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Abstract:

The protective mechanisms of zinc-rich coatings include cathodic protection driven by the more active Zn particles
and barrier-type protections due to the formation of zinc oxide and sealling the pores between the zinc particles
are discussed. Methods of evaluating the performance of these coatings are also discussed and electrochemical
evaluation as one of the most important method that can provide quantitative results has been more studied. At
the end, two ideas of research performed to improve the electrical conductivity of the coatings to increase the
longevity of cathodic protection and improved barrier property to prevent penetration of corrosive agents and

slow down intake of zinc metal powder is provided.

Keywords: zinc rich primer, mechanism, cathodic protection, barrier, evaluation, improvement.
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Abstract:

In present work, highly homogeneous Ni-P/SiO, nanocomposite coatings were prepared by a new process on
steel substrate. This method was developed by inserting of a sol containing SiO, to Ni-P electroless bath in
the presence of surfactant to produce a composite coating containing well dispersed SiO, nanoparticles. The
morphology and elemental composition were analyzed using a scanning electron microscope (SEM) and an energy
dispersive spectrometer (EDS) that confirmed the presence of silica in the coating matrix.The Results showed
co-deposited SiO, particles approximately 1.58wt% with no agglomeration. X-ray mapping images of Ni-P/SiO,
showed that SiO, particles were uniformly distributed in the deposit. Electrochemical impedance spectroscopy
and polarization tests showed that addition of nano-SiO, particles via sol solution increased corrosion resistance
of Ni—P coatings in 3.5% NaCl aqueous solution from 2726 Q to 6985 Q.

Keywords: Electroless composite Ni-P/SiO, coatings, Sol, surfactant, corrosion.
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Abstract:

Platinum anodes which are manufactured by electroplating process, are widely used in chlor-alkali industries
due to their electrocatalytic properties. Their corrosion resistance, and subsequently their life time is an
important parameter because of their high price. In this research, the samples of platinum coating on niobium
were electroplated in current densities of 3, 5 and 8 mA.cm™. After electroplating, Accelerated life test (ALT)
on the samples was conducted in a solution composed of sodium chlorate for time durations of 1, 10, 30 and 60
hours. Then electrochemical impedance spectroscopy (EIS) studies were conducted in the solution mentioned
for ALT in frequency range of 100 kHz to 0.01 Hz and voltage amplitude of 10 mV. The results showed that
the electroplated sample in current density of 5 mA.cm has the best corrosion resistance after 60 hours of ALT
in which the passive layer of Nb,O, has the least thickness and more platinum is exposed to the electrolyte due
to its high corrosion resistance.

Keywords: Anode, Platinum, Electroplating, Sodium chlorate, Accelerated Life Test, Electrochemical
impedance spectroscopy.
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Effect of Nanocrystalline Layer on
Corrosion Behavior of Micro-arc Oxidized
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Abstract:

Surface mechanical attrition treatment (SMAT) done on MgAZ31B alloy as the pretreatment process for
subsequent micro arc oxidation (MAO) coating on titania nanoparticle suspension. severe plastic deformation
creates nanostructured surface that effective on subsequent oxidation. In order to compared nanocrystaline and
coarse-grained surface, weight, morphology and potentiodynamic polarization test were examined. Surface
morphology was analyzed by scanning electron microscopy. The corrosion resistance of coated samples in
a simulated body solution (Ringer's solution) was evaluated. The results showed that the surface mechanical
attrition treatment not only changed the porosity and surface morphology of coating but also increased corrosion

resistance of MgAZ31B alloy.

Keywords: SMAT, MAO, Nanocomposite coating, nanocrystalline surface, Mg, corrosion.



WWAY Gl & o Lot cp gun Jlow (5S35 (i § p gle dolilund

PR AZ3IB aujaie Sl 59 53 48 255 O gacotaacas! (59 ) 4 ool JuSuls Gl gg (5353 51385 13 (5 8L 350 € o 31 (o 30

Asbails gliwa U 2y LS5 5Ll 5 S

25 S by ez 1 b (SO (e T3 b
S 55 S Jlesl 15 a8 ol Lds St K

2oy A : 2Dy

540> Sl m S35 p gl mazd ST L 6 o 4 s
ST o O 6555 Sl JIgte Spp0 4 LOT s
Olej 5 dazrb i 5 3bul Ao AT 3 (s 2l 0 Dle .5 55 0
a [V] sl adls olg cla.u 2l OIS e Sdele
SO ol 350 Lol SUT ebans 0S5k 506 (ST ) 5b
W.;ﬁ@ﬂbqgﬁjuﬁjﬁwc@cr&x‘ulxh
Jles! (g1 laws (550 03T 6uj,,;\cb6<g&ﬂ Slles
Wl 4l (63035 )8 5l (gla L )3 ST oo (gl 2y
sl iy S Pl eop s ol e
SUTSladab (595 2 462 525 Opal STl 555 420k sl Jlis L
St gl 5 5y Sl elizal LIS 10T - s oS o 52
.Mlﬁdc@\owd)}l{}?\}hd.\'c}bs\fojlaﬁ}c.k&é))lf

