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Abstract

In this study, the corrosion behavior of carbon steel API 5L Gr.B and injection rate of WS 86-
1 inhibitor was investigated in Piping System of Nowrooz Offshore Complexes. For this
purpose, after immersion of samples at open circuit potential for 30 min, Tafel polarization
and Electrochemical Impedance Spectroscopy (EIS) measurements were done. Tafel
polarization curves showed that the minimum values for corrosion current density achieve at
40 ppm concentration of inhibitor. EIS results expressed that maximum values for
polarization resistance achieve at 40 ppm concentration of inhibitor and demonstrated an
agreement with the Tafel polarization results. Also, EIS results showed that the best electrical
equivalent circuit presents two time constants. The first high frequencies time constant can be
correlated with the charge transfer process and it is composed by the charge transfer
resistance (R;) in parallel with the double layer constant phase element (Q;). While, the
second low frequencies time constant can be related with the surface adsorption and it is
composed by the adsorbed surface film resistance (R,) in parallel with the adsorbed surface
film constant phase element (Q>).

Keywords: EIS, Tafel polarization, Carbon Steel API 5L Gr.B, Inhibitor.
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Abstract

The aim of this paper is to investigate the influences of different number layers of sol-gel
derived YSZ coating on the electrochemical behavior of zircaloy-4 in 1 N H,SO4 solution.
The coating formation process was investigated by thermal analysis (TG-DTA), elemental
composition was studied by EDX, chemical composition was obtained by XRD, and surface
morphology was studied by SEM. The corrosion behavior was investigated using Tafel and
EIS tests. EDX results confirmed the presence of about 8 wt. % Yttria in the coating. XRD
results showed the crystallization occurs at about 400°C. According to SEM images, the best
surface quality corresponds to 3 layers coating. The electrochemical results also confirmed the
micro structural studies and the best corrosion protection performance were obtained for 3
layered coating.

Keywords: Sol-Gel process, Yttria stabilized zirconia, Multi layered coating.



WWAY Sl & sslad s Jlow ((Sussa uudiqo 5 asle wolilias

Jides Gligy b b oS 55 Ol g3 (559,95 43 a0 9o 0 gag 53 Hlas! sla ¥ ulaad 3 (o 3

o oS5 Al L 5 uST esbml (65 (ST e sla iy
5 lsl bl IR Sk 5 oy 4 Saslis
Oy Sopm LRl boaS Wosls olas V0] s,
Wl SR b g Cabed o 8555 5l a0 OiS
5 sl 439, 5B by S Salis 5 81 S
[Y+ 0FA] Les 5 ool 3l el o Jidgs 5
) S5z o3limal 3550 UM Oljen 5 5 457 nls OLES
E 8 o Sl b 53 &S 5 sl 5 Sl ¢
Ol [F4] R8s 5 0k 5 Sn Slb (s
4 S § S Sl &S5 (65L LB i 55 45015

3 g 2l i g 3 Skl CandBIST
@S s aY dr gl Sy dleel ST Al Gl o
I I RC R RS L
S gl

A dal oy (ziTCRlOY-4) F 5 S 55

UT Y 5

G w9y 9 dlg0 Y

Sl L F ps S 505 SUT &5 51 a5 sl sl
S 9 Kl el onls 5 Yex)e mm’ sl 4 Ymm
oMM e 4 (S s ¢ Jor 0553 Gos b 53 I sp
ESaS 4 051 Jiuo Sl okl sl OT Ly =YL s
S 4 e A ploil #o0 5 Fre Yo (ola esliw
Aol ST phy Gl Sl g 5 0ds (913 (2 05l
O3 Sidg sl 0l b s oSKast Iga lid buy
SUT a¥ 5 a8 5 dis o)l & Tl
.cwla,uT\J,.xq.J;?rf‘;ﬂ;

Jole Olge 4 Ol Jutwl (23 Ry Jsloes a8
LS 35 Frpsi S p) S ST 4 oS WSS
Olge 4 Jgbl . As LS (Ul =Y 53 Ve WE%)
b ol Do gliee alolidly 5 A 635581 S b glins 4 SN
O:jr.aafdibjz.v\&a:jrawbwud}«k“

! Paussa

2 Antonio Diaz-Parralejo
3 Baron

* Desicator

doudo -
il b Y 5 ) il (Sl sla Jiig
AF] ot ¥ pawen T YO et WSUT O e
Sl s L[P] 05 &5 Y8 5 [0] ol 5 SV
3 sy AV glasd Sl (83 gy Asle it
3 sy N Ll V] Sl 8] (S5 ke
JUsl [VANF 5 F YN ] U5 Jo 5 IFOY] olasi s S
Gl e gls Cuje s 4 di- e )b el
b3l e 5 glesd (S (S glos 03
adsl olge D331 b Ay glend S5 RS (Jool-
s 3 g dlesl o By 055 eole ¢ 4 o sllas
235 G S ke sl b pladale 4 LB aes )
b sl oY e cle s e 5 S bl
DAl S g Jj—J..z sl idy LY =Y7 O] cl
AANY A0 F50 YN ] S, 4 Cuslin i laaN 5
5[V ool bl ¥ Y8 OF] LS YASTY
Ol cpl )3 558 oo eslinu [YY -Yf] o5 Lgbuj.)lf
4 (YSZ) Ll b o 5l GbisS 5 (Sl Sy
bldl o b i glle Hles ol 0opbls Jdo
Caglie da3UT 5 Sl 5 ol & Ss5 5ol
Al 5 e S e e (K i Ll
(os Lol ol Chlis ((Foysas Cali
3-SR PRS- S I I B S e |
shes JSKie DA OF D] Gl s eslizl
O O L1 &S5 (i e Anl Sl ol sla hi
[¥O] e ploil (A3 o)l Gk .ol G5l Slkes
RS 5 fan Sl bl LSS 5 by Cabs
Syl Y5 LSy (Say s by 5 S 5 sl
] ol &Y &G 2y ol eV iy
blo B,1IE o Jl i Culbhs S ol
FF e 0953 Sl dised OALS O S 5 wsl)
(o 58S csis abse Ol by O3l Oyl
b bl gy Je plem Gy (o Susby
SYL glales 53 05 8 oS (YWY O] A5 la,ls



