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summary 

The mfluence of electrolyte add1uons on the corrosion of zinc m alka- 
lme solution has been determIned usmg hydrogen evolution and polarmat1on 
resistance techniques. Corrosion currents calculated from the data provided 
by the two methods differed m magnitude. The most effective of the mh1b1- 
tom mvestigated were combmauons of zmc oxide with one of several tetra- 
alkylammonlum compounds. 

Introduction 

The zmc electrode m alkalme solution has been studied m detrul over 
the years, partly because of its extensive use m comrnercml pnmary and 
secondary cells. The attractive features of the Zn/KOH/MO electrochemical 
system apphed to batteries mclude 

(a) the rapid exchange process for the ano&c reaction 

Zn * Zn2+ + 2e, 

(b) slow, controllable gas evolution kmeucs; 
(c) relatively high discharge rates without passlvatlon. These are offset 

by the tendency of the zinc anode to corrode on extended storage. One 
effective method of mmmlsmg oxidation of the anode has been to alloy 1t, 
prmc1pally v&h Hg [ 1,2], although Al, Cd and Pb [ 3 - 61 have also been 
used. Saturation of the electrolyte with the discharge product, ZnO, 115 also 
wdely used to decrease the corrosion rate of zinc m contact with concen- 
trated KOH solu~ons. Other electrolyte additives which are reported to lessen 
zmc corrosion are EDTA [3], PbO, S102 [ 61 and Ra(OH), [6]. 

The use of electrochemical techniques m the estunation of corrosion 
poten- (E,,,) and corrosion current (I,,,) 1s founded on the work of Tafel 
[ 71 who related overpotentml (17) and applied current (I) in the equation 
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where a and b are constants. The relatlonshlp IS valid provided that the reverse 
reaction 1s negh@ble and charge transfer controls the rate determmmg step. 
J%, and l,,, are denved from graphical plots of 7 against In z. When the linear 
parts of the anodlc and cathodic curves are extrapolated, the intersection 
Bves the value of E,,,. OverpotentIal and corrosion current are related by 

RT In’ t7=- - 
anF h2or 

where (Y, n, F, R and T have then usual slgmficance. 
More recently, Stem and Geary [ 81 established a relationship between 

the slope of the tangent to the polanzatlon curve at E,,, and the corrosion 
current, based on mmed potential theory Assuming that E,,, 1s remote from 
the reversible potentials of the redox processes and only charge transfer 
polanzatlon 1s Important, a corrodmg electrode system can be represented 
by 

dE ba bc -= 
da 2.3~~~~ (4 + b,) 

where b, and b, are constants similar to the Tafel parameters a and b The 
shape of the polanzatlon curve has been analyzed by a number of workers 
[ 9 - 111, and other methods of studymg corrosion rates - based on steady 
state [ 11 - 141 and transient [ 15 - 221 low polanzatlon data - have been 
proposed. Several reviews of the range of electrochemical techniques used 
for the estimation of corrosion potential and corrosion current have been 
pubhshed [ 15,20 - 221. 

In this work, a range of addltlves III alkaline solution m contact mth 
compacted pure zmc &scs has been mvestlgated. The results obtamed from 
hydrogen evolution and polanzation resistance expenments have been com- 
pared and evaluated to determme the effectiveness of the ad&tlves m corro- 
sion mhlbltlon. 

Expemnental 

The zmc powder used m this work was supplied by ISC Alloys Ltd, 
Avonmouth, and was found to have 95% of the particles mthm the range 
0.15 - 0 55 mm Shghtly smaller, spherical particles were produced by 
shakmg about 2 g of the powder m a vibrator mill for 5 mmutes. Chemical 
analysis of powder samples estabhshed the compowtlon as 99.95% Zn with 
< 0.005% of Fe, Pb, Cd or Hg Compacted zinc discs, measunng 12.8 X 
1 5 mm and with effective surface areas of 1.70 f 0 05 cm*, calculated from 
surface profile scans, were prepared by compactmg 1 g of powder m a small 
die mth a hydraulic press for 2 mm at a pressure of 10 MPa. Stock 8.8 + 
0 2 mol dme3 KOH solutions were made by dlssolvmg ‘AnalaR grade KOH 
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pellets m datllled/delomsed water Additives were mured with portions of 
stock solution either to saturatlon or to a maxunum concentration of 0.1 mol 
dmm3, except for ZnO which was always made up to 0 5 mol dmw3 strength 
Solutions were de-aerated by saturating them with H, gas and stored for at 
least 2 weeks m polythene contamers before use 

