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A STRA05ق
 د

The electroohemiGal paraete±s for a type 0f Lio
alloyed stainless ateel (containing 3.l5ذ ) wae etudied
in ch10ride aolutione (0.l-5.0 ( iت at dii±erent pH
walues and 30° , &م The results show that the eleGiroche­
micsl par A etersع Fere dependent on tha €oncentration and
pH ٥f the teat Aolution٠

"he io ا alloyed ateel containinG 30l5 i oت can be
peseivated in chlorlde aolutlonB baving uolarity from
0.l t0 3.0 at لذ pH fror 1.0 to 3.0 a dص the passive ±ane
becoae wide mith increase of pH walue. The alloys dieso-
1ve actively frهa tHeir cDrrosion Potertials, and can
not passivated in 5.0 chloride ذ Aolutlon at ell.

The soann1rG ±aie o± rHioh the roteniial 0± tHe
all0y is war1ed, d7/dt has a conB1derable influence on
tHe Ahepe f ه the polarizatlon Gurve. , ظ and Eo21 c
&ecreaas and K nd «و يرتً ه nGreAse± و؟ with increae­
ing aV/at.

TIITRODUTION

o alloyed Bteelز The alectrochemicel behaviour of؟ 
1n eulphate and 6odium chloride eolut1onA rere previously
atudied in this laboratoy (l-6) he ر د Lterature contains
contravereal reEults to p1tting potentials and C0±roaim
parameter (2,7,8-20) Because ر of the well eetabliahed
wBage of uolybdenun alloying for increasing the reaista­
nce of steinless steel to pitting 00rroaion itereBt
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was developed in extendinE poteniiodyneمic tudy of the
3.155 Wo teel contaذnin5 Cr ت16.98 a dص 1l.296 I1 iص 
s0dium ohloride solutione (0.l- 5.0 ( ئلا at different pH
welues at 30oC. ±he effect o£ thE:rate of mhich the
potential o£'the alloy is vAried, dV/dt on the corrooion
parametera of the alloy has been alao Atudied.%he chemiCAl
o o posiح tion of the Ateel used is ahom in Iable l.

Elerent
ni;3

Compoaition 0f
S Cr

0.014 16.98

steel.
I1

12.29
oلا 

3.15
 صتا

1.66
Sذ P Cu.
0.40 0.022 -

'iable l.

٥
0.052

EKPuAIiiنIi%٨L
 ا

'he steel s prauced by Aveota (Sneder) in the Ahape
o r0ds with a diemeter of 20 It مسه maA heated for 20 min
at 1050°0 and then was ٩uenched in iater.

EREIREATiII OF SPEIiا Ei!

Gircular speclmeas 0f 15 reze حح ت£ embeded a ح
plaatio reein groud with ereiy pAper and poliahed ritH
diaond paste (l u). FnAlly tke spe01mens mee cleAned
in bidistilled water-ana ethyl alcohol.

'o avoid 0rewlce oorrosion Glyptal ProtectAng Lacgue
as applied d1reotly after polisling around the edges 0f
the speclmene (l m around the edges).

The Apeoimens mere prepolariMed in ihe actual iaGl
aolutiona (fram 0.l t0 5.OLIa0l )at d1£ferent pH velues
(±r1.0ه t٥ 3.0) et -7o0 »" or جج ة 1 . عة

Experimnents were oaIried tه at 300G sodium صذ chlorlde
solut1ons wlth oonceniTAtion varying fiom 0.l t0 5.0 . ط at
different pH (fro: l.0 to 3.0) ٠he ؟ cell wae oontinously
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purged witb purified n1trogen t0 get rid 0 oxeen. The
reference eleGtrode waa a saturated calomel electrode,
conneGted by a aalt bridge and Iaber 1yGgin @apillary
approximately 005 fro حد the specimen aurface. The
apecimena were placed in a apeoimen holder as show in
Fig. l. Ihe counter eleoirode was a heet of Ft plaGed
n a Aeparate cell 0ontaining the Aae used eleGtrolyte
connected with the neasuring cell. by A aalt bridge.

For potentiodynanic measurements, tho potential vas
oontrolled by 'oruatio Potentioatat F nd ر ة the diagrame
were recorded by weana o4 Sev00ج r RE 5ll Recorde±.