WWAY Sl & sslad s Jlow ((Sussa uudiqo 5 asle wolilias

Jides Gligy b b oS 55 Ol g3 (559,95 43 a0 9o 0 gag 53 Hlas! sla ¥ ulaad 3 (o 3

et 5 P 5 OT s sl i S
Gl sl OseT el G b I S ST glasl
51 (L81, 1750, Linseis, GermanyJ..) TA-TG
0sls Oyl SKaaT L g 1sa 53 A+ +°C los b BL1 glas
S 4 Caglie LT Cws 4 V2°Comin’
el K 5 5 g Lo 5 S5 s 53 0k 4 Sl id
Gb e el sba O 5037 plsil Go b 51 GBI les o
ote) el il o8 b bty 2SI ikl 5 o5
(Galvanostat/AutolabPGSTAT302NPotentiosat
Jo 5 55 2SI 51 JSCaze g loawi s 2SN 51l fy 55 5
Olse 4 oM 5 @ 25,800 Olge o (Ag/AgCD
PRS- P S IR V- PR I WU |
G mHz 6 Ver KHz lasdy 2SI il 05037
005 35 15 Gla 4 ges s Yo mV Wy wls
S oeslial b by Cubes g VA cm’ oy S
Sgai phie Sl gy S9SN QS S ol

s 5,8 oIl st

S g s Y

&Il }QBT—V—\
e o sl a6 s 5 b, 05 St a5

» TG-DTA 5,1 o 05057 G b 5 03ls &yl
4 A OC los b U5 ol o eT Cws & ol 35 U5 (535
jlm}ou\fh osls QJ‘J} c‘);gigf_)z el ¥ Ol
KaaT LA C gles b 31 slos 51 0T 03,5 43
SNsges SV S e s sl 3JLT V+°Comin’
L.v‘jl.v"\.vov\.& J‘V\J‘LL LSL_‘.‘;J','.J JJ}Q: TG-DTA le.h Q}A)T
Al OLL W OC gles s 05y Sials as e Ol |
S 90 uTﬁxJ A{V'—\/\' °C 6> gd>e S Q)} JZJAK
s3d a4 e 5 4 DTA s 505 5540 °C 500 °C labes
Sl L8 e bl Oy 5 e sla OT
oeia VA =FA °C led edgdos 3 ii.:.i 95 oles

L EalS cpl il ol en 05 Ldd alS L oS 5 si

Lolp Jhie OT B8 Hldde O350 L il aslsl
S sl Cod 23T plnl 48 ST i T
w Jsbl 520 PN Co 5 O 10 sl izl 1S ST
S /OM Clle b J sl I (s o angs (61 45T Gl ee
L8 exsl (‘ﬂ Oldds s wlsl Wil rﬂZr
bl Olse 4 (Lol 44/8AWEY OT Wb )
SBS 5 s slp USR5 keSSl
i 3 e s 0l Lzl AWE%L eds lul
Sz 4y sl 5 555 355 s 65 0035 o ol o
Grlws) allas 0g)5 Cele VY Sde 4 Jslows ke
b o 3,8 S o (3l m Aol 3 b odd (gl &5

Ao o (SL L ole Ve s s

(zircaloy-4) pasiss” 53 3WT &Y 33 G paie s - Jou>
Sn Fe Cr Ni Zr paic
balance +/+0 /Y /N0 V00 Ajsuay

Fe + Cr+ Ni= 3.5 wt. %

Cop bl (S VL 6 by b Y5
455 3l ey 5 kS 03 53 U gle 03,3 4 VMM
O3y Jsloes 5 Sy Olon b Jslous 0553 s)ls &
b A Sl e ekl enls b s sl 4ged LA odiS
5 Ldd osls Oyl ¥0OC syd= les b 4 ib
KaaTLV°C glos b as g dbjo p 5T 51 e

A oS v °Comin™

b daseio —Y-1
o S sl 0505T 5 S Sihy ekw S350
) TN S Ser oSS
Ai sy (VEGAWTESCAN-LMUJ. SEM)
S & b Sl oslinal b 2 gy 535 5 e T
LOT Jowy 5756 s 5 plberd S 5 5 (EDX) 6551
Bruker, Jte XRD) Sl anil 6, Cab I oslizul

DSADVANCE, Germany X-Ray Tube Anode:
&b 4w 3 (Cu, Wavelength: 1.5406 A (CuK,)

e .LAT Cwd @ v.°C 9 fY.°C \o-°C Calides

! Hydrolysis



WWAY Sl & sslad s Jlow ((Sussa uudiqo 5 asle wolilias

Jides Gligy b b oS 55 Ol g3 (559,95 43 a0 9o 0 gag 53 Hlas! sla ¥ ulaad 3 (o 3

(XRD) 1 (S 4xdl § 5 36T —r-¥
A0+ (gles 4w 53 S U5 3 XRD T ol ¥ e
Olis 1) Gl ol eSas ogmades 455 Voo 5 FY:
Slos ¢S5 .l oy 50T 5355 104 °C (glos 3 das o
Js syl @Lﬁ Sl ok Jw S5 s, FY°C
S Sl 1y selin Lo,a sles - [FY YV & O]
S JUSE1 5 56 4 Coppel 51 bS5 WSS 5 0s
Sl o i b &S Sds Ve OC los s kil okl
IN Ll Dud Jw ST ey il Glas 4 oS
b dnle [YV (F] - sl doles Lo 5 & g0 Sl S

th] = k)M B cosO th[ 0 (‘ )

dﬁi.n;@ﬁa:).\» J\J>JT>\}AJ:L:{J:$¢__54{
4 odaT Cwd 4 YA CC gbes u‘gi"f’ 3> &S &\jb;
Lug & 550 o by Jow S a4 Dyl 56 Las
Ol 5 [F2] olss 5o Aol on oSSl andl G850 ks
J5 ol 5T 55 plie gl oSy & 55 [FY] 5o K5
53wl Ojs gals wml S LS 5 edd oy
Cogy BB TGA s g 55 FAL-VFOC slos 03 g
V¥ oC 00 sl I &S Las e sk S oSy 5 ool
ol 02 B8 5 sl Jls ST Ay 4 by e ol 0lliST
Sl ea XRD ool b Jls S ) o) ol 03 5doma
SRSV OC gles U adsl J5 055 5 Ao s BV 35 o0
Glins & & blow 4l 055 2 OT Iy 5 Ll

