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Abstract

In this study, polyurethane/zinc/clay nanocomposite containing nanomaterials percentenges
10wt% nanozinc and 0.5wt%, 1wt%, 1.5wt%, 2wt% nanoclay were analyzed.
Electrochemical impedance spectroscopy, conductance and salt fog tests with structural
measurements including Transmission Electron Microscopy, X-ray spectrometry and Atomic
Force Microscopy were performed on the samples. The results of the microstructure
measurements showed the appropriate dispersion of nanomaterials in the coatings. Also the
size and type of nanomaterials and surface topology was determined using microscopic
analysis. Electrochemical tests results showed that the addition of nanoclay improves
corrosion resistance of the coatings and the best corrosion performance obtained for
nonocomposite containing 2wt% nanoclay that this improvement may be due to increasing the
barrier properties with nanoclay. The other hand, conductance of the coating decrease with
nanoclay and decline of this decreasing path occurred after 2wt% nanoclay. Therefore the
attainment of optimal corrosion resistant Nanocomposite coatings may be due to interface
effect of two parameters: barrier effect and conductance effect.

Keywords: Polymer coatings, Zinc-Rich Coatings, Nanozinc, Nanoclay, Corrosion
Resistance.
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® Autolap PGSTAT 302N potentiostat/Galvanostat and
Frequency Response Analyser (FRA)
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Structural formula

Modifier concentration

Moisture content

£,
Dimethyl dihydrogenated i
tallow, L, = %"= 11 </y
quaternary ammonium |I|| 44 meg/100 g clay
(2M2HT)
Particle size color Density Relative hydrophobicity
<Y um Off-white VY mgl/l Strongly hydrophobic
996 Sy oy S S9N Joo
Name of nano powder Powder shape Average grain size Apparent density
FZnN-Y . Sphericity Y. nm «/¥ glem?®
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The pattern using X-Ray Diffractometer,

Bruker, DSADVANCE, Germany, Filter Ni
with X-Ray Tube Anode Cu and CuKa

radiation at A= 1.5406 A.
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Samples | Peaks for Zn (20)

Peaks for clay (20)

Size of zinc nano

d-spacing clay layers (A) particles (A)

36.35
PNC1 39.05 -
43.25

- 557.8,563.7,446.5

36.15
PNC2 38.9 1.98
43.2

453 557.8,563.7,427.7

36.3
PNC3 38.95 1.94
43.15

45.3 557.8,422.8,427.3

36.35
PNC4 39 2.14
43.25

40.5 418.3,367.6,427.3

36.35
PNC5 39.05
43.3

2.1,4.46

40.5,19.75 557.8,422.8,341.86
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Abstract

In this paper, Corrosion behavior of stainless steel 304L was evaluated in used catalyst
solution in Sulfiran plant in temperature range 35-45C. The electrochemical techniques
consisted of polarization curves and electrochemical impedance spectroscopy (EIS) were used
in laboratory tests. It was found that the corrosion rate of S.S 304L alloy was predicted to be
less than 5mpy. In the meantime, there is possibility of pitting corrosion on stainless steel
304L. The linear polarization resistance (LPR) and weight loss techniques were used for
determination of corrosion rate in pilot test. In addition of surface analysis techniques such as
XRD, XRF and SEM were applied in this research. The evaluations of metallurgical are
carried too. Results of pilot tests confirmed founding’s of laboratory tests. Investigation of
metallurgical aspect of stainless steel 304L corrosion showed some corrosion in the from of
wide shallow pits. Wet H,S agent was main factor in corrosion induced damages because of
sensitization of the investigated SS304L alloy .1t seems the alloy has been sensitized during
cooling down in solution annealing heat treatment. Corrosion was initiated from sensitized
grain boundaries. Presences of O, in Sulfiran solution reduces corrosion of the alloy through
repairmen of iron oxide passive layer. For prevention and mitigation of resulted damage,
unsensitized SS304L alloy should be used.

