi o geu Jlow (S0 95 cunige § p gle dalilad
Ol 93 QS 53 9 (ol Cida ) (5595 93 Cao gle 58 5 1 90 9 ) (Tl Qi 53 0l 93 3 S0s (153 )

[6] L. Bamoulid, M.T. Maurette, D. De Caro, A. Guenbour, A. Ben Bachir, L. Aries, S.E. Hajjaji, F. Benoit

Marquié¢, F. Ansart, An efficient protection of stainlesssteelagainst corrosion: combination of a conversion layer and

titaniumdioxidedeposit, Journal of Coatings Technology and Research, Vol. 7, 2010, Pp. 493-502.

[7] F. Rosalbino, G. Scavino, G. Mortarino, E. Angelini, G. Lunazzi, Evaluation of the protective effectiveness of
Cr(IIl)-based passivation treatments, on galvanized steel sheets for automotive applications, Journal of Solid
State Electrochemistry, Vol. 1, 2010, Pp. 23-27.

[8] A.M. Pereira, B.D. Dunn, G. Pimenta, K. Fletcher, Assessment of Chemical Conversion Coatings for the
Protection of Aluminum Alloys: A Comparison of Alodine 1200 with Chromium-free Conversion Coatings,
European Space Agency, 2008.

[9] J.R. Van Wazer, Phosphorous and its Compounds, Interscience Publishers Inc, Vol. I1., 1966.

[10] S. Jegannathan, T.S.N. Sankara Narayanan, K. Ravichandran, S. Rajeswari, Formation of zinc phosphate
coating by anodic electrochemical treatment, Surface and Coatings Technology Journal, Vol. 200, 2006, Pp 6014-6021.

[11] W.K. Chen, C.Y. Bai, C.M. Liu, C.S. Lin, M.D. Ger, The effect of chromic sulfate concentration and
immersion time on the structures and anticorrosive performance of the Cr(III) conversion coatings on
aluminum alloys, Applied Surface Science Journal, Vol. 256, 2010, Pp. 4924-4929.

[12] B.F. Rivera, B.Y. Johnson, M.J. O’Keefe, W. G. Fahrenholtz, Deposition and characterization of cerium
oxide conversion coatings on aluminum alloy 7075-T6,Surface and Coatings Technology Journal, Vol. 176,
2004, Pp. 349-356.

[13] C. Wang, F. Jiang, F. Wang, Cerium chemical conversion coating for aluminum alloy 2024-T3 and its
corrosion resistance, Corrosion Journal, Vol. 60, 2004, Pp. 237-243.

[14] P. Campestrini, H. Terryn, J.H.W. Wit, Investigation of the formation of the cerium-based conversion coating

on 2024-T3 aluminium alloy, Surface and Coatings Technology Journal, Vol. 202, 2008, Pp. 3396-3402.

[15] K. Brunelli, M. Dabala, I. Calliari, M. Magrini, Effect of HCI pre-treatment on corrosion resistance of
cerium-based conversion coatings on magnesium and magnesium alloys, Corrosion Science Journal,
Vol. 47,2005, Pp. 989-1000.

[16] H. Ardelean, C. Fiaud, P. Marcus, Enhanced corrosion resistance of magnesium and its alloys through the

formation of cerium (and aluminium) oxide surface films, Journal of Materials and Corrosion,
Vol. 52,2001, Pp. 889-895.

[17] N. Mora, E. Cano, J.L. Polo, J.M. Puente, J.M. Bastidas, Corrosion protection properties of cerium layers
formed on tinplate, Corrosion Science Journal, Vol. 46, 2004,Pp. 563-578.

[18] S. Bohm, R. Greef, H.N. McMurray, S.M. Powell, D.A. Worsley, Kinetic and mechanistic studies of rare
earth-rich protective film formation using in situ ellipsometryarticles, Journal of Electrochemical Society, Vol.
147, 2000, Pp. 3286-3293.

[19] K. Aramaki, Preparation of self-healing protective films on a zinc electrode treated in a cerium(I1I) nitrate
solution and modified with sodium phosphate and cerium(IIl) nitrate , Corrosion Science Journal, Vol. 46,
2004, Pp. 1565-1579.