R=USII TSR

(G350 3 4) glast S 5 LAZBIB o e SUT Dlabid
3.5Al, 0.93 Zn, 0.046 Cu, 0.003Fe, 0.2 Mn, 0.022Si
osliw 3l aas gad o;&;«\«iliosb&l};pyuli@ﬁ}:;a 4y
035 gy el Lo 5 s g 03Li 55 4 YO B A Lo
o 3 S o Ol by ladigas s (R <0.3pm)
SUT e (SO0 il T 5 ks i aie OT la 5
S b o o 03,57 (65 b b oSz 3l e3lizul LAZ31B
o il ol b 03l 0L Y JSC 53 0T

oo Sl il ol d YU sles Hl slosds 1| Jsobs

doddo -

o3 YV 548 a0l i pmtin 5 385 5 (e
ow}baTéung;ﬁ}gﬁ.[\]M>dJ:§xb;,:gx.wx
))u\>guOT;JK?.VUJ.JQ\A;ﬂlM@ML;Q;QM
055 4 plSomil Lo ool OT ST 5 e JT I g 55
iy dle) (SGISe (s Sasu ) Coklb 5 L (Ko i VL
5 i 32k Sleosas ol 3l (e 5 055 ST (wlSSls O gz
2245 Sl Dlgl 3 (5 i o sin pl 0 Dle ol 3T
Y]l 0035 o (638 ki 5 553 0 2L 5 b ys T
23 (3 o5k 4 o jie G SUT da0T o 57 L Do s bl
(eolla 5 Ladlpa Ol g (6 5l fone 1 Ao (6 sl Colutal ¢ls!
S5 eslinal 350 g oltlo b 5 S S 5 (S SISl g
gl 3y srn S STl i i 63 52 5L S o
Coaslin ol ol b5 S0 S Ol ity o0 5 g2 0T S35 4
o,\,z@,\)uoT;mum‘QTL;u;L;T,ﬁF&L’;;J};m.
wudu@);u;mdlé@f}&M@m;;j,w
[F]6,8 o 3 M 5 IS (6la O3y il oy g5 ol 5o
SN 23555 2 Sl sl i g slomlpelan cwdiga 3035 0!
5 30 Mgt iy ol sl ol (58S s 58
sl 33 2V U5 oS Sk (sla By 31 (S ol 43 81 3
B 515 O sS55I (555 (Sl o (sla it g
Py dae s gy ple dSle Sy ol 5 [F] Cd
230zl 157 5 T it femiley O30t Jlasl 51 (K 5 1T)
A3 g e gy gl Il By ol ST SSS el s 55 n
a4 pebaan 5 sl 53 (SG SNt JUIS sl | ST oy Laze
Sl i gy ] 9388 525 0 gl T 3 U155 058
sdalie o35 4 0l 5 ptea T i Sl (650 sl 5 655
W ol Clad 4y 511) 55 0T GlaSUITs o 5e [B] Sl
o Al 5 a S A 310 3l 5 505 s (sS4 Y LSCi5 5
03130l sl Olallas b ponls b g5 48 2 35 5O semslbanS 1T 3
5 e B (Sl 2 6 5 0 e ST T3
Pl 5 5355 o S e ST Y25 65 2 o5 2
S St 5 LA g 30T iyl S35
amils ¢ Jlasl il Dt |5 51 ols jrel sl A0 T 5 ol 5
5 S 535 p s AU S 5 T B0l e

Sl (6,553 el sl oo (63l 03LeT sl HIE 56 Sl i



IFAY aabs 4 o jlacki a geu Jlow (S0 y 93 seutigo § o gle daliliad

P

AZ3IB s uso Sall (5 9, 53 4852 ) O ealanpans! (559 5 o oach JaSulls Qg (553,93 HU8,5 3 S 9b 90 sl 3 oy | Qo

S i o3linal TIO, (5g/1) 356 5l ey 2SI 51 ol
(Phillips CM120 Jue) (5 58 (55 5 @ 5y So 2 3o
LTI oy - SRCIN P V- RPN PRI P J (TR P g
b 0L andls Cow oy aass F o) slaoly Sl o
iS5y S gy b g (~55mA/cm?)

123 5 plowil (0L oS uS0)

A1 a3 9 0300 (5)9agili 5L Aiged yuSal Al il yg ¥ b

Lsliss ) 393U (5 948 (539 )55 g Sawg pSae paguos Y S

srse K s sk dlpal K Jols oKy ol Gy
Do by paseda glade jo b i o CAB oS Al s
Ssd by dlgal Ob gy . Cwlyls 1y SY b 0L
33 @505 0315 55 6l SO L 55 )3 5 odkd dtuw
el o a3 L

iy il gl JF1s 55 pazia i g sl L glbaer b
OAst = 1 ys g S 0 i > 4 o dlgl 5 A
Ao gp 45505 pela 5 olaT 55 OS> 4 braaz e il gz
O3 e 5,50 Bhae Glatazlo b 5 (03 (o Slae 2
whtarls by ol (SIS Rl T3 58
oele & gl Sde 53 g e ke F/5 5 Y/ 3 L
Lyl b 4o Oy s ) Jade S i Jlsl bad 5ad (63,
s o Ol |y s gl

5 Ls ol oBs I 33 4 baiges T3 pl 5wy
57 s g e 3D e S ol
Sl sl 03T oy S SlsejldSlaia s
Y UK s (6,8 o5l (A, =1.54178A) Philips Xpert
s o (SIS (il AT 3 (slad g i 5 S
Olis 1y o b SO iule uuT 3 cladises
Il = O gl s pay Jow s 4l 03101 Soke 57 Aas o
Al dnloee e gl s gd> s

S L Slhd plom 538 2 ) O el S| a3 B0 5 T 3
3505553201505 g/INaOH ,4¢/1 Na,PO,.12H,0

ilize (SLdAigal (5133 43 3 39 Ogawl ST g b Sl il 3UaT 38 Jogl yudb Aoda A\ Jgaa



WWAY Gl & o Lot cp gun Jlow (5S35 (i § p gle dolilund

O | AZ3IB pu 5o Satl (59, 53 48 725y O geshasans! 459 ) 4 oSS ladi gy (59,95 LIS 2 (5 5L 930 T ghans 5 oasy 0

