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Abstract:

Corrosion behavior of Nickel-Aluminum bronze alloy was studied in 3.5%NaCl aqueous solution in the absence
and presence of sulfide anion using a common experiment setup of electrochemical noise. Data were recorded
during 7 days at ambient temperature and were transferred into time and frequency domains. Also, localization
index and noise resistance were investigatedas a function of time in the solutions containing 50 and 100ppm sulfide
anion. Morphology of the surface destruction was studied using scanning electron microscope equipped with energy
dispersive X-ray spectroscopy. Localization index was constant value of 1 in all cases that confirmed it cannot be
used as a reliable parameter for determining of corrosion category. Increasing and decreasing of Roll-Off slope could
be attributed respectively to the breakdown and repair of the passive film. In the presence of S0ppm sulfide ions, Roll-
Off Slope of the potential power spectral density plots of the potential noise was increased and approached pitting
corrosion. Small increase resistance noise and Roll-off power spectrum densities curves in 100ppm concentration
of sulfide ions after 7days immersion might be attributed to the formation of a porous film. Increasing of power
spectrum densities curves showed increasing of tendency to corrosion. Surface analysis of nickel-aluminum bronze
in 50ppm concentration showed surface tears and some corrosion in film passive and in the presence of 100ppm
sulfide ions;a porous sulfide film was formed.

Keywords: Nickel-Aluminum bronze, electrochemical noise, localization index, power spectral density.
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Abstract:

In this paper, Cr-TiO, nanocomposite coatings with various contents of TiO, nanoparticles were prepared by
electroplating method on low carbon steel substrate from St.37 plate substance. The nanocomposite coatings were
obtained by codeposition of TiO, nanoparticles with the average particle size of 21 nm, 99.5% purity degree and
anatase crystal structure prepared from Evonik Company with Chromium during plating process. The coating
thickness average was 30 um on low carbon steel substrate from St.37 plate substance. The influences of the TiO,
nanoparticles concentration in the plating bath,the current density and the stirring rate on the chemical composition
of Cr-TiO, nanocomposite coatings were investigated .The surface morphology and composition of coatings was
investigated by scanning electron microscope (SEM) with energy dispersive analyzer system (EDX). The wear
behavior of the pure Chromium and Cr-TiO, nanocomposite coatings were evaluated by a pin-on-disc tribometer
and The worn surface of coatings was observed using a scanning electron microscope (SEM). The electrochemical
behavior of the coatings in the corrosive solutions such as 0.5M NaCl, IM NaOH and 1M HNO, was investigated
by potentiodynamic polarization method at 25+1 °C temperature. It was found that The Cr-TiO, nanocomposite
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coating surface morphology is smoother, more uniform and compact surface in appearance compare to that of pure
Chromium coating and The codeposited TiO, nanoparticles were uniformly distributed in the Chromium matrix. The
microhardness and wear resistance of the nanocomposite coatings increase with increasing of TiO, nanoparticles
content in the coating. The worn surface morphologies show that the Cr-TiO, nanocomposite coatings exhibit less
abrasive width and depth and less tendency for plastic deformation when compare to that of pure Chromium coating.
It is obvious that with increasing of TiO, nanoparticles content in coating, the corrosion current density decreased
and the corrosion potential of the coatings shifted to more positive potential values in 0.5M NaCl and 1M NaOH
solutions. Also, The Polarization resistance (Rp) increased with increasing of TiO, nanoparticles content in coating.
As Cr-8.3wt.%TiO, nanocomposite coating polarization resistance in 0.5M NaCl and 1M NaOH solutions reached
t0 3.954 and 5.631 MQ.cm? respectively. It can be concluded that the codeposited TiO, nanoparticles in Chromium
matrix of coating increase the corrosion resistance and decrease the corrosion rate in salty and alkaline solutions. In
anodic region of polarization curves of pure Chromium coating and Cr-TiO, nanocomposite coatings in 1M HNO,
solution, Passive layer formation is observed. Passive layer formation current density of Cr-TiO, nanocomposite
coatings (about 0.02A/cm?) is less than that of pure Chromium coating (about 0.03A/cm?). On the other hand,
passive layer formation potential of Cr-TiO, nanocomposite coatings (about 288mv) is more negative compare to
that of pure Chromium coating (about 478mv). It can be concluded that presence of TiO, nanoparticles in Chromium
matrix of coating aids to formation of passive layer. The passive current density of Cr-TiO, nanocomposite coatings
(about 10-4A/cm?) is more than that of pure Chromium coating (about 10-5 A/cm?). It means that passive layer
corrosion rate of Cr-TiO, nanocomposite coatings is more than pure Chromium coating because of The presence
of TiO, nanoparticles in the coating surface disturbs the continuity of nanocomposite coating passive layer and
accelerates the destruction of passive layer which causes to increasing of corrosion rate. It can be concluded that
Cr-TiO, nanocomposite coatings is not a proper coating in HNO, solution.

Keywords: nanocomposite coating, Chromium, TiO,, Wear, corrosion, microhardness



YAY liwey \ aJM‘eydu(éJJﬁwW_g?jJsuw

VY| bl gup g S a5 sels 53 5la Ghichi g3 (S, 93 HU58 5 g il s ySlas gy

comb obloy Sl o v e S35 4 gl b (gl ole
6> [Wewt 0T Jlb slbawd oIl s YU Sl Cueslae
5565 1M g 551 53U e G Ol 5t 4 izt o3l S|
o el R sl ysle s 6 eles Con gl Jole &S5 5 (55
O3 s 14 ks 48T (6 Salpun S5 56 VP50
o SIS i 3 5 S B ol Ghyls des (S
[0]aas o 0lis 355 311, VY or HY e Lo e 5 A2il,
Gy 5 S gl (Sl s pondly O sl M Sla B,
s 03 8 s S2u5 05T Gl Ll 6l 1
cvf.ﬁ)?dhrk&nw#)bd@éb)«b‘cuuijjdj
2l Lame 53 Sy 35l S 5 S, 5
293 Oseali M Sla gy e (o @l 3 1 eds 43 8 L
Olge 4 4 Sl Ol o 3l 5 IS 35S friley e 05,8
Sy o opl 53 [V ]asd e @) il b OLej 3l al
$2 g5 sl U i W5 e SO OIST
3l Chle Ul w8 813 eslizal )4 0S5t
S35 2 03508 o g 5 0L o S plam 3 (il (6
5 i (SiNPose D (LS SU Sy S
63 =35 il S Gla iy (S 5 el B,

Wl 8 8 1B 3050 A 5 S 5 ol ST

G 995 -Y

GIKT s by jalls s 875 Cr-TIO, (255008 56 2 s,
i 3 a8 oS VB Y 55 (655 eatiens O 2 (SS S
LOMM Cwbes sYemm sl gy S SaLSE37 Gy
ol 0l 0313 OLiS \J.i.ip Jv\iafslgai\ L8 Olge

ohibgs 49V 35 Ylgic &3 o 3Ll 3 )90 03 3 jun ke GBI -\ b
o3kl 3550 (23 gy Ll 5 5 (KT plom glans oS 5