Gas evolutron expenments were carned out with the specunen electrode 
drscs sealed III glass bulbs fitted with a capillary side arm Approxunately 
18 cm3 of solution were mtroduced mto the bulb from a polythene wash 
bottle through the open capillary. A few drops of coloured kerosene were 
added to Isolate the system from the atmosphere and to facilitate readmg of 
the solutron level m the side arm. The glass vessels were suspended m a water 
bath mamtamed at 298 + 1 K and readmgs were taken twice darly with the 
ard of a cathetometer. A reference glass vessel contammg a typical volume of 
gas under water, momtored fluctuations m the solution level with changmg 
temperature and barometric pressure. 

Electrochemical measurements were carned out with a Wenkmg model 
ST72 potentrostat and ancfflary PPT70 voltmeter, SMP72 scannmg potentlo- 
meter and VSG72 voltage scan generator modules Current/tune curves were 
recorded on a Tekman model TE220/2 chart recorder. The electrochemical 
cell, based on a design described by Powers [ 231, was machined from PTFE 
The workmg electrode lay m the honzontal plane to facilitate vrsual obser- 
vatron with a Lertz stereomicroscope at 6 3 - 63X magmflcatlon. The refer- 
ence and counter electrodes were calomel and platmum, respectively, and 
the effective surface areas of the workmg and counter electrodes were 0 7 
and 12 0 cm2 The volume of solution required to fill the cell was 15 cm3, 

After the cell was assembled and filled wrth electrolyte solution, it was 
connected to the potentlostat and usually left for 24 h at the rest potentral 
of the zmc/electrolyte couple (measured with regard to the calomel elec- 
trode) to reach stability Two types of data were collected firstly, the cur- 
rent responses to polanzatlons of +5 mV imposed on the working electrode, 
erther m discrete 1 mV steps or by contmuous vanatlon, were monitored on 
the chart recorder, and secondly, cychc sweep voltammograms were obtamed 
between +0 6 and -0.4 volt wrth respect to the rest potential at a sweep rate 
ofO5mVs-’ All measurements were made under quiescent solution condl- 
tlons at room temperature 

Results and discussion 

Gas evolu tron expermen ts 
Prior to the mam serves of gas evolution expenments, the effect of vary- 

mg the zmc drsc preparation procedure on the quantity of gas liberated was 
mvestlgated. The zmc corrosion rates of (a) unmilled compacted, (b) mrlled 
compacted, (c) solid, and (d) commercial amalgamated (Mallory Batteries 
Ltd, Crawley) discs m 8.8 mol dm-3 KOH solution at 298 K are contamed 
m Fig. 1 The amount of gas evolved from the amalgamated (10% w/w) disc 



Fig 1 Hydrogen evolved from zmc In 8 8 mol dmV3 KOH solution usmg (a) compacted, 
(b) mllled, compacted, (c) sohd, (d) amalgamated dws 

was small. Compactmg the zmc powder at high pressure gave an essentntlly 
sohd disc and the total gas volume was reduced by about 40% compared 
with the porous disc. This agreed reasonably well wrth the e&mated effec- 
trve surface area mcrease of a compacted disc over a sohd disc of the same 
dunensrons (30%). Mlllmg the powder to a near-spherical particle shape be- 
fore it was compacted mto discs appeared to increase the corrosion rate 
under these expenmenti conditions. Unmilled, compacted discs were used 
m all the subsequent work. 

Conversion of the hydrogen evolution data for zmc m 8.8 mol dmd3 
KOH solution gave a corrosron current of 6 9 PA cm- * (Table 1) This agreed 
wrth the result obtamed by Mansfield and Gilman [3] for zinc m 6 molar 
KOH solution (7 PIA cm-*) and was reasonably close to the theoretmal 
value of 13 PA cm-’ quoted m then paper 

A list of the additives studied 1s contamed m Table 1 with the concen- 
tratron of each m solution. The maJonty of compounds was avarlable as 
laboratory reagents but ‘Aromox’ and ‘Ethoduomeen’ were propnetary sur- 
factants obtamed from Armour Hess Chemicals Ltd. With the exception of 
the solutions contammg qumol (dark brown), 3-ammophenol (bght brown), 
‘Ethoduomeen’ and S-hydroxyqumolme (yellow) the solutions were colour- 
less. Table 1 also contams selected corrosion rate data from the experunents 
conducted over 150 h 
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50 TIM n I II ” 