Keywords: Sulfiran Process, Corrosion, Polarization, Electrochemical Impedance
Spectroscopy (EIS), Weight Loss, SEM.
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Abstract

In the present work the effect of SiO, on corrosion resistance of hot dip galvanized coating on
low carbon steel was studied.At first, conditions of forming a good galvanized coating with
suitable thickness obtained and with use of SiO; particles of under 50 microns particle size,
the composite galvanized coating formed.The SiO, particles added in fluxing step to flux bath
and then galvanizing process was performed. To study the behavior of coatings, different
electrochemical techniques such as open circuit potential measurements, anodic polarization
and salt spray test used. The effect of SiO, on surface morphology and thickness of
galvanized coating was studied using scanning electron microscopy and optical
microscopy.According to results of salt spray test, corrosion rate of coating obtained from
flux solution containing 0.1 percent SiO, particles, in compared with the pure zinc coating,
decrease about 58 percent. According to result of this research, decrease in coating thickness
about 34 percent and modification of phase structure of galvanized coating are the important
results of presence of SiO; in coating that increase the corrosion resistance of coating.
Keywords: Zn-SiO, composite galvanized coating, SiO, particles, zinc corrosion resistance,
coating thickness.
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Abstract

Susceptibility of the brasses containing 15, 30, 35 and 37 wt.% zinc to crevice corrosion was
studied wusing cyclic potentiodynamic polarization and electrochemical impedance
spectroscopy techniques and immersion tests in which a glass lens was designed for providing
a crevice. NaCl aqueous solutions containing 2, 3.5 and 5% NaCl supplied media of different
concentrations of chloride ions. The results showed Increasing of zinc content in the brasses
decreased their susceptibility to crevice corrosion. Increasing of chloride ion concentration in
the media from 2 to %3.5 caused decreasing of the susceptibility, however more increasing of
chloride ion concentration from 3.5 to %5 caused severe attach in the brasses. Also, it was
found that there is a boundary layer at a distance (d) far off the gap opening on each specimen
in which the height of gap from the lens surface could be calculated and reported as a critical
gap (y) for the alloy in the related chloride. Calculations showed that with increasing zinc
content in the brasses alloys, y as the susceptibility criterion increased from 13.39-17.40um,
considerably.

Keywords: Brass, Chloride ion, Crevice corrosion.
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Abstract

The effect of particle concentration on erosion-corrosion behavior of AA5052 aluminum alloy
has been investigated in 3.5 wt. % NaCl solution containing 250-500 pm SiO, erosive
particles. The tests were conducted using a jet impingement rig at a jet velocity of 6.5 m/s, an
impingement angle of 30° and three sand concentrations of 30, 60 and 90 g/l. Synergistic
effect between erosion and corrosion was calculated in accordance with ASTM G119-009.
Results showed that the pure erosion and erosion-corrosion rates increased as the sand
concentration increased to 60 g/l. However, the rate of increase in both the erosion and the
erosion-corrosion rates were decreased at concentration above 60 g/l that could be due to
higher work hardening of the surface at higher sand concentration. Results also showed that at
the sand concentrations tested synergy was negative. This could be due to formation of
protective layer on erosion-corrosion samples that resulted in lower rates during erosion-
corrosion tests.

Keywords: Erosion-corrosion, AA 5052 aluminum alloy, Erosive particle concentration,
Work hardening, Negative synergism


mailto:hghasemi@ut.ac.ir

AYAN 58l oF s laid p g Sl ((Sas0a (qutige g asle dalilias

IR

NaCl J59 9o, ¥/0 Jglas ju 0+ OY asise ol Ll (S, 95 — (K36, 436, ys ouisles &l yd BLE 51 coy y

23 3lsn a2 53 e Jolpe 5T S (S - S,
(b o S8 5 b mlo dher I mls 515l
SOl s b Wl j3 & Sl 4dS u;iT Sle s
sor Sl {Y] 3550 Csmoms cditn &5 e o i) 5
2 el b (S - S 5l (56 s
ol 8 s WS s I Sey s S
03l & by je gla bl s a4 Olp o 1) b2l
e Sl bl 5 el D3 4 bye la eyl
4 Ol g osle & bgye sl el der 55 s
s pe a3l 5 ST potie o Ko i (pSonzal o um
U.Sliz 5 o)l ch.i (B omaman 3 S o)Ll OT s
28 Sl sl o3 @ bg e sla el alex 515
4 by Jolse 510,08 o 51 oy - K, ¢
cho (S des 4 Ol 55 e sl sl
oylal sdube O3 cble 5 G cau Siwy PH
[950]55

