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Peu Btud1es have been carned cut on theelecLrtv:4-

behaviour of Metals 1n phosphate solut1ons. The results

obta1ned for 1ea( ( أ and ٤1,(3) eHowed that the nature

o٤ the phosphate fflm and. the concentrat1on ranges

with1n which the electrede exhlbits reverElble behaviourم' 

pH.

waS

depend on the electrode material and the soluticn

In case of =٤)(3) , no themmcdynam1c behavicur

1nfomat1on regard41ngobserved. In add1tion to g1ven

the charac terstics of metals as phosphate electrcdes,

these stud1es help to clarify the mechan1sm by whlch
 و

phpsphate 1ons 1nhb1t the corrosion of metals. In
we 1nvest1gatecontlnuatlon to our work 1n thls fleld0

٩• the behavIeur.af 1ronء .

£rperImentel:
The يد potent4al of the 1ron electrode was measured

as e fuct1on of t1me w1thln a period o٤ tour hoursق 

in adueous phosphate ،solutlons of concentration. vary4n8
Be tween 5 x 1oand 1 M. In order to prevent any var1at1on -«

14lن 

 ٠سودسوووو،وود



2.
- 112 -

1n potent1al due to pH changes, the phosphate solut1ons

were adJusted to def1n1te pH values. Various ser1es

of soluticns covering the pH range 2-ll were used;
. . lthe ccmpdsit±on of these hAs already been 'given''

The pH values were checked w1th the hydrogen electrode

and when posslble, w1th the quinhydrone electrode.

The electrodes were prepared frcm Analar iron
rcds 3 m 1n d1ameter (P.D.H. England). Eefore use,

the electroe was abraded successively to 00 fn±sh,

degreased with acetone and then washed thoroughly with

water٠ Each experiment was carr1ed out wlth a newly

polished electrode and with fresh pct1on.of the solut1on.

A saturated calomel electrode was used as a reference  ه

electrode and the potentials are ccrrected to the normal

hydrcgen scale. The potent1al wS measured with the

a1d of a Cembridge patent1ometer readible to 0.5 millivolt.

The results were reproDucible to + 5 mill1volts.

De terminaticn of the corrosion rate was also

carr1ed out us1ng the weight-1oss technlque. Experlments

were performed cn iron p1eces measurlng 5 x 10 cm and

0.8 mm. thlc, cut from Analar 1ron sheet. The .test
 سمي

p1eces were flrst degreased wlth acetone and then etched

1n a solution containing 15 g/1 Naو F0,+ 20 NaOH ع
٥O ٠at 80-85 for 1 m1n. They were then washied w1th conduc-

tivity water, dried in alcohol and ether and then welghed.

,orros1on tests were .carried out in a w±de 200 ml Jarع 
 م
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1n whlch the speclmen was suspended for 2 hours in

the test solution. THe specimen waE then removed,

r1nsed wlth conduct1v1ty water and fnally dried and

we1ghed. All corroslon tests were carr1ed out in aerated

nst1rred solut1ons٠-.Results were duBiIcAted and the

mean was computed.

The chemlcals used 1n all exper1ments were 0f

Analar grade. All measurements were carried out at

c 1n an a1r themmostat controlled to + • ج0"0.5

Results and Dlscuss1on:

Corros1on 0£ Iron 1n Ac1d Phosphate Solutions;
 ر

The steady state potent1als obtained four hcurs

after 1mmersicn in 0.00l - 1 M HP0 are plotted as

a funct1on of the lcgar1thm of the molar acld concentra-

 صير

ticn; and the curve is sHown 1n Fig. 1. As evldent

frcm this curve the potent1al 1ncreases w1th the acld

conoentretion. The inorease Amounts to 90 mv/unit

lcg C. The potential tends to a more or less constant

value a about ا one molar acid. These results cannot

be attributed to the behavlour 0٤ the metal as a metal

ox1de electrode, because the pers1stence ٥r ox1des

is not possible 1n these acid med1a. We therefore

concluded that the cbserved potentlals are corroslon٠

potent1als, rather than thermodynamic values.
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Comparlson of the results obtained 1n these acid

sclutions ith those observed by Rrasher in neutral
sclutions )ه(.. reveals that ccrrosion promot1on is not

necessarily accompanled by a negat1ve slope for the

potent±al - 1og C relat1on. Brasher's equation might

be understoor on the bass that the anlons promote

the and1c reactLon whereAs the cathod1c react1on 1s

not affected by .the an1ons. Thus, if the concentrat1on

ct the cathodically reduced ent1ties ( " ر or 0 molecules)

remains constant, equal1ty of the anod1c and cathoaic

reactlons rates 1s b rought about thrcugh the sh1£t

the ي٥ corrosion pctential to more negative walues.