Fig 2 Hydrogen evolved from zmc m 8 8 mol dme3 KOH solution contammg (a) no 
addltwes, (b) trlethanolamme. (c) tetraphenylarsomum chloride, (d) barium hydroxide, 
(e) zmc oxide, (f) tetrabutylammomum hydroxide 

Rapid corrosion, as defined by a hydrogen evolution rate twice that of 
the control solution, was found wltb alkalme solutions contammg 3-ammo- 
phenol, dlbenzylamme, ‘Aromox’ and ‘Ethoduomeen’ after about 50 h The 
expenments based on these additives were dlscontmued at this stage The 
effect of other smgle additives m alkalme solution on the volume of hydro- 
gen evolved from zmc 1s shown m Fig 2. Zmc oxide, banum hydroxide and 
additives based on quaternary ammomum compounds were found to mblblt 
zmc corrosion m 8 8 mol dmP3 KOH solution, although the unprovement 
achieved was less effective than amalgamation of the metal surface 

The curves obtamed from solutions contammg zmc oxide provided two 
pieces of mformatlon fvstly, the volume of hydrogen evolved was less with 
zmc oxide (Fig. 2(e)) than Hnthout (Fig 2(a)), m agreement with the sub- 
stant~I independent evidence avzulable [ 2, 241. The mam reasons which 
have been offered m the hterature to explam this observation are the 
reduced activity of water [ 241 and the lunlted dlssolutlon of oxldatlon pro- 
duct [ 251 m zmc oxide saturated solution. Secondly, the rate of hydrogen 
evolution was found to increase with tune (Fig. 4(d)), m conflict with most 
pubhshed data The reason for this has not been established although ddfer- 
mg con&tlons (e g , changes m solution composltlon w~tb unmerslon tune, 
ZnO and KOH concentration, amalgamation and the punty and physlcal 
form of zmc used) ~11 affect the corrosion data to some extent. 
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Although the effect of the tetraethylammonnun ion on the corrosion 
of zmc m alkalme solution was found to be small m our experunents, tetra- 
propylammonmm and tetrabutylammomum ions gave mcreasmg mhlbltlon 
of the corrosion reaction (Table 1) This trend suggests that stenc factors, m 
this case the alkyl group cham length, are nnportant m the mechanism of m- 
hlbltion. Tetraphenylarsomum ion (urlth chlonde counter-ion) was found to 
increase the corrosion reaction of zmc m respect of alkalme solution without 
addltlves. Mansfield and Ghan [3] reported that 10P3 molar tetraethyl- 
ammomum perchlorate in 6 molar KOH solution increased the quantity of 
hydrogen evolved from zmc Although some morganlc anions (chloride, bro- 
mide) appear to have little effect on the corrosion of zinc m alkalme solution 
[ 31 as supported by the similar results obtamed with tetraethylammonlum 
hydroxide and tetraethylammomum bromide (Table I), other anions such as 
iodide [ 1 ] and sulphlde [ 31 mcrease the hydrogen discharge rate at metal 
surfaces Thus, the perchlorate ion may have mfluenced the result m Mans- 
field and Gllman’s experunent. Combmatlon of quatemary ammomum com- 
pound addltlons unth 0.5 molar zmc oxide led to an appreciable decrease m 
the corrosion of zmc m alkaline solution (Fig 3) and markedly altered the 
rate curve (Fig 4(1)) This corrosion was one-tenth that of zmc m 8.8 mol 

Fig 3 Hydrogen evolved from zmc m 8 8 mol dmd3 KOH solution contammg (a) no 
addltwes, (b) zmc oxlde/tetraphenylaraonlum chloride, (c) zmc oxlde/banum hydroxide , 
(d) zmc oxlde/tetrabutylammonrum hydroxide. (e) zmc oxlde/tetraethylammomum 
hydroxide 



Fig 4 Change In rate of hydrogen evolved from zmc m 8 8 mol dmm3 KOH solution con- 
taming (a) no addltwes, (b) tetraphenylaraomum chloride, (c) trlethanolamme. (d) zmc 
oxide,(e) barium hydroxide, (f) tetrabutylammomum hydroxide. (g) zinc oxldeltetra- 
ethylammomum hydroxide , (h) zmc oxlde/barwm hydroxide, (I) zmc oxlde/tetrabutyl- 
ammonwm hydroxide 

dme3 KOH solution with no additives, but was still twice that observed for 
amalgamated zmc. Ramasamy et al. [ 11 studied the effects of tetramethyl- 
ammomum hydroxide on the corrosion of zmc m alkalme solution contam- 
mg zmc oxide and reported an mcrease m the hydrogen evolved. However, 
the quartemary ammonmm hydroxide was added to the electrode mnc which 
also mcluded amalgamated zmc, mercuric oxide and a filler material. 