2 e 58S ol el ale Sl ednle O3 bl
2> s chle I syl sl (Sa s - S35 5
A 5 V] ssae Sy 55 I Eel Ygens e
o3ls e i e ek L esle ke ala
Yodo ) Syge woodule S5 CBE j:éj o
b o

gl 5ok e 3le e = KpmU®/2H )
Co ol amily po(HV) e H Y daly s
oy oS o cepw U aglem®) Ss, s - S,
0556 S K 5 (MY) eyl S5 0 2 M o(MYS) oL
o3l Jldde 45T Uas e OUS Yl AL e da Ol
o 4 4 ol (losle jludie b Conlite gelans i skl
5 mS by S i s [A] AS e sy
2ol S5 Chle S cd sdd plail V4] RIJLOwS
b = IS s S s Sass - S8, L,
O3 ChlE G L ST 0l il ol e )
o Dot Sy = S, 555 S, § 5 ekuba

ol Oy CJJ ol ol gl oS s b e 5

oo -

Lol Wi g ol wlio )3 & e SIS I (S
ol ' (F )y = S ooy 355 ki Slge s S5
S 5 SOKe (K Olegen 1 s & oty
ol Wi sy | SSuAsm G bty S
Lo g & a1 5ol ST Glej ke 5o Dl g o 3
Al Koyl (Soss 31 m 8 L sl s Sl
Ssbe Sy - Sy dils 3 938 phip Gt
Loy Jalo gl fIoa (K85 55 53 o 5
b (S8 4 Sl Slge SBlap 553 ek ol Sl
S apbp s gl Il Olpse el (S
S5 m Sy ey 0 agta BB sl
Sy 5 S0 Mg 4 2l s e
I 5V asbion 8 Soss g5 0 S8, 5L
Valaly 5l A g8 cnl oo o RS A ST b e
:"\’.Tu" Cewddy

T=C+WH+S )
(S oy - Sy Jl s o o EST ) )y s
A o e A E ) el S 55 W
e o 5 Olse 4 C (Uil il sy (o)
S 5 sl sl sy S, 8 oK Sa)s Sl
Pl ey i G alBles S1Olse 4 3
Aty g diged O)y A Soppe 4ol Ol sla el
ST il e (MYIEM™ D) 0lej domls 5 ods 4 oelaw
S Glised Gl e SRS bt
FW T e sty ol 3 8 515 5y - S5,
Chlim L 55 Sg0 45 oK o 2 25T
T sty il 0y - I gloms e shome L il
Shyd sl & Jske 51 C e 03,57 Cowsty sl

ool ilasT 5 eslimal b 5 558 s eslizal AELS ol

sy Sy 55 Ul 6 Ol L e
[F 5¥] 057

! Erosion-Corrosion
2 Synergistic Effect



AYAN 58l oF s laid p g Sl ((Sas0a (qutige g asle dalilias

NaCl J59 9o, ¥/0 Jglas ju 0+ OY asise ol Ll (S, 95 — (K36, 436, ys ouisles &l yd BLE 51 coy y

Sty WY o lad oslin 05,8 )15 Ss, 0 - Kb,
oBaws 5 oslizal b Ol plm 5 Laised A3
b ot sad adsl oo s 5 LkE (213 0 S 5l A
AT s Dfdp Y s b s (g3l 3 eslinu
Gges oSl ;3)}5- N T Y | BRI YRRy~ I
Al b e NACl 555 4oy YO Jsbos )5 cann ofT
Ogel oDy 03T (glacds s8I0 Ioli (513 51 e
Jeily 4 o Sy e 2500 Ll 35l 45 i
wb Sy de 4w gy Cepw b s (OCPY) 5Ll
b Ol By (gomte 03557 Cannday Gl g 5 A planl
s e [YF] ASTM G102-89 ikl 1 oslicud
LT s MYICMPN e y S5,

SN S-S,y 5 Al Kby slaoseiT =il 1
b1y Jsbous 035 ey olly 45 (3,55 » S olaus
oolatal 3yl sdule Cfyd Calides o ks 5 bis ,u
ol i, ;:)}5- —Ji*é) oK Cig::la.:d \ Ji.: S
'MJKSA