[20] C. Wang, F. Jiang, F. Wang, The characterization and corrosion resistance of cerium chemical conversion

coatings for 304 stainless steel, Corrosion Science Journal, Vol. 46, 2004, Pp. 75-89.



WY (licasls A o jlacti ip gus Jlow o505 85 seutio g p gle dalilind
R PANEE R TEUP ISP CQUISPREAR FSPPRYCI SRV IRV TERR PRI | O

[21] X. Cui, G. Jin, Y. Yang, E. Liu, L. Lin, J. Zhong, The formation of neodymium conversion coating and the
influence of post-treatment, Applied Surface Science Journal, Vol.258, 2012,Pp. 3249-3254.

[22] T. Giles, B. Goodreau, W. Fristad, J. Kroemer, An Update of New Conversion Coating for the Automotive
Industry, SAE International Journal of Materials and Manufacturing, Vol. 1, 2009, Pp. 575-581.

[23] S. Adhikari, K.A. Unocic, Y. Zhai, G.S. Frankel, J. Zimmerman, W. Fristad, Hexafluorozirconic acid based
surface pretreatments: Characterization and performance assessment, Journal ofElectrochimicaActa, Vol.
56,2011, Pp. 1912-1924.

[24] Y. Guan, J. Liu, C. Yan, Novel Ti/Zr based non-chromium chemical conversion coating for the corrosion
protection of electrogalvanized steel, International Journal of Electrochemical Science, Vol. 6, 2011, Pp. 4853-4867.

[25] H. EivazMohammadloo, A.A. Sarabi, A.A. SabbaghAlvani, H. Sameie, R. Salimi, Nano-ceramic
hexafluorozirconic acid based conversion thin film: Surface characterization and electrochemical study,
Surface and Coatings Technology Journal,Vol. 206, 2012, Pp. 4132-4139.

[26] A.S. Hamdy, E. El-Shenawy, T. El-Bitar, Electrochemical impedance spectroscopy study of the corrosion
behavior of some niobium bearing stainless steels in 3.5% NaCl, International Journal of Electrochemical
Science, Vol. 1, 2006, Pp. 171-180.

[27] A.A. Hermas, M.S. Morad, A comparative study on the corrosion behaviour of 304 austenitic stainless steel
in sulfamic and sulfuric acid solutions, Corrosion Science Journal, Vol. 50, 2008,Pp. 2710-2717.

[28] F. Rosalbino, G. Scavino, G. Mortarino, E. Angelini, G. lunazzi, EIS study on the corrosion performance of
a Cr(Ill)-based conversion coating on zinc galvanized steel for the automotive industry, Journal ofSolid
State Electrochemistry, Vol. 15,2011, Pp. 703-709.

[29] W. Wang, H.T. Guo, J.P. Gao, X.H. Dong, Q.X. Qin, XPS, UPS and ESR studies on the interfacial
interaction in Ni-ZrO2 composite plating, Journal of Materials Science, Vol. 35, 2000, Pp. 1495-1499.

[30] R.A. Espinoza-Gonzalez, D.E. Diaz-Droguett, J. I. Avila, C.A. Gonzalez-Fuentes, V.M. Fuenzalida,
Hydrothermal growth of zirconia nanobars on zirconium oxide, Material Letters Journal, Vol. 65, 2011, Pp. 2121-2123.

[31]J. Lin, H. Y. Chen, L. Chen, K.L. Tan, H.C. Zeng, NO2 decomposition over ZrO2 — an in-situ DRIFT,
TPR, TPD and XPS study, Applied Surface Science Journal, Vol. 103, 1996, Pp. 307-314.

[32] J.C. Dupin, D. Gonbeau, P. Vinatier, A. Levasseur,Systematic XPS studies of metal oxides, hydroxides and
peroxides, Journal of Physical Chemistry Chemical Physics, Vol. 2, 2000, Pp. 1319-1324.

[33] R. M. Cornell, U. Schwertmann, The Iron Oxides: Structure, Properties, Reactions, Occurrences and Uses,
Wiley-VCH, 2ndEd., 2003.

[34] U. Miiller, R. Hauert, XPS investigation of TiO2 containing diamond-like carbon films, Journal of Thin

Solid Films, Vol. 290, 1996, Pp. 323-327.



