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 INTRODUCTION

Brasher(l)suggested thet some anlonsg are corrosive
when present 1n large dilutions and become inhibitive
at high concentrations.In tegting this theory the co—
reogion beheviour of aluminium in sodium hydroxidevsc-
lutions containing godium phosphete and godium chroma-
te were previously étudiedsz’B)

Tn this work we gtudied the corrosion behaviour of

Aluminium in alkaline tungestate golutions.

FXPERIEELTAL

The polari=a=tlon measurements on the aluminium eleck
trode were cerried out in a cell described in en earlier
publication(%) This cell 1s constructed from the arsenic=
fres hard borosilicate glﬁss,Hysil,and thus 1% permits
the vigorous purification of the solutions under investl~
gation through pre-electrolysis.
For thls purpose we used a platinum electrode(2 cm® ple—
tinum sheet welded%tc a platinum wire sealed to glass).

The electrode were prepered from extra-pure asluminium

rods 3 mm in diameter{Shering Kghlbaum COMPANY).
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2.Each Tun was carried out

The electrode aree was I cm
with a8 new electrode. 41l Solutions were prepared from
A.R.materinla.Before each run,the cell was cleaned wlth

a mixture of nitric and sulphuric aclda(dA.R.)end thorou-
ghly washed with a conductance water.

Determination of the corrosion rate wes carried out
using the weight=-loss technique.Experiments were perfor-
med on pileces of aluminium nmegsuring 5 X I0 ¢mm and 0.8
mm thick,cut from amalar sluminium gheet.

The test pieces were first gegeehsed with acetone,wnshed
with conductivity water,dried in élcohol end ether,and
then weighed.

Corrosion tegts were carried out.in awide 200 ml Jar,
in vhich the specimen was susperded for 2 hours in the
test saluticon.The specimen was then removed,rinsed with
conductivity vater and Ffip21ly driled ard weighed,

A1l corrosion tests were carried cut in aermted,un~tirred
polutions.Results were duplicated end the mean was comn-
puted,

For measuring the corrosion potential,the potential of
the aluminium electirode was followed ag & function of
time over a period of 3 hours.In all solutlons studied
the potentisl became constent constant within Ca 2 hours,
All meagurements were carried out at 30°c in an air ther-

mogtat controlled to &+ 0.5 c.
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RESUL:ES AMD DISCUBSION

=CGorrosion potential apnd corrosion rates

The potential of eluminlum glectrode VA8 meagured in
0.0I-0,2 ¥ NeOH solutions containing 0,00I-1 M NayW0,.
The steady gtate potentials obtained after 4 hours Jlmme-=

rgion were plotted agalnst the logarithm of the molaer

tungestate concentratian for the different NeOH solutionss
As evident from Fig(I) sthe first pert designated by
(a)-eyrasenta a reglon of almost congtent potentlal.The
reag: of tungestate concentretion within which the poten—
tiel rerains constent increases with the elkali concent—
ration.The gecond part designated by{b) shows congiderable
jnerease of potentihl with tungestate concentretion.

Tne corrosion rate,vcorrmg/hour,has also been deter=
mined in the different golutions.An example of the resu-
1ts iR ghown In Pig(2).In this figure the corrosion rates
in the ~g=resTOIP ITE free sodium hydroxide solutions £Te
raoTe. erte’ ty dotted lines,these are teken eg reference
ra’uee to tho=e obtained in presence of the different
tungestate concentration.The plota can be Toughly divided
ipio twn perts a,b which correspond reapectively to the
paris B and b of the potential log C relationships.

Part arcovers the concentration ranrge 0.,00I-0.05 ¥ Na2 a°
At such concentrations tungestate ions herdly affect the co-
rrosion rates.However,in very dilute elkall golutilona{0.0I-
0.02 M WaOH 1}additlon of small amounts of turgestate leads
to the decrease of the corrosion rate down to & minimm

value at 0.005 M w042".
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Part b covers the concentration range 0.02 = I ¥ Tﬁnges—
tate. In this range,incrense of tungestate concentration
bring abtout rarked increisn in the corrosion rate Irmall
NaOH solutions studied.It 1s to be observed that hydroge:
evolved,while there was no Indication for the reduction
of tungestate lon.

T.ae above results are Interesting - an fer as Bracher'st
equation 1s concerned.This equation requires that,for a
corrosion activating anion the potential of the corroding
qe’al decreases lLimearly with the 1ogér1thm of the anion
concentration.In the present Investigmtlon,incremse of

Y corrosion rate la accompanied with increese or the

corroslion potential.This shows that the addition of Nazwc

g2erlerates the cathodic reaction.Simiiar bebaviour was

obzerved in case of Na3P04(?)

Gelvenostatic corrosion current:

In this techroique we meesured tbe current passing in

‘a cell composed of two alumlnium electrodeg,ons immersed

in the pure elkall solution and referred to "Reference

ela¢trdde” ,apn the other Immersed in the same alksli so-

iution containing sodium fungestate"Test electrode”,

-— The diflerence in corrocsion potential hrought about by

the tungestate leeds t0 the pasasge of the so called gal-
vanostatic corrdsion current.The galvanoatatip corrosion
currents as well as the potentinls during the passage of
those currenta were followed as a function of tilme,end

the steaay state values are plotted versus log C of W042'
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for %the different NaOH golutions.As example,Figs 3a and
3b show the results obtained dn cese of 0.2 U HaOH.