S S = Sy 5 Al Sy slaoseiT =il 1
s sl Dlys sl NACH S35 o ys ¥/0 U glos
Al oslamal YOOVl M e3gdee 5 oy o3l
cazm )3 ¥ 3, 5 asly FIOMIS Jlow S 53 O 5057
FO Sdeay s il e84 58 O sdule O3 Chle
(Al Kby glapsesT pll (sl i plowl 4id>
Bl plae (Soys Sl Ods g
ol e s ek Sble 51 ASTM G119-09
Dot basel (bl st 1 e [F] 4l eslinad
T Csa LT 055 286 Ll 55 5 jeed okl S5
(Al (S o Sy - Koy il el 3l dn
@ Aea e dag 03T s 5 St (S5
osbizal U 5 [F] ASTM G119-09 5wt b sollas (S)
S sy Sl rmper T e e,

5ol S clad sei e g osle o 5ls

2 Open Circuit Potential

edule O3 Chle Sl Lo, sl il el
eSawty K8 i sl Oy Clle 1L Ll
o el iamen il e B! mbw 65y R
g R e PRTTRRTEw
5o bad ol Sl TF S Slyd sl il
S - Sy 5 S8, TF s 5 g sl sl
b Al

S Wb ol omils o cv.:.:a}JT sa3UT
Pl vl Koz w0 b 055 4 oo
5 Gl Sy 4 Jlo Caglie s O 54 S
plo 5 @5 Gl (obys Lo 5 (S
e ool o GBS oS e gl ¢ Sl
5 CE g Db (sylim s (il kS
Coxio 5 Lo ST sl S dajsls 0T glaes, sl 3
b+ oY W}JTJ\:JT@L,A ol o5 DY 58N Lyl 50
boarg bsps S 5 e Wl GIUT jole pib b
(ol Glalioe 45 Glojim Sy o Il Caglis
SO WPl on STl b dass cpl 43 (6305 5,18
Sl 03,5 6 it 4l JUst s )87 ! |
s pl a8 S a5 Ly L S5 s a8 Sl
sy o 2 SUT ol s Sl
sl s, - S5,

2oodube O3 Chle S pwy R cpl 5 Ooda
YO Lasme 53 000Y wa T SUT (S, - K3, ),
3 u;_\jélr_a BRI RIS NE SV NaCl I3 ey
Al S e Loyl 5

G w9y 9 0lg0 Y
L 00OY i T SUT (S ladipus 51 Gaios pl )2
ST Gy ks SUT Gl bt oS5 s eslind
S S el ot €50 ) Jsd 53 oS Ab o OES

3 Sy Lo il S g ) e ¢ 2l3T plo]

! Optical Emission Spectroscopy



AYAN 58l oF s laid p g Sl ((Sas0a (qutige g asle dalilias

#9

NaCl J59 9o, ¥/0 Jglas ju 0+ OY asise ol Ll (S, 95 — (K36, 436, ys ouisles &l yd BLE 51 coy y

G el 50 o 0la! 0+0Y awinogI T SWIT slowd cus” 5 1) Joua

| Si Fe | Cu | Mn | Mg | Zn Ti Cr Ni Pb Al
M)é

Balance
ST BRYALEN RVZ SN V2SS B VAT I 728 B INRVL i IRV INRVERL J (RRVARY-S BRVAY

Wgod Y 20 el gl Y oy 1 1 T3 395— KB ialo )T ol iilad g 1) KB
29 51 -Y Sod s of yoardy AQ/AGC x> 30 39 i1 =5 O It Ll -0 (SNl Cblin g Jailis Jloe! i —F
bl F o8

S5 = Sy 5 (S 5 Ol ylasei ¥ S
ol ol 03,31 /0 MIS o js> Chle Cu
5 Sy g5 Sl I L sk ads &S Olopes
GV Gl bl )3 bl bl o B (a5 - S5,

e (o3 D) oty I )
4 o5 p b ol £ gll 4 ¥ S chle s
ISl Ll e (nl S 500 2l 93 o
B 5L o ph e (55 3l esle Sl 5
oS i b Sy - Sy 5 Sy 5540 gl 49
oI Wl diee b s T b e I
AL (6355 53 alda I s e e S
cb‘;&w)\f&!p!@l“gajjs-j&bs:\Mﬁ\}é!
e O3 5,05 il gy esle Cuwglde Eulel am j5