23780 Olge 5 4 oS 2580 5 Jo IS p e 55 S
J>"> BE J}_}:g‘ dw d“ Ls ool JJI;K >3JI§J| 9 @f
0.5cm glas IS8 lopls law 5 Lds 03ls 13 fo
3 8515 eI S eles 53 4 gas 31 (0.19630m? Uslas)
Sl ol el 3 ESaliy 3 525k O gl 250 (slacs S o510
500 5 (8 a5 5L e fowsly 4 Cod S5 Ll =200
Sl F 545k e il 4 o (5T g 3 s e
S35 O ails 5 Sy Jeily b el \MVYS
G ) o3lial b ppslis cpl ids uns U i) bawg
S sailes sl ot SoftCorr III 1310 5 R-Cale
Sl Sl Soys Culyls |y @b gl Jidss 548
LS 348 a4 Sl oyl S5 I e S U3 e
b Zonslin i (s pela a5l (sl Jindins GS ol b
S SNl a5 015 a1y Joudins Ol ool 03 (S5, 55
39 g0 03531 Sy $Salys gl 0ol 2 )M sl 15 sa5 )
@ubjs,,_;mw;\(F)ﬁﬁJ&uol}_&g;@w
Ok Lgas 8l b K oS BB & el )M slady ga5T
Lps‘hf@(,t,,;\amamﬁﬁaﬁé‘ﬁ,g&}ﬁﬁ
IV =A] Sl dosles

H =3 Egare ]

F= ) x 100

P
5 Uhs Os Sdiped Oamlp Dy Cwslis RO GRS
O (S 25 ity St AE | cdisl s o 031> Ghi g
‘T"‘-‘-‘: Ba K c..f\...&bsn U’:“;'}-’- Q)..L: E) ol 030> J:“‘;'}’.’. 5&4\;}“
355 oo dnloea L;Jfojmﬂd;bub}:,u\}:@

R = Ba B
P 23 lsarr (Ba* Bc )

i B s B, (St Ol wils i sl ol 5o oS
ASTM G-3 5 kel jl abaly cpl diil o kT 5 5187 o
Ol 2 M Canslie Ol o OT Gb &5 ol 0l | Sunad
Ob o 4ty 5 U1 5 kT b bobst b gy L1,
O ity (1280 ol i 53) (S5
S ASTM G-15 sylutal b 2L I 55 als 33

3305, o0 ;3)}5 03 elal sy oS Ca @

U"‘:"? )‘ L8 J)J."gﬂ 9 okl Jd} 45}».5 4 ..bT :;ﬁg\
Ssxéjjbxlfzjﬂlfljbjzﬁm?deijjzyjé
S osb 43S o Jes 5 KT e & s 4
N i 13 KT B Jols 6 5 325 O sl eS| S s
Cl e Gl Do oS 5SS (8 500) LT FVF0 555
Jos S SU 38 515 (sl daie &S5 5 s 035
ST 35 2SI il ol i 51 5505 SO F IS 55 ki e OT
sdalie ¥ IS 5545 ) ghailen .ol 0l 035 5T (s e 4 503)
Ol Sl e 9y 2 ok SIS ST iy 0 pd
:_9A>).>Yb.6&5&_5‘)&9\Jf}h&abﬁ)bjfﬁu.h)uu

.\;M‘O);)‘}?;AJT).‘(];#T\ 39d>) 5L 0L = Is b

GRS nings 3T (g2 )3 B Aiges loj — Uy Jlages £ Jio
‘5LA>)>}w,ﬁagTbjaMab‘éﬁxduﬁﬂrw
AND — GR202 (55| 5 Lo 5 0T 05 5 Liks ¢S BUI
S S5 ssse Ad 6, S eI 38 Hsb 4 S0ug Zés L
S Sl 3 pole mig pamen 5 il Gladi s
Jie sy 53580 0 sSns Sn baw 5 (s e LT 42
s+ ZEISS Inc. - model: SIGMA/VP , Phillips — XL30
) Caltee ok sa e Sl b K0l e A3
Al 6;°;\xtlmageJ)\j;1¢; Lo g5 (2 gy 15T o 535,
Soshsliphan ) poddosls idg Slad sal S 2y

TS L O eks (luans K sl 3 4l Sy

g g g
dionized water + 33 1t Cacl2 + 3 NiKel +86 /1 Nacl

Al 31 8 ol a3 VY glos
EG&G —273A oaws Jaun 5 6oty gaunilis O gl 33,2 s
508 55 S Ol 4 ol ey iy A ses LS ol



IFAY aabs 4 o jlacki a geu Jlow (S0 y 93 seutigo § o gle daliliad

P

AZ3IB s saie SLatl (59 5 48,0 335 O gaealaanns (g 5 o oo SS9 (55985 S5 3 (5,55 530 Tt Al oy | QY