Tt is obvlous that the potential of the reference ele—-
ctrode remzins praotioally congtant.For the regt elec—
trode,on the other hand,the potential increages 1inearly
with Log C of Na2W04,in agreement with the pehaviorr b=
perved from the measurments of corrosion potential under
open—oirouit conditlong.
ss a result of increase of the potential with tungeatete,
galvanosiatio corrosion current flows from the reference
electrode{negasive pole)which undergeces anodic resction,
to the test electrode at which 8 cathodle raaction pro-
ce=dn.Ve have,therefore,assigned negative signs to the
value of galvanoatatio corrosion currentss
As evident from Fig e minute corrosion currents ere ot~
gerved at low tungestate conoentrations.Then at a certain
tungestate concentration dependent on the alkmll concer~
tration,the galvanoatatio current begins to increase sig-
pificantly with further jnerease of WO4E' concentration.
The results of these experiments show agelin that the pre-
gence of sodium tungestate aooeleratea the cathodlc reec=

tieon.

~Anodic polarisation:

In order to . ¥DXOW 1ight on the anomalous corrosion
hehaviour in tne tungestate aolutiona,anodio polarisation

meesurerments weTe carried out in 0.2,0.1 ana 0.05 ¥alH
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solutions,containing different N32W04 concentrations.
An exmmple pf the results is given in (Fig 4).
Polarisetion wag cenducted within the current densify
renga o8 . o2 Asen®

Generally,the polarisation curves exhibites a regilor
of stationary poteatial which extends up %o & certain
current density dependent on the tungestate concentrsa -
tion .The electrode is subjected to low everpotential
and tben et higher current densitles the potential rise
rapidly.The rapid increase is likely due to the laek o
sunply of OH ions at the eanode leading to incomplete
dissolution of metal oxide as Aluminium ALQ,” o The me
oxide accrumulatéaicn the metal surfaca,with the result
that the mrirl is passivsted.

The 1mportant phenomenon exhibited by polarisation
measurements is that pasgivation occurs et a decrezsing
sncrent demeity =23 the concentration rf tungezsiabe io
irsreazed.Such a behaviour may reveal that W042" lons
pa ticipate only in the electrolytic transport of ths
current,but they are not evolved In the anodic Tresctior
Paasivatlion current decrease; with tungestete concentrs
tion owing to the decrease of the sumply of OH ioms tc
the anode.this is because the fracticn of the current
oarried by OH ions{viz.their transport numper)decrease
as more tungestate ions are added. According to this ax
gument, the pagsivation current,et a given tungestate co
centration,should increase as the alkali concentretion

incrzaged.

This iz actually true as evident rrom(Fig 5) which show



the passlvation currenta in 0.0I, 0.02,0.05,0.I,0.2 and
0.5 M Ma0H golutions in presence of I M tungestete.
MorTever,30me experiments were carried out in gtirred
golutions,whereby the peasivation currents increaced

markedly.

~Cethodic Polarisation?

Cathodic polarisation measurenents were carried out
1n 0.05 — 0,2 M NaOH solutions at aifferent concentrations
of Ea2W04: Hydrogen waB always observed to evolve at the
cnthode., . (Fig 6)shows the results in case of 0.2 M NaOH.
Tt i1a clear thet the pelerisation curve ig markedly shif-
ted tao less negativé potentials &8 the salt concentration
ig increased.Tfois confirms the activations of the cetho=
dic reazction. '

The ectivation of the cathoalc rasction, and consequen=
tly the promotion of corroslon rate on adding the salt
night be attributed to tne adsorption of ¥at 1on on tmne
electrode surface(?) ’hia 1 because the adsorption
of Nat ton leads to the increase of the negative coRrge

density on the ares around the lomn, and consequently,an

active cathédic aren ig formed.

~Behaviour in 10; alkali concentretion:

At low alkalil concentrations{0.I M),audition of very
gmail amounts of Na2W04 leads to the decrease of the cor-
rogsion rate to 8 certain minimum(Fig 2).This is of course

{mportant from the economic point of view.More interesting
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however,is the theoretical reaning of the phenomenun.
From %he observetion that the corrosion patential is
algo decreased on edding the tungestate salt(Fig I),
it 13 concluded that the cathodic reaction is retarded.
This most probebly irndicated that the activity of rea-
" eting entities,viz;,the water molecules in the double
layer,decreage as the ectivity of the ¥a® dons in so-
lution is increased.It seems that Na¥ lons are prefe~
rentially attracted to the double laye;,while the ordi-
ginally oriented water molecules are displaced.

On durther Incremse of sodium tungestate concentration
Na* dons became admorbed,anmd the usual increase of ¥

cory
with Na2w04 concentration ias observed.

TesARY

The corrozion rate and potentisl of sluminium wesre
measured in 0,0I-0.2 ¥ MaOH solutions containing 10™3
~ I M ¥a W0, at 30°c. It was found thet above 0.05
Ha2W04,the corroglon rate and petential increass with
tungestate concentration.The %alvanostatio corresaion
ocurreht Increased elso with the salt concentration.The
ragnlis of these measurements indicated the activation
af the cathodic reactions.
Anodic polarisation curves were measured in alkeli go=
lutions contalning(0.00T = ) M)Na2W04. The results -

42" ions participate only in the electro-

vealed thet wo
lytic transport of current but they are not involved in
toe anodic resction. The results confirmed tne accelera~
tion of the cathodic resction.Thia iag attributed to the

adsorption of ¥a* ions on the metal surfeoce.
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