C,.w‘)\:’\.wjé.)?}»é.ré\}nrwc}f

1 71 =i
e =y T a—_-_:.ul'___h
E i) ___|1 I;,-"" H‘\.
FT8 I I, 4
i B :_'I ..I'.I" \
- - =} -.-rlr '._t
- L3 - o
: .5 - \
EEF R
E = - ]
Jd -1 -
J4 - e
- -|-ll : -\-‘H—\--\" T,
- - - P

—
| i ol iam 16

1+°C min™" AT b A+« "Cslos 6 G Sl 31 0ad)dg J5 4 L2 TG-DTA Sl > 56T slages -1 J<b

e
& 4
L]
-
-
15z
Z |
ey LY
= 1%
- TR T T R T T I
] T T ) T w0 e L) )

Z-Thvedsm (dlgEesa)

Y+ "C(g) 97 "C () 10+ °C (A) Slod dw 33 ol G 3099 I SOl (S arisl @ 87 36T Hloged —F



WWAY Sl & sslad s Jlow ((Sussa uudiqo 5 asle wolilias

Jides Gligy b b oS 55 Ol g3 (559,95 43 a0 9o 0 gag 53 Hlas! sla ¥ ulaad 3 (o 3

Sg (Fa S3gg8 090 —T-F
e SIS O S sbas Sl szl L
Ol (2) 6 (N F IS 55 id g b 55058500
RGIUR [T SN S WP B Y P I CHP UGS [PV I
i 51l (s S sla S5 lyls Y a4 ged o
O ooy 5 23 b SISO SIS 5y (oo llas!
Ggod mhaw cgay S AY Ay 4 ) sl &S5
oY aw dsed 4 Cod g S b oS5 gl &Y
G K G g ol 8 olsT G Ll waL
s el @8 15 e ol s A
o sl OT )3 (5 2t sla <575 5 0l (5 1t gl 1S
S Saa3 s aY s S ol e Jll Ll
s $9 AN K San slas Sl eslinal b oS ol
.%gj,&u@umafﬁﬁ@@cbys
e g Y ND L ls g 4 g plade () F S s
Cwlbes Sl odd esly Ola RSy Culbes
oY a Cubs il Sl A0 M edd (S o)l

Ogal 3255 S Ug03T -0
slass 31 obisl g BB Osml N sl 00T
sl JiSTy o dbse gy b Calies gla Slis &Y
Sl iy S a4 Caglie 5k, 5 k5 5 kT
ol 0k Ll N o) 50 ) 5 g Jaes )3 0ulaT oy
Jeedlts 4 s VO VB =10V il 03 5den 55 O 5057
sl 55 0 (mVasec™!) iy, KaT Loy 5L Ll
Jolo b 5,50 gla el yly s el U sk a5 YO
Seslizal b Sy iy 5 (S 0l JEs
@ 5k e Jowily SIE0/00 Voesgdoe 55 5 6 g,

el S
aaloesn [FY] (6 S=0 2l (5 dslan b O gl 500y o slie
Al

icorr = B/ Rpol (T)

S k= /88 ( Jtws S Lo st 051 D dlslae ol 53
BCu Ko S0l ansl 50 Jsb A= +/V0f nm (S
e DS S b S 6 ) il 3 Sy 55
Lo Jis ST o5l ol By w3 0 5 0L,
s a3 Ve g FY glales 53 (5 5 4 odld dvles
Il S eS &S Sl Ve/YY nm 0/%F nm Ll
sl b 4 S 6 s S o S
Los Lial5al bl W] ¥ nM ssds 53 (SGlS 5 40
o3l Bl Jlws S5 dd ) wsedi a5 Vo 4 FY

(DEX) (65 5! <G 50671
Sl b g odd osls by dises 55 S S Cab
bﬂ\fﬁ‘.w‘ ol 03)3.‘—“ JQ).) okl WV"OC
\)wﬁjssyyﬂuw)sjtyd‘}:@d-‘-“

C_Mu‘ o oJ‘J QL:'J“ d}ub- BL cb.v u,_v.\ .bJjTg:MﬂJ 4;

L
b oud 0318 gy g 85yl (TN b 1 IS
Lyolboud sl Sbigs p)
L8 odd LIl bsS n5 b 0o Lpl Gis oy
Jo adsl 5l ealeT 5 Gdate 45T WAL oo Ao s V/YY
O 03 e Sl SN0 058 5 05555 5 e
LAl ZTOZ-Y203

SL5 p) gy 03 39290 polis Ao yd 9 £ T Jou
Lysl (S99 o yd A bovd sl

e (Jigaers S yobe

oY/A VA/to K O "l
Y/VY v/IYY L Pyl
Fr/F4 AP/5Y L Pores 1)




WWAY Sl & sslad s Jlow ((Sussa uudiqo 5 asle wolilias

Jides Gligy b b oS 55 Ol g3 (559,95 43 a0 9o 0 gag 53 Hlas! sla ¥ ulaad 3 (o 3

Bifm el didiem L heE e
B A R e e e
Doaleomswe’ AFmEnT b o8

e

Diladebilfeh TFIFY] Ve #8T -

()

EIMEAE DM e L ITamn
T LIt il DR
Cliiej oyl EVHETT s Fid nu-

BEM bAT [ W | P 3 e

Eim e 3 e Cowy b Cope

i QI W A L]
ol

Y do () 1Y &3 (W) il 0310 gy (S diged alado § gebaw 3 (S99 (S99 (2 95w9 Ko ol —F IS
YN0 g @i (3) 4Y b ()