Sty

3 eslizal b 0peT Gkl plaw (S - S5,

258 55 s 3050 sy 53N Sy Sa

o g b Y

Sa3 S (S5 5 ool Ol N sl se ¥ IS
Eaﬁ@oxgpg@-}:l{ .M:L,’.AQL‘.J\)M}‘T
S 2gh e gy ailale 3)ly (e (Zoe la ey )
$3)AL03.3H0 Lilos 4 LSi5 odins Olis Ll 5 oo
ol Cslie Aol s 4Y ol S8 [10] wsly mlaw
4t 5 b el bs ST 03 9 0y g5 Lo 1 3 5UT
anails o6 bt (b Sl eslinwl g el D Hls 5ed
AT s VT ACM? L Sy 0l
[VF] ASTM G102-89 ,luitul i eslizuel L pimen
3R N Ly S S el
AT o Cs VoA MGENTNL ), S5y 50 e



AYAN 58l oF s laid p g Sl ((Sas0a (qutige g asle dalilias

sy

NaCl J59 9o, ¥/0 Jglas ju 0+ OY asise ol Ll (S, 95 — (K36, 436, ys ouisles &l yd BLE 51 coy y

by & i 53 Sl 0345 sdalie LB 5 SEM
T F . G . . \
ST Sy = S8, Lk, ] 0L 5 Sk
ol WJK‘LLY Qﬁwutbuljsﬁ—w}y‘-—ﬁ
J= 2 5T sy Voo M ajb)aﬁ)db)a
EXIEY] J‘f.“\i g"_,a*u)\f AA5052 jL.?‘T 3 V.:._.A}ST &h}\.:ﬁ
S, e tlbesT s N[ R gRCMPNT P RPRIES
E5 M Sl Wlgpe dien 5 edd C)lS
LIV 558 slee Sl
Cf‘f"}‘;'g_s‘ a%awmg}ﬁ;,b}g@@}:p
j.ﬁ)}ﬁ-— ;.3/”.) 'CJS J‘%Lﬁ@]ﬂl& 6«\.«5 DL ,SJ/".J
gl s sk e s u‘i\}é‘r‘” & sl Sl &S Sl
S s e g5, Bilws &Y S5 L5 &l
gccb&)).]aébuﬁyg}:&u .Jﬁl{j})}ﬁ-—ﬁj
Sy~ Sy 5 0k S sl Wlg e Sl
b e 53 Y gans Ldlows 0¥ ol 358 (S, 55 4 o
Db g dloul B wals 5y LS5 ol B 0l &S
a.l.l.ll.w Q\)J J))ﬁ-j JS" J;‘Sgﬁlﬁ 6&4.5 J._I.) y‘}w
S sz, g 1 baad Sl 1S i pd o sl
uwggwwmduwug&mﬁ\k
laad B1ews S5 Y ol 8 oKs [VA] aib
Vyome &5 Glodn ST AV L L 555, e
oKon 53 gio pr A Sl Ll plesl b
ﬁbuﬁuﬁwdﬁbmd‘ .J}.fu‘;b)}é—ﬁ)
S 54h g a,\,“;ﬁ,“:g,b;u};@vg}ﬁ.:); &Pl
iy dile g b gl Blen ldde £ g/l cbke i am
A e S s Gachle 53 mha S8t
S Ky 5 Kby 55 edey Il I S 4y
i 53 5 Wled S Iy GBIk S LY S s
Ll okile LU L8 Bl 5 ol sl afRlen s

S35 Sby 5 Sy sl SEM sl ¥ S 5

! Barik

o 0+ 0F w0 gd T digad Ogawl 3 3% S13g03 1Y s
oS b (S

Fr e hle 0ud iy an b 9o LA 550 e 0dd oen
s ) I3 487 353 0l a9 (S - S,
S 1L B e (555 Bl 4Y S5 L5 e
@Eﬁ‘}\cb@»)lf)‘@cbmswyj&bi
Rl Bbloes Y S5 (6l plands 2SI L Yl
S (‘&":""\LICE‘“LS}J oY ol 5 ples LU 5wl
o OA3 oS Sl W5 e ol o g5 miy

Des YL glac e js s gal

Al Kby (T) Fore— Kby &5 sloged ¥ Ko
28 ol O3 cdald cwe 9 (S) (218 9 (W)
Rt SR STE SR T N T M/S Jlw & yw