£35S 5T AST 63 -p5,8 550 SU A s o 5 Sl

doddo -
«$5be rtle mlio dile A 5 mlis 51 (ol 53 pelam (sidige
B R R P R o
s Vo5 anss s (21530 5 J peames oo s Shos
G 330 e VAV am3 51 S o yen 4 s S S
S D5 Olesan 5 S g [Vl 8 513
4 Cwslae |3 5l (ool S Sl RS 03 ek bk
3 G, O gl ST A (S5 sm 5 (se ¢ S 355
S 5 SIS Ty [V 5 5 e iy s Shes
38555 o 153900 1480 55 5 (65518 oo 4 0T (5,8
S an) 53 SUoSINIL D)3 Olejar sy Conw 4y (yties
CosB 55l s iy S s s 5o [Pl o
5 ol 4 Cuglie Vb e o 40 (Ssl o S350 L ok
oA L ST sl i g b anglie 53 T e S,
il S a5 sla oy Ol 31 VIT 4l 3 28 5 ane s
slos 53 0T plol bl 4 (S 2SI OIST cla Jloy 8756 5 Lo
heloas Canglia Yl gady ey & 50S a4 ja0 I sana 5Lid 5 Laoes
Stz 3 N pen 5 Sl gl Sl YU (e 5 Ol e L5
b s o en 3l (SO (Senl o D55 5 (65 e o o
s o jslS Lol g skstlo 5l olad mils b sl (oo O gucms
Ao)lS I e D3 sUaS da)y oo bl a ke 5 Jas ol oyl
AN GIST gy aons 4 1) @iles ST (63 5 o
S S350 ol 15 =S 20y s ae) gl tdy o
5 e Syt 4 aslie YU plass oL b ) ool
pla> 3 Bre (Sl e D3 gy ol 5o [4-0]5,15 YU e
D i 53 Tl 3 0l e (b 53 (S8 S (6, KT
36 4 dnls bitas 25500 50 sls iy ol 8,5
330 0313 gy Olo o o1y SaSTy Ol s 5 Cale 5 die
we 33 Slyd gl g 4S5 Sl ol odaliin [V 0 ]l 2 gy
2% o o Ol 4 Cle 5 e Il sl Al
S 5 Jed S S S T sl 36 o iy ol 55
DVAIEL (o 03508 S 5 0L JE (KT plam
(ST el 53 GloT & Y oo (6531 o 40 350
23 O3 gL s (ol a 4lST Ol e ol 31 aST W g e (gl ast IS
4 pamin (ol () Sl e (25 eSS Gla By
ei,«@&JrL“,,;Qbs‘;,ustﬂ‘}J;iu\.;,.:du@ﬂ;,;
,L;J&Jru,,;;)bs};u&;m;;u;;aJgﬂiwuw
il ST (63 WYL (o OIT plom 03500 s



\PAY Glicusy Vo oJm‘eydu(éJJﬁww‘gfﬂuM

Al (a0 g S (55 52018 3L (5o (g (583 4138 5 3 (odialen o jSlae oy 0 |V P

LB oo canldl razt 5 g amoly Sl ealined LT 51 g
(S5 sl AT 08 a5 oaws 3l oslial b s (418 Jis b
23 e S ad gl o1 o2 428510 St 4 iul 3 LSS
L atnd e DT s 2135 0 5V 0 S5 S 5 g o
oo b S5 g 5n sl 3 1S (b (g5l Jlb 512
S8 Colgss s B § s bt s Y Sie (5l V1) e
sl e SUT s s e OTL (G 81 (50T a5
&l LT Olsie @ Yox Yo mm sl b Ol sasT 07 5 o s 407
LeeSTg3mp5 S 25 50lS S A 505 S g (S S SCT
55 RS v em ekl kT 5l .af)\;nuw;,fﬁ;\;:;
o b 0303 13 (6T Jghoes (g3l YO ml e b
$los 50T 035 0.8 5 (ueblite Oan b slons 03508
(T plem 3 D3k hle 56 pH=Y 3 ¥ 7C s su
o S GO Sas g 03en Lo 5 Ol JEs
PSes Son b g b iy S 5 e P8 S
ST ows 4 jgome VEGA-TESCAN Jus s, 53,
Lo g o5 ST (65 G55 S 25 8 15 aalllas 5,5 EDX
gy 13 b sad alS (655 2 3 S ek lacd Jge
053 (bt ps S 5 wblsdnST| (63 —ps S (5 selS 5L
plil Ve S (Kb ysp Ol ke 5 ¥ gr (65,5 L 5,05 ey
3598 (i 03TVt 3 odaT ey polin ik 28 8
OT 812 5388 (B 315 (26 Mo Ol e 4 cigal 2 (555
s Lo g5 Olnr Siolo 05037 ol ok 0315 3,518 4 g0
Flad LYOIPM ol i o S b Ss o gt ol
Y011\ 'C gles y50¢ NU 5l 350e 6909 cm ol wles
Ot Blph Cow Ol le la 05e5T s 8 el
S8l (535 Lk plonil 1m0 25 S abols b (6,1,
53 by 4 Joate s 055 & Lo g 555 ke Olej 5o
o Ol Lile 05037 5308 6,8 o311 0 50T Ol ke
AISI(American Iron and Steel) oYV++ s¥ 3 >
sVemm oy &S5 olsm plad /0 mm plai L Institute
NS oS 3V S 5 #F ReRockwell O) byl (v
£35S FiaelS SU g Ledd (s (R YV SES,s e
3 235 3 eslinal 3550 Ll 09 S 5 il AT (63
4 S5 gl AT 0S50 53 il o g o 500 2l 00T
b & g0 el 4y oz ol oSl D)3 JalST Ood ) shata
S, o3l /Y Mg s L e & sad 05 LT LA (6,18 sl
ol ey ) st 4y 00 g0 5T 53 oceT iy 3l ke 5

g (G ol 5 Sl odd ) Y 9V Jgldr p3 i 5 el
( Merck Company) ¢S 10 &S & sl 3l g 3l o6 ST U ghoen slons|
Sy Kol 1L 5 ST (53 (5 20 50 5352 T 0k el
5 423 Q0 o gl 4> )5 L Evonik &S 4 Jge=s Y)Y NM
33 Olajan Csuy yobts 4 (Anatase) wGLT Jls S ksl
3= 025 RS SU Sy sl g g 055 e
x5 (Distilled Water) Jois OT fumes 5 qilisdns’|

W25 5 5 eslinud 5y 0 (6, KT J shoes L

IS 9l iulvgs Sl i o3liiwl 390 ples S )3 -1JgSa
VI 09,5 9 EulS JaunST (5 —p9 )5

63 P9 Hgpeligili gy Sl i 58S g laal b —Y g
VAL 09,5 9 EalS Suans]

4 (ebliin Ojan Lo 5 (T plom ¢ by Sl 3 b
2T Fas, bis 5 3l ok 6 5l 5,8 s> bt
PHJJbir"ab4?')’"'&(\*’-6\“3“”}@6)&de:1”
Metrohm &S 5 ol Jlios e pH oSows b olos
1S e (5518 5003 1 g ki axils &5 ol pH=Y o
WiV Soe 4y el (sl K5 gl AT oS s ois s
a;WﬁKp%;@@chcm.xugfuuux\f
RT-SYS IO L 30 RN TR0 PRTI PRI V.U L SRR RN



YAY liwey \ aJM‘eydu(éJJﬁwW_g?jJsuw

VO | molitst gumpg,S i sealS 53 5o Ghdigr (S0, 93 S 9 oedialin 3 jShos puny 32

odig bawslie jn 558 g0 ib g das e Ol T, el
Lglbdfjﬁ)\{jrf\f"xjj}'g}‘j;gicbébbsuaﬂ}(};
C S yab 4 O3 Sb Sl ol Kl S Sl (6 S
sl pshte il ol 5 5 (5508 S S0 s S e o
ﬁu)s,;uwuﬁjwlﬁ‘ﬁﬁ)gal,sﬁ\;a@@;
535S gk Slys gl a8 s .l (55,0 g S
SIS ol (5 5elS S g Bl s 55 s
o Y s e Ol s 51 YL Al 4 Calis 5 e
ST Gla i 53 3,05 Sisle 4 Cuslin 5 cage i1 sl
Sse Gy ) e b et il Sl TS e
ﬂbw@;&aM:gL&uc%@ma)\wﬁsjﬂJ@
235l 0 s SIS e 4w b [N o i
23 58 o Jes 1 dlf&l};oqr.:}\:g LS (6o cCI‘—TiO2
Il J2alST b asd o 2SS b 55 Obyd ol 4
Oyd S (5 S Gl sk a ke (6551 Sl
S38sosm b e s IS 5500 i OAES5,S Db a
ol L e das e Ol Cr-TIO, (55008 56 a2l
b\)ﬂ@f&;d’;&ﬁQ‘)Sc&i};)sg&b.}}iu@jjwjb
o L 5 g0 D3 U e b5 Sl Bl codaT Sty 5 Gl
5 e il Pl sl D3 0 1S 87558 D3 Ol (gles
oo (alaly 58 (or (S A o LT S les g
@j;@s\}&_}ﬁﬁ);cbsgl.uh;;b&yls@j,w,;
03,5 4,3 TIO, )3 by g 38 o 1 e T
S 5l o an) (Sl 5 e il 00 Al Ol e
Sly3 e gl il ¢S S 3 ST b Jos by louls
)29 adails -\.j:) ‘J,ZAK L&J‘KM g_)’:".’,‘Jé‘ D g_f:"“;ﬁ BL
ui..iﬁLg:»cjﬂlj\.:}&@w;éudboﬁ&;@