Ll oS5 ok 5l s Sy dmes 0L 558
Ao ¥ 5 e 4 IS o T 53 e e S
Lol oS5 s Jlesl sls &Y slaw il L [YY]
b sl A Jlesl b aY a3 s s s S
30 Ltz oY (ls o 5 Sl ez 5 L5 (0 0kl
A ol S Sl o5 Sl by (S sl oS5
sl a¥ slaa NIEIL alply bl R 4Y 5
TSP T O U G- P
&S b Oles Ll Ll ol 5 Cute Jewdly Olajon g 4l

4 ba¥ sl Gl L ssd » ks 0 Ji.i)b},u' 33

Coeglas Rpol ‘jijf oL~ ‘;@:z- Teorrd)slae RUBL
Sble ¢ gl & Sl cwnls Sub By Ol 0
53 Ba) T 5 (B skl sla ot Sl eslial L ol

34h o0 dewlons [FY] ) aslae
B= Bcﬂa/2-303(ﬂc+ﬂa) (r)

9 O O Wse Glp sl sl g
5 Sl o onls il B J_(.';); Dls i s sl
) odal ¥ J}b BE) L@_:T LY Joyjs le.af.“ﬂ‘)\_:_

Sk laiiy Oy (Sl gl iy



WA Sle V oslact p s Jlow ¢S sa audiqo 5 asle colilias

Jide gy b L gs ) (lddigy (59,95 da S glis ugags o (Hlasl (sla dal wlaad 5 oy 5

Dol 4 Sl (S Sy Y R0 R e gl

Sl 03l CJ U’:"";ﬁ NERY

(2 leoag FIN piligel Oga T -F-F
Sl b iy il SO sberds mSI ustiel 0 ga 3T
o 3 Chlis Ol 5 (S35 55 S 55le Olejas 55b o
S 4 5 Sl il mb sy pl ey (e O
Dol lajlte b B 5500 (S50 ot S5le 4ot
b (S5 4 Sasglie oS (6,8 0510l 4 (S S
o o Oad s ol s b wses )l (e
S ol &5 58 g 0953 ()5 db s Lole K 3 5u
o $SSL 6oyl g0i ik 5,1 YOOC (sles 53 Jbe s
sl aY slaw b oHls Jibs b 4l 4 bge oL
Ol () 5 (Gl & IS 55 by Oaebs &5 g0 5 Calises
o) 02 eop s el ST sk 4l el ool
WY an g (D) F JSKE 3 ol Sasligel Lasls gas
olos 53 il o i il 5 a5 55 Gl
Q‘x}Llngl;m@d\)dM\w)ﬁ:)yuﬂjlf}n}w
WY by o gl Sy el OT i (S5 e
Gl WS 5 s L elie s Sles LB
Al o iby 3 Shes 4 by ) -V KHz
Cgr s o Ol VL Luliael aY oS psg
olae e odd ags la A DL, 5 53> e
b & Bl (S el b plae S3l Sl
Gilw Jde 1y el s 4 b osls QSM)» DS
Juas Zsim 53l ¢ s Loy 5 Sl ok b A5 s

Wl ol 00> OLESY Jg_,:, 03 dobas Hlde pl il (g5

deeiley 5 Bl Il Sy 0k J&s Y 2
2 S e b S el od i a0 (S
4503 S5 4b g8 5L Sl ey Sl 4k g bl 25
Y0:°C oo b gyl Sldes Cowi 1) 0T Wb Jglows o
S5 il sl ol Sldes SIS 31 ol 18
M 5 e il o op) 5 3ls sy B 095
5 S e 5 el a8 (Sgy5 sl Y in O
Sl &S5 K5 a3l 25 Sy OB 0kST ol 53
Cyemn Sy i 558 e S gy 55 edd Sl
Jos AT Omman 55 Al gla Joun & Cod Lipd (o0

S

A s 1 . ' 3 1 1 B

R el
S g0 9 ynligs VB g0 Cyguml 39 32 s10g05 -0 L
20 g Sy Y dluwd b ovd 03ls sy
61 slod 38 Y N ol &5 598 g

3o ck.u Koy L8, kT bl ol s
LI oy 53 LT Sa S o 5525 JI 5 58 (o8
4338 o sl Tl Sy sk S 5 E
5 &G by bl gl Gse Soop Mo e

Gond 33 5 Sl Jhdg BB wses 4 Koy Y id

iy 09N 9 318 digr (S 4iged gl 3 M g03T (395 S el -1 J9ue

o KAl Gl Creglie ST SN s Sy o J& gad
-1 -1 -1 = . . = .
(mm.year™) (ohm) (V.dec™) (V.dec™) (V) F29>  (Acm o) o395
O/AE-¥ F/YVE+ ¥ a4 A n' —/\Y$ O/ \E-A Oigy U9
\/VE-¥ V7N Evy 4 DA% —/\Y AV E—+A 4
Y/FE-0 V/ oY E+F /008 /¥ - /Y /v E-.4 LAY
Y/ VE-¥ 1/04 E4+v 4! JAYF —/44 VWV E-wy LY g




WA Sle V oslact p s Jlow ¢S sa audiqo 5 asle colilias

Jide gy b L gs ) (lddigy (59,95 da S glis ugags o (Hlasl (sla dal wlaad 5 oy 5

kn.,.l-l:-l
IN &0 gl g ol Jodomo 50 oud g dbogé Jbigy w8 9 510 gy (1B 403 Bl (2) § S gl (A1) Sl slog0d T Jh

oadear

v oa am . L L ot L ow au

celw ) O

g5 by w1 Liligel 39037 (S il sl —F Jgue
S0 gl 0 gl gu 33 Shbig 3us § 1S Shdgy S
Y0°C b 38 Jby

R

Rt CPE; Yy n s 45903
(ohm) (F.cm™) (ohm)
v/YE. ¢ YYE-0 /A4 Y/ ST
9
AL ¥/5E-0 /v A A
f/aEy . ¥/YE-v/av o/ VA
v/oE+ o ¥/OAE-A + /A o/ Y