N e e I I 1
éﬁi:jQY@,:émchaf)l}ﬁuj'\ﬂw}ﬁ
)L"MQYJAJMJJJJ@MJ‘ %Jﬁaa-\.ﬁ‘.&ﬁc@@

S Al (e gl sy do 53 WLh) ol Cdeu )87 S50



Y

AYAN 58l oF s laid p g Sl ((Sas0a (qutige g asle dalilias

NaCl J59 9o, ¥/0 Jglas ju 0+ OY asise ol Ll (S, 95 — (K36, 436, ys ouisles &l yd BLE 51 coy y

b3l 3 8 (LU SEM b ot dugi dig0i zrlaw 4 g 0 g9l :F I
28 Sy Kb, &M}Tc}?ﬁf‘\‘ O/l (z 9% O/l (@ cdalé g¥+° 395 » 4915 F/OM/S CAﬁ)éﬁ)&b}TM
A0/l (o g% g/l (5 cdakd 33 9%+ ° 3395 5 41903 F/OM/S o gu

§5 2 3 ole 5 SIS LB 4yl 45 S5 s
S5 Sgmer bk Led Ll dlgl s 5 o
Aledd sl g5 esliw dulp Sl 53 &S Wyl 392 cla»

Sy dsly Jsa 45 55 e e s ¥ SKE s

RGION RPN aJ;)T‘;.:J 2 (ajf Q. }V' 6&&]@\9 BE)
plasit 51 J8) ads! 450 SEM g 4l g (roman
°“\":;‘°'>)JTJ‘_?ﬁ)’ﬁ;(;")}’;_;ﬁ)ofj"
LC_;.M\ ubuﬁw J\ —? Ji;‘ BL 45 )}LULQA .g:,.«-'\



AYAN 58l oF s laid p g Sl ((Sas0a (qutige g asle dalilias

5¥

NaCl J59 9o, ¥/0 Jglas ju 0+ OY asise ol Ll (S, 95 — (K36, 436, ys ouisles &l yd BLE 51 coy y

e Sl oSl K8 a8y 3 esle Cueglis
e Shaaiie 048 oS Lol Ly s oyl S
ET AR g/I Chle 4 Cs 40 g/l cble s

S5 s ¥

ol S s bl ekl o I3 S8 - S5,

e 25 o gt CBIE L 5158
jlﬁ&j:)ﬁ—ﬁ)tj)l@hw@sz ‘/
e gl Blen fledias Ol ol ol palls (S35 5
il s dle ) gBew ) 5T 5 Bblows &Y sl Jsa
shaaiie mha g5y w3 Y a5 sy s Y
slaad «oh)d S5 s edal 3 slayls sl
P L LIV C IV RN Y

A

Aile mbw gladaiin i y3 ¥ sl 5 VSQ\)A
5 g Gao 2 3 A s el s s el
Gloaaiin Lsh o dbml s Ggy odelp slaal
3505 Glsman K5 Ol b b ok odalive o

[ 514]
CLE B L & sk e FOSE 4 ey L
o 55d o S A0 Ol Sl s b Slasiie
ol Sl Sl S35 ey S e O3 Sub
5 by aisel 53 Kbysp Ol 355 e Esl Al
4o b s 3L OLSS LB (S, - S,
Ao edel smpa ol o, wsls 03p b
o sl Ko a5 oaT 5 glaad 5 i3 354
Sl il 08 e sl &S (6w g Chle il
eSS (59 Ll e dis cpl &Sl 5y
(e 53 (S Ol SIS ST el

&y
1. E. Bardal, Corrosion and Protection, Springer, U.S.A., 2005.
2. M. G. Fontana, Corrosion Engineering, McGraw Hill, U.S.A., 1987.
3. ASTM Standard G 119-09, Standard guide for determining synergism between wear and
corrosion, ASTM International, U.S.A., 2009.
4, H. M. Ghasemi, M. Karimi, A. Pasha, M. Abedini, “Erosion-corrosion behavior of 316-
stainless steel in seawater simulated environment at various impingement angles”, Regional
Tribology Conference, Bayview Hotel, Langkawi Island, Malaysia, November 2011, pp. 22-
24.
5. Y. Li, G. T. Burstein, I. M. Hutchings, “Influence of environmental composition and
electrochemical potential on the slurry erosion-corrosion of aluminum”, Wear, 1995, Vol.
181-183, pp. 70-90.

