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TRODUCMIONد 
Bre eEe eggested (ج ا thAt some an1ons are corros1ve

Hen preEent lArge 1ح d1lut1ons and become 1nhib1t1ve
٣/ ،e

t hih coneentret1ons.Ln testing this theory the co­a
٩، beHer1our of aluصذ iu lonدu Hydroxldevso-rr03صsodl 1ص

1utions conte1n1ng sodiهu phasphAte and sodlu chromA-
. (2,3)

te were previously stud1ed:
I this mork re studied the eorros1on behAv±our  ه4

A1uحذ ium alkAline ح1 tuneestate aolut±ons٠

EREERIEuIITAL
The polarLaatlon measuremente oE the alumn1صu elec

trode were carr±ed out 1n a cell descrlbed 1n an earl1er
B14cetأه ! mE1s eell ±1s conatrcted from the arsenذ e-

pu • اد
£ree Har boroslllcate glass,Hysll,and thus 1t pera±ts

the vigoraus purlficat1on of the solut1ona under investl

ation throueh pre-electrolys1sع٠ 
2

For thls purpose we used a plAtلا u electrode(2 cm" pمl -

tحلا un sheet melded+to a platذ m mlre Eeeled to glAAs)٠

The electrode Mere prepered from eztre-pure aluصniu

a٤ 3 mn 1n d1amae ter(Sher1ng Kahlbau corpany).o s iج 
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The electrode areA mas T cm'.Each run ms carried out

with a neM eleotrode. All Solutions were prepared from

A.R.mAterlAls.Before each run, the cell ms cleAned nlth

a mlxture of n1tric and sulphuric aclds(A.R.)end thorou­

ghly maabed with a conductance water٠

DetermصAtfon ot the corrosla rate ws carried out

using the weight-loss tecHnfgue.Experlents were perfor­

med on pleces of aluminium meAsuring 5 K Io um and 0.8

mm thick,cut from anAlAr alumnium sheet.

The test pieces were first gegeeAsed w±th acetone,mashed

w1th conducti71ty mater,dried in alcohol and ether,end

then weighed.

CorroBiop tests were carrled out.in awide 200 ml Jar,

5n rhich the specimen mas suspended for 2 hour in the

tst lvion.%he apeclmen mas then removed, r1nsed w±th

conduct1v1ty 1ater and fin±lly drled and weighed.

All corroaion teats were carrled out in aereted,u2%tirrud

solutions.Results were duplicAted end the meen Mas con-

puted.

For meAsu1ng the comroaton pbtent±Al,the potentiAl of

tعh alum1n1um electrode mas followed as a functlon of

t1me over a perlod 0f 3 hours.Ln all solut1ons studled

the potent1el became constant constant M1thn Ca 2 hours.
٥All measurementA rere cerrled out at 30 1n an air theح 

a
moAtat controlled t0 + 0.5 c.
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RESULIs AMD DISCUESIOM

Corrosion potentLAl and corroslon mate4
He potent1al of eluminlum electrode mas meesured  iم

,Na ه ,W0١0 لاI-Iو 
0,0I-0٠2 NeOH لا solut1ons contalning 0٠06 '2"4 -mmmeو- و 
mHe steady state potentialA obta4ned after 4 hours 1

1ar
٣osion were plotted agelnst tha logar1thm o tHeء 

ungestete concentratlan for the different TeOH aolution8ح 
dent from P1g(I):the first part des1gaAted bYلا ev٨م

1on 8.ر. ء o£ almoAt constant patential.THe
-١٠:١epta A reG'،0: - ه -1on wihn whieH the poten4+ر +وe;0resء(-٤( 

estate concen're
-eag: Uf tunEe wth the elLel1 concentج 

eR1ns constent increasEs
oت abم aة noء e4 د»عe »«aتeد aeها" فدماء٣ +±ع ة 

- . tion٠٤ potentالnl wtth tungestate eoneentre
1neTeaBe ,Hour/ 0ذ hAs also been deter