S 5 omi-¥
Slhas 5 oslimal 3550 03le i 53 4 ge5 594k 58, ST L
«osbss oy b di e dnlp s OT L Sl
ool gy (gebns ok Jlosl (sla 4 Y Lo 5 a o575 51 (g 5k
iy, (S S SBlis Caols B4 ol s sE
SRR A w5 L Ol cpl 3 Ll s pd e e
0503 63b5 sla 35 sl 4 a3 Rby sl S
Ll Sl Sllas 5SS 51 G50 a5 deleil o iy
Pl alST ry slo oS5 sl 4 i s 25 ]
sph o OT Odb oS Syl 53 5 by (S
gl 8 S o Jos oLT Olgie 4 Jol> glo &S 5
ol s Al kS s pay b, g So S
Gty 38 dal bl Gse s ks (S,
by a3 g Al s ae b Y ol 4 laaes
oY aw dlis ol 55 & Sl g 5l LS SITL (505

T s g 31 Ol 28 @

S 4 plard s SN ALy slal 3 53 Sol v ar 5 L
O ESS 5h ay opl 5l 58 oo odaline S5l SIS,
ol ¢SS 4 oS 558 e eslizul (CPE) &b g5
s [FY] 5 Al s () ls Lesle 5 (Yo)

25 s

Y=Y, (jo)" (f)

)L’é)l'l:\ f‘jﬁmﬂ‘ Ls'i.a)u.a QT‘)L'?.;JII:' 45&)}«,0)3
CPEg .l &y 531 o sli Ry Liils dal s S5l
wan 4 by polie A g5l acd 4 55 Ray

el ok 03ls LIS F J)J}- BE J.at.c

CPE,
B AY;
For
ABB g 510 hbigy S g 4 Lgsye JOlae Hlie ¥ S

IN cl &0 508 gur 0 (559 db gl Caslo | 31 Ly gy
X0 °C b yo

oS Ry ol oslinal J.a\.'& Bl dja sl 4 4 o Lv
L Cds S o3 sgmse s O 3555 il 53 Cwslia
Rep Jlie o o ool 3y o g &S (o0 (b3



ITAY Ll ¥ s sladk g Jlou ((So0a i 5 psle dalilind

Jide Oligy b Ligs )y Gldign (S0 93 da Coglie 9 gags ya Alasl sla aaY wlaad 55l oy 5

(&=l

[1] Wang Zhen-lin, Zeng Rong-chang, Comparison in characterization of composite andsol-gel
coating on AZ31 magnesium alloy, Trans. Nonferrous Met. Soc.China, V. 20, 2010, Pp. 665-669.
[2] A.J.Lopez , J. Rams, A. Urena, Sol—gel coatings of low sintering temperature for corrosion
protection of ZE41 magnesium alloy, Surface & Coatings Technology, V. 205, 2011, Pp. 4183—
4191.

[3] Shinji Hirai, Kazuyoshi Shimakage, Motoi Sekiguchi, Zirconium Oxide Coating on Anodized
Aluminum by the Sol-Gel Process Combined with Ultraviolet Irradiation at Ambient
Temperature, J. Am. Ceram. Soc., 1999,V. 82, N. 8,Pp. 2011-16.

[4] M. Jokinen, M. Patsi, H. Rahiala, T. Peltola, M. Ritala, J. B. Rosenholm, Influence of sol and
surface properties on in vitro bioactivity of sol-gel-derived TiO, and TiO,- SiO, films deposited
by dip-coating method, John Wiley & Sons, V. 98, 1998, Pp. 295-298.

[5] M.A. Dominguez-Crespo, A. Garcia-Murillo, A.M. Torres-Huerta,F.J. Carrillo-Romo, E.
Onofre-Bustamante, C. Yanez-Zamora, Characterization of ceramic sol-gel coatings as an
alternative chemicalconversion treatment on commercial carbon steel, Electrochimica Acta, V.
54, 2009, Pp. 2932-2940.

[6] A. Balamurugan, S. Kannan, S. Rajeswari , Structural and electrochemical behaviour of sol-
gel zirconia filmson 316L stainless-steel in simulated body fluid environment, Materials Letters,
V. 57,2003, Pp. 4202-4205.

[7] L. Cadoret, N. Reuge, S. Pannala, M. Syamlal, C. Rossignol, J. Dexpert-Ghys, C. Coufort, B.
Caussat, Silicon Chemical Vapor Deposition on macro and submicron powdersin a fluidized bed,
Powder Technology, V. 190, 2009, Pp. 185-191.

[8] M. Brunet, H. Mathoz Kotb, L. Bouscayrol, E. Scheid, M. Andrieux, C. Legros, S. Schamm
Chardon, Nanocrystallized tetragonal metastable ZrO, thin films deposited by metal-
organicchemical vapor deposition for 3D capacitors, Thin Solid Films, V. 519, 2011, Pp. 5638—
5644.

[9] C. Giolli, F. Borgioli, A. Credi, A. D. Fabio, A. Fossati,M. M. Miranda, S. Parmeggiani, G.
Rizzi, A. Scrivani,S. Troglio, A. Tolstoguzov, A. Zoppi, U. Bardi, Characterization of TiO2
coatings prepared by a modifiedelectric arc-physical vapour deposition system, Surface &
Coatings Technology, V. 202, 2007, Pp. 13-22

[10] R. Lopez Ibanez, F. Martin, J.R. Ramos-Barrado, D. Leinen , Optimization of spray
pyrolysis zirconia coatings on aluminized steel, Surface & Coatings Technology, V. 200, 2006,
Pp. 6368-6372.

[11]G. D. Girolamo, C. Blasi, L. Pagnotta, M. Schioppa, Phase evolution and thermophysical
properties ofplasma sprayed thick zirconia coatings after annealing, Ceramics International, V.
36,2010, Pp. 2273-2280.

[12] Yu-Jun Xue, Hong-Bin Liu, Ming-Ming Lan, Ji-Shun Li, Hang Li, Effect of different
electrodeposition methods on oxidation resistance of Ni-CeO,nanocomposite coating, Surface &
Coatings Technology, V. 204, 2010, Pp. 3539-3545.