S Gl ST gy (e ) i (255008 U

C9 o P 2 P g0 (KA SHQT sl flsk ¥
P S 16305 S (R el S S plard S S
Sy 5 23 8 3 gy 1 3550 EDX LT o8> Lo 5
Sl peds Ll e iy oS 5 (gl EDX LT I el
shckle b 2y s ‘.1;\:::4:,51@ O3 gU $5s Loy
SAAMM 3L & s plo 5 S A8 (65 D3

Gyoi Gy olg e Olse 4 dosls SaST, Ol
o oyl o ¢ sl 0 9o 3T o Sl ol o o3l 5,18
on e shs (9358 O sSs Soa Sl eslinal b iy
2 oAl 05nST .88 S5 g 3550 S il 0555
oAl p 5 S 5 @il ST (6305 S 55l SU 2 5 )
ok oyl a5 Sl g 15 055 W28 5l
s dglin S Ll iy
Yoo ml (ool fy 53 Sl s il Ogenl oM (S0 50T
sNaOH YoV NaCl [¥se /0 Jakius oy 55 (slad shoes |
sl S ol (ol s el Y01 °C (slos ;s HNO, ;¥ 50 )
Saaiges » Jozia 35S 4w Sl (gbends S (S5,
357 5 5Ny 55 SIS 55 1SN Ol i o osls idy
e 29 A 5 edisled 5 S0 Olgen 55 4 Ag/AgCl
oKz Lo 5 O somsl 5D (Gla gmmin .25 S 15 oslizal 5 4
i o S ably & L g 457 Autolab PGSTAT 302N
b bisl !y Autolab  GPES LIl g5 kel ot
AT g8 5l g8 a8 15 eslizal 3y5e ekel Cont
4B P Dode g gl 31 a5l sl ol (0 sl 2
gy sy Sl 4y sl b s g o 287155 5 8 2le
VO MVS! feily sy ¢ 5 s Sl s sl slag S ol
(i) 52055 O e B 5 (B, ) 735 Joily i pla
Sao S eslizal L kS 5 kT b gla goe SN S
Soslizal b absy (S3)p5 &5 ks dlons 6 L0
S slie 3lie (6,8 oSl da 5 o3 b 4 O el =5 S e
DIAWVILE pans O gl 32,20

. PaFc
P 2303 {Fa+Pe) fcorr
Caslio R ¢ 8,55 0l o (A& ey nl 5o
GBS 5 T U sla gomie slaccd B 5 B, 0 gl 200N
530 gl 515Ny (o smetn Lo 5 (R ) O gl 3159l S sl Az
;z)}itﬁ.%:;&:ﬁj\{)lm&dtﬁj\i\bmv 03 gkoes
M il (53 b aloes ¥ dlal) Lo 5 Jlo  edis o
el 5 (S SIS SMas ( Jprp b ol s ad s
[VAJsl o 05037 5590 00

LAl

. I - M
CR - ~-~-TTY% A

Fal's
il gy el (55585 50—



\PAY Glicusy Vo oJm‘eydu(éJJﬁww‘gfﬂuM

AT (53m p g S (553015 330 (5La kg (S0, 93 JUS 3 (oedisben o jShas a0 | ¥ P

bl 53 65 sl Oy cJde ol 55 [YOSYF s 58 osls ety
S5 0T s 4SS (oo o gmn) LI b o Do )3
ST 63 D3 b ke 31 Al o pl 4y 5588 450 )
@u:{\p\.ulfcupr.gbgwl@ua&c(u}ﬁﬁt;
L o (695 5 @l LS (63 Olo o gy e 3 5 AL
S 33 pr S S S S B [YPIL (e ol
SO GICT 55 @iles 4T (65 (s D3k Ol jas
GRes Dobe 4 [YASV]ssls Gy o o3Il Oles & (s
ST (65 D3 e 555 1 ps S b Os o Ol
@u:,gplru.a.);r_;tg,\,,.SIL;;);%,L\L&\;!l{‘.._gtg
b 4 ol ST 65 3L (S Ol i L
l{rgl::S.\.;J\L;:Q\)S}JUW.M@de\SKCEM
o 55 2 dpeS S w ol (SO Sl s S sl 0
L;;c;bs};l;}:wgﬁlbgjiisojgp@.xpdwxdxlf
ot DRI e e S e (s S s iles 1S
ST 65 I3 $U 5s deyd Il 4 meie opl sy das
M);&A\f.:ﬁ@u:&ﬁ.):aﬂa:\:gy);)u}usrzjl:g
@epsd d e 53 Ry 0 ol AlST 6o D3 U S
e 0 g 2SN 3 sl ST (65 D3 5L O gl 4 ST
KIS [D]s 58 oo 035 s T Caas iS5 ol
LS 63 D3 56 S35 A3 Ol 5 0L S e B3
SR Aas o OB Ty gy 3 e 0313 gy Olajas e
Oisy 53 w8l gy @l LS 60 D3 U G5 A
bl Sl & A AM? 1 2087 6la 0L > J&s s
e b g Al L e 4 Oy g D)3 50
Lo ,aS 5 LI Dl 3 56 gy 5598 o 28 S350 oedaws
S 6 Silon B el 4 la 00 gy Uil 015 gy oy (o

IY ity Las o et osls - 5 T

(Ti0,)

(Afdm2) ok pr S

gy )3 TIO, 393l (5359 39093 59) 2 S b —E s

@Lﬁ Ol ol 0als OLES Y Jg.& 23VA TPM 05 500 s
B r:;‘.::S LS 63 D3 $b Sy deys &S das e O
JJ‘}&Cb)éﬁ@w‘éjbb{ybwmc&iﬁ
w&\ﬁ\\{&iﬁj.smjbgwlL;JQ‘)SJSU@J')MJA
AL gr/ld\kbq)ﬂ\JJﬁww\ss Shy3 4k
ST 63 S5 5L S35 Aoy e ol 51 i Lol b o
)aﬁsl:::,u_wf\@u,s}sug;m;&\pll{ﬁx,;ﬁtg

Al r RS s S

el [o’).f( a gy Eloww 5 39)9d 190 SEM jugbas —Y Jsub
Cr -8/TWt.%TiO, (d <Cr -6/3Wt.%TiO, (¢ <Cr -4/4wt.%TiO, (b

B39 303 59, 2 ST plen I TIO, =l 393l wlblé »udls — ¥ JSubs
Qlabgy 3 TIiO, <)y 393l

035 Sids 0 el LS| 63 D3 5L G5 Aess SRl
wé?@%f})g&d#@j&\jdﬁ.&d%f):



YAY liwey \ aJM‘eydu(éJJﬁwW_g?jJsuw

VY| liionast (- p g S () 5208 530 5L Gl g oS85 485 § ufalon 3 Slas gy s

oo Sy SOl e S el ] Kos
Tl S0 g odkd S (Sl ST (6 D3 SL S 550
O om 03 &Sl gl B8 Casp 5 Lsh e 5 Cly SIS
3338 p S K HIE gy Jl 3 s S sl
Ll T Gl 1 i S o S EIPEP U RERI
22 gy 93 @l ST 60 D3 U S5 A b