T'Ho eperinental procedure coneiated 0£ :
(1) Bubbl4r mith nitroaen gAe at a potential of -700 mlgcg

(fom 2 Hr) in chloride Bolutlons-
(2) Chang.±ng the rotentiAl in rable d1rection uRiag a

sGaصning rate 0f 5 mWNin n ذ (0.1-5.0 Ia02 لا at
pH fr0(3.00مند1.0 ا rat aif±erent dV/dt (fro 5 to
100 mVم n in La01 كط Et pi 2). 4'he potentia2 was
stopped vHen the total c u ±entت -through the system
reeched 260 u ٨ و this aeans a curent deneity of

%.ca85 /فا

DISCUSSIO#

±y p1cal potentiodynaنio ou±ves for the steel used
are Ahosn in Fig2م and 3, The actire region eدhibited
mAxirA in dilute sodium chloride solution (C.l !) at
di±±erent pD values. 'fhe aGtive region exhbited two
current naxira 1n concentrated solutiona from 0.5 to 5 ­ Lت
Ja02 and EapeGielly at lorer p values (l and l.4). 5hese
data are shown in Fig6٠ 4, and و57,6 8 where a prono­
unced Eecond current Iaaxعنuح is obaerved in most Df tHe
figures At d1fferent potentials. The a pltudeح 0f thia
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current maximصu increases ritH the decreaAe 0f pH value.

It 1s 6lear from the Fige. (2-8) thai و this type
of steel cen be paAsiweted in chlDr1d solutions having
molarily fro 0.l t٥ 3 at كلا pH valuee l-3.0 ana ths
paesivo renee becoe ride wnith increaee 0f pH value. I٤
diesolve aciively from ite corroaion potential And 1s
not pessiveted 1n 500 1i MaGl at all.

2he electrocEeaioal paremetere for this type of
(.o alloyed eteel are given in tables  نلا2-4)
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Ii 1s olear from theee tables h01 the cr1ticel current
var1ed with pH und chlorde ooncenirations at)±جر,( 

3000. The resulte ahow an inCcreeee in with بب.ع1 decrea-m •aiig ph due to the increase of corrosion rete with Acldi t yن
and conductiwity of the electrolyte. Simile± obserwation
ras aloo found for the seme type qf steel in sulphate
solut1 on2و) ) The critical curremt increased by more
than tro oraera 0f mAenitude (Fro9.5د to 2l5 (cm/ ل aE
chloride 0oncent±etion raa inc±eased fzoa 0.٦ t0 5.0 ii at
pH 2. R±om the anodic disEoluti on paremetezs 2nr this type
o± steel rhich are leted table (2-4), comroEion potentlals

r,) 4ncreased with decreaaing the pH of the solution)؟ 
e dح uually were more aotive the smeller the mAgni tude of
1crit.-

Samplee mith respectlwely irGreasing re4ured جر10
1 ٠

a correspondingly longer time io pasaivate, andin Bome
ceses never pAss1rated et all esin 0oncentmeted chloride
solutianA in 5l at pH 1 ana 2 (As in rig. 8).

It is clear froa tebles ( 4د2) thAt Greaees صi يجةة
th inGrease of chlaride io conGentraiion eBpeGielly atذ؟ 

lorer pH valuEB.

TAbles (2-4) oa ط that beatHoa ('Afle slope) l±ee
ri thn the ranee 10O -l50 m7/log i for most Bpecimens
investigated, ecluding the results in 0. l Na0lتذ et pH
l., which yela a higler value (280 mW/log 1). This
Tafel slope uay BugEest a sl0r discharge step (7olMer
mechaniE). The؟ dewiation fro ll8 mW/decede ayه be
escribed to ohAngea n the Ayصm etry 0R the enerGy barrler
(a aepart from 0.5).

It is 0leaz that tHe curTent denaity I 1n the
P

paAalve reglon 0f Ateel inoreases with increesing chloride
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concentsation (especially at lorer pH walues). The resulte
indicete the progressive 1ncrease in the corroeion rate 1n
hمح er coneentrated chloride solutions (3 and 5 iال ia0l et
p 1 and l.4). #ie found ell poientiels decreased as would
be epeGted r7th inoreesing chloride ion concentratlon.