Several supporting experiments were undertaken m this work to check 
the influence of changes m atmosphenc pressure, agemg of the alkalme solu- 
tions, and attack of the glass vessels by the KOH solution. Analysis of solu- 
tions before and after expenments gave concentrations of elemental silicon 
of 10P3 and 3 X 10e3 mol dmm3 Cenek and KounI [5] have reviewed the 
literature concerning silicon dioxide ad&tions to alkalme solutions. At con- 
centrations of about lo- 2 molar, the corrosion of zmc was dlmmished. It 
was concluded that changes m concentration of silicon over the penod of the 
experiments m this work were not hkely to affect the results slgnlficantly. In 
two additional experiments, 8.8 mol dmm3 KOH solutions which had been 
stored in polythene for more than a year gave hydrogen evolution rates ap- 
proximately 50% greater than the mean value quoted m Table 1 for fresh 
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solutions Barometric pressure and the level of a control cell contammg only 
distilled water were momtored during another series of experiments. No sig- 
r&cant relatronshlp between the two factors was detected. The extreme 
readings taken from the control cell over the period of the experunent were 
equivalent to a volume of 0 01 cm3, a value within the standard deviations 
calculated from the experimental data (Table 1). FmaIly, the analysed zmc 
ion content m one solution (0.22 X 10m3 mole) compared reasonably well 
with that calculated from the hydrogen evolved during the experiment (0.19 
X lop3 mole) as predicted from the stolchlometry of the reaction 

Zn + 2HsO + 20H- - Zn(OH)aS + Hz 

The large variations which occurred from experiment to experiment are 
shown by the standard deviations m Table 1. The curves m Figs 1 - 4 are 
average plots from between two and six experiments. 

These hydrogen evolution experiments have shown that relatively small 
amounts (typically 0 05 mol dme3) of quatemary ammomum hydroxides 
added to 8 8 mol dm- 3 KOH solution contauung 0.5 mol dmm3 zmc oxide 
reduce the corrosion rate of pure zinc. In the followmg part of this paper 
correlation was sought between these results and those obtamed using mstru- 
mental techniques. 

Electrochemrcal experrments 
The potenlzostat and 1t.s associated equipment were used m conJunction 

with the electrochemical cell to investigate compacted zmc discs m 8 8 mol 
dmm3 KOH solution by (a) perturbmg the rest potential of the couple by 
several mllhvolts and monitoring the resulting currents, and (b) recording 
cychc sweep voltammograms over a wider potential range. The results ob- 
tamed from these two methods are discussed separately since the former 
relates to corrosion current estimation and the latter to snnulated electrode 
discharge/charge cyclmg. 

(a) Initmlly, polarization resM.ance experiments were carried out to 
estabhsh the sensitivity of the system to immersion tune and to the type of 
scannmg used. Typrcal results are shown m Fig. 5. The potentiodynannc 
curves were obtained directly with ‘a’ and ‘b’ recorded after electrode un- 
merwon tunes of 1 and 24 hours, respectively. The corrosion rate of zmc m 
8.8 mol dme3 KOH solution (related to the tangent to the curve at the origin) 
decreased with increasing unmersion time, m agreement wrth the decreasmg 
hydrogen evolution rate m Fig. 4. Although the dependence of mild steel 
and iron corrosion on immersion tune m dilute acid solution has been re- 
ported usmg polarization resistance techniques [ 7,121, no comparable data 
for zmc m alkaline solution were found m the literature. 

The potentiostatlc scannmg experiments generated sets of exponential 
decay curves, similar to the schematic sketch overleaf, from which two mea- 
surements were taken. A 1 mV step imposed on the rest potential (a) of the 
electrode caused a transrent maximum current (b) which fell to a steady 
value (c) after about 10 mm These transient and steady state measurements, 
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taken after 24 hours Immersion, are shown m Fig. 5 as ‘c’ and ‘d’ for 24 mV 
in 1 mV steps. 