J\I_;) B dL:«« CASJP- g;.GJ.w JS\ k.S"‘)J'-'” QQLLJJT C)\JL& J'J«MJ. LJ\) )jé.:.ﬁ WG L@)..L;.a:- chﬂJjJ LS.L.I.A J}.:M 9
Y8 o oty ( Says5 o 0, KS eens jow (NACT S35 4o y3 Y70 J s s rien ST 0+ SUT S, - S,
AFAY i, YV

7. M. S. Patil, E. R. Deore, R. S. Jahagirdar, S. V. Patil, “Study of the parameters affecting
erosion wear of ductile material in solid-liquid mixture”, Proceedings of the World Congress
on Engineering, London, U.K., July, 2011.
8. S. Turenne, M. Fiset, J. Masounave, “The effect of sand concentration on the erosion of
materials by a slurry jet”, Wear, 1989, Vol. 133, pp. 95-106.
9. I. M. Hutchings, Tribology: Friction and Wear of Engineering Materials, Edward Arnold,
U.K., 1992.

YA Ol g o8ty 8 0utSTtsts eyl purlid 518 aal OLL ¢ gas S (o o0V



AYAN 58l oF s laid p g Sl ((Sas0a (qutige g asle dalilias

70| Naci 238 80,3 V0 Jslas 530+ OY axine olf JLull (Suy 83 - (K385 HUS ) 4 ouiales &l )3 Calile 51 pay 5

11. J. G. Kaufman, Introduction to Aluminum Alloys and Tempers, ASM International,
U.S.A., 2000.

12.J. G. Kaufman, E. L. Rooy, Aluminum Alloy Castings, ASM International, U.S.A., 2004.
13. E. Ghali, Corrosion Resistance of Aluminum and Magnesium Alloys, Wiley, U.S.A.,
2010.

14. ASTM Standard G 102-89, Standard practice for calculation of corrosion rates and related
information from electrochemical measurements, ASTM International, U.S.A., 2004.

15. D. Talbot, J. Talbot, Corrosion Science and Technology, CRC Press, U.S.A., 1998.

16. R. C. Barik, J. A. Wharton, R. J. K. Wood, K. R. Stokes, “Electro-mechanical interactions
during erosion-corrosion”, Wear, 2009, Vol. 267, pp. 1900-1908.

17. G. W. Stachowiak, A. W. Batchelor, Engineering Tribology, Elsevier, U.S.A., 2005.

18. R. J. K. Wood, J. A. Wharton, A. J. Speyer, K. S. Tan, “Investigation of erosion-corrosion
processes using electrochemical noise measurements”, Tribology International, 2002, Vol. 35,
pp. 631-641.

19. S. S. Rajahram, T. J. Harvey, R. J. K. Wood, “Full factorial investigation on the erosion—
corrosion resistance of UNS S31603”, Tribology International, 2010, Vol. 43, pp. 2072-2083.
20. G. A. Zhang, L. Y. Xu, Y. F. Cheng, “Investigation of erosion—corrosion of 3003
aluminum Alloy in ethylene glycol-water solution by impingement jet system”, Corrosion
Science, 2009, Vol. 51, pp. 283-290.






AYAN 58l oF o ladd a0 Sl ((Sus0a (cutige g psle dolilias

2laancd g SI (uihagel (oaadilo (g b (s (s budaad Jglae Hu AISIB16L (55555 9¥ 68 sl (g5 s 5leudse

g AISI316L (3 &8 ) oY §8 Gadd (a9 s leu e
reudabe 49y b (s (5 budaais J glae
slandd 9 yASI puslasol

" sl 718 5,7 Gl ylas asel

Lisca oo g3 oIS ( crosigo 6uSLiiNS il g0 crusign 09,8 iyl oealichi IS (5 ganckily |
Lisea Lo g3 oLSEINS ( cruige oSty o go crunigo 09, Lialical '
Omid.imantalab@gmail.com :J s ouieuws g3 ™