The effect of the rate 0f whlch the potent1al of the
opecimen 1e varied dY/dt has a considereble in±luence on
the shape 0f the polarization curve. On the other hand,'
investigations carried out by Greene a Aع Leorna>(22) ­ ص1
dicate that it1.e of no importance mhe ther the poiential
is vazied in steps or GontinuouEly continuoua عاi ه poteni1-
odynemio method is nowadays the moBt widely used and was
prefered nذ his ن study. Fig. (9) illuatretes some obere­
oteriatio values of the polarization Gurve for tie ueed
steel in l JaClش solut1on st pH 2 aeainst aW/a٤. It 1s
clear 4roa Fig.9 that #oي and i (pittinE Potentlal)
where a protection) و& potential fr0a pitting) ± و c +rر
and noresse± زج1 rith :inGrasing dV/dt. iittleroo8 (23]
reported tbat a l0w transverse zate 0f polarizatiun give
riae to an etohng effect, vhereas in the present etudy
1 res not the case Probably م tle hiEher value o4 E Orr
at lov dV/dt are due to enrichmet of more noble alloylng
elenents uEt below rby Similar ,ر ه obeervetion has been
found by 1ers ?xoeeد us iI8I آ27) حله 304 1n .solutian يL2 -H,Soت

he actuel poler1zat1on curves obtained at the
- hiphest and lGeat soannig rates ±ndicete that the

seanning ratea affeot Aereral aApecis of the measurerents.
ihe Iigher scanning rate givea riee t٥ a higher aot4ye
anodic d1seoluiion peak, wlich iE shifted toward More

٤ noble potentlals. It has been Teported that the faster
soAna &4ve more aoble pitt4n(25,&5), but the opPoaite
Re found in tHis work on Molybdenu containing All0y0 Thia

ncrease 0f the passive film thicLessذ y be due to theمد 
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rth tme at a potential 1n the pessive range. Tbue the؟ 
passive fil would be thickem the lower the Bpeed 0f the
scanning. AE the flm thcLess increases, a lo fzactian
٥3 the potential d1±±erence between metel and Eolution
would be expected t٥ occur wibhin the f1lm and thus not
be available at the fil • Bolution interfece to asEist
1n the entry 0f chloride ions into the fil ٨ aimilar
effeot waa reportea by Bona ana the }ج21 م٥هia1ت 17.6
0٤0 13.5 ii 2.9% i:o in maGl تتد aolution.

٢٦٤1he ي٠٠ lower values oi at نر# 10r dV/dt Are attribu-
table to a combinatio> of these effects. Similar observe­
tion hAs been obEezved by Lars Iroeel he (ج24) د polazi-
2ation cUve reasuRed fc e metal alloy ia the resultant
of the GuperimpoAed p0laziaation curvea for the alloying
eleents, &, doea not have the Aeme eignificanGe as the
flAde potent1al 0f a pure metal. The latter 1s the
poiential et which tbe eniire metal surface ie pasaivatd
becawee an ox1de iA thermodynamiGally Btable or 0my en ج 5s
cheniaorbed. on دجة the other Hand 4s a potentiel at
ihch tke ±esultant poleriaation curve hAa e maxmur andة 

i. ts posftion 1s dependent upon the erface fractoB of
the included alloying elenents.

-32-



Women's Call. Ann. Rev.
Vol. 15 (1990).

(1) S.i. Koebdy , i٠8. iمa el and I.A. AcGad; Accepted for
Publication nذ lndian ،oumnAl of 'eoHnology (1985).

(2) 5.l. Koahdy, .A. ث Kamel and I.A. Accad: AOoepted for
Publicaiion in. 'The Electrocheanioal Socfety 0f India
(1967).

(3) Saada Roshdy and L.A. kAmel: Aooepted far Publca­
tion 1n Joجu nal of the Faoulty 0£ Educatiهn, Ein
Shams Univeraity, anua±y (1976).

(4) S.l٠ Roshdy: Acoepted ±ar publicatioa in the
Blectroeheaisal Sooiety 0f India (l%67)،

(5) Saada Roahdy, '4ove ByAtinE, iana Holtan and Re1dar
2unold: Accapted for publication in ihe Electro
chenial Soc±ety 03 indie (1987).

(6) S.i. ioahdy, L.A٠ kAmel And R. Abou &hahba: Aceepted
for publication in th Eleotrooheical Soc4ety ٥
1ndia (1987).