TAe comros1on rete,"كمرج /
٤H٥ afRerent solutions.An example of the re  eا

re tH erroson =etee1 دgu٤H4٥g(2).1عمده مرمي ±م 
o'

1ta ± "_ rg ودجي٩ د free soaiwm Hyarozids solut1ons ere
 ء ؟٤0

aotted 11nea, these ere teken es ±eRerenceذ ,@لا٤ لإn 
r2ج -e. e٦.te' . 'ent

٤٥,٦ those obtaned n presence of the differ
-ra. wes d171ded ،ن

٩t9on.THe plota can be rughly+ر 
tصu gestate concenvrA' ،- t٥ the

A,} 'Iwheh correspond reapect1vely٤يهو 
Ini٥ two pE' s  و

٥٥٨£ tha patentذAl log C relAt1onAh1P8·
parts a aN W0

"Na," A0 لا4 covers the concentret1on meNge 0000I-0.05رe±٤ 
B، =

""°°tثه anyء weه صدمة unsestat+د«ه neeEtret1ا »ه ue٨٤ ه
٩٥ retes.Horever,1n vemy d1lute elkalلا solut1onal !٠

 لأتةج »،بمار.،٠٠ نسه مد»٠٤ م »+،e ه"

٤٥ the decrease 0f the corros1on rte domn to a mذ 
2-

alue at 0.005 M • ي30



- 376 -

Pa٤٤ b covera the cnncentmet1on range O.02 - I ­٧mges ؟

tEte. Ln thls mrange,±ncreAAe of tungestate concentat1or

Hr1ng ahout rwrked lncresn 1n the corroalo» rate 1mall

NAOD solutlons studled.It 1s to be observed thAt bydroger

evolred,mhile there mas no 1nd1cat1on for the reduction

٥٤ tungestete 1on0

TJe' أ above results are 1nterest1ng : s0 fer ae Hrachen؟ 

equAtlon 1s concemed.Ths equAt1on requlres tHAt,for A

corroslon Aet1vat1ng an4on tHe potentدAl t tHe corroding

،Re'al decreeses llearly wltE the logarltطm o the an1on

conventratlon.L the present 1nrest1galon, incresse ot

h: coIroslon mate 1a aGcompanled with i creeseت or the

corroslon potent1al.This shoms that tHe add1tion o4 Na,ir6

ecAlertes the cdthod1c reAct1on.SimiiAr behAvlour mes

(Ma,Po,'44ه bserved in easeه 

@elyanostat1c corroslon current:

thls techn1gue me meesured tHe current pasa1ng inث 

cell compoaed ot two aluLlnium electrodes,one imeRsedة 

1n the pure alkl1 solution and reterred to "ReRerence

el6¢tr5de",ana the other 1mersed 1n the same Alkli so-

1vt1٥N coIte1n4ng s0d1um tungestAte"Test eiectrode"

1fterenee n corrosion potentlal brought ebout byة heد 

the tugestate leads to the pBsAge of the so cAlled gAl­

wanostatlc oorrs1on current.'he gelwenostatic corosion

cwrrente As well aA tHe potentLAlA dur1ng tHe passage of

those cuRrentA mere followed asa fwnct1on o£ t1ae,end
the ء ن ن steaay state alues are plotted versus 10g C or R0,<
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٤ions.As exAuple,F1gs 3a and
٤٤ +he a1fRerent NaOH eolu° L £و0.2 KaOR.

g obteLned d case o: '·
-o£ the reterence eleا [قذa,ج hoa tne resultE3« م en

r٤ و+ ماه»+ه عنه ي .+«ماء،،ل,٣٥= ه٥ s» -e مه
٦،c و 

etج ode remAinE preC atA] 1ncreeaeA 14nearly
d the poten

rode,on the otber HAR" en٤ جم wicB the beHavov± b د

with L gم 0 ٥4 Ma,r0م±,ر a4° eو4 potentiaذ wnق e±
3roM the measurments of eorro81oR