S VARY AR PPN Y TR VAL VA TP

Ao gy N e /N PH 5 51 i leand J ks 53 AISE B16L 056555 5Y 5 Soy 55 4 Conglin (i ol o
0 oo s A il i 5 Kl 3 ity O a3 5% 1 e3linel b (pasly A8 5 dn V50 /) + 0
Ol 32 oM S0 53T e 5 JoKi5 Col VY ) (laisle) ke 55 5L Hlbe fendlts 55 sy sbaasY o shate opl (gl o
3 gl s A ilal i (510 50T plonil (51 i plawil gl s 2SI uilibial mi b 5 Gl > sty
S L3 OLES O el 3,0 (Sla soia .k ealizad 5 oa e Vo B 5 oa kST Ve LIS 8 aels 5 S e Ve S5 o il
b ($La sa3T s doas oo S ) (J o BB sy 5k8) o S3leand Jsloee 53 AISEBL6L 056555 5Y
SYU la il 3w by e gt Slo Cal it Slej ol 53 (glyls dbas sl o 2 457 513 OLES glani s SUI uilbal
Tl 2 8 S 52, Sadsl p 4 oS S S B a bg e e Sl Sl S b o Sl Lo e 5L U A1 4 (Sl
S5 0les il 731 L oS ol ST gl s 2831 uilial omin il ol piomad 15 50 g0 o o il o BLST Y
ol ga 487 A0b oo Rl 1O gl 2 Ny Conplie dom 53 5 L JUH S glin 5 oo gy 4Y Cuslie (ol VY @Y sy Y
Ll w9y aY Sl il

W Gt Jgloes ¢ glbasd s S uilial mtwcad ¢ AISIB16L 0 56555 5V 56 1 Suls”™ Silads”



AYAN 58l oF o ladd a0 Sl ((Sus0a (cutige g psle dolilias

2laancd g SI (uihagel (oaadilo (g b (s (s budaad Jglae Hu AISIB16L (55555 9¥ 68 sl (g5 s 5leudse

Passivation Model of AISI 316L
Stainless Steel in a Simulated Concrete
Solution by Electrochemical Impedance
Spectroscopy

Omid Imantalab™* , Arash Fattah-alhosseini 2

1 M.Sc. Student, Faculty of Engineering, Bu-Ali Sina University
2 Assistant Professor, Faculty of Engineering, Bu-Ali Sina University
*Corresponding Author: Omid.imantalab@gmail.com

Submission: November 27, 2012 Acceptance: December 31, 2012

Abstract

In this study, the corrosion resistance of AISI 316L stainless steel in a simulated concrete
solution (0.1 M NaOH + 0.1 M KOH) has been examined using potentiodynamic polarization
and electrochemical impedance spectroscopy (EIS). For this purpose, passive films were
formed at open circuit potential for 1 until 12 hours and then potentiodynamic polarization
and 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. The polarization
curves suggested that AISI 316L stainless steel showed comparable passive behaviour in a
simulated concrete solution. EIS results showed that the best electrical equivalent circuit
presents two time constants: The high medium-frequencies time constant can be correlated
with the charge transfer process and the low frequencies time constant has been associated
with the redox processes taking place in the surface film. Also, EIS results showed that
passive film and charge transfer resistance and therefore polarization resistance increase with
formation time from 1 until 12 hours, due to the thickening of passive film.

Keywords: AISI 316L stainless steel, EIS, Simulated concrete solution.
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Abstract

In this research, electrochemical behavior of conventional and nanostructure composite
tungsten carbide coating with WC-20Cr-7Ni metal substrate prepared by HVOF thermal spray
on carbon steel in 5wt% sulfuric acid corrosive media was studied. Coatings structures were
determined by X-ray diffraction analysis (XRD) and their corrosion resistance was studied by
electrochemical potentiodynamic polarization and electrochemical impedance spectroscopy
(EIS). Corrosion products on the test specimens and in the sulfuric acid corrosive media were
analyzed by Scanning electron microscopy with energy dispersive X-ray analyzer (SEM-
EDX) and Atomic absorption spectrometer respectively. Results showed that heat treated
nanostructured WC-20Cr-7Ni has better corrosion resistance and lower corrosion current
density compared with non heat treated coatings. Nickel of The non heat treated coat was
solved in the corrosive media but after heat treatment there is not any Nickel in the solution.
Chromium oxides as a corrosion products were stick to the surface of coatings.

Keywords: corrosion, HVOF, electrochemical polarization tests, tungsten carbide coatings,
nano-structure.
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