AL oo SEaTIA pm 1 SV 05 s s Cs e

e (o s -T
055 S S sl i Sy 6, ol s
P USE 5 0L, Ll b o el 05 S 5 il ST (6

) ol 03]y OLES

Oligy (im 320 590 12 TIO, lydgil (339 3903 il -7 Jsuio
el U Gle iy () polie o e (0 DL
D I3l L g Sl palls s ST B 51 5L CrTIHO,
Mo (i 5> el ST 65 Slyd S Shs s
2345 ylailen bl (oo RIE (05 gelS SU B (e
o )15 [MYINi-WC 5[¥VINi-Si,N, 2 5slS gls Jid s
F Gk (a0 plSomal da iy o oSl 0 11K
13 56 035 3 [V V]l iy 23 (‘&"‘““ slaalsos S
S 5 as (oo Bl ey (LS Jeily oS 48T (3
Jar:SL::SvL:Mf\L;JQ‘JSJJUJW‘;)@jU};’-Lg\AQKA%
Sla ails K5 4 pein &S o Jeman o S aianj Ly R,
Selawls 035 525 Go b 3l (g0 plSomal 55 (o i o5

3 ko 5 ) g0 4 Ll 5 0y =l e
&, = a; ok D7 [y {r

Hv=va, [vv] it

6uQy_o);&:b\.sjl::ﬁjoﬁtj}scou\.&ugﬁ)(wﬁ
w‘&:&bs}iucldwﬁau\jyi?éug')ﬁo)f&)b})‘j"
AA/dm? j\ﬁo{éhl}kﬁé‘.ﬁg- oaj.bup..,\;.i:‘.g@r:;t;
4 S @l ST (65 D) 5L oy 0l Dl G 0
DRI PIL dm 53 AiST (0 IS i e el 5305 T s O
Sy ol LS (65 D3 56 G55 dess Ol J&s
AV le 0l J& 3 bl o SR R s sl
Cdar gl Op 4 L ST s O &S > s w A A/dm?
sl ¢ 803 (5 g 31 5 ol 2l o35 ST (53 53 50y 0k
Tl s s s sl ol b 3B s 0 e
s LS 63 Sl)3 $U JS5s deys 348 b e LIS
6> D3 SU Ol Sl Rl R 5o 4Bl s
A A/dm? j\jYpdhogﬁJ@):ﬁﬁyﬁ@SW\
L )3 Oljn 3 03500 S LU DJSE Ll oo Sl
o OLES ) g 53 odd o3ls Cogmy Olajen S5 5L S
Q.Liafu;&ﬁ,.sr.gl:ﬁ:.\:..S\Lg.n:)bsj;uu;bw,;.,\m
‘,d_st::.x:“fl@ Shd U 15 Sl 03508 Sy L30 Co
JEsl L mlaw b 4 Bhs 55 Olojer sy g L
e O rpm B g 2SI 03 500 s ol 31 L 8 00l
.vggdu:ilj-;\dmﬁﬁrgt::wu;a,s,su@jjw);
$U ($55 Ao y3 Ol MDA Tpm 1 5V 0300 Sla Cs e o
Sla S 53 Al (o RS SR )3 0l ST 3 D3
O3 5 adS” Jlasl a5 536 Jlw 0L > A 1pm 1 S 05 500
ol ST (65 D3 5L Olejar Sy 5 Lo L o 4,
035 oh Lo 4 olln 558 oo IS 053 56 JU! Loy
S S lalal clyd U S59 Ao )s Sials Ly el s 5l

¥l pslas 55,55 5 Jale

Oluligs ) TIO, 133l (5399 3903 (59 2 WS jod e paws i3l D S



\PAY Glicusy Vo oJm‘eydu(éJJﬁww‘gfﬂuM

AT (50m 03 (5553015 330 (5L Gl g (50,95 S 9 (oudisban 9 jShas uny 0 [ YA

s e 0l |y Ol Ol

WA 09,5 (@ Yindgy SUhouol wxg 16 S (izmhe —A S5
«Cr -8/7wt.%TiOz (c «Cr -6/3wt.%Ti02 (b

UL Cadui Ve o Loy b by alS S8l Col o
s Sl b o S5 5 e 5 ) (0 Sl ey ke &
Gl g S8l ol b 3 G5l ks &S s 45 e
05031 b 53 9255 o otalin (il STl 3p s 57 55 3pelS 51
Sl b s (gl oS oy 55 ile oo BU b o S oLy 5
o 5 S o i (i ool €25 50lS U sla 23 )3 51U
s b OgeiT b 53 (Ks (G Sl kins o L2alS 1 ekl
2365730 3 55 on ol (S5 A S o 4 il LS (60
5 ol 3 b ol s oSty K i O jae YU slales
o s 4oy 51 aST 153 gL ey o 2alST Iy i) s edd
d:il.ﬂclwydﬁm?owob)a\);;m.ug@u?U:M_Lﬂ
SseS SU gls iz g oS ool s 5l 1S s fes
oAl 55 i gy S 8lasl oy 5 1 S e 5 551 Sl
D3 S e olie b o ls ST (63-p s ST (25 508 5L

.M:@QW\)rg@wlss
056 Lo g CUEl [rd gy e 5 ol s Shes o Lol o

e 0k ol o ST (0 D3NS 033 8o el 305 ,T

st oalin S ) shailan [YF]5 15 nSe G il g el il
£35S i 3l e (52550l SUsle g s 4y aaglie s o2
DL el U gl gy ol 4 Cuglie Ol el
6 L o RIS 3 ol ST 65 D35 Ol
.Jﬁo)‘}%é{&]ﬂ-&‘%F&AK}&)C&%&N‘;‘Q&\JJ
Uil Caaglin oS i sl 55 S8l Ly i 5 e
SR Ll i tle 4 Caaglie B e S0 s ik
IVl (o I3 Sl o a5 (e Olejos

Caslin b (Sl 15 0 ke pSouzal 0, Lailsy ool 5o
e i HV &ils s o 511D ¢ ol 4l &S > 4, Ss IS
);bu«;\;jfw,.;rw&@tj.u,u;g&uk‘j;w
Gn:rlgz;ALglﬂLg:Lg;&:.;(a}g&.dew_dQM@

Sl 0l 0315 QLiJVL}.ifu))Lgiéu‘_

)adalfl»ul)é,;huu)lwl:bb),mdal)an_ﬁuhuw)aya =Y JSk
[YE]0l9 9l oLkl (13 )5 e o juillo Slise

L 6 0ud o5 g SLsse (B A b ke oS
535 i o S0 N AoB U Ur 3 50 53 i ol
$U 93 4 K5 o508 gl bt &K ) de e F S s
Q.L&r:-mtjj&u.ibub.la:-c" MﬂJJ.MJ@QL&J‘)a)S
wMJ&J?G‘P;L’U‘Q‘ﬂAA‘Y‘\bf})}w@
dfjl?ajbq“\;,atﬁuﬂL{aM@L?@U‘QT,'\
@bjyjaJJﬁbdkjS&l:uL)‘&hu:mAS@
Sl Jide dily oo LT 5 e Calliee Cadle (gl S
el i 5 o 1 s e S
J‘)Tdﬁ@?‘\:—‘jl&&ubt&ﬂ}f}}g;.w‘a).ﬁjhgybﬁ

T o ol O alasl

G ]
T._-. 1 {2
T (o S 7 sl Sl 0l Sl
Gy
T —
¥ i )

sl 38 ol 2 b s B 5 Jske G ey, ol s
S5 $U Olgn SRl B L a5 sl 03580 ol YD)l
AL o m el sl s s @SkIST 6o
P AS $3mps S (S5 SU R ) ol Rl

bl o R el LSl 63 D153 5L Ol 21581 L

w’”%éﬁb;l’é;—i
M)J/\/V)?/Y’ LS)" r.._..’l::}' "L.""“§| LSJ_(’); 6:.:_)}:.5\{};\.:
ol 05T Ll b s ol ST 5 D3 USG5