[13] X. Xia, I. Zhitomirsky, J. R. McDermid , Electrodeposition of zinc and composite zinc—
yttriastabilized zirconia coatings, journal of materials processing technology, V. 209, 2009, Pp.
2632-2640.



ITAY Ll ¥ s sladk g Jlou ((So0a i 5 psle dalilind

Jide Oligy b Ligs )y Gldign (S0 93 da Coglie 9 gags ya Alasl sla aaY wlaad 55l oy 5

[14] N.N. Voevodin, N.T. Grebasch, W.S. Soto, L.S. Kasten,J.T. Grant, F.E. Arnold, M.S.
Donley, An organically modified zirconate film as a corrosion-resistanttreatment for aluminum
2024-T3, Progress in Organic Coatings, V. 41, 2001, Pp. 287-293.

[15] L. Paussa,N.C. Rosero Navarro, D. Bravin, F. Andreatta, A. Lanzutti, M. Aparicio, A.
Duran, L. Fedrizzi, ZrO2 sol-gel pre-treatments doped with cerium nitrate for the corrosion
protection of AA6060, Progress in Organic Coatings, V. 74, 2012, Pp. 311-319.

[16] H. L1, K. Liang, L. Mei, S. Gu, S. Wang, Oxidation protection of mild steel by zirconia sol—
gel coatings, Materials Letters, V. 51, 2001, Pp. 320-324.

[17] P. Kiruthika, R. Subasri, A. Jyothirmayi, K. Sarvani, N.Y. Hebalkar, Effect of plasma
surface treatment on mechanical and corrosion protection propertiesof UV-curable sol-gel based
GPTS-ZrO, coatings on mild steel, Surface & Coatings Technology, V. 204, 2010, Pp. 1270—
1276.

[18] R. Ugas-Carrion, F. Sittner, C.J. Ochs, S. Flege, W. Ensinger, Characterization of the
porosity of thin zirconium oxidecoatings prepared at low temperatures, Thin Solid Films, V. 517,
2009, Pp. 1967-1969.

[19] D.Q. Peng, X.D. Bai, X.W. Chen, Q.G. Zhou, X.Y. Liu, R.H. Yu, Comparison of
electrochemical behavior of zirconium andzircaloy-4 implanted with Y and Ce ions, Applied
Surface Science, V.221, 2004, Pp. 259-271.

[20] A. Diaz-Parralejo, A. Macias-Garcia, Jose Sanchez-Gonzalez, M. Angeles Diaz-Diez, E. M.
Cuerda-Correa Influence of the experimental parameters on the synthesis process of yttria-
dopedzirconia sol—gel films, Surface & Coatings Technology, V. 204, 2010, Pp. 2257-2261

[21] Alyssa E. Markowitz, Optimization of Sol-Gel Composite Films through Chemical and
Thermal Processing, Queen's University, 1998.

[22] Peter Billson Kirk, sol-gel-derived zirconia thin film coatings for Ti-6AI-4V and 316L
stainless steel implant applications, University of Toronto, 1997.

[23] Debasish Sarkar, Synthesis and Thermo-Mechanical Properties ofSol-Gel Derived Zirconia
Toughened AluminaNanocomposite, National Institute of Technology, 2007.

[24] P. Du, S.S. Wang, H. Chen, Z. Wang, J.C. Sun, Z. Han,W. Schmidt, H.W.
Neumuller,Microstructure and texture evolution of CeO, buffer layers preparedvia dip-coating
sol—gel method on IBAD-YSZ/Hastelloy substrates, Physica C, V. 463, 2007, Pp. 580-583.

[25] M. Luo, K. Cheng, W. Weng, C. Song, P. Du, G. Shen,G. Xu, G. Han, Preparation of high-
density TiO2 nanodots on Si substrate by a novel method, Materials Letters, V. 62, 2008, Pp.
1965-1968.

[26] C. Viazzi, J.P. Bonino, F. Ansart, Synthesis by sol-gel route and characterization of Yttria
Stabilized Zirconiacoatings for thermal barrier applications, Surface & Coatings Technology, V.
201, 2006, Pp. 3889-3893.

[27] L. Fedrizzi, F.J. Rodriguez, S. Rossi, F. Deflorian, R. Di Maggio,The use of electrochemical
techniques to study the corrosionbehaviour of organic coatings on steel pretreated withsol-gel
zirconia films, Electrochimica Acta, V. 46, 2001, Pp. 3715-3724.

[28] R. Ugas-Carrion, F. Sittner, M. Yekehtaz, S. Flege, J. Brotz, W. Ensinger, Influence of
stabilizing agents on structure and protection performance of zirconiumoxide films, Surface &
Coatings Technology, V. 204, 2010, Pp. 2064-2067.

[29] W. Liu, Y. Chen, C.Ye, P. Zhang, Preparation and characterization of doped sol-gel zirconia
films, Ceramics International, V. 28, 2002, Pp. 349-354.



ITAY Ll ¥ s sladk g Jlou ((So0a i 5 psle dalilind

Jide Oligy b Ligs )y Gldign (S0 93 da Coglie 9 gags ya Alasl sla aaY wlaad 55l oy 5

[30] H. Buscail, C. Issartel, F. Riffard, R. Rolland, S. Perrier, A. Fleurentin, C. Josse, Effect of
various lanthanum sol—gel coatings on the 330Cb(Fe—35Ni—18Cr—1Nb-2Si) oxidation at 900
°CApplied Surface Science, V. 258, 2011, Pp. 678— 686.

[31] R. Vassen, X. Cao, F. Tietz, D. Basu, D. Stover, Zirconates as New Materials for Thermal
Barrier Coatings, J. Am. Ceram. Soc.,V. 83, N.§8,2000, Pp.2023-2028.

[32] M. Zevin, R. Reisfeld, I. Oehme, O. S. Wolfbeis, Sol-gel-derived optical coatings for
determination of chromate, Sensors and Actuators B, V. 38, 1997, Pp. 235-238.