Fig 5 Polarlzatlon resletance curves for zmc m 8 8 mol dmp3 KOH solution usmg (a, b) 
potentlodynanw scannmg after 1 and 24 h lmmerslon, (c, d) transient and steady state 
potentmstatlc scannmg after 24 h lmmerslon 

The slopes of the transient potentzostatic curves were close to that of 
the steady state curve, supportmg the use of transient methods such as those 
proposed by Jones and Green [ 171 and Walter [ 181, and mtersected the 
current axis at approximately kO.12 mA cme2. 

As expected, the potentiodynamlc curve recorded after 24 h immersion 
lay between the transient and steady state potentzostatic curves but was dis- 
torted by mass transfer effects. Holding the potentnd for about 15 mm at 
the end of the potentiodynamic sweeps resulted m a fall m the current to a 
value snmlar to the one obtamed under steady state potentiostatic conditions 
at the same potential 

Although EC,, is readily measured, manipulation of the current-voltage 
data is required before meanmgful I,,, values are obtamed. In the origmaI 
treatment of polarization resistance data by Stem and Geary [ 81, it was as- 
sumed that EC,, was not close to either of the redox reversible potentials 
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For zmc m concentrated alkaline solution the metal dissolution process 
dommates the potential Mansfield and Oldham [26] introduced mto the 
Stem-Geary relationship, written as 

the additional term 

where lo1 is the exchange current density of the zmc dissolution reaction and 
n, F, R and T have therr usual meanmgs. Smce lo1 for the Zn/Zn(OH)42- 
couple has been estimated to be 100 mA cm- * [ 271, the additional term be- 
comes much greater than the slope values from the current-voltage curves 
(7 8 and 0.031 mA cme2 mV-‘, respectively) The observation that polan- 
zation curves are mdependen t of large values of lo1 [ 31 means that we can 
omit the additional term contammg the exchange current density for zmc on 
the grounds that the relative trends m the corrosion data are made clearer. 
The 6, and b, values, related to the Tafel slopes of the anodlc and cathodic 
reactions and calculated by Booker and Manohar [ 281, have been used to 
compute relative values of lCor from the Stem-Geary relationship. Our value 
of 0 36 mA cm- 2 (Table 2) compares with the mean value of 0 37 mA cmm2 
from the anodic and cathodic slopes from zmc m 6 molar KOH solution 

t281. 
The tendency for the corrosion potential to shift m an anodic (‘noble’) 

direction when mhibitmg substances like zmc oxide and tetrabutylammo- 
mum hydroxide were added to alkalme solutrons (Table 2) agrees with the 
results of Mansfield and Gllman [3]. A change of +61 mV was found on ad- 
ding 0.25 molar ZnO to 6 molar KOH solution compared with +50 mV for 
0 5 molar ZnO m 8.8 mol drW3 KOH solution. This effect can be explamed 
by a lowering m the activity of water, thereby mcreasmg the hydrogen over- 
potential [ 241, and by suppression of the zmc dissolution reaction [ 261. 

It was clearly demonstrated from the hydrogen evolution data that ad- 
ditions of zmc oxide and tetrabutylammomum hydroxide, separately and 
together, to 8.8 mol dmW3 KOH solution slgmficantly reduced the corrosion 
rate of zmc m alkalme medium (Table 1). The correspondmg corrosion cur- 
rent density (I,,,) values calculated from potentiodynamic polarization rests- 
tance data (Fig. 6, Table 2) were found to be very much greater, and the 
trend to lower corrosion rates with the additives less well defined. The differ- 
ences m magnitude between the two sets of z,,, values was partly due to the 
use of the potentiodynamic scannmg mode which, as seen from Table 2, gave 
results about 3 tunes that of the steady state potentlostatic mode. It has 
been pointed out that the Stem-Geary equation is Iunited by a number of 
assumptions and approximations. One reason for the poor correlation be- 
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Fig 6 PolaHzstlon resistance curves for zmc m 8 8 mol dmw3 KOH solution contammg 
(a) no addltwes, (b) zmc oxide, (c) tetrabutylammomum hydroxide, (d) zmc oxlde/tetra- 
butylammomum hydroxide 

tween the corrosion currents measured by the hydrogen evolution and the 
polanzation resistance techmque IS the breakdown of the Stern-Geary treat- 
ment m multiple reactlon systems such as alkalme solutions containmg sub- 
stant~al quantztzes of zmc oxide. Thus, It is apparent from Tables 1 and 2 
that there is no relation between the I,,, values for solutions without, and 
unth, zmc oxide. However, comparison of the corrosion currents for these 
solutions with solutions containing tetrabutylammonium hydroxide is in 
reasonable agreement for the two methods. 