YAY liwey \ aJM‘eydu(édJﬁwW_g?jJsuw

VR poslitass) 5umpg)S 59008 930 5o (i gy (55995 IS ) 9 (sulisbens 9 Shas a3

P Sy S 5 bl e 5 s Ol ol 5 o8
Sl ! S e o OLES 555 51685 gla )bt (galdws L 1
3035 S5 S S g 53 Sy IS ek 4 Jiles o
S s e LS gl Ll g ST il sy 3l aST il LS
Q})Je\{v.:il:._.:.L_...“fhg.sc)b.'s}}\io.s)}\l{cﬁﬁu';_lL»A{C_..e)LiA
“ub;@ﬁj-;)-’p?"w"‘:*S‘LS-"—"")S}JUJ{L_@-U:{{JJ‘}:‘,
sl Sb els Jidg e SIS 55 Shes (3L Ol b

235y il ST g3p s S

Sy Son ol Lo 5 s 5y 05 oyl ebae (650 50
V() IS 5348 glilen 3 8515 s 13550 s (5 Sl
Aﬁfida—r};@jxlfjjbﬁﬁmﬁ@aum\~(C)}
oAl 58 i Lalie )3 6 ST e sligy 5 Gas ols
5 U sl il ol ol o das e OLES 5 5
b Bl s olpen b 5l Olbar (Rlo ool 48T (g3 S
Tl (J5 s 0 DL 1) Gas oS 5 (0,5 oS slasld ol
odalin 1+ (@) JSa 53 48 glailen alls py S By ol oyl

L yiudgs (lw DMl j3 TIO, 1393l (5359 w0y Hu3L -4 JSb

Cr-8/7 wt.%Ti0, (C , Cr-6/3wt. %TiO, (b ( yolls 09,5 (a yirbgy 0 o 3ubw &lows —\= b



\PAY Glicusy Vo oJm‘eydu(éJJﬁww‘gfﬂuM

POLGS) (53 2.9 () 53018 53U (5L Gl gy (5983 JU8 3 (oelislos s slae ey | W

Oljen ol I L 358 aodalin VY 1) sla o 53 oS shilen
;5)}5- oL~ Jl.ig- (s g 3D v:at:; LS o3 Slyd gl
oo s B Dyse 4 CrTIO, 25508 50 2y
ST o Jor e el b pslie 4 (S35 il 5 4l
Spgrelips S S 53 TIO, D155 5L Ol jon o gy o 2l
¢S sNaCl ,Y go o /0 (gla glons 45 Jidgy S5y 55 a0 Cnglin
Olgee 2ol 31 L 53 O sl 3 )M Cnglis 555 o NaOH HY 5e
s dal go (Ra1530 el ) sl a4 (id g 53 TIO, Ol 3 5L
/0 J gles 55 Cr-8/TWt.%TIO, i 55 O gal 33 ,D S glie 45
Y50 &S5 ko 5 5 ¥/40F MQ .om? luie 4 (NaCl LY
Sy gl ey (o O/FY) MQ cm? lais 4 NaOH
(g 33 TIO, S350 Gy & 55 4 U1y oo ool
i S5 5 S s (S 4 Daslie Gl sy
L THO, Sh3sl s oo WS 5 (S5 gl sons 53 058
2 S (S5 e D)o wips S iy el #Okl
LS o Jas b (Sl 53 Son a8 5 S
W sy o35 ) b (S5 4 Saslie g0 5l
sl Sl oy S 0¥ 53 ks ST (63 D340 SasT,
TiO, Sy 6l gl 53 oS 558 ;:)}5 Ju o olum
o3 A8 (o Jas LT Olsie @ ps 8 ) 5 LK Olge o
3,5 5 5 ke (2000 Y) (ilad ST (63 3 Ikl Jouily
Osmml ™y « Sass o o 3o b opl Sl (=4 /VFF)
SO, O35t 5 gam 55 coplply s o Jgus 1y LT
S (S bdes 5358 0 65 Sl (b S0

IFaFALes o &
SIS b by (Sans 4 Caslie 1B S b e
4Ll o Al oS R 4 Lo (ol ST 3mp S
t0 e sWC (SIC ALO, b 31 Seal o 1,3 (V1sb o5 LY
)aLsira\ﬂ;‘;\)scﬁ\J}.é:—}vUJ\a@VLg;:)f@g;.tha
48 B 5t o (Sas 4 el I i,
W‘xﬁ@bw‘%?}J}u\;ﬁ@ﬁx))‘}&‘)s
o Al 0,8 s F ek baoe b pled 55 oS anka )
3t e iy 53 Dy3 e I 5 ggey oa 1L
afjJ:TiOanf\J;QIJS(Y.[f~]>j$@;>)}>'4{g;.a)ﬁn
e 3 S g s (53 5 ol o g il ilan i,
22y o S35 5 st § 05 s i 3 835 S
3 5 gy o (OF by (gr I3 (S0 5 4 Canslie
P24 Gl R g s bl i 4 e (i g o
S35 35 s Gl e (G g Sl )3 350 (0 e
Ve b s b a5 0T b 53 Ll 5 o oy 0 (S35
r»,u;uqlﬁ,;@?@,;,Juus@@g,.;,,ﬂ

b gy enliz Sgauily gawl 32 53 Bg03T-0

S i g5l s S i g ESall 3 g gl 5y Dlysla st
ol ST 63 D)3 5 3l iliden 53312 LCT-TIO, 2§ 5:0lS 56
¢SS 5 NaOH Y 4o ¢S NaCl Y go +/0 ol 5 (la J shoes o
sl 0303 OLE WY 5 VY OO (gl s 55 55 4 HNO, Y 5
25 BB ol 05 sy Sl eslinl b (B ) S35 g5 ity Lol
b S35 55 0 ST 5 (ST 36 (gl smte 3, 5 s o
DANNV]LE tlons () &slae) O b5 8 dslaa 5l o3lizul

O gl My CasliaR o Sa5 55 0k o JE el ol
ited (SIS 5 AT U (o oo sl ok 5 4B 5B,
23 Oty Gla g bwg R) Osml My sl
O sl 1355 _a damloes SU e Jwdln 51 EYO MYV 03 guoes
‘5\AJ}1>;~)>O}:‘~|J':U)M.L;LAQ}A)'T)'HAATC..NJ{@LGO}\C
HNO, ,¥ 40 ¢ 5 NaOH Y 50 &S5 NaCl )Y 5o +/0 05y =
s e Ol

B lulbigs Sy Saolis dgumsliy ggamwl oo sl (Sixie =1\ s
NaCl Vg0 +/0 Jgxo )3 YIla 09,5 yiabigs 9 Cr-TiO, (i jg40l5 93

B gy 5l Saolia Sgamiliy Ogaml et B icie —1Y Jsub
NaOH )¥g90 53 Jogd=o yd yolb [93)5 Vbgs 9 Cr-TiO, (s )9a0l593L



YAY liwey \ aJM‘eydu(éJJﬁwW_g?jJsuw

PN | il gup oS a5 5elS 53 (Sla Glichi 3 (S5 93 HU8 5 g ialia o ySlas (g

2 TIO, bl )l ol el py S 2y 5l i
LS o ey (25508 SU gy s Y (S sy
EF ORI e 5 An (o m i 1 OT Gmsy e 5 s
23S S0 sl Jii gl 5 asd e Shig 5 Sa,s

A el HNO, J ghes 5 (Cr-TiO,

HNO, )¥90 S Jodxo )3 Cr-TiO, (59405 93U (5l yiudigs 9 Yol

09wl 33 )M (6 5 0151 jl 03T sy 5393 sl duasuine —Y' Jgda
CrTi0, H)91el593L Sl Ginibigs 9 Yol g 5" imbgs Saoliy Sgauumsliy
NaCl Vg /0 Jgd=xo »