[33] W. Que, Z. Sun, Y. Zhou, Y.L. Lam, S.D. Cheng, Y.C. Chan, C.H. Kam, Preparation of hard
optical coatings based on an organic-inorganic composite by sol-gel method, Materials Letters,
V. 42,2000, Pp. 326-330.

[34] W. Que, X. Hu, Optical and mechanical properties of sol-gel silica—titania hard optical
coatings derived from methyltrimethoxysilaneand tetrapropylorthotitanate as precursors, Optical
Materials, V. 22, 2003, Pp. 31-37.

[35] E. Nouri, M. Shahmiri, H. Reza Rezaie, F.Talayian, A comparative study of heat treatment
temperature influence on the thickness ofzirconia sol—gel thin films by three different techniques:
SWE, SEM and AFM, Surface & Coatings Technology, V. 206, 2012, Pp. 3809-3815.

[36] Sumio Sakka, Handbook of sol-gelscience and technology, Kluwer academic publishers,
2005.

[37] Q. Li, X. Zhong, J. Hu, W. Kang, Preparation and corrosion resistance studies of zirconia
coating onfluorinated AZ91D magnesium alloy, Progress in Organic Coatings, V. 63, 2008,
Pp. 222-227.

[38] A. Diaz-Parralejo, A. L. Ortiz, R. Caruso, F. Guiberteau, Effect of type of solvent alcohol
and its molar proportion on the drying criticalthickness of ZrO,—3 mol% Y,03 films prepared by
the sol—gel method, Surface & Coatings Technology, V 205, 2011, Pp. 3540-3545.

[39] Y.S. Baron, A. Ruiz, Sol-gel coating to reduce 1.25Cr—0.5Mo steel oxidation at 700 °C:
Catalysttype effect, Corrosion Science, V. 53, 2011, Pp. 1060-1065.

[40] S.K. Tiwari, J. Adhikary, T.B. Singh, R. Singh, Preparation and characterization of sol—gel
derived yttria doped zirconia coatings onAISI 316L, Thin Solid Films, V. 517, 2009, Pp. 4502—
4508.

[41] M. T. Soo, N. Prastomo, A. Matsuda, G. Kawamura, H. Muto, A. Fauzi Mohd Noor, Z.
Lockman, K. Y. Cheong, Elaboration and characterization of sol-gel derived ZrO, thin films
treated withhot water, Applied Surface Science, V. 258, 2012, Pp. 5250 5258.

[42] E. Nouri, M. Shahmiri, H. R. Rezaie, F. Talayian, Investigation of structural evolution and
electrochemical behaviour of zirconia thinfilms on the 316L stainless steel substrate formed via
sol—gel process, Surface & Coatings Technology, V. 205, 2011, Pp. 5109-5115.

[43] P.C. Rajath Varma, Brendan Duffy, John Cassidy, Influence of magnesium nitrate on the
corrosion performance of sol-gel coatedAA2024-T3 aluminium alloy, Surface & Coatings
Technology, V. 204, 2009, Pp. 277-284.



WWAY Sl & sslad p s Jlow ((Sussa uudiqo 5 asle wolilias
YoTY pgaiao gll qelacs (595 o4 U5~ il 8 b ok Jlas! (53 yaan HUAL g3l Gl g3 (9595 HB8, (L3

JBa L gl il gy (Suy 93 JHSH by
$90 o J5—dew anal S b ousi Jlash (gu yau
YrYY pguise gl prlos

Tsalye gala F EILE e

e OLELEINS ( crutige § (38 SUSEINS (S0l pou —af 9o oeudige 09,5 HLalicul
O3 olELN (55, 9llie gl go (ceunige kil (uliddiyls |
alishanaghi@gmail.com :JJ ghcuo o g3 *

VWAY/B/¥ i hiyads fmylE VFAN/N /YA bl ya fa

o

635 0l w05l ol 5 (S5 (ST 4 Canslin ( (Sl ol 03 1l 15 4 sy 48T bl 56 25
PVD VD uulp asles syl ey Lidip ob Jlsl g, ihee ledipy ol @5 15 axy 3,4
oS 5 6V o155 5 Kan (oLl S i oUlie o280 o3 s 4 J5 - e s Obe Cpl 53 ey I3 - e
SU Jodie 5 odiear (Gle i lis opl )3 plple ol iy A3 ShEg o 53 5l ok oKl I olans
S35 2 a5 A sk Wyl b o IS o iy Al gr (o gy oS Cmilon 0 i30S O3l Ol gt @ g5 STl L
okd Jlesl Glo &Y S35 1 p sl ST 03,58 5 eSS (o Ken SlS Y S alsl 3 5 ok Jlesd YHYF i T
S Pl 5ok S L) AFM S FESEM (XRD dhw gy f2bss oS 5 5 35858550 cs0l b ol 5 oo oo
Sl 0 ks 5l il 5 (U 8l )M Ailan gl g 2SI Slein) Al s 3,5% NaCl Jslows 55 55 2y
YEEQ 4 Y SIYeYE e T Sy Ol s 2alS 5 b 03 S5 ole 5 eSS (K aias 0L
355 p 8 plail 1 ool oy o oS ) A5 s 4 WIS a5, cpl STl 4y W L& Ol e 4 (KOhme?)
AL T Wiy 5 S 5 sloul 16,5 sl g Ol L) @x,ﬂéuow@w@ﬁjjmﬁ;

L;AJ?)@)‘V'YF€M‘}ST‘J5—J‘J¢5&5ML@A‘(=}:J\Z§u\:mf\c)buyb&&ﬁ:gswQw



WAY Lles ¥ solad iapes Sl ((Sis53 uutige 5 asle walilins

YoTY pgaiao gll qelacs (595 o4 U5~ il 8 b ok Jlas! (53 yaan HUAL g3l Gl g3 (9595 HB8, (L3

Investigation Corrosion Behavior of
Nanostructured Hybrid Coating Applied
by Sol- Gel Method on Al 2024

Ali Shanaghi '*, Hadi Moradi’