Laed o slutad 5 03101 le 46 2 5y Soslize (S5 ba iy
0USKs 53 [NV ] 5,03 (Ko 6 2 325 O genlebanS T AT 5 5
ﬂu@T}&;iwwd\ﬁdeudﬁcbﬁ}d
el olaT 4§ (S5 g (e SSISG

i s o Ol 1y Sl b8 Sl Ydgda Cpioen
o eslizul Liks S5 66 51 LOT Cdg S 53 oS o lad su
Sl T3k bk gad plad 5 L5 & e e 0L
A Sl S sl (el 53 2 D) (e SO
Uiy gl (§3) g1 ek sl Sl i slial 2l 5 O i
AT 5155 ST o Gus il 5 Sl 0 il 5 g0 48T el 0
S35 26 oy 38 | Lol ol b ST il
nbu:,}};\\,cbL;))dwduo&ﬁ%;);};,.:@cu
;\;@;};ﬂs;.[W-w]m@u:g};\bogﬂg&:ow}
ot S g onl 3 eslinl 5500 S g i 0 ST iy
Sl andl 3 5T 3l ealitl U pimes sl Jaw 55 3 03 52
o3 S jamia b 8 ploul Gl (o) 3 Tl 0 glulis
Mg(OH), L MO S 5 55 | butas el oty by oS
el a5

ol aids Hlgr 4 4ids & 5 (as id g Oloj il Bl onen
WSl ok o (535 1 ook Sl i Jhad Sl 15
Q¢>)>dﬂoﬂS}J°~U~>\>.v.‘ash‘\5ﬁ0“ff)}d:3“ef‘a‘
S8l O sla il 5o [\V-V0] ol as Jidg AT
Col s by 428> 6 Ol s dazle b 2130 ks
1 V| 6l 0k (B 5 ¥ 6 500) i s il 2alS

ol T3 5150 e 655 ekd sl e Rl s

(AT a3 3 5 (GBS o j345) o a-Uly 3G
ok plnil 2ags 53 dls 55 o )ls Aot S5 il
GHIP o5 s wlp 5 S g bl odd w5 S5 ol @ 3
05,6 EG&G Sl gouilsy ons L of o 45" SoftCorr 111
Slws g e s ol Help cad 55 s eslinul oo g o
P Q)m)‘;;u»%zéﬁfa;wq?py
(:bu‘ JZ«A)}:_ BE) UJ@&“)}L»J &J‘i‘ dﬂw‘\f@‘ ol aJ))T
ﬂéb)b‘@.ﬂlodﬁ.‘-yl{):‘\f}gf“dy}..ﬁ‘aﬂﬁwaﬂ
a&a:‘)u’.\fhﬁdﬂ}b,ﬁé‘ﬁoﬂ\}ijmgﬁjww&n}"
4{}:36)}4.19}5;;@'.éﬂf@)‘}obub‘.))}ﬁcﬂﬁbju\{)
Sl 4y YVEY gles s Jii.&i L Lol awlie 5 Calises
@uang.urwd,uaqum(u},nl;
)JAPPASO?) Ju\ﬁ f"A)}T Lﬂj}‘}a}j\f 6/.» J}Jliﬂ‘\.:

A (6 S oIl Calises gla Ol

Sx g b -Y

Siyedige (A -V-¥

23 By OgmldanS| S, 4 edd sl gla 2y 5o
Ol €308 o (535 2 (367 S g3 S8
a Sy S5 sl gy Easl odkd sl (glads > Al s
C)\jd> "k"l\ C_.&L ol .,\:j}'; le.lﬁ‘éf u\J}.:NGA &J:“;ﬁ- claau
S0 okdobm) Dl i sk 0 G5 g w53 60L 5

wilio GlRdiges wulyia od uSile Y 9



WWAY Gl & o Lot cp gun Jlow (5S35 (i § p gle dolilund

OF | AZ31B s s ST 59,5 2 8,2 5 O gasshncasl Qg ) do ol St i g3 (55985 HU8 53 5594530 T gl 30 (g 53

23 29L03).AY Aig.5 (7 Naiges () A diges (0 Y Aiges (9 73903 (3D Aiges (Z Yaiges (| Aigos (il .aliste sla yimisgs SHT Fmlows (539193 )90 D JSi
(el 03w aid 5 Y-+ oS ) 33

W sas 05 oMl a5 T 51 Wlassls O35 ol 58l 48 > 55 5
O3y 035 083 DL &8 53 O semlhen ST ST 3 51 S8 5 sy
Sl (03,57 2SI 9) Sl 0k Jom an; 05 (Slgin oo T s
ST Ledd Jo e 3l e oo T Sy (ib s 055 2l 2o

Ll os S
il a3 3153 &7 das e OLES alaT Gy B (izman
2550 s Sy S s oS Sk gei ys ke SO
Q}:..u\.\:.‘.fl GMJ.'M}{ 4ass d§1 Oley s Lledd esls u‘”"’“ﬁ
ol 6k sl Gladisas 53 05 M| s oo )3 48 > 5
033 oo Y/O Jla3 U Sianarle Coed STV 4 50i a5 Conl s

Lks Sd5b ol Gl idis 5o 5 Sl (oebw SIS
PRCWPREICH}F SR RS WA O PR e
(g D8 ezl b 1) as i g aids F OLS )
cla.nQ.Lingflujljj;l:uu)@jﬁéjqalﬁtf.M:Ggobe
by das e O 1) 50 1 (adds o0) (gl Olej s 5UT
(il (S Gl T 1 (b Ole G151
BERSEICIY T NPT PRTY RL AW JUSR NI L S
Ll 8 5 O ST (23 S 5y AT 3

gy 039 (<@

O st enSTT AT 3 51 s o 50 457 s 0 OLES Y gl ol



IFAY aabs 4 o jlacki a geu Jlow (S0 y 93 seutigo § o gle daliliad

P

AZ31B a3 5usa Sall (5 5 53 4852 33 ) O sl anaas (569 5 4o och JaSulls kg3 5S3,93 JUS 5 53 559 990 sl 31 oy | BF