09333 (5 155 031351 )l 03w T sy 53,93 Sl duasine —EJ9 S
Cr-TiO, s i91el53l Sl inbgy 5 YAJ 395 nibgs —Sxolis Sgamiliy
NaOH Vg0 S Jgh=xo yo

09wl 3a oM (6 )45 051351 5l 03T sy 5393 Sl dasuine —dJgsa
Cr-TiO, iaigrelisili sl Yindigs 9 YIS P9 )5 Ylubsy SaolisSgumiliy
NaOH, ¥g0 3 Jolxo y

S on 2l 53 g o655 (Sl e 83 gr s
S 205 L g RS s ol S 5 o GV 5 s
Bl o GBI s 133,055 (S oy 55 awg p ST 158
Mc.\ﬁ‘,‘iGaoa\bg_nyﬁx¢};4;:ﬁj).>Ti02 Sy B
P s 4 S aesn 5048 o ey Sy wesy
Jjbﬁ&;iutm.;,:@(wﬁoz S350 om s
b 4ils) 0 s o ;3)}5‘&;)!}@)5 bl s ey
3 U S 4 e Jsloe Do) b g L (o0 4]
Db o BT (e 5 sk 4 (G diny O 035 e S
Sl s SUsd (o 5 ps S by, i CeL TIO, )3
DAl ST o b e er s s s a4y ey S S s
(soriies QA s (58 4ie) & Oy 812 0y 55 J sl
e S d Caglie Cebltle 5y ol A8 W b
2358 SU i Sy Sl a8 e (255U iy
3 B O gl 353 (sla oeie 55 SUS Lo 5 (S Lame 3
09,5 5 D3 50 o 50 Gk et lae S8 05 358
4oy Jglows 5 b 3585 s 0 ol pl sl R Jls
S S E IR o R (S £
Sy OT 53 (k5 ST (55 5in 4 Cr-TIO, (355008 5k
TiO, &y3 5L o3Il [2alS L TIO, S35 o ys (il 81 L s,ls
393 LAl (o Il B (S 5 4 Caslie
Beh o Sl u’f;)}s sl Jow s &8 51,3 slaws (TiO,
4 0y Jslome 5 e 5540 Js 4 plply b (oo Rl
et s Sal s Al oo 28 Sy 55ty
&Sl pl Lyl 6%5;3)}5 “S):Ajjg:ﬂ Slyd a4 S
%c/_&g—f&b&a\wc.\jgﬁup)ﬁ);Q\)Sg;]é.lbgé;
A wls) e 53 5 S psb 4 S S D3 e
S 25 5 Sy 05 i gl il gm ST iy L5 ,S o
T g A A CR AL PR
Ny I glows y3 Jalls 05 57 i g 5Cr-TiO, (5 5850
4Q},~‘ﬁ))@§u@>¢ﬁduﬂ¢?u)>6M>@QWI)HNO3

b e etalie g Y S
235l s g sy Y Ol o I
oIS ps S i 5l e ST (/- YA/Cm?s 50 _>)
WY S fely K3 Dbl cal (/- YA/om? s 50>)
MMV 554-)Cr-TiO, 2558 56 o ids o)
Sl 5 e (FYA MV 5 i) Sl 09,87 25 55 L e e
..\M@@,ﬂ:\)w_”w‘}@ﬂioz;A,s,;u)f.:}w;_l
3340) CE-THO, 5 50l 56 sla 2 sy sy 0L S
OV Alem? s5ue) el oy S0 idy 5l i (V7" Alem?
2SSl iy s oY (S 5l



\PAY Glicusy Vo oJm‘eydu(éJJﬁww‘gfﬂuM

AT (50m 03 (5553015 330 (5L Gl g (50,95 U8 9 (oudisban o jShas suny 0 [ PY

(Rl A ST o or 5 e Joudly L palie (s, 5 Jrily
Q)wéﬁubr};&&ﬁ)b'rlo2Q‘JJ};LQ\AJ«AU)—»’)
Ojem I 550 gl 32y oo sl 53 oo o (S 55 4
S ekl oo SRl 33l 6ol ) jldae 4y 2d s )3 TIO, Ol )3 4L
S Jglos 5 5¥/A0F MQ .om? ldie 4 NaCl ¥ 50 +/0
‘JM:}?,)"TiOQ Q‘JJ}J‘JA—)}Q&)&&K@@Q‘}@QMT
Sy S a5 Sy 4 aslie i el
W&&T?LJJJ}J@@L&}}&J&L&J)&AJJC};
S U la (R s palls o S A O sl oM s
s )) QY J:g.ﬁ CHNO3 JY}A dgi djbu-\ BE) CI'-Ti02
s U Gl i ey O &l edalis
UAJ\> r); &.&ﬁ )‘ J.I.&:: (\'7\c A/Cn'lY S 9> )Cr—Ti02
omas oY S, EF ol ol (17 Ajem” 55u)
uajls-(,;u;,zﬁJ'\M Cr-TiO, )58 5L sla iy
rE)) 4.“»51 LSI.«-'}:._" ‘u,;..;ﬁ BL] ’TIO2 Q‘):}JL’ )}..,a;- !
1 OT sy &Y o po 5 AS oo Jides |y ) smlS 6L b
.:ﬁwﬁﬁjaés)ftj&\ﬁ\qﬁuj..ua.sdaéjw.?
HNO, J,l»,;‘Cr-TiOZ BT U PSPPI

SN RO § (S 5 4omiS
GIST gy ba 5 oiles S (0305 87 5508 56 ik
LS (635 D53 56 Ol s 0315 o o 5 aions OL 2 (SS SI
ﬁ‘,.:;t::.x:.wf\d;ol,s}sug;ubjgug;suwﬁ);rgtg
ﬁ\».u@wabﬂuﬂjogﬁ-é\i.g-%;)&ﬁcl.w-
BSVIRSTR - P r.:;L::.y ST 6 D38l Shs Aoy
Aol S8 (KT plem s TIO, S35t 51 ¥ gl
cbddj}]}é)f..uT@u\e\N IPM 03 jer s 5 A dm?
O b e 3 @lS ST (63 p s ST 558 5L iy
F Sl s 5 CHIES o Ol b sl (el o5 S
u:n;o},g,gr_;\:::wl@c)\,sﬂ;s\}&@;}s.@\
a3 st b G el (SO ol (i ps S
AP ol S (63— S (25508 U gy (B
Al e A 00 @l ST 60 D3 SL G5 e s
O b e 3 @55 ST (63 —ps ST 558 5L iy
S o @ il S S8l 5 gl cpalls o5 S
s o 0l a5 eVl Slole a Caglie 5 a8 oSSzt
)‘y‘,ﬁ'/aébd}l};&)‘ﬁv&T@&drﬂ‘ﬁ)}M_&L&W}b
S5 96 Ol e il 31 L &S 315 0Lz NaOH LY 4s ¢ 5 NaCl
5wl el g5 b6 e 4 CrTIO, (2558 50

&lp

[1] Arwar, S.N., Successful products through surface engineering, Advances in surface Engineering, Process
Technology, edited by J.S., Burnell-Gray and P.K. Datta. Cambridge, theRoyal Society of Chemistry, Vol. 2, 1997.
[2] Musiani, M., (2000), Electrodeposition of composites: an expanding subject in electrochemical materials
science, Electrochimica Acta, Vol. 45, 2000, Pp.3397-3402.
[3] Zhou, Y., Zhang, H., Qian, B., Friction and wear properties of the co-deposited Ni-SiC nanocomposite
coating, J. Applied Surface Science, Vol. 253,2007, Pp. 8335-8339.
[4] Hou, K.H., Ger, M.D., Wang, L.M., Ke, S.T., The wear behavior of electro-codeposited Ni-SiC composites,

J. wear, Vol. 253, 2002,Pp. 994-1003.

[5] Shi, L., Sun, C., Gao, P., Zhou, F., Liu, W., (2006), Mechanical properties and wear and corrosion resistance of
electrodeposited Ni-Co/SiC nanocomposite coating, J. Applied Surface Science, Vol. 252, 2006, Pp. 3591-3599.