In 2c1d solut1ons, the rate of the cathodic react1cn
٢1ncreasee5 with increase of H ion act1v1ty. THus,

1f the 1ncrease of the cathodio react1on rate 1s larger

than the increase 0£ the ancdic reaoton rate, the corr-

osion potential 1ncreases. The results o٤ the present

1nvest1gat1on 1na1cate that cethod1c acceleration predom-

inates.

In order t test whether the 1ncrease 1n the

corros1on Tate is cue only to the 1ncrease o ٤ ر ion

avt1vity o٤ the anicns contrlbute in the promaotlon

of corrosion, the corrosion behaviour was stu1e.1 at

constant pF! wAlue, ca. p'!2, Hence, the corrosion rateG

٦er٥ mcaacurD in equlmolar ،aH PC -H F0
342 ه

riix ,ir€5 نا

+=Ae re%11l؟ •.iLhin tH range ?ar ؟0.00-0.2 shc%٠

in F1٢. {2). It i5 clear tHat H  م٣
42

i،ns ٢ roro t5
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the corrosion of the metal. Th1s behaviour 1s 1mportant

because it 1nd1cated that the primary phosphate 1on

exhibits corrosive act1on. In th1s respect the results
(4) ء

agree w1th Erasher's theory . However thls ion d1d

not show 1nh1b1t1ve action at h1gher concentrat1ons
as )ه( requIred by Brasher thecry' for neutral solut1ons.

Corros1on Inhib1tlon w1th Phosphate Ions_1n Neutral and

Alkaline Solut1ons:

Potentiel-tlme curves were also constructed for

the 1ron electrode 1n sod1um phosphate solut1ons of

d1fferent pH values. The steady state potentials obtained

four hours after 1mmersion, are plotted as a founction

of the 10gar1thm o٤ the molar concentration. D1fferent

relat1ons were obta1ned depend1ng on the solution pH

(٥f٠ F1gs. 3 and 4). In none of the solut1ons stud1ed

with1n the pH range 4.6-13 did the electrode potent1a1

show a l1neAr logar1thm1c decrease w1th phosphate concen-

trat1on, 1nd1cating that, at least under our experimental

cond1t1on, 1ron does not behave as a everE1ble ح metal/me tal

phosphate electrode.

Generally speaklng 1t 1s clear from these curves

، ،that the potent1al increases with the phosphate concen

trat1on t1ll it reaches a max1mum walue, and then decreas-

 و

maximum concentrat1on ax م) for . the d1fferent series

es aga1n w1th further 1ncrease of ccncentrat1on. The

are s1ven in the following tableب٠ 



Series

NaH,P01م) n acet1c ac1d
sod1um Acetate buffer)
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pH

4.6

mex C
maX

- 0.408 V 0.005 M

waH,£0٨ + Ma,£0,

a,"0و 
Ma2hi0م + Maي P0  و

Naج F0٨ + 0.01N NaOH

6.5 - 0٠394 ٧ 0.01 M

9.4-22.9 - 0.136 y 0.02 M

10.96 - 0.094V 0.05 M

11.2-13 - 0.083 ٧ 0.02 M

As mentlcned above, the 1ncrease of potential

w1 th phosphate cncentraticn shows that 1ron does not

behAve as metal/metal phosphate electrode. The results

1ndicate also that the electrode potenLial 1s not governed

by an cx1de layer. This 1s because the sclut1onA o£

a g1ven serles are aDjusted at a constant pH value,

and hence, the potent1al should have rema1ned constant

1n the different sclutions of each series. The behavlour

observed 1n these soluticns 1s not probably ascr1bed

tc the inh1b1t1ve effect f phosphate ions cn the corrosLon

of 1ron. 'The mechanism ct corrosion 1nhfb1t1cn and the

phenomenon of potentlal maxLmum ane d1scussed here belOw

from the stand-point of the rates of the var1cus electrode

react1ons.

The heterogenity of the surface, 1n the sense

that some sites are anoD1c and others are relatively
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zthcd1c, 1s nOw a well established fact. At a metal

corrcd1ng in aerated soluticns, the prcbable reacticns

expected to proceed ere:

±) Aned1c dlssolut1on of the metal from the anodic areas

 خد2
+ 2e٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠(1)]'M

Cathodic deposition of the metal ions At the cathodic1 )لا

Areas.