(b) Battery discharge may be simulated m the laboratory by controlling 
the potential of an electrode and observmg the resultmg current. This poten- 
tlostatic techmque has been apphed to inve&gations of the zmc electrode m 
alkahne solutions containmg addtlves. 

The cychc sweep voltammograms shown m Frg. 7 are representative of 
the profile for the zmcelectrode m 8.8 mol dmm3 KOH solution when a 
sweep was carried out from the rest potenti (a) first m the anodlc d~ectzon 
to +0.6 V, then cathodmally through the rest potentral to -0.4 V and finally 
back to the startmg potenti. The voltammogram obtamed from solutions 
urlthout addllzves mcreased in a lmear manner unti, at an overpotential of 
+0.26 V, a maxmum current was reached. The electrode surface had 
darkened (b) due to the formation of oxulation product at the electrode/ 
electrolyte mterface. At more anodrc overpotentuus the current fell as the 
passmatmg layer blocked the electrode surface (c). On the reverse part of the 
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Fig 7 Cychc sweep voltammograms of zmc In 8 8 mol dmm3 KOH solution contamrng no 
additives (-) and tetrabutylammomum hydroxide (- - -) 

ano&c sweep, rapld current fluctuations were noted between +0.38 and 
+0.34 V (d) attributed to structural/stolchlometnc changes m the oxide 
layer Transient shadows traversed the surface at these current peaks. After 
passmg through a maxunum current value related to the ano&c sweep peak 
but distorted by hysteress effects (e), a cathodic lunltmg current was ob- 
served at --0.19 V (f) followed by vigorous hydrogen evolution at about 
- 9.30 v 

The voltammograms for 8.8 mol dme3 KOH solutions contammg 0 05 
molar tetrabutylammonmm hydroxide were slgmflcantly &fferent from the 
above case m two respects. Firstly, the mltial part of the curve was &stmct- 
ly curved, m agreement ~th the lower grtient found m the polarization 
resistance curves (Fig. 6), and secondly, the maxmnun current peak on the 
anodlc part of the sweep was shtited to a more positwe value by 0.07 V. This 
anodlc shift has been recogmsed as enoblmg the metal and consequently les- 
senmg corrosion [3] and 1s m ad&tlon to the shift m the position of the rest 
potential m respect of the calomel reference electrode quoted earlier. A 
further mamfestatlon of this anodlc shift was found on the cathodic part of 
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the cycle where only small amounts of hydrogen were evolved at -0 4 V 
with tetrabutylammomum hydroxide m solution 

The voltammograms recorded with solutions contammg zmc oxide and 
zmc oxlde/t&rabutylammomum hydroxide addtlves were sun&u to the 
alkalme solutions without ad&tlves and with only tetrabutylammomum 
hydroxide, respectively The surface changes associated urlth the transient 
currents observed between +0.38 and +0.34 V have been reported by 
Ramanathan [ 291 m smular &&es. It IS clear that the ‘s-sknn’ effect ob- 
served by this worker and the transient shadow have geometnes dependent 
on the type of contact between the zmc electrode and the external conduc- 
tor, and also on whether the solution 1s ag;lt.ated or not The ‘s-slum’ effect 
was produced because the contact lead was soldered to the centre of the 
reverse side of the electrode and the solution was stirred. In the expenments 
described m this work, the electrode was held m contact with a large metal 
surface under quiescent solution con&tlons A detzuled explanation of this 
phenomenon 1s outside the scope of this work, but It 1s evident that the 
potential sensitive changes m the surface film are associated ~th the oxlda- 
tlon states and structure of the zmc oxide layer. 

Conclusions 

Gas evolution and electrochemical techniques have been used to estab- 
lish the influence of electrolyte addtlons on the corrosion of zmc m alkalme 
solution. Corrosion currents calculated from the gas evolution results were 
lower than the uncorrected values obtamed from the polanzatlon resistance 
measurements. The most effective corrosion mhlbltors for zmc m 8.8 mol 
dmp3 KOH solutlon were a combmatlon of zmc oxide with one of several 
tetra-alkylammomum compounds 
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