[6] Serek, A. and Budniok, A., Production of electrolytic nickel and nickel- phosphorous composite layers
containing titanium, Current Applied Physics, Vol. 2, 2002, Pp.93-199.

[7] Du, B., Xu, B., Dong, S., Yang, H., Wu, Y., Surface and Coatings Technology, Vol. 192, 2005, Pp.311.

[8] Karimpoor, A., M.Sc. Thesis, Toronto University, Department ofMaterials Sciences and Engineering, 2005.

[9] Galvan, D., Pei, Y.T., De Hosson, J.Th.M., (2006), Influence of deposition parameters on the structure and
mechanical properties of nanocomposite coatings, J. Surface and Coatings Technology, Vol. 201, 2006, Pp. 590-598.

[10] Wang, W., Hou, F., Wang, H. and Guo, H., (2005), Fabrication and characteriazation of Ni-ZrO2 composite
nanocoatings by pulse electrodeposition, Scripta Materialia, Vol.53, 2005, Pp. 613-618.

[11] Watanable, T., Nano-Plating Microstructure Control Theory of Plated Film and Data Base of Plated Film

Microstructure,Elsevier,New York, 2004.

[12] Chen, X.H., Cheng, F.Q., Li, S.L., Electrodeposited nickel composites composites containing carbon
nanotubes, J. Surface and Coatings Technology, Vol. 155, 2002, Pp. 274-278.

[13]Liu, T, Zhang, F.,Xue, Ch., Li, L.Yin, Y., Structure stability and corrosion resistance of nano-TiO, coatings
on aluminum in seawater by a vacuum dip-coaing method, Surface & Coatings Technology, Vol.205, 2010, Pp.2335-2339.



IFAY lissy Vv o ylach p gou Jlow (S0 93 (ctutigs g a gls doliliad
PV | it am p g S () g20lS 93 5L (i g (8385 4385 § ufalen 3 Slas ny s

[14]Yun, H., Li, J., Chen, H. B, Lin, Ch. J., A Study on the N-, S- and Cl-modified nano-TiO, coatings for
corrosion protection of stainless steel, Electrochimica Acta,Vol.52, 2007, Pp.6679-6685.

[15] Surviliene, S., Orlovskaja, L., Bikulcius, G., Biallozor, S., Effect of MoO, and TiO, on electrodeposition
and properties of chromium coating, J. Surface and Coatings Technology, Vol. 137, 2001, Pp. 230-234.

[16] Roberge, P. R., Yausri, S., Halliop, E., Potentiodynamic Polarization and Impedance Spectroscopy for the
Statistical Process Control of Aluminum Anodizing, Eds., ASTM STP 1188, 1993, Pp.313.

[17] Ciubotariu, A., Benea, L., Varsanyi, M., Dragan, V., Electrochemical impedance spectroscopy and corrosion
behaviour of Al O,-Ni nano composite coatings, J. Electrochemical Acta, 53 ed., 2008, Pp.4557-4563.

[18] Stern, M., Geary, A. L., Electrochemical Polarization, J. Electrochem. Soc., Vol. 104, 1957, Pp.56-63.

[19] Ahmad, Z., Principles of Corrosion Engineering and Corrosion Control, first ed., Elsevier, London. 2006

[20] Yao, Y., Yao, S., Zhang, L., Wang, H., Electrodeposition and mechanical and corrosion resistance properties
of Ni-W/SiC Nanocomposite coatings, J. Materials letter, Vol. 61, 2007, Pp.67-70.

[21] Jeong, D. H., Erb, U., Aust, K.T., Palumbo, G., The relationship between hardness and abrasive wear
resistance of electrodeposited Nanocrystalline Ni-P coatings, Scripta Materialia, Vol. 48, 2003, Pp.1067-1072.

[22]Li, J., Sun, Y., Sun, X., Qiao, J., Mechanical and corrosion resistance performance of electrodeposited Titania-
Nickel Nanocomposite coatings, Surface & Coatings Technology, Vol.192, 2004, Pp.331-335.

[23] Novakovic, J., Vassiliou, P., Samara, K., Argyropoulos, T., electroless Ni-TiO, composite coatings, their
production and properties, Surface & Coatings Technology, Vol.201, 2006, Pp.§95-901.

[24] Wang, S. C.,Weli, J., Wen-Cheng, Kinetics of electroplating process of nano-sized ceramic particle/Ni
composite, J. Mater. Chem. Phys., Vol. 78, 2003, Pp. 574-580.

[25] Guglielmi, N., Kinetics of deposition inert particles from electrolytic baths, J. Electrochem. Soc., Vol. 119,
1972, Pp. 1009-1012.

[26] Lin, C. S., Lee, C. Y., Chang, C. H., Annealing behaviour of electrodeposited Ni-TiO, composite coatings,
Surface & Coatings Technology, Vol.200, 2006, Pp.3690-3697.

[27] Kariapper, A. M. J., Foster, J., Further studies on the mechanism of formation of electrodeposited composite
coatings, J. Trans. IMF., Vol. 52, 1974, Pp. 87-91.

[28] Fransaer, J., Celis, J. P. and Roos, J. R., mechanism of composite electroplating, J. Metal Finish, Vol. 91,
1993, Pp. 97-100.

[29] Lidia Benea & et al, compositeelectrodeposition to obtain Nanostructured coatings, J.Electrochem. Soc., Vol.
148, 2001, Ppp. 461-465.

[30] Ashby, M. F.,Jones, R. H., Engineering Materials an Interoduction to their properties and applications, second
ed., Butterworth-Heinemann, London, 2002.

[31] Ramesh, C. S., Seshadri, S. K., Tribological characteristics of nickel based composite coatings, J. Wear, Vol.
255, 2003, Pp. 893-902.

[32] Surender, M., Basu, B., Balasubramaniam, Wear characterization of electrodeposited Ni-WC composite
coatings, J. Tribol. Int., Vol. 37, 2004, Pp. 743-748.

[33] Hou, F., Wang, W., Gao, H., Effect of the dispersibility of ZrO, nanoparticles in Ni- TiO, electroplated
nanocomposite coatings on the mechanical properties of nanocomposite coatings, J. Appl. Surf. Sci, Vol. 252,
2006, Pp. 3812-3817.

[34] Dieter, G. E.,Mechanical Metallurgy, third ed., McGrow- Hill, London, 1988.

[35] Wang, S. L. and Murr, L. E., Effect of prestrain and stacking-fault energy on the application of the Hall-Petch

relation in fcc metals and alloys, J. Metallography, Vol. 13, 1980, Pp. 203-224.

[36] Palumbo, G. & et al, Applications of Electrodeposited Nanostructures, Elcyclopedia of Nanoscience and
Nanotechnology, Vol.1, 2004, Pp. 89-99.

[37] Neale, M. J.and Gee, M., Guide to Wear Problems and Testing for Industry, first ed., John Wiley & Sons,
London, 2005.

[38] Seyedrazi, S. M.,Dictionery of Corrosion, 1998, Pp.296

[39] Abdel Aal, A., Hard and corrosion resistant nanocomposite coating for Al alloy, J. Mater. Sci. Eng., A474,
2008, Pp. 181-187.

[40] Lampka, Th.,Leopold, A., Dietrich, D., Alisch, G., Wielage, B., correlation between structure and corrosion
behavior of Nickel dispersion coatings containing ceramic particles of different sizes, Surface & Coatings
Technology,Vol.201, 2006, Pp.3510-3517.

[41] Garcia, 1., Conde, A., Langelaan, G., Fransaer, J., Celis, J. P.Improved corrosion resistance through

microstructural modification induced by Codeposition SiC particles with electrolytic nickel, Corrosion Science,
Vol. 45, 2003, Pp.1173-1189.