! Assistant Professor, Materials engineering Department, Faculty of ngineering,
Malayer University

2 Advanced materials institute, Tehran University, Tehran

* Corresponding Author: alishanaghi@gmail.com

Submission: February 14, 2013 Acceptance: August 21, 2013

Abstract

Nanostructured titanium oxide coating due to the optical properties, resistance to oxidation,
corrosion, and erosion has become highly regarded. There are different ways for applying
nanostructure coating such as CVD, PVD, sol - gel and so on. Among of these methods, the
sol - gel method was used more application, due to the ease of having such benefits as
efficiency, homogeneity and uniformity of the chemical composition of the coating. So, in
this paper, the intermediate coating, adhesive and porous nanostructured titanium oxide, as
maintenance reserves cerium inhibitor, applied by sol - gel method on aluminum 2024, after
that a layer of homogeneous, uniform and compact titanium oxide applied on the middle
layer, then the structural properties, morphology and coating composition were investigated
by XRD, FESEM and AFM and corrosion properties of the coatings in 3,5% NaCl solution
was measured by electrochemical techniques such as polarization and impedance measured.
The results showed homogeneity, uniformity and free crack coating and also improving the
corrosion resistance of Al 2024 from Y% to Y¢£4 (KQcm?), about 1A times. These effects can
be due to self-healing mechanism of nano cerium inhibitors by releasing and producing
cerium hydroxide and finally prevent cracks propagation.

Keywords: Nanostructure Coating, Titanium oxide, Inhibitor, Sol-Gel, Al2024, Corrosion
behavior.
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Abstract

In this study, nickel phosphorus coating was prepared by electrodeposition method on 304
stainless steel substrate. Microstructure and chemical composition of coating were
investigated by SEM and EDS analysis. In order to identify the phases and calculating the
nickel grain size, XRD and TEM analysis were used. Corrosion behavior of coating was
studied by Tafel polarization experiments. Main effects and interaction between temperature,
agitation and type of corrosive bath in two levels on corrosion current of Ni-13wt.%P coating
was also investigated by using experimental designs such as Factorial method. The results
demonstrated that the types of corrosive bath and temperature have the most and the least
effect on corrosion current, respectively. In addition, the interaction between two parameters,
namely the type of corrosive bath and agitation and also the interaction between three
parameters have maximum and minimum effect on corrosion current, respectively.
Investigation of contour plots and surface responses showed that an optimum state was
obtained when three parameters were at low level and also, the maximum corrosion current of
coating determined when the parameters were at high level.

Keywords: Ni-P alloy coating, Electrodeposition, Factorial method, Interaction, Contour plot.
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Abstract

In this study, experiments were conducted to evaluate the effect of limestone powder and iron
particle on the properties of concrete. Therefore, the concrete specimen with replacement of
5% limestone powder and 2% iron particle, the concrete with 4% limestone powder and 3%
iron particle were compared with the concrete specimen without replacement. In fact,
limestone powder and iron particle are filler and they are replacement of sand in concrete and
they decrease water and chloride penetration of concrete and therefore, decrease corrosion and
increase mechanical properties of concrete. In present paper, water and chloride penetration,
compressive strength of concrete and also, reinforcement potential, changing weight and
optical microscopic images of reinforcement in concrete specimens were evaluated in various
conditions and different ages of concrete. The results show water and chloride penetration and
also, reinforcement potential, percent of changing weight of reinforcement in concrete
specimens decrease and compressive strength of concrete increases in the concrete with 4%
limestone powder and 3% iron particle with respect to the concrete with replacement of 5%
limestone powder and 2% iron particle and concrete without replacement at various ages.
Keywords: Concrete, Iron particle, Compressive strength, Water and chloride penetration,
Reinforcement potential
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Abstract

Dissimilar joints between austenitic stainless steels and low alloy and carbon steels have
many usages in various industries and also have economic aspects. Loss of mechanical
properties can be influenced by existence of hydrogen in corrosive enviroments. The effects
of hydrogen on joints between carbon steel (A516) and stainless steel (AISI347) are compared
and discussed in this research. For this reason samples made up from low-alloy steel prepared,
then cladded with stainless steel 321 and Er347 by process of Gas Tungsten arc welding
(GTAW). Then cladded samples putted under hydrogen cathodic charging. Ultrasonic tests,
metallography, hardness measurment, bending and microscopic analysis (EDS) have used in
order to compare these mechanical properties with uncharged samples. Result of these
experiments shows that both materials, showed corrosion resistance against corrosive areas,
but samples have broken from their interface while using force and penetrating hydrogen into
it. In other hand it was seen separation in the interface of A516-Gr70 and AISI 321. Totally
results show that AISI 347 clad shows better resistance than covered C-Steel with AISI321.
Keywords: Hydrogen Embrittlement, Cladding, Stabilized Stainless Steel
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Abstract

In this study, the increasing oxidation resistance of Mo-Si-B alloys via intermetallic compounds was
investigated. For this purpose, the Mo-Si-B bulk samples were fabricated by using mechanical
alloying of 33Mo0-57Si-10B and 30Mo0-47Si-23B (at. %) powder compounds and subsequent sintering
under Ar atmosphere at 1200 °C for 3 h. The sintered samples were subjected to oxidation test in
1000 °C. Microstructure properties, phase composition of sintered samples and phase composition of
oxide surfaces were investigated using scanning electron microscopy, X-ray diffraction and Energy
dispersive spectroscopy. The results showed that more oxidation resistance in the 33Mo-57Si-10B
alloy was acquired in comparison with 30Mo-47Si-23B alloy. However, this alloy had more pores.
The presence of MosSiB, compound in the microstructure of 33Mo-57Si-10B alloy caused formation
of borosilicate protective scale. While, Composite microstructure composed of intermetallic
compounds/Mo in 30Mo0-47Si-23B alloy did not cause formation of oxidation resistance scale. Weight
of this alloy was continuously decreased with 0.7mg/cm’h slope to oxidation test end.

Keywords: Mechanical alloying, Borosilicate scale, Intermetallic compounds/Mo composite,

Oxidation Resistance.
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