D5 o8 ey oo (558 Sosk 5 S Y 4 g els ST
3545 4 b ol Sos Ssle 4 das e Ol 35 11, S slise
Sl o e 5305 6 5 0 gl enST B3 P S
b a4 S g S s 1 g b 53 1) JUST 6 2 a
) (A3 B SOl b o O ol 5 A4S o
Ll r anlsl (o |5 o iy S35 2 2l S8

DANE N ]S o a1

ooy 50 Sleliag ~F—F
s> YO Ole) S 53 Calibes (badiges Juily & S
Ol 1y (o)) O el (glwans Jsbos 3 (gy5dbse
i gr 0L 3,531y e (650585 a g plas Ly 55 a3 o0
odaliv lad gl fowily 55 (g3b) Sllug oliwl BB s
S she b baise Joily (Slos Sl 5 258 08
Dslomes3 €8 515 51 das g5 O oy e 0 YLzl
il T3y S S pladse imen el S
L it Slley Sl S 15 e SSKG

Ol 53 Jg.das o OLas 3 5 511, 059 D o mis (ol
st pond oy 53 (6 S hul Bl as (ibg aads Hle
Sphier odd dls CA)s 4 Tl oshsl Gl 055
Sl yd dy S (6520 09 OO gl o> a5 (55 5b &
Gl BT s S aS Sladigas 3 s o Ol |y 4l
G (Ao W ES Ol s Al g sU
L ik 055 Rl Lo dlasl 655k 56 b (655 o
o;,u:i\ﬂu)}.m;@ow:};;\u;w,;cbgc,.,“;
Ol 3 ol 2aS 534 65U BB wlive Glad goi 4 s LOT
S5 9 358 (o0 oS (o guins D)5 Rl Bl (A3 Ay 4aSs ¥
Facken /0 o b dazrlo Lo 5 45TV e i sad 53 055 Rl 31 O e
L] IR SRCMRER O PE TP W PRYFPINE:
b SO Sl T 3 a8l 0T I STl 0ieT et
ol 33005 8 5 O el STT AT 3 05 L S5 bl
4 (O O,k Ao s 5 Jidig 053) o opl j3 &S anis
wun) ek Y oSl OT W 50 358 n 0305 Loy aise 5 S|
B 5y O gl ST T 3 0loj 208 51,5 ad bl b

DI iulgs 33T H8 I dms 9 Ju 09 yrimed 9 iudbies 039 s o)y ¥ Jgsa

g g




1FAY b & -:JLA..J?}“ Jlew (550 95 (ceusige 9 p gls doliliad
O | AZ3IB p5uso Sll (59 53 48523 O eslasaas! 559,y d oach JaSulls Gl g (583,93 HS, 13 599U ¢ shaes 3l (oo 3

1y Calibes (Slad sai ESCials 3 5uiilty O gamsl 3550 13 503V JSCa Jld bla 5 O s 4 Y| &5 dias o Ol 5 5
Ol oMy sla osls i ¥ Jad s omen s o OLES awlie gl [YV-V VY] il . cla.» Sy od—i sL_>ul
.gl«...n‘o.\.iob)jT Qﬂ‘ﬂ))ﬂi O}A)‘TGDM >l>r.3“ ‘5\.&&.&}:‘ L;J)}i )l:é)_/.:‘..é_i

b il W a5 (555 Sl 5ol

time (s)

time (s)

WoRS gy ABS £ (o 9 5B lmbbgy AadS S (Al )Kia) Jgd=o ) cinclns DD e &y (59 Aboge i Y1390 :F JSul



: IFAY aabs 4 o jlacki a geu Jlow (S0 y 93 seutigo § o gle daliliad
AZ3IB s uso Sall (59, 53 4852 ) O alpans! (559 ) s oed JaSulls Gl gy (553,93 JUIS 5 3 59 930 g sbass 5l ouy 0 | P

(&

(<)

@

28550 Jgdxo ) Cilizko (5LoA3g03 Saoliy Sgainiliy ggams 32 13905 1Y JSibs
(D a39.03) )3l 53 31 0 3Laiwwl b SIS 9 S IT oy duunlxo 095 I (SlAsges () (23 pimbigy AiIBS & () (03 iubgy 48 | (all)



WWAY Gl & o Lot cp gun Jlow (5S35 (i § p gle dolilund

QY | AZ3IB p5uso Sll (59 53 48523 O eslasaas! b9,y do oach JaSulls Qg (53,98 HS, 13 (5590 900 ¢ shacs 31 (oo 3

5i3) Jgdzo 3 gl 3a)My couni Hl 03T wandy o sls Edgan

o3lizal VL Oloj 53 Js duas o 0L 5553 (6 S S,
Ls)}li}suckoﬂéj)ﬁomoﬁ‘)ﬁﬁLSLA‘\;}A.;)JO)S};U}‘
23 IS sk 4l el 53)}5 4 Caplas alS Ceol
0350 ol la i g (aids L) As id e YL Ol
B3 ol O 4 Cemd skl (S, k8,
S s @ NI das e Ol s 3l (aids &)
eSO 58 5 i Gl o slad 3150) (GheST T4 Y 03 55 o
old ol 3 b3 b oo ol oS ol (i g Olos S lile
M‘j@W}M}%‘}}o))’ﬁ%k@\-ﬁ%‘&&)))