Eerre
dit1ons.

opn-eiع cut con0 3٤ tHe potentel wLtH tungeateا e  م

A٥ e eEult f 1ncreAse 9 , ws ع1٥ 1rom the referenceson curren، ء 

 :::":تمة•• م تمم.
٤٥ the test electrotle e7 :he

.We Have, therefore,assigned negatlve s1grs to  ا
9nا٠٨ e9ج 

a ءيي"ً"اe ه ه#ه اه eه oreoa٤ ع هet1«د wده eد»1 عد ه٤ 
٥rroS'،0D، و 

Aو ev1aent fron F1g 3a miauا e °' , THen at a certe1r
tun;estate concentrat:Lond٠

eerved at 10٣ 166 2٤٤He alا l1 eoncei-
1on dependen' oa

ungestete concentrat1 a+ begrs to itcreaEe s1£
,et1on .د tHe gAlvenetetlc curreD' 2- oncentratto٤ ء

1£eantly w1th further increABe of li9٨
n: hAt: ١د the pre-
TEe results 0£ ±hese experذnents shom age1  أ

-gestate ecceleratea the cathod1c reeGص ence of sodiu tuق 

t1on.

-Anod1 p0lar±sat±on:
rroA1oA11ght on the anomlou coo٤ ج٣hء ج In order 0، ٦

 عاما»ماء+ هد »،٤ «eس٠٤ae مa دما»ذ منف»د. غ"%" "في

meesurerents were earr1ed out 1 0.2,0.l an0
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solut1ons,eontAining different M9,"0م concentrations.

An exAmple pf the resulta 1s giren Fig) حذ 4)٠

HolariEat1on ras conducted within the current dens1ty
Gدe= ا، ، ، o" ._٥°٨,eم .° .

Cererally, the polArlsat±on curvea exhiblts e reglor

of stationAary poteat1al wHIch ertends up toa certa1n

current denslty depedent 6n the tuحgestate concentra

t1on .The electrode 16 subjected to lom orerpoVentiAl

and tben at h1gher current densltles the potentLAl rlse

rap1dly٠%he mepid 1ncreAse 1s lely due to the laRk o1

sunply 0 0E ions At the Aaode leadlng to incomplete

d1asolution of metal oxide aa Aluهiniصu AL0و٠ he me1

o1 de eccnumlAt&٩::cn the metAl surfAca, with tHe result

+HA٤ +he r%cl is passivatd.

portant phenorenon exhibited by polArlsat1onح The  ؟1

measurements is thAt passlvatLon occrs a± a decre2aln

nremt dcnsity ss the concentraticn rf turgE:tte i٥

ircreA se3.Suoh e behaviour Ayد ±ereal that I0,1ك ons
pa.'t:.cipate only i the electrolyt1c transport o£ the

current, but they are not evolved 1n the anodic resction

FesivRt1on current decreases with tungestete concentro

tion oWing to the decreAse ot the sTgply o£ OH 1ons to

the anode.'±hls fs because the fractlon of the current

oarr±ed by 0E- 1ons(v12.their transport number)decresse

as more tuصges±ate ions are added. Accordlng to this ar

gument, tbe pAss1vetlon current,et A g1ven tungestAte o

centration,ahould 1ncrEase As the alkAli concentretlon

1ncr%esed.

Th1s is ectuAlly tmue as evident rron(F1g 5) which eHow؟ 
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I 0.2 andthe pasa1maT±on currents in 0.0I, 0002,0.05,0..  ون
0.5 M MAOH solut1.ons 1n presence o£ I M tungestete.

Morever,sore ezperiments ware cArr1ed out 1n atirred
 و

eoLutoAs,whereby the pAsA1vAvion currents 1ereased

mArkedly.