 ±غ حد
+ 2e 'M( [{ب٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠(2

1i1) Cathod1c reductlon of oxygen at the cathod1c ereas

0, + 2H,0 + 4e ٤n)oH ع4 akalIne solutlons)(3)
2

fv) and f1nally, the anod1c evolut1on f oxygen At

the anodic areas.

a oH H,0 حج2 +0,+4e  )ه(

THe rates o£ these reactlons are represented, respectively

by:-

٧ ر-٢,(٠]«as ةr.[••••٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠(5١ ه
RT

EF.-12-+2و ==±إ±]3[...... ء v ٠٠٠٠٠٠٠4٥١«e ج-5 ز«-"»ج
RT

٠٠٠٠٠٠٠٠٠٠٠٠٠.٢١..]4Eج0 ج10«-١ -]ممه٤« K-٧ و
RT

4(1-8)EF، eRG -شذا=±-]٠٠٠٠٠٠٠٠٠٠٠٠٠(.٥) exP)ة ,-
RT44

Wmhere K,, and ولي5 Kم are the rate constants, x

anod1c fract1on cf the surface and (1-x) the

1s the

cathodic

fraction; and غت B are the fract1ons of the electrode

potentlal, E, which accelerate the metal dissolution

and reduction of oxygen, respectively, and (1- ( ه and

(18) correspond to the reverse react1ons.
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Under stat1onary condltions, the metal corrodes

at a rate 'rr equal و t the net rate of metal dissol­

ut1on, wh1ch 1s also equal to the net rate of' reduct1on

o٤ oxygen;

thus

٧cOrr
٧, =م! ولا لا٨-٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠(9) د د

The reduct1on of oygen 1s often very slow- compared

to the metal d1ssolution. Thus (٧- ,0 الحي لا٥) w1th

the resu1t that ٧ م, TH13 reans that the potential

approaches the reversible value o' the me tal/metal
icn or metal/metal compound when a precip1tat1ng an1on

is present, For noble metals, on the other hand, reduct1on

of cxygen procseds at Ah4gher rate than metal d1ssolutlon
Henc سه -٥,(٧ ي V,)ذ٥ and accordingly V,4 ٧٨٠ The potent1al

approaches, therefore, the reversible walue f the

oxygen electrode in the given soluticn. In many other

 و
oases, mstal d1ssolutlon and reduct1on of oxygen proceed

at comparable rates; the electrode thus acquires a

potent1al which is apprec1ebly more pcsitive tHen that

of the metallmetal 1on system, and appreciably more

negat1ve than that of the oxy&en electrcde 1n the given

solut1on. Ln this case the reverse rect1ons, 1.e. the

depos1tion of metal icns and the anod1c evolution of

oxygen, are neglected, and

٧ به٧-٧  د

COT,٠3 ه٠٠٠٠٠٠٥٠٠٠٠٠٠٠٠٠٠٠٠٠٠٥٠٥٠]

 ص

(10)



-- فيلا

The potentlal acquired by the nnetal 1n th1e case satis­

fiee the equallty ٥f the anodic ana cathadlc reactlon

rates, end 1s called 'corrosion potentlal".

In v1ew of the above argument we can proceed

to expla1n the exper1mental resulLs٠ Thus, 1n solutlons

٥f pH 4.6-l3 conta1nlng phsophete 1ons, the anodlc

areas of the metal surfece are covered wlth a perslst1ng

layer of iron ox1de 0r 1ron phcsphate. The shft

of potential to less negat1ve values on 1noreas1ng

the phosphate concentraton shows that the rate of

the anad1o react1on, v1z., the metal dlssolution 1s

be1ng sub1ected to a cecelerat1ng effect, wh1ch 1s

posa1bly the decreaBe of the 1on1c conduet1vlty of

the 1ron oxide or 1ron phosphate layer. In analogy

to 1ea %) ,)(م رو and ,( ء1 (ه3 this can be attributed

to the Adsorpt1on ot phosphate 1ons on the 1ron oxlde

or 1ran phosphate 1ayer, 1n a hlghly p0lymer1sed form.

The 1nterface be tween the 1ren phosphate layer and

Aolut1on acqulres a semi-glassy const1 tution rather

than an 1onic or crystalllne structure, and hence,

1nhlblts the transfer or 1rn ions to the solutlon.