55 7S 0T 1o Jor st Jo o
sdalin V S 53 &Sl s 5ty O samsl 555N )13 503 ocalin U
Las oo Ol 5 i) gslame Hly 1) Y (Glad gai aS5 4 e
S5 pokd S5 by alae elaw I 2l o) 6l S
03,5TA S 53 & dz 4 5 (g paie 45 BT W god
Fols 55 eodalie CallA SS 51 8T ) shailes .l o
B S 5 Wl Ol ¥ 4 sad (20 e 3 6 S
@35 F5 Sl 6 a8 P 5 55 sbila SWT (555 0
SR s iy a5 Sl 2i V) sad 3 pule
Uiy JR dlone &7l (6 i (52 e 5 e
D Jsdr 53 45 ESCaly 3 srudley O gaml o My oo I e3linal L

—\.fdnu\ﬁubtyjﬁa‘@w‘adﬁ'\’

L;wﬁsrwsvw@ngpjw,,\?;tyu@u
Cl)s aun) 9y 2 5 Sosbsl ae) (So) poddioals iy
.;;\:AZ31Bﬁkaqudh{jsusuﬂdb
S 3555 L 03 5 A3 Gla iy 53 4 s e 0L S
Sladi 503 jlodd 65k 5 mbaw (595 poddonls [Ri sy slad 5ol
J%.@\J:.«fcu\.iM|Jw)>ch.adjjﬁo&§aa\bﬁﬁ
w53 oS e gy o S5 0 Van! 5 4 gl
,\F] J}&GA Jay]o ol 6)}};\; QY\JJL‘J)J ou\iJsT.:mT
Crrs GO I Sl jid g oYU S Sl [YY
w)%bbﬁf@)\}%b)yed})jﬁ-sudxbj
o) Lamen S b (Slal g 3 50 o0 Lol AT 55 5 540
)‘Js ol ngjl.z‘yl.v Qy ;55‘,7.«1.& L}.ﬂ}:)é‘gav\.‘; U':":‘}'-’- b‘)‘)
ol b SO slols sk sl aY &8 LT 5 5,8
sy o S 4 e 31 gy s oAb G4
ogde [YO-YY] 5,08 o0 S, S ialS Eol 5ol
AS Op olie zalS Eel SUT s bawils &S S o510 o
&}iﬁbma:ﬂq‘yt}:&ﬁjaﬁcbddeﬁaugiq-
Bsh o Sy 4 Caglie Sl Bl Esl Culg s 4SS
@:&i};@:é_{iabj).:L:SL::SUS}}ULQJB-L;L@;«L};):
O oskst c]a.u Sy g okd edly ihg (sladisad (al.«:

uﬂo.Li»dlscﬁij.acbuéj)ﬂouas\zdi&xdudﬂ



: IFAY aabs 4 o jlacki a geu Jlow (S0 y 93 seutigo § o gle daliliad
AZ3IB s uso Sall (5 9, 53 482 ) O ealapans! (559 ) s ol JSalls Gl gy (550,93 JUIS 5 3 (59 930 g sbass 3 cny 0 | A

Y Aiges (il (g puaic duiniis JuBT A JSubs



1FAY b & aJLmJ:ey.u Jlew (550 95 (ceusige 9 p gls doliliad
QR | AZ3IB o Satl (519, 53 ) O sshaeasl gy o oach JSati (i 39 (550, 93 LS ) 3 553 53 T shacs 5 (s 53

N digos (o a:A Sl



IFAY aabs 4 o jlacki a geu Jlow (S0 y 93 seutigo § o gle daliliad

AZ3IB o uso Sall (5 9, 53 4852 ) O alnpans) (559 ) s oed JaSulls Gl gy (550,938 JUIS 5 3 59 930 ¢ shass 5l ouy 0 | Po

093130 i S 0313 jl odwT wouwdy Jobs 3003 D Jgaa

A ) 4 el s el (5355 1 0ok slomsl D i L
AT 3 o 53 oo (555 o sl (sladd > 0 555 s o
LT3 487303 Ol (835 55 Sl o Sl a3 2y
e S sl a8 e SO e
&L“JQT}&CM)A:}&@AJ%M FYNCCI Sppe
S5 8 5 O g ST 0 251 Loty o (SIS

35 or e ST o (695 ks

S 5 domaid
NS (oo (SO ol dis T3ty Sloslizal o sls Ol s
Sl i sl il 531 ol i o SSle J2alS sl as id g
O..qu43\5‘/;»)&'_,1941x\ngﬁﬁﬁ&djjxaﬁsbg\
sloul el aS sl prda (SO ol T3 515 SUIT pebas
S35 b SOISKe a3 9.3 55 oo prbams (595 2 (5 e 8
e a3 g Rl 115 0L o 4k Ol g asls il 311 pelas
SRl B el 4k gz 4 iSs oS Sl (s iy Ol Sl

&b

[1] R.M. Asmussen, P. Jakupi, M. Danaie, G.A. Botton, D.W. Shoesmith, Tracking the corrosion of magnesium sand

cast AMS50 alloy in chloride environments, Corrosion Science 75 ,2013, Pp. 114-122.
[2] N.I. Zainal Abidin, B. Rolfe, H. Owen, J. Malisano, D. Martin, J. Hofstetter, P.J. Uggowitzer, A. Atrens, The in

vivo and in vitro corrosion of high-purity magnesium and magnesium alloys WZ21 and AZ91, Corrosion Science

75,2013, Pp.354-366.

[3] F. Cao, Z. Shi, J. Hofstetter, P.J. Uggowitzer, G. Song, M. Liu, A. Atrens, Corrosion of ultra-high-purity Mg in
3.5% NaCl solution saturated with Mg(OH)2, Corrosion Science 75 ,2013, Pp.78-99.
[4] Y.L. Song, X.Y. Sun, Y.H. Liu, Effect of TiO2 nanoparticles on the microstructure and corrosion behavior of

MAO coatings on magnesium alloy, Materials and Corrosion 63 (9) ,2012, Pp.813-818.