-Cetbodic RolariEation4

CetEodIc polArlsAilon measureMentA were carrled uk ه
M NeOH aolut1ons at aifferent concentrations0٠2-0.051 ح

- evolre at the٥£ Eف,H0, Fydrogen mes alrAys observed to
2 4

٤hoae٠ (F3g 6)showa the results in caee o4 0.2 M NaOh.
٥8 ٩ -
T٤ 1٥ clear that the polariaat1on curve is aarkedly -h14 ه

٤ed ta 1eas neEAT1ve potentials as tHe EAlt coacentratioA

1ncreased.±nis confirrs the actiratioas of the ceto4 ع

aic reection.
2THe د ect1vation of the cathoalc reaetion, and consequeD

٤1y tke promotion of corros1on mate on adding the salk
+ ،nemight be attr±buted to tne edsorption o£ Da 1on on  ا

21

his 1s because tAe adsoretioA3٤) حrae surRaee(21جe ec
٥٤ Ne" om leads to the increase of the negative cHArGe

dens1ty on the area around tHe ±1on, end conseguently,8n

act1we cathddic areA is formed.

-BehHevIowr 1n lo,, alkAli concentret1on4

At 1or elkAli concentretions(0.I M),aad1tion ٥f verS

rAil arounts 0f NaT0, 1eada to the decrease of the corم 

rosion rete to a certain m1nimum(F1g 2).THis ±s of course
١terestinGه partant froma the econoRic point of r1ew.lore1n1م
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however,is the theoretlcal reaning of the pkenotenon.

From the obserwatlon tHAt tHe corraslon potentlAl 1s

also decreesed on add1ng the tungestate salt(F1g I),

it 1a concluded tht the cathodio react1on is retared.

This most probably indicated thAt the act1vity 04 reA­

ct1ng ent1tiee,v1z.,the »ater moleculea ±n the double

AAyer,deereese as the ect1rity o the la 1ons ln so-
1ut1on و is 1ncreAsed.lt seems thAt Na 1ons are prefe-

rentiAlly Attrected to the double laye±,whtle the ori­

gnally oriented mater maolecules aNe .aplAced ق1

On @urther 1ncreAse 0f sodlum tungestate concentretlon

Mو " onA became adsorbed,and the wsuAl increAse o4  غر"

wlth Ma ,l0 و coneentration is observed.

S5مئنا Y

The corrosion rate and potent1Al of alum1nium Rere

mesured nذ 0.0I-0.2 M HaOH colut1ons containng ro
- ت I M AA, at أ0 م 30 c٠ It ms found thAt above 0.05 u

laF0ر ,the corroalon rate and potent1Al 1ncreAse with
twصgestete cocentrAtion.The galranostatlo corroslon
current 1acreAsed also mlth the sAlt concentrat1on.THe
results f these measurenentE 1nd1cated the Activatlon
of the cathod1c reAct1ons.
Aaod1c polArisAtion curTes were meaBured n alkli so­
lut4ons conta1n1ng(0.O0I - 1 M)IaW0م . The results ±Aه 

، 2-٠realed tNAt «Oر' ±ons partlclpate only in the electro-

lyTic transport 0f current bt they are not 1nvolred in

ine Anodlc reActlon, The results conflrced tne Accelere­

#ion ot the cathodic reaction.'Tnis is attrlbutzd to the

adsorpt1on of Ta ons on the metsl sufece.
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٤F٥٤٤٥٦F CONC٤٨TRA٦١ON OF
NaW0,, DSSOL٧E ١٥N DFF ٤RE ٨٦
C٥٨C٤٨T٢٨٦١0٨S OF NaOH, ON TH
P0T٤٨٦١A١ OF ALUMN ١٧M.

٥ 0.01 N Na 0H
• 0.02 N ٢)

٥ 0.05 N ٨

N0.1و ه( 

-1.36٣

 أ».
))N0.2ر 

X

4/
 ب.- أ/ج

- وإلا/لا

_, همي. "مر,  .بر• رمد ر

-1 باا.