(7)

(8)

8.P. Bond end 5.A. izlovs: J. Elactrochem. S00٠
 ,5لا1130(1966.)

B.E. #l.&e an& E. ihilliams: J. Eleotrcchem. Soc.
±LT, 775 (1970).

•,Pourba±x, 1. ilimzach-lA the4u, Ch. Mertens(9) ة
.er, G1, Venleugenhaghe, l. De LunGl, Jلص euتا 

Laureys, i. IeeleRan and .: ة iarzee; Gorr. Sc1. 3  و
239 (1963):

(10) V, 5ospaderul and .V. ت ±etrooelL٤ J٠ Electrcchem.
soe.11966)576لا.( ,ل 

(ll) G. ae ilaard, .ii. ifcholson and • Posch? Terkst .
•(12, 782 (1968Korrن٠nق 

-33-



6amens Coll. Ann. Rev­
vol- 15 {1990).

(12) B٠E. iilae ا and ±. "illiams: J٠ ilectrohem. Soc.
2117, 770 (1970).

(l3) 2٠ 5aklerska - Smiatowska: Corz. iace 27, 223(1971)،

(14) ID: 'omeahov and G.P. Ghernova: Rrot. of iietals 1,
65 (197).

(l5) C.D. Dooal and J. Iiabe±? ،erlst. und Korr, 22, 686
 ه3

(1974).

(16) C. iiarbsleb and i7. SohwenL: 'erkst. und Korr.  ج6
 أبتة

5 (1975).

(17) Rolf @sterhol, Sandvikem: Repurt Mo. 51, Sept.
(1575).

(18) J. Horvath And H.Hم Uhlig: • Electrochem. Scc. 115
 ؟ه

79 (1968)٠

. IAco 28, 177 (1972).R.J. Brlgham: Corr.(19)

{20)

(21)

Ya. l1، Kolotyrkin, L.I٠ Fre1man, S٠A. Glaakova anقd 
0.S. Faskln Prot. of i etalsت 10, 466 (1974)  د ،

I.. Vetter: lectrchemiahetlinetic Spinger Verlarg;
He1aelbens (1962).

(22) i.D. 0reene and B. Leonard2 Eleotrochنm. Acte 9,
45-54 (1964).

(23) R. L4ttlelrooa: Corr٠ Sci. 3, 99-105 -1963).

(24) Lare Troaelius: Jerkont. A1971)39-27±55صص و. ).

(25) W. Sohmenk; Corroelon t ج129,0 (1964)  «ته و

(26) C. Herbsleb: ierLst. und iorr٠ 17. 649 (1966)  لك2 ه

(27) A.P. Bond and E.A. Lialovs: J. Electrochem. So٥ .
.io و1136(1966)• 1ت,1±

-34-



Women's Coll. Ann. Rev.
Vol. 15 (1990).

LECGEMD :»

Pig. l. 3pecimen holder: 1-PWG, 2-0rinE, 3- ReEin,
4- 5pecimen, 5- Brass Ioad, 6and7- PC,
6- Gopper road and 9- hlectr1c connection.

Fg. 2. Potent1odynثصa o anodic polarizatlon for the
3.15 Wo alloyea Ateel in 0.l IaGl (pH 1).

Big. 3. Potentiodynamic anodic Polarization for the
(.n 0.li-a02 (pH o هteel ذ2 alloyed3.15 ة

Fig. 4٠ Potentiodynaic anodiG polarlzation for the
3.15 Lo alloyea teel i0.5ح -aG1 (pR 1).

Fig. 5. Potent10odynAmis anodic polArination for the
(.Fa01 (pH l.4د0.5 تذ o a1loyed steel i3.15 ذ

Fig. 6. Potentiodynaaio anodic polarization for the
3.15 L oلن alloyd steel in 3i Ha01 (pH 1).

Fig. 7، Potentiodynam1c anodic p0lariaatlon fa the
(.a01 (pn o ت:3 alloyed steel 1n3.156 لذ

2ig. 8. Potentiodynحa ic anodic p0larization for the
3.15 w oل alloyea steel in 5 Ia01 (pH 1).

o alloyed1 تg. 9. Jlectcochenlcal parametera for 3.257 iلا 
ateel in lل! Ra0l (pR ( ج uainE difrerent d7/dt.
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