[5] L. Zhao, C. Cui, Q. Wang, S. Bu, Growth characteristics and corrosion resistance of micro-arc oxidation coating

on pure magnesium for biomedical applications, Corrosion Science 52 (7) ,2010, Pp.2228-2234.

[6] R.F. Zhang, S.F. Zhang, Formation of micro-arc oxidation coatings on AZ91HP magnesium alloys, Corrosion

Science 51 (12),2009, Pp.2820-2825.

[7] M. Wen, C. Wen, P. Hodgson, Y. Li, Thermal oxidation behaviour of bulk titanium with nanocrystalline surface

layer, Corrosion Science 59 ,2012, Pp.352-359.



1FAY b & -:JLA..J?}“ Jlew (550 95 (ceusige 9 p gls doliliad
PN | AZ3IB p5uno Sll (59 53 4852 O eslasans! 559,y do oach JaSulls Gl g (53,93 H8, g3 (590 90U g shacs 3 (o 3

[8] V. Barranco, S. Feliu Jr, S. Feliu, EIS study of the corrosion behaviour of zinc-based coatings on steel in quiescent
3% NaCl solution. Part 1: directly exposed coatings, Corrosion Science 46 (9) ,2004, Pp.2203-2220.

[9] C. Liu, Q. Bi, A. Leyland, A. Matthews, An electrochemical impedance spectroscopy study of the corrosion
behaviour of PVD coated steels in 0.5 N NaCl aqueous solution: Part I. Establishment of equivalent circuits for
EIS data modelling, Corrosion Science 45 (6) ,2003, Pp.1243-1256.

[10] A.P. Yadav, F. Suzuki, A. Nishikata, T. Tsuru, Investigation of atmospheric corrosion of Zn using ac impedance
and differential pressure meter, Electrochimica Acta 49 (17a€“18) ,2004, Pp.2725-2729.

[11] PY. Guo, X.F. Wang, Y. Shao, Formation mechanism and corrosion behavior of micro-arc oxidation ceramic
layers on 1050 pure aluminum, Corrosion Science and Protection Technology 23 (6) ,2011, Pp.490-494.

[12]Y. Li, W. Lin, Y. Wei, L. Hou, H. Du, Electrochemical corrosion behavior of mechanical attrition treated surface

layer with nanocrystallines on Cu-10Ni alloy, Corrosion Science and Protection Technology 24 (5) ,2012, Pp.397-400.

[13] L. Wen, Y.M. Wang, Y. Liu, Y. Zhou, L.X. Guo, J.H. Ouyang, D.C. Jia, EIS study of a self-repairing microarc
oxidation coating, Corrosion Science 53 (2) ,2011, Pp.618-623.

[14] L. Wen, Y. Wang, Y. Zhou, L. Guo, J.H. Ouyang, Microstructure and corrosion resistance of modified 2024 Al
alloy using surface mechanical attrition treatment combined with microarc oxidation process, Corrosion Science
53 (1) ,2011, Pp.473-480.

[15] L. Chang, L. Tian, W. Liu, X. Duan, Formation of dicalcium phosphate dihydrate on magnesium alloy by
micro-arc oxidation coupled with hydrothermal treatment, Corrosion Science 72 ,2013, Pp.118-124.

[16] J.G. Li, Y. Lv, HW. Wang, Z.J. Zhu, Z.J. Wei, X.C. Meng, Corrosion characterization of microarc oxidation
coatings formed on Mg-7Li alloy, Materials and Corrosion 64 (5) ,2013, Pp.426-432.

[17] Jr. Zhen, Y.c. Lu, Influencing factors of AZ91D magnesium alloy MAO film properties, Corrosion and
Protection 33 (7) ,2012, Pp.567-570.

[18] Y.L. Cheng, T.W. Qin, L.L. Li, H.M. Wang, Z. Zhang, Comparison of corrosion resistance of microarc oxidation
coatings prepared with different electrolyte concentrations on AM60 magnesium alloy, Corrosion Engineering

Science and Technology 46 (1) ,2011, Pp.17-23.

[19] T. Balusamy, T.S.N. Sankara Narayanan, K. Ravichandran, I.S. Park, M.H. Lee, Influence of surface mechanical

attrition treatment (SMAT) on the corrosion behaviour of AISI 304 stainless steel, Corrosion Science 74 ,2013,Pp.332-344.

[20] D. Fabijanic, A. Taylor, K.D. Ralston, M.X. Zhang, N. Birbilis, Influence of surface mechanical attrition
treatment attrition media on the surface contamination and corrosion of magnesium, Corrosion 69 (6) ,2013, Pp.527-535.

[21] C.H. Xu, C.S. Wen, S.Q. Shi, J. Lu, Oxidation behavior of Cu-38at%Zn foils after surface mechanical attrition
treatment, Corrosion 68 (3) (2012).

[22] T. Balusamy, S. Kumar, T.S.N. Sankara Narayanan, Effect of surface nanocrystallization on the corrosion
behaviour of AISI 409 stainless steel, Corrosion Science 52 (11) ,2010, Pp.3826-3834.

[23] C. Pan, L. Liu, Y. Li, F. Wang, Pitting corrosion of 304ss nanocrystalline thin film, Corrosion Science 73 , 2013, 32-43.

[24] L. Zhang, Y. Zou, J. Wang, Q. Bai, X. Kong, Progress of corrosion research for nanocrystallized metals,
Corrosion Science and Protection Technology 24 (3) ,2012, Pp.187-191.