 و

3  ع1.48
 لا

-1.52

-1.56

-1.60

0-١-2-3

Log conc.

F () و

 ا
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CONCEN-٤٤F٦٧٨٥٢٤٥٢GS74٢٤
٦٢٦٨٦١0٨ ON ٦H٤ CORR05ا oN
R٨٦٤ OF AL٧٤١٨١٧M ١N 0.2 M  د

٨٨٥٥.١٨ 0.05 N Naoh.

0.2N Na0H0 ه

• 6,1M »

٨ 0.05N  ز0«

00

،00

 ز00

100

 خر جدرد،

 بى-
10٥

0-١23
og c٥ncا 



٦

٤
 د
c
 بن
٤
 ط
2
 ا
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C08805١0N CURR٨٤T ٥٢ AL٧M I51t
١٨ 0.2N NaOH A٦ D\F٤٤R٤١٦
C٥٧C٤٨٦RA٦١O٣ 0٢ T٧٨65TAT٤

-3 -2 -٦

L٥g c٥nc.
٥

Fi3)و A)

 ي
>
٣

-1.5

c٥٨C٤٨٦٩٩٦١ON OF٤٢٢٤C٥٢٦
TuN6S٦A٦٤ D1550١٤٧٤٥N 0.2N ٨aG
ON TH٤ P٥T٥٤٨٦١٨٧F ALUM ١١٧٤

"٢"١ ١
٥1-2-3

(3Lو) ٤cوها 
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٦١٨ CUR٧٤S F0R
5»T1ه٥ aen+ c٥wc٤81e±م/في,م o٥١c 60l4م« 

١٧M١ N ١٧M
.١8 0N 8aowo, 01550Uا ع؟ بم,٧٤٥' »a2٥

1٢٨a,h0١٥-
13 ن"-٩ ه-٥٥٥١٣١

9٦

٣٢-:.1 ;لإها.
٩

 -رًًً-ء
-15_-3 ههى-
 با د

5-- با2-3 1L0 c.d.(A/cm) و

F١9 ( ا)
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٨N0٥١C P٥٧AR15A7'٥N C٧R٧٤S ٤0R
٨L ٧٤١٤1 ٧M١٨;٥1٢٢٤٢٤٨T C٥٨٥٤٨٦٢٨٢١٥
0٨٤a٥H , DS50L٧٤٥ I٨ 1٨ T٧٨GS٦ATE.

١N a0H1 ٥ 0.01 N
-1.2 ا2 ه٨٥.02 )ر
3 ه0.05M ولا
-1.28- ر . ه٥٠٤1١

 ا
٥.2٨5 «ر ٧

6 ٥ 0.5N
-1.32 م

1٦
 غ

-1.3€---
 ر

 ب

 ر
 ح
>

 ه ,إ.م0--
 <مسي. ى ،

[}} ا مد ه ه

 ---بز· مر ر/ أ سر ء
 ك .يهرب لا. تتت-:-

5- و&3-

١٥g c.d. (A/٤٣4)

F ١ و (s)
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١٦١O٨ C٧R٧٤5 F0%-
c٥٦+coc ٢' ،٠ يجا م م٤٨٦ c٥٨c٤٨٢A ٨1١oN5

C٠١0٠ م١٠١ ؟.ز؟
wa0H .AL0.2٧{ أ?ا!' وج""٨٧٤٥N

c٨٨٢\0, , ٥ نادذ'

#  و00 ا -إ٩٤٩;٥٦٧٥

M2- 0.٨١
 -و٦0,0١8$
-4 لا 0.٥٥1 M

 ،ا
A،، ٥
٥.-

·' 4٩٠ س.

 مر, ،
، «ءب به-"عب

 »مسي
 ص ،

 -اام

٦٦

• ي ص  ه;2 ة

3- ن5

159/ -­':٠  -و\ه ء.
2L ٥ و c.d(A/٥٣)

»F (١ و ة(