VFAY Glicasy Vo jladh i gon Jlos (S0 5 (eusigs 9 p o dolilind B B _
PO| TL b Gls by o 5 5 ciblin (sbs piases b DC s S 5o ol Ja15 alitulosT 5l asns

Ol g8 s Ol JAIT calSuiale T (5 e s
sy § suils ablia s adewsws L DC
O b alalis sla iy

fﬁeJ.JolSA-ﬁ| (a‘sfl.hu‘)sé:l:h:l4-“G:J.AA(“dl:‘MJMerst‘}‘SAB‘;LU:‘SJ:tSlS:\A‘*VeJSU“AAJW‘\ &%JJM

Ol 5 o &iBla (A3 (sLa 0uSiily (pusd y3 il go H) ClBlia g (Sa ;98 adi )l ceulind IS (5 gadinla’
Ol ol&dnly A9 (sla 0usiiily (yusa y3 9o § (55 Hlie (uaige ousilinly alical”

O LSS 38 (LA ouSBAS s 3 ol g0 3 clilia g (Sa, 95 wuki ) (ulacdiyls T

Ol el HI8 &S pudi (55918 9 G895 90! Coaat 3 e ¥

Ol Ol HI8 &S b (SIS Bl 9 3y 7)ol wliyf pusige ®

O 5 Oiasl 318 5 s (Sia g5

akaram@ut.acir :J gicus ouicus g3 *
VWA 0 X/Y 0 ih yads eyl AYAY/00/00 el ya eyl

o>

) Sl Tl 43 8 3 gy 13530 (ST CBli (6l 2 LDC 0l 8 (1o 0L o Jo s a3 (55l s 255 a3
S 4305 1 OT SIS oy 2 Ol 503 51 1513 15 Saliss s 0135 o (1 0L o o 5 ohlB a8 s o a2 3T ke 5o
Sl s 015,50 0L o 56 o oS (bl o 4 g5l 53 Sl 5 ok slom I b iyl 535,033 g 5 (618 bl o
o3l (535 2 0138 s Sl Ol SIS L ablie (sla by b (5l 4t OT g 5 5 455w 43 0135 s Ol 55,55 bG5Bl o BLSH
ool o 55 5T 5187 Bl b3 ot 5 e 5 3 U O 55 0 53105 (ST Sl ool 0 g ST 53 0 ke 5
sl 0505 plowil S (S35 slen oS 51 S5 3T 550 55 (Glag o Jouily L pl 5 (55187 Chilim J 287 0 e o)
)'mumSg\gom@u.a;)t;w)ﬁ,y6)59;”;\__‘,'\”@1@uonaunwc@,uum\ojjﬁ\s
AalS 2 DC 013 S (sla 0 S5 51 (56 D151 (6345 sl A B Sl (1o il L ol 5 (65187 Sl J 287 3,

05516 LT (g8 Chlis ¢ Slo g gla il DC 013 5 s (o Ob > (g 5le s 1SS SIlods”



) i . ) ..\VQ"OE:\MIA}\'0JM£Q}MJL‘JA(§JJ\9§#%3?§SMM‘A? vs
OF b alalio sla (higy ooy ys 9 SIS Clilia sla aiwscs b DC o 8 you sl Gl o JAISS cal&ulualo )yl (5 )l dasids

Simulation of DC stray current interference
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Abstract:

Laboratory (lab) simulation is a suitable method to apply theoretical principles in order to identify effective parameters
in stray direct current (DC) influenced corrosion. Simulation techniques can be utilized for various mitigation methods
applied in a small scales for selection of the most efficient method with regards to field applications. In this research,
laboratory simulation of potential fluctuations caused by DC stray currents on a cathodically protected pipeline was
investigated. A lab model capable of generating DC static and dynamic stray currents and simulating its effects on
cathodically protected samples were developed. Stray current pick-up and discharge areas on an influenced structure
were simulated by inducing fluctuations in the coupon stationary potential (cathodic protection (CP) potential), which
normally happens as a dynamic stray current interference. An equivalent electrical circuit was also developed for the lab
model. Mitigation methods for DC stray current interference on buried structures such as application of both sacrificial
anodes as preferred discharge point for DC stray current and potential controlled cathodic protection system (namely
intelligently controlled CP for structures with induced DC dynamic potentials) were investigated. Results showed that
the latter technique could decrease interference more effectively and to a larger degree than that of the former one.

Keywords: Simulation, DC Stray Current, Fluctuating Potentials, Cathodic Protection, Sacrificial Anode.
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Abstract:

Inrecent years, the pulse current has been received much attention in electrolysiss process such as electroplating,
electrodeposition, anodziing and electrosynthesis of metal oxide and composites. The mechanical, chemical
and other properties of the electrolsiys products can be improved by using Pulse current. In electrolysis, mass
transfer and electrocrystalization phenomena are affected by the pulse current. This paper reviews the effects
of pulse current on the electrolysis and related phenomena such as current distribution, composition, structure

and properties of the products of electrolysis.

Keywords: Electrolysis, Pulse Current, Coating
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Abstract:

In this paper, alumina hybrid nanostructured coating involving different amount of nano encapsulated organic
inhibitor, Benzotriazole, such as, 1.8, 3.6 and 5.4 % has been applied by sol-gel method through a dip-coating
process on Aluminium alloy 2024 as a substrate. Phase structural, morphological properties, Corrosion behavior
and nano-mechanical properties have been evaluated by using GIXRD, SEM and FESEM, tafle polarization
according to ASTM G359 standard and electrochemical impedance spectroscopy in 3.5% NaCl solution, nano
indentation and nanoscratch analyses, respectively. The results showed the homogeneity and uniformity of the
coating and increasing in the resistance corrosion of Aluminium 2024 by preventing nucleation and growth of
cracks through a migration of Benzotriazole inhibitors from the nano-containers, and also improving hardness

and ductility, especially at optimum amount 3.6% of Benzotriazole.

Keywords: Self-healing coating, Alumina, Sol-gel method, Benzotriazole, Corrosion behavior, Nano-mechanical
properties.
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Abstract:

In this paper, current requirement for cathodic protection of low carbon steel that coated by coal tar polyamide
coating under synergistic effect of environmental parameter has been studied. This project is mainly focused
on the effect of temperature, velocity, salinity and pH, which are the most important factors, that can affect
on protective current from corrosion. Assess the percentage of cumulative and individual effect of factors on
protective current was computed by the analysis of variance (ANOVA) via full two-level factorial experiment.
Moreover, qualitative analysis has been studied to predict the path variation of current required for cathodic
protection under individual and cumulative parameters. The overall results, that get from these two analysis
of individual and cumulative effect of parameters on protective current, was shown that cumulative effect of
parameters are more important and effective than individual effect of parameters on current requirement for
cathodic protection in seawater. Considerable, according to the results, among the factors, temperature is the
most affecting factors on protective current for cathodic protection and coal tar polyamide coating has shown

good resistance against pH variations.

Keywords: cathodic protection, coal tar polyamide, environmental parameters, quantitative analysis, qualitative analysis.
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Abstract:

In this paper, the electrodeposition of DLC films on carbon steel from aqueous acetic acid solutions is investigated.
The process is performed at room temperature at relatively low cell voltages with entirely green chemicals.
Electrodeposition has been followed by current transient measurements, yielding mechanistic information on the
time-dependence of the growth process. Qualitative and quantitative evaluation of C hybridisation type has been
performed by Raman spectroscopy. Microhardness and adhesion of the supported electrodeposited films have
been measured by micro-indentation and scratch-testing. Notably, ductile failure was found in correspondence
of a wide range of film growth conditions. The corrosion resistance of DLC-coated steel has been assessed
by electrochemical impedance spectrometry in neutral chloride solution. Optimal electrodeposition conditions
were identified for the formation of high-quality DLC films ca. 250 nm thick with a high content of diamond-
coordinated carbon and an ideal combination of hardness and adhesion; films formed under these conditions also

confer some degree of corrosion protection to the carbon steel substrate.

Keywords: Diamond-Like Carbon Film, Electrodeposition, Hardness, Adhesion, Corrosion resistance.
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