[25] Z.J. Zheng, Y. Gao, Y. Gui, M. Zhu, Corrosion behaviour of nanocrystalline 304 stainless steel prepared by
equal channel angular pressing, Corrosion Science 54 (1) ,2012, Pp.60-67.






SHB Y 5555890 9SS VB sy
sy Oy Gadoadi aal 93 Zn-SiC du j saels 93ls

"B e T lguael waan S Alude Ao FY ulFolas saas

Sy aal g (ool ol T olSEINs (HISIAS § () g () ;Suiia 95 oSl

sl Sl St oKl (o o

oS ol Jahs olSilila (g5, ¢llie § (e (cuaige susiinly HLalicdl ”

o i Siais o8y wlge ale g oeuaige ouSilitly wlge ale § ceunigo audyf (ceuliddijls T
mohammadsajjadnejad@yahoo.com :J giuus ouiuus g3 *

VWAY/AY/N ¢ il gyl VYFAY/ VPV sl ya gy

US>
o 3l ¢ B35l 53 ks g U g a0y plaz K 1 ey O (SC ST g3 gy 554 Z0-SIC 5 508 56 sls iy,
S5 0Pl 5 a5 93N G s S Lo 5 s iy ) (S350 ol B 8 B s 3550 68 5 IS
L odalie (S 3 Sy i 53285 13 3550 YMINACT U hous 55 Sl s guility O samsl 3,2 05057 o ba OT
SRIBIL b o SRl e 5 BT Il (iE g 513 5303 8T gy S5 ez oy ¢ Foa Ver BV Ll 5 il L oS
(it O o 4ieadls (2l 3L pimmen ST o iy 5T e 5 1 ogy 3 o3 00 B Il AVO B Y IS 4t
@.&j)()LA)'.]ailJ..fbG\SQ\J:.:;Ud‘.:}..}”uuaa.uL.i..aw}jsjycsjbu):ﬁﬁQ)JJQaﬁs)‘jb‘)SjUM)Jj‘%JMiadii

Ll Al OL 53 (el



Investigation of Corrosion and Morphological
Behavior of Zn-SiC Nanocomposite Thin
Films Produced by Pulse Current
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Abstract:

Zn-SiC nanocomposite coatings were prepared from a sulfate bath solution by pulse electrochemical deposition.
In this method, frequency and duty cycle parameters were investigated. Morphological and corrosion properties
of these coatings were investigated by FE-SEM and potentiodynamic polarization in 1M NaCl solution. In
case of frequency it was observed that by increasing its value from 10 to 100 Hz, the amount of codeposited
nanoparticles firstly decreases and then increases in the coatings. By increasing duty cycle from 10 to 75%,
the amount of codeposited nanoparticles firstly increases until 50% duty cycle and then decreases in the
coatings. Also by increasing the maximum current density, a maximum amount of incorporated nanoparticles

is observed. These changes are function of T and T _ in pulse current.

Keywords: nanocomposite thin film, electrochemical deposition, SiC nanoparticles, pulse current.
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Abstract:

Microbiologically influenced corrosion is a major cause of industrial system failures. In the present study, for investigation
of microbiologically influenced corrosion in fire-fighting system of Fajr petrochemical company, a variety of methods,
including microbial cultivation, X-Ray diffraction, corrosion morphology and inspection of selected points of lines were
employed. Different groups of corrosion-causing bacteria were observed in fire-fighting system. Sulfate reducing bacterial
count in different parts of the system such as outlet of raw water tank and one hydrant were 10° and 10* per ml, respectively.
Also producing bacterial count in some system parts such as outlet of raw water tank was 10* per ml. Heterotrophic bacteria
were distributed throughout the system and their count in one hydrant reached 4 x 10° per ml. Furthermore, different groups of
bacteria were observed in corrosion product deposits. Sulfate reducing and heterotrophic bacterial count were 10* and 5 x 10°
per gram of deposits, respectively. Iron bacteria were also detected in corrosion products. Additionally, analysis of corrosion
product deposits using XRD technique demonstrated the presence of Fe,0,, FeO(OH) and FeS. In addition, a variety of pit
structures with different shapes, particularly pear-shaped pit, were observed. Pipelines inspection obviously proved formation
of discrete deposits, including nodules and tubercles. These results indicated that microbiologically influenced corrosion
occurred in fire-fighting system of this industrial unit. Thus, monitoring and mitigation of microbiologically influenced
corrosion in fire-fighting systems must be fully considered.

Keywords: Microbiologically influenced corrosion, Petrochemical fire-fighting system, Corrosion-causing bacteria.
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Abstract:

In this study, the degree of sensitization was examined in AISI 304 and 321 type steels by DLEPR method
whose experiments have been carried out on steels to examine and determine effect of NaCl, solution motion,
pH and O, on intergranular corrosion. It is seen that as NaCl molarity is increased, both activation and
reactivation currents increase and this cause to increase on susceptibility to intergranular corrosion of both
steels. In the absence of O, , the activation and reactivation values and degree of sensitization decrease. In
addition, low speed of solution motion cause to decrease degree of sensitization of 304 steel. Increasing speed
of solution motion will increase the degree of sensitization of 304 steel again. Increasing speed of the solution
motion cause to decrease on degree of sensitization in all of the speeds . The increasing concentration of H,S 4 and
decreasing pH cause to increase Ia ,Ir and intergranular corrosion resistance of 321 steel. As decrease pH , at first the

intergranular corrosion resistance of 304 has been increased and afterward decreased.

Keywords: Intergranular Corrosion, EPR Method, stainless steel, NaCl.
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