In order that the eaual1ty between tle rate of metal

d1ssolutlon and thAt of cataodlc reduct1on of oxygen
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1s restoren, the potential rses. Th1s leads to decrease

o٤ the rate 0f the cathcd1c reaction V3 and ccnseg-

uently to d1m1nution cf the corrosion rate (of equatlons

7 and 10).After reaching to a certa1n maimum, the

pctent1al decreases with further 1ncreese of' concentra-

tion. Th1s sh1ft of potent1al to the. actlve s1de

m1ght be taken as ind1catlon tc 1ncreased corros1cn

rate, on the basis .that some complex compounds Might

fomm at h1gh phosphate concentrations.

٢e therefore

representat1ve solut1ons, The results g1ven in £1g

1n somemeasured the ccrros1cn rates

(5). reveal that the corrosion rates at concentrat1ons

higher than ( are generally smaller than the rates
mAX

at lower ccneentratons. Th1s means thAt although

the potential decrease the corros1on rate 1s further

dim1nshed.

The decrease 0f potent1al after reach1ng a maximum

value 1s expleined cn the basls that turther increase

of concentrat1on perm1ts edsorptlon on the cathod1c

s1tes of the metal surface. The area avallable for

cathod1c reductlon of oxygen, (1-x), decreases, and

hence, the rate of reduction should decrease

as eauation {7) impl1es. Accord1ngly, the potent1al

decreAses sc that the egull1br1um between the anodio

and catod1c react1on 1s again restored.

 د»ء،،»«و«وود
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that ه ", an> c0nseguently tne corrcsicn rate 15 0nce

mcre iminishs (C٤. eru=t1.on {5) and 410).

5ummary:

The potenttal of' the iron electronie in aquecus

phosphate sclutlons was measured at

ot' pH and electrolyte concentration.

c30 c 'as a funcEicn

In pure phosphoric acir scluticns as well as

in phcsphoric a-1d-primary phcsphate m1xtures hav1ngه اية -

constant pH value, corresfo of ircn is prcmcted as

the concentrat1cn 1s 1ncreased. This is possibily

due to ac.elea-tor ' ج4 the metal €1ssolution by aDsorbed

ions on the bare Anoric areas.

In solutions o4 pH 4.6-13, the potent1al 1ncreases

with phDspHate roncentratlon, an5 after reaching a

maximum value, it recreases again cn further increase

of ccncentrat1on. The corrcs4on rate was always recreas-

ing as tHe r Hc5pR.ate ccncenLrat1cn was 1ncreased.

A mechanism tr ccrrosicn inh1b1t1on is prcpcse,
based on the arsrpt1on of phcsphate icns, on the

surface of' a persistfng phcsphete cr cx±de layer,

1n a h1ghl; pclymerise form, The t1lm/sclut1on 1nter-

face accuires, tHe re tore, sam.i-glassy ج structure,

«h1ch Hin4ers the transter oT' iron icn to the sclut1cn,
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٠٤ pc e1.t!al ج a;te.' :e٤'H.5٦. a maximu value .was attr1b­

te1 tc the aDserpt)0r f p!vcsphAte 1cns en the bare

cAthod4c areas of' the lctrc-}e surtac». Tbis 1Ac:'s

to the deceleretion ot the cathcric redutt:on c£ cxygen,

ann results 1n further inhibit1cn 't ج rcrrosion.
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 الغهفات محاليل فى للحديد التاكلى السلوك

 محمه٣. درجه عند للقمنات الماقيه المحاليل ف الحديد تطب تياسجهد تم

 الالكتروليت· وتركيز روجينى الايد للرقم اله كد
 الفوسفوريك حض، ن مخاليط ى وكذلك لفوسفوريك حمرا محاليل ف انه وجد وقد

 تأكل معدل يزداد معين روجينى ايد رقم عند المثبته الصوديوم ت فغا واحادى
 عطى لانيونات اصا اساساد على ذ فسر وقد .التركيز· زياد مع الحديد
 الممر!م· لمصعديه ا الناطق

 تاد.الجهد لوحظ فقد١٣-٤ آر الايدروجيى ذاتالرتم الغوغات ى اما
• هالتركيز ياد مع الجهد يتقص ثم معينه تهمه حتى لفوسفات ا تركيز ه زياد مع

 نبت وقد النرغات تركيز ه تاد ينقصمع انه وجد فقد التأكل معدل عن أما
 سطح على ادماصالانيونات تتيجه شقذه غير طبقه تكين الى الجهد ه تياد
• الحديد فوفات او الحديد ناكسيد طبقه

 المهبطيه المناطق لى اصالاثيونات اد يتم فانه العاليه التراكيز وعند
• تقصالجهد الى يؤد »وهذا الاكسجين اختزال تقص،معدل الى يؤدى ما ، للفلز

٠ ا{
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