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I. INTRODUCTION 

The electrochemical theory of corrosion is the conmionly 

accepted explanation of the action of a water solution of 

an electrolyte on a metal iinmeraed in it* Corrosion is 

caused by local galvanic coijples set up between two metals, 

the more positive of the metals going Into solution and 

hydrogen being liberated at the surface of the other. Solu

tion of the metal is accompanied by the passage of an elec

tric current, external to the solution^, equivalent in amo\int 

to the metal dissolved® It is not necessary that the couple 

be made up of t^o pure metals, but it may be composed of a 

metal in contact ̂ ith an impurity that is embedded within 

the surface, or between tvro parts of the sarne piece of 

metal if the two parts are in different physical conditions; 

for example, local cells may be caused by differences in 

crystal structure within the various parts of the metal, 

or by one part being in a state of strain. 

On the basis of this theory, the aaiotait of local cur

rent determines the amount of corrosion* The amount of 

cxirrent is dependent upon several factors, naroely, the 

resistance of the cell, the electrolyte, the difference 

in potential botisesn the two poles of the cell, and the 

potential necessary to liberate hydrogen at the cathode. 
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Th© last of these factors is dependent upon the nat\ire of 

the electrolyte and upon the type of material acting as 

the cathode. Hydrogen is liberated at a lower voltage 

from an acid solution than from an alkaline solution. With 

any given electrolyte, some metals, such as platintm and 

gold allots hydrogen to be liberated at a lower voltage than 

other metals, such as mercury, cadmiian, end zinc. This 

phenomenon has been called overvoltage and is defined as 

the electromotive force which is the difference of poten

tial between a reversible hydrogen electrode and an elec

trode surface at ishich hydrogen is being liberated. Over-

voltage acts as a back electroiaotive force opposing the 

electrolyzing current and thus tends to prevent its action. 

Since the overvoltage of certain metals is very high, it 

plays an enormous role in the prevention of corrosion. Any 

condition that tends to produce a higher overvoltage at 

the cathode retards corrosion, while a lowering of the 

overvoltage increeses the corrosion rate. 

Overvoltage is affected by many factors, the most of 

which have been carefully studied and are generally under

stood. Factors that have been thought by investigators to 

affect overvoltage ares 

(a) Cathode material. 

(b) Current density. 

(c) Physical condition of the electrode. 
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{a) Length of time of the passage of ciirrent. 

(e) Pressixr© and tftiaperattxre changes. 

(a) The magnitude of overvoltage is dependent upon the 

cathode material* Caspari (4) has arranged the more common 

metals in the folio-wing order of their increasing over •vol

tage: Pt (plstinized), Au, Pt (polished), Ag, Cu, Pd, Sn, 

Pb, Zn, and Hg* 

(b) The ©ffeet of increasing the current on overvoitage 

has been carefully studied by a nmber of investigators. 

At low current densities the overvoltag© is very small, in

creasing rapidly at first with increased ciirrent density 

and then gradually approaching a constant value at higher 

currents. Tafel (27) has shown that when the logarithm of 

the current density is plotted against the overvoltage a 

straight line is obtained® H® expressed this relationship 

in the equations 

n = a 4- b log I 

In this equstion, n is the overvoltage, I is the current 

density, aad a and b are constants depending upon the ma

terial used for the cathode® This work has been confirmed 

by a number of men and the values for a and b have been 

'Horked out for most of the pure metals and a number of 

alloys* 

(o) Overvoltage may be affected by a number of physi

cal conditions, such as hardness, previous treatment, and 
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the condition of the electrode aurfaes. An electrode sur

face that has been prepared by electroplating the metal 

generally hes a different overvoltage value than the pure 

east metal* Overvoltage is always lot?er when the electrode 

surface is rough than when it is smooth, the minliBum over

voltage for any metal being produced when the metal has a 

spongy surface. This is thought to be due to a lowering 

of the current density because of the increased surface. 

The overvoltage of a metal containing impurities is not the 

same as that of the pure metal, the direction and magnitud© 

of the difference beinp dependent upon the nature of the 

impurities* 

(d) The effect of the length of time that the elee~ 

troly2in£- current has been flovi/in£'- has been investigated^ 

In some cases it was found that the laaximuia overvoltage ^as 

reached after only a fey? minutes of electrolysis, while at 

other metallic surfaces the value continued to rise slowly 

for as much as four or five hours. Denina and Perrero (6) 

found that in all cases there was a very rapid rise in the 

first minute or two and that on prolonged passlnp; of an 

electrolyzing current a maximum was finally reached, A 

slight decrease was noted if electrolysis was continued 

for several hours after the maximum had been reached. He 

attributed this decrease to a roioghening of the electrode 

surface. 

(e) The effects of changing pressure and temperature 
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have been investigated. Bircher, Harkina, and Dietrlchson 

(2) have reported a slight decrease in overvoltage with 

increasing temperat\are. Authors are not in agreement on 

the effect of changing press"ure# Maclnnes and Contieri 

(21) have reported a decrease in overvoltage ^ith inereas~ 

pressure. This work has been confirmed by Bircher and 

Harking (1) and by Goodwin and Wilson (11)» Knobel (17) 

reports no change in overvoltage over a rather wide range 

of pressure changes-

Many materials have been suggested to be added to 

solutions that come in contact with iron to prevent its 

corrosion. The range of materials is very great, including 

many organic compounds, a large variety of colloidal ma

terials, and some inorganic salts* According to Warner 

(28), the inorganic salts that have been the most widely 

used and have met with the greatest success are silicates, 

arsenates, chromates, and phosphates. Parr and Straub (26) 

have shown that the presence of sulfates in boiler water 

containing a high amount of carbonate tends to prevent the 

deterioration of boiler tubes and plates^ Since there is 

a definite relationship beti»een overvoltage and the extent 

of corrosion, it is possible that a correlation bet?i?een 

the salts present in en electrolyte and overroltage might 

be obtained. The purpose of this investigation is to deter

mine the effect of the presence of salta on the hydrogen 
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overvoltage of solutions. The effect of adding salts in 

varioua concentrations to 0«1 N sulfuric acid and 0«1 N 

sodium hydroxide has been determined at different current 

densitieaj In addition, the effect of concentration on 

overvoltags was determined by adding var5oua araounts of 

pure salts, sulfix^lc acid, or sodium hydroxide to distilled 

water* 
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II. REVIEW OP LITERATURE 

A vast majority of th® ntimerous studies on overvoltag® 

have dealt with th® effects of electrode materials, elec

trode conditions, and work on testing the many theories 

that have been advanced to explain or account for overvol-

tage. Only a very few studies on the effect of electrolyte 

material have been reported. Isaarishew and Stepanor (15) 

have investigated th© effect of fluorides on overvoltage 

In both acid and alkaline solutions using gold, silver, 

and graphite electrodes. They have reported an increase 

in anodic overvoltago as the concentration ijes increased 

until a maximum value isas reached above which a further in

crease in concentration of the salt caused a lowering of 

the reading. This increase was ascribed by them to the 

formation on th© anode of fluorine compounds which wer® 

soluble in fluorides of higher concentration* 

lofa, Kabanou, Kechinski, and Chistyakov (13) have 

measured the effect of addin/a potassium chloride, potassium 

bromide, and potassium iodide to hydrochloric acid solu

tions using both a large mercury surface as the cathode and 

s dropping mercDiry electrode® Their measurements have all 

been made at the same concentration of the salt and acid 

solution, that la, they have noted the shift in overvoltage 
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•when a solution of 0.1 ̂  hydrochloric acid contained 1 

mole per liter of the salt as compared with the overvoltDpe 

in 0.1 W hydrochloric acid alone. They have reported a 

lowering of the overvoltage at these awfaces over a wide 

renge of ciirrent densities® 

The effect on anodic overvoltage of adding certain 

salts to acid solutions haa been investigated by 

Mazzucchelli and Romani {24). Perchlorates when added to 

sulfuric acid solution cause a rise in anodic overvoltage. 

They have also studied the effect of adding sodium chloride, 

sodium fluoride, and hydrofluoric acid to a solution of 

sulftiric acid. In each caae they found an increase in the 

overvoltage when the concentration of the salt was increased 

followed by a subsequent decrease when higher concentrations 

were reached. 

Kobozev and Kekrasow (18) have reported that the addi

tion of mercuric chloride or hydrogen sulfide produces an 

Increase in the decomposition potential at a platinized 

platinm electrode. 

Lukoutsev, Levina, and P'rumkln (20) have found that 

sodim chloride and lanthanum chloride when added to acid 

solutions cause an increase in hydrogen overvoltage. The 

same materials cause a decrease in overvoltage when added 

to an alkaline solution. 

There has been some specific work done by Chappell, 
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Roetheli, and McGartiay (5) and by Jlmeno, Griff oil, and 

Moral (16) on the effect that addition of certain organic 

corrosion inhibitors to sulfuric acid solutions has on 

overvoltage. These organic Inhibitors are materials that 

are comnonly added to the solutions used in the pickling 

of iron* Their function is to retard the solution of the 

metal while in the pickling bath. Organic corrosion in

hibitors are also added to boiler water and to other solu

tions that come in contact with metals that are easily 

corroded. In both of these studies it was fo^ald that there 

an increase in overvoltag© proportional to the amount 

of material added to the acid solutions. This work has 

been reviewed and extended by Warner (28)« His work shows 

that small quantities of quinoline, aniline, bases from 

petroleum fractions, and bases from coal tar oil, all 

cause the overvoltage on iron in acid solution to be in-

creasede Warner's work is suaimarized hj the statement, 

"Any substance ishich ̂ ill form a large, positively charged, 

oily ion, or a positively charged, oily, colloidally dis

persed particle, in acid solution should inhibit the acid 

corrosion of iron if the substance cannot be electrolyti-

cally reduced." These positively charged particles, it is 

thought, migrate to the cathode and are there adsorbed on 

the surface of the cathode material thue causing the over-

voltage to increase. 
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The effect of adding colloidal material to an acid 

bath, -was studied by Marie (22) and hj Marie and Audiiberr 

(23)» They found an increase in overvoltage with the 

addition of a colloids Similar experiments have been 

cerried out by Isgoriahes and Berkinann (14) who have re

ported that when adding colloidal material to sulfuric 

acid solutions the overvoltage is increased In proportion 

to the amount of colloid added. They have attributed the 

rise to adsorption compounds formed bet-ween the colloid 

and the electrolyte ions* 

The effect of hydrogen Ion concentration on overvol

tage has been investigated by a number of men who are not 

in complete agreement as to the results. Perhaps the most 

reliable results -were obtained by Bowden (3) who has deter

mined the overvoltage of bxiffered and unbuffered solutions 

over a wide range of current densities# Th& buffered solu

tions ̂ ere prepared from solutions of sodlvim phosphate, 

citric acid, and potassium chloride* He has found that for 

low current densities the overvoltage remains constant re

gardless of the hydrogen ion concentration of the solution# 

At higher c\arrent densities, there is a decrease in over

voltage with Increasing hydrogen Ion concentration of the 

solution. The fact that the effect is different depending 

upon the current density used may account for the disagree

ment among different authors. 



www.manaraa.com

- 13 -

III. EXPERIMENTAL 

A. Methods for Measuring Overvoltag© 

T«o distinctly different znethods have been used for 

the quantitative m0aBure3B©ri.t of over vol tag©* The first of 

these, the direct method, was originally developed by 

Fachs (10) and has since been the method tised in the greater 

part of the work on overvoltage. The second, the indirect 

or commutator method,was first used by LeBlanc (19) and has 

since been further developed by Newbery (25), Glasstone 

(12),and Ferguson (8), The two methods differ from one 

another essentially in that as the first measures the ex

tent of polarization of an electrode as the polarizing 

ctirrent is flo"wing, while the commutator method measures 

the back electromotive force of an electrode the instant 

the current is interi^upted» When using the direct method, 

the electrode being Investigated is made to serve as the 

cathode at which hydrogen la liberated by electrolysis* 

This electrode is at the same time connected to any stan

dard electrode. The potential set up by the cell thus 

created is measured by means of a potentiometer. The over-

voltage is given by subtracting from the potentiometer 

reading the voltage measured between the standard electrode 
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and a reT?ersible hydrogen electrode In the same solution. 

The indirect method makes use of a commutator -which al

ternately connects a pair of electrodes with a source of 

polarizing current and then connects the cathode and a 

standard cell to a potentiometer. During the first part 

of the cycle electrolysis takes place and the electrodes 

become polarized. Buring the latter part of the cycle the 

current is interrupted and the "back electromotive fore® 

of the cathode is measured by means of the potentiometer. 

Any standard electrode can be used to 2aeaaia?e this voltage, 

the overvdltege being obtained by siibtracting the potential 

of the standard cell measured against a reversible hydrogen 

electrode in the same solution. The tv?o methods do not 

give the same numerical results, the direct method in

variably giving higher results than the commutator method. 

The question of which of the two methods gives the tr\:® 

results has been a source of controversy for many years 

during which time hoandreds of researches have been carried 

out in an effort to discover th© discrepancy. Newbery (25) 

and Glasstone (12) have been most active in supporting the 

commutator method. According to them an extra resistance 

other than that caused by ovei'voltage exists at the s^l^face 

of an electrode and is measured by the direct method and 

not by the commutator. According to those favoring the 

direct method the Interrupter does not permit the jneesurement 
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of the total discharge potential beeatise of the rapid drop 

in potential during the interval bet-ween the interruption 

of the current and the Tneasurement of the potential* 

Ferguson and others (9) have carried out a series of re

searches in which they have developed a method for measur

ing the overvoltape at an electrode by both methods at the 

same time. In their work they have sho*n that the commuta

tor method gives results that are average end that the 

maximum values thus obtained are the same as those obtained 

by the direct method. Ferguson also states that the direct 

method not only givos the true values for overvoltage but 

the results are more reproducible and are more reliable# 

B, Apparatiia 

Because it has been demonstrated that the direct method 

gives better results, it has been used in this investigation* 

All measxarements have been made using a nickel cathode. 

Nickel was chosen because its overvoltage is high and any 

effect produced by the addition of salts to the electrolyte 

should be more noticeable than at a metal having: a low over

voltage, The electrode •was made by sealing A niekeX wire, 

one millimeter in diameter, into a glass ttibe by means of 

wax. A portion of wire, one and on©-heif centimeters in 

length, was exposed as the active electrode. The glass t\3be 

served as a mercury reservoir for making the necessary 
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electrical connections. The surface of the electrode was 

polished by lightly buffing it with fine sandpaper. Since 

in this work it was the effect of the addition of salts 

that was important rather than the actual overvoltsge, 

fiarther polishing of the electrode was unnecessary. The 

apparatus was arranged as illustrated by Dole (7) and is 

the conventional arrangement when using the direct method 

for the meastireraent of overvoltage. 

The source of polarizing current was a 100 volt direct 

current line* Two variable resistances were placed in the 

line. On© contained eight resistors by means of which re

sistance from 10,000 to 100,000 ohms could be obtained* 

The other was a Leeds Northrup decade box, 1 to 9,999 ohms# 

?;ith this arrangement, the resistance could be regulated 

very accurately to give any desired otirrent over a isid® 

range of amperages. Ciarrents of 10 milliamperes or less 

nere measured by means of a miHiammeter that was accurate 

to 0.01 milliamperes. The higher currents -were read on an 

ammeter with an accuracy of 0,1 milliemperes. The polariEa-

tion potentials •were measured by means of a standard Leeds 

Korthrup Student Type potentiometer using a Leeds Northrup 

galvanometer as the null point instrximent. The positive 

pole of the potentiometer was connected to the nickel 

electrode and the negative to a saturated calomel half 

cell against which th© potential of the nickel electrode 
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was measiired-. Connection "between the eleotrolyto and the 

calomel half coll wrs made by means of a potasslm chloride 

salt bridge# The bridge also contained agar-agar to pre

vent one solution from siphoning into the other and to 

minimlzs diffusion^ 

Had a platinxnn black electrode satiirated with hydro^ten 

in the same electrolyte that surrounded the nickel been 

used, the voltage readings on the potentiometer would have 

given the overvoltage directly. Because of the difficiolty 

in maintaining a reproducible hydrogen electrode and be

cause of the ease with 'which it becomes poisoned, the more 

reliable calomel cell was used. The potential difference 

between the same calomel cell and a hydrogen electrode was 

determined in each of the different electrolytes and these 

values subtracted from the potentiometer readings. The 

anode for the polsrizini? current was a platinum electrode 

made by sealing a platinum wire into a glass tube» The 

platinum end nickel electrodes and the salt bridge -were 

mounted by inserting them through holes in s rubber stopper. 

The nickel electrode and the tip of the salt bridge were 

close together and always in the same position with respect 

to one another* In order to prevent polarization due to 

concentration of the electrolyte at the electrodes, the 

electrolyte was stirred v?ith a small, glass, air-driven 

stirrer. 
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G» Procedtire for Measiiring Overvoltage 

At first a series of solutions each containing the 

same concentration of aulftiric acid but differing in the 

amount of a salt added was prepared. Each solution was 

then in ticpn made the electrolyte and the overvoltage de

termined st a nianber of current denaities» The electro

lyte "Was then replaced with a solution of a different salt 

concentration and the procedure repeated. The date thus 

obtained showd very nicely the effect of changing the 

current density on overvoltage for each solution, but yiere 

of little value *hen attempting to find the effect of in

creasing the salt concentration at any on© current density 

This was due to the fact that handling the electrode while 

changing from one solution to another caused slight change 

in the electrode surface which produced variations in the 

overvoltage readings® The general trend of the results 

could be observed but no definite conclusions could be 

drawn. 

The method thet was decided upon was to place a stan

dardized solution of acid or base in the eleotrolyzing 

beaker and adjxiflt the current to the desired sBiperage» 

Keeping the amperage constant, the overvoltage was deter

mined after the addition of each of a series of measured 

portions of a standard salt solution. In this manner a 
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series of readings for one amperage at various concentra" 

tlona of th® salt ̂ eve obtained without th® necessity of 

moving- or in any way disturbing the ©lectrodesa This 

proved to be a very convenient method and all the results 

reported ̂ ®r© obtained in this manner® In order that eon-

centration of th© original ©lectrolyt® should not changej 

due to ths diluting effect of the solution being added, 

the salt solution isas also made the same normality with 

respect to acid or base as the original ©loctrolytSe To 

obtain overvoltage readings for any series of solutions 

100 millilitera of a Oal H acid or base solution uas 

placed in a 400-iBillillter beaker, the electrodes inserted^ 

and the current regulated to the desired amperageo Since 

the value of ovsrvoltage increases with time, it was 

necessary to let th© current flo« mtil constant readings 

fiere obtained* Th® constant value is reached at a nickel 

electrode in a relatively short time, fifteen to twenty 

minutes being required when low current densities vqt& 

iisedj and slightly longer times vimn the current density 

isas higher. The reading was reeorded as soon as it re

mained constant for one minute or longer. A measured 

amount of a solution of the salt being studied was then 

added from a burette. Enough time was allowed for the 

solutions to become thoroughly mixed before the second 

reading was taken* It was found that when tho addition 
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of a salt caused any change in the overvoltage the change 

•was almost instantaneous and that readings could be taken 

just as soon as the mixing of the two solutions •was com

plete, The addition of small portions of the salt solu

tion, followed by recording of the potentiometer reading, 

was continued until 50 milliliters of solution had been 

added* In obtaining the voltage of the calomel cell 

meesijred against a reversible hyc3rogen electrode in the 

same solution, a similar procedure was follo-Hed. Most 

of the materials added were not neutral salts but hydro-

lyaed to form either an acid or basic solution. Thtia, in 

most cases the pH of the original electrolyte varied over 

a wide range. Since the electromotive force of a hydrogen 

electrode is dependent upon the pH of the electrolyte, the 

voltage difference between the calomel and hydrogen elec

trodes had to be determined over the entire range of con

centrations for each solution. To do this, 100 milliliters 

of the desired solution, 0.1 N sulfuric acid or 0»1 H sodium 

hydroxide, isere placed in a 400-milliliter bottle, A rub

ber stopper carrying a platinum black electrode, a salt 

bridge for connecting with the same calomel cell used in 

the other measurements, an inlet tube for bubbling hydrogen 

into the solution, and a short tube throtigh which the salt 

solution could be added was inserted. The two electrodes 

were connected to the potentiometer and hydrogen passed 

through the solution until it was saturated# This was 
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indicated by the fact that tha voltage of the cell beeame 

constant. A ineastired amcunt of the salt solution was then 

added from a biirette and after allowing time for sattiration 

of this new solution -Kith hydrogen th® voltage was again 

read* The potential of th© eall was determined in this 

manner over the same range of concentrations that had been 

used in the previous measurements^ The value of the over-

voltage at each concentration ̂ saa obtained by subtracting 

the electromotive force of the calomel cell measured 

against the hydrogen electrode in any given electrolyte 

from the potential read when hydrogen was being liberated 

at the nickel electrode in the same solution* 

Results 

The effects of the addition of ten different materials 

to an acid electrolyte were studied. In each case the ma

terial added was in the form of a concentrated solution of 

known molarity# The salts used «ere sodium sulfate, tri-

sodium phosphate, potasslujm oxalate, sodiiim formate, soditam 

acetate, sodium fluoride, sodium dichroiaate, sodium nitrate, 

and sodixim chlorate* The solutions were either 1 molar or 

0»5 molar* They were prepared by adding the calculated 

iseight of the Reagent Grade of the salt to a l-liter volu

metric flask, then adding exactly 100 milliliters of 1 K 

sulfuric acid, and diluting to one liter. In addition to 
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the salts mentioned, the effect of adding 1 molsr sodirai 

hydroxide to the sulfiaric acid was determined. The data 

obtained from these studies are presented graphically by 

Figures 1 thrcugh 10® These graphs have been prepared by 

plotting the overvoltege in volts against the milliliters 

of solution added at each of six different amperages* The 

curves on any on© page represent the effect of the same 

salt on the overvoltage# each curve representing the effect 

at a different amperage# 

Figure 1 sho^a the effect of adding a 1 molsr solution 

of sodium sulfate to 100 milliliters of 0.1 N sulfuric acid» 

The effect was a gradual lowering of the overvoltage at 

every current density® The data obtained from the addi

tion of each of the following^ 0.5 molar trisodlura phosphate, 

1 molar potassiTJM oxalate, 1 molar sodium formate, 1 molar 

sodium acetate, and 1 molar sodiura fluoride to 100 milli

liters of 0«1 W sulfuric acid are represented in Pi|rures 

2, 5, 4, 5, and 6, respectively. These graphs osch show a 

marked similarity, that is, a sharp increase in the over-

voltage with increasing concentration of the salt until a 

maximxan is reached followed by a aytbsequent decrease with 

the addition of more of the salt. The maximum in each case 

comes very close to the point at which the equivalent 

amounts of sulfuric acid and salt are present in the solu

tion, The salts that produced this effect have been decidedly 
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basic in all but two cases, Potassiiam oxalate and sodiiom 

fluoride produce nearly neutral solutions but when added 

to 0.1 N aulfui'ic acid cause a decided rise in the pH« 

Since these salts have the ability to neutralize an acid, 

the effect of the addition of a 1 molar sodium hydroxide 

solution to 0»1 N sulfuric acid ̂ 'as determined and the 

data presented in Figure 7. The same general type of 

cuT've is produced, showing a sudden rise to a maximum 

followed by a decrease in the overvoltag© as the oonc0n~ 

tration was fui^ther increased* 

P^igures 8, 9, end 10 sho-n the effect of adding oxi

dizing agents to sulfiiric acid solution* One molar solu

tions of sodium nitrate, sodium chlorate, and aodium di-

chromate «©re added to 0.1 N sulfuric acid. The result in 

each case "ssas a lowering of the overvoltage*. V/ith sodium 

nitrate and sodium chlorate, the addition of a very small 

amount of the salt caused a rapid drop in overvoltage 

followed by a very gradual lowering as the concentration 

increased* In the case of sodium dichromate the lower

ing was very great with very small concentrations when the 

current density was small# With increasing currents there 

was atill a lowering of the ovorvoltage but the concentra

tion of the salt had to reach a higher value before the 

effect was noticeable. At higher current densities there 

v?aa a slight rise followed by a lowering that took the 

value below that of the original acid solution* 



www.manaraa.com

- 24 -

The affect of adding salts to a solution of sodium 

hydroxide lias been studied for four different salts. In 

eacri case the original electrolyte was 0»1 K aodium hy

droxide and the salts ̂ sere either 0,5 molar or 1 molar 

solutions v/hich had been made 0.1 M with respect to sodium 

hydroxide. The determinations were run in exactly the 

seme manner as "ahen sulftaric acid •was used as the electro

lyte. Figures 11, 12, and 13 show the results of adding 

1 molar sodium sulfate, 1 molar potassium oxalate and 0»5 

molar trisodium phosphate to sodium hydroxide® In each 

case there was a gradual decrease in the overvoltago as 

the concentration was increased. At low amperages the 

effect "sas less pronounced than «hen the current was higher. 

The effect of adding sodiiam dichromate to sodium hydroxide 

solution V&3 a small rise in overvoltage followed by a 

decrease as the concentration was further increased. These 

results are presented in Figure 14. This is the same type 

of cwve that v^as produced iBhen basic substances were added 

to sulfuric acid. Sodium dictiromate hydrates to produce 

primary sodium ciiromate which is an acid salt and thus acts 

to neutralize the sodium hydroxide. 

The effect of increasing th© concentration of a pure 

electrolyte has been studied for sxilfia?ic acid, sodium 

hydroxide and six different salts® In these determinations, 

100 milliliters of distilled water were put into the 
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©lectrolyzlnf beaker, e meastired vrolvme of the salt solu

tion was added and the emperage adjusted* When the readings 

were constant, more of the same solution was added and the 

voltage read again. The results of these determinations 

are shown in Figures 15, 16, 17, 18, 19, 20, 21, and 22« 

In every case there is a very high overvoltage when the 

concentration of the solution is very low. With increasing 

concentration the overvoltage drops very rapidly at first 

and then more slowly. 

In addition to the graphical presentation of the data 

three tables have been included# These are typical data 

sheets, selected from each of the three conditions under 

which overvoltages were measured, namely, the addition of 

a salt to sulfxaric acid, the addition of a salt to sodium 

hydroxide, and the addition of a salt to water. Table I 

was obtained by adding sodium acetate to sulfuric acid. 

Table II by adding sodium phosphate to sodium hydroxide, 

and Table III by adding aodiiim sulfate to water. These 

same results are shown graphically in Figures 5, 13, and 

17, respectively. The first column of each table indicates 

the milliliters of salt solution added to 100 milliliters 

of the original electrolyte or water. 

Eech of the other columns gives the overvoltage values 

at a different amperage. Each vertical column shows the 

effect of increasing the concentration of the salt at that 
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current. Horizontally tiio effect of increasing tha ctirrent 

at any given concentration is given. 
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TAiJLE I 

Addition of 1 Moles* Sodium Acetate 
to 100 Milliliters ef 0#1 H Sulftjric Acid 

; Ovegyoltajg:® 
Millie: at 5 at 10 sPTTb at 20 at 30 at 50 
liters; milli- milli- milli- inilli« milli- milli-
added ; aaiperea amperes amperes amperes aapei^a amperes 

0 0,655 0.688 0.822 0.946 1.206 1.318 
1 0.566 0.701 0.845 0.980 1.259 1.402 
2 0.576 0.730 0.873 1.010 1.317 1,491 
3 0.588 0.747 0.902 1.052 1.376 1.596 
4 0.601 0.769 0.930 1.065 1*450 1.701 
5 0.619 0.796 0.965 1^127 1.53S 1.851 
6 0.635 0.821 1.005 1.197 1.636 2.088 
7 0e654 0.855 1.057 1.279 1.775 2.371 
8 0.678 0.892 1.124 1.357 1.924 2.577 
9 0.712 0.948 1.224 1.462 2.194 2.732 
10 0.761 1.012 1.310 1.547 2.230 2.824 
11 0.795 1.045 1.325 1.552 2.310 2.875 
12 0.768 1.014 1.283 1.513 2.250 2.654 
13 0.741 0.980 1.238 1.462 2.204 2.653 
14 0.735 0.970 1.229 1.420 2.159 2.553 
15 0.730 0.959 1.221 1.415 2.154 2.548 
17 0.722 0.942 1.199 1.377 2.003 2.462 
20 0.708 0.914 1.125 1.331 1.983 2.339 
25 0.682 0.872 1.065 1.254 1.83S 2.233 
30 0.669 0.849 1.032 1.211 1.788 2.115 
35 0.664 0.833 1.006 1.1S2 1.687 2.042 
40 0.656 0.817 0.972 1.147 1,661 1.970 
50 0.651 0.812 0.960 1.126 1.628 1.892 
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TABLE II 

Addition of 0.5 Molar Sodittm Phosphate 
to 100 Milliliters of 0^1 K Sodixua Hydroxide 

Milli- i aF"5 at 10 
liters: milli- milli-
added t amperes amperes 

Overyoltage 
at 15 at 20 at 30 at 50 
milli- milli- milli- Hiilli-
aioperea amperes ampere a amperes 

0 0.S66 0.515 0.625 0.724 0.880 1.199 
1 0,366 0.515 0.623 0.720 0.878 1.192 
2 0,366 0.515 0.622 0.719 0.874 1.177 
3 0.366 0.514 0.621 0.715 0.867 1.158 
4 0^366 0.511 0.617 0.711 0.860 1.141 
5 0,S66 0.510 0.616 0.701 0.853 1.134 
5 0*566 0.509 0.610 0.700 0.847 1.120 
7 0,566 0.608 0.609 0.697 0.836 1.109 
8 0.364 0.506 0»606 0.694 0.832 1.100 
9 0,364 0^505 0.602 0.690 0.829 1.076 
10 0.364 0.503 0.601 0.687 0.821 1.068 
11 0.364 0.502 0.598 0.682 0.819 1.068 
12 0.364 0.500 0*595 0.681 0.814 1.062 
13 0.364 0.500 0.593 0.678 0.810 1,055 
14 0.364 0.499 0.591 0.677 0.807 1.048 
15 0.364 0.498 0.589 0.675 0.806 1.041 
17 0.364 0.495 0.587 0.670 0.794 1.024 
20 0.363 0.490 0.583 0.664 0.792 1.014 
25 0.363 0.489 0.577 0.658 0.772 1.000 
30 0^361 0.488 0.573 0.643 0.768 0.975 
35 0,361 0.485 0.570 0.648 0.758 0.965 
40 0.360 0.4B4 0.567 0.644 0«750 0.959 
50 0^360 0.482 0.565 0.635 0.745 0.936 
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TABLE III 

Addition of 1 Molar Soditun Sulfate 
to 100 Milliliters of Water 

; Overvoltage 
Milli-1 at 5' " at 10 at 15 at 20 at 30 at 50 
liters: milli- milli- milli- milli- railli- milli-
added i amperes amperes amperes ampei^ea amperes amperes 

1 1.554 1.989 MP tlMW 
2 0.993 1.453 1.931 2.206 
3 0»890 1.S21 1.597 1.827 2.316 
4 0»833 1.113 1.389 1.610 2.034 
5 0.797 1.049 1.291 1.476 1.929 
6 0^775 0.999 1.215 1.384 1.684 2,271 
7 0.761 0.968 1.162 1.312 1.582 2.120 
8 0.746 0.941 1.117 1.258 1.499 1.988 
9 0,737 0.921 1.085 1.216 1.444 1.898 
10 0,730 0.905 1.053 1.179 1.400 1.816 
11 0.729 0.891 1,041 1.156 1.362 1.746 
12 0.724 0.881 1.017 1.135 1.322 1.693 
13 0.719 0.873 1.001 1.116 1.294 1.644 
14 0.716 0.861 0.991 1.096 1.267 1.598 
15 0.714 0.853 0.977 1.079 1.246 1.572 
17 0.707 0.843 0. 960 1^055 1.211 1.509 
20 0.700 0.828 0.934 1.027 1.167 1.437 
25 0.691 0.813 0.909 0.994 1.121 1,358 
30 0.639 0.804 0.892 0.973 1.086 1.309 
35 0*684 0.786 0.887 0,955 1.063 1.269 
40 0.680 0.782 0.866 0.941 1.044 1,238 
50 0,676 0.776 0.851 0.924 1.018 1.197 



www.manaraa.com

Form E-2 - 30 

(• -1; M I : I • ^ • I 

f. O B tf i i I i i 
I l«> Inji. s J i 

I" 
I I 

(-

-1 

T -

-.-4-

- 4 -

-i—• 

4 -

' 

o 

3.. 

•g: 

-trj 

"j-'d! " 

Ct 

'X' 
O 
rO— 

•"T" 
" r* 

"KS' 

<V« 

A 

..4 

<a 

—I—-

r^fOiA UJ S^D;i,iJ0A>1^AQ \ - ' \ ; : [ 

r .  

J L 



www.manaraa.com

Form E-2 - 31 
1—r W 

'« g ff a 
ij I^E : 

k i 

—r 

r r^im »r 

.a.-
•  1 -

-U-. 



www.manaraa.com

- 32 -Form 

Jll: I ; I  i 
lofnftj 

d 

T^yp/i w 



www.manaraa.com

Form E-2 _ gg _ 

OAAffAQ 



www.manaraa.com

Form E-2 - 34 -

Q B 

T 



www.manaraa.com

Form E-2 35 

• 
9; fl' Ol ̂  , a 
S' £ l' 5! '5 
51'pttoi or "iTti r>> . <\i' 

t-- -L 

s.-;i 



www.manaraa.com

Form E-2 - 36 -

O • L »V'"^ 

"1 



www.manaraa.com

l<''orm E-2 

,t,;T i 



www.manaraa.com

» 38 -



www.manaraa.com

7 ? ? = t r / ' 0 7 ' '  
r • i r :• ; " I •• 

urnrt 

Oir : I •' I • ^ «c 
: ! - ' j I I 



www.manaraa.com

Form E-2 

a s 

'fp'. 



www.manaraa.com

•fl&A^94Q 



www.manaraa.com

Form E-2 - 42 -
r—rrr-TT—T-r-
nrr̂  

r—r 
TT~T 

-i- - r 

_4 u. 
i • 1 

—L. 

8 e 
* J-

—T 

I ! 

! I [ ! ; 

Tl^l" l" 'T' 

r--r 
—i ^ 

t 

,t .1-

1 . .  

i i 
1 ' 1 1 ! 

1 
— f  

i 
j i 

' • 

h-
L—. 

:.:i: 
L J _ .  

I- • - i 
I J 
t ' ' 

1 - i -

f ; 1 

w 

r ••-

% 
•J t" ! : • X 

t I i _V, 
I 

o : 
•• £ 

;c? 

'S~; 
"~<5" —1_ 

2-1=4-
n s 

•h ^ 

CM 

i-W -

t 
.1 

._L 

1 -
-h 

-T5 
a 

IN 
H— I 

Mlt 
C$. 

f : [ ~ i i 
• ury iiB^ jwA^^f AjQ r \ •• 

ti-': 



www.manaraa.com

T-—I:'. 1 T~FT 

f i 
vpfXpJpAj^ ; Wf/l/jprflp l/y I 0 

•;- - r -• •-
i 1 

'1 i r 

i . i ; . ^ ; ' • 

- -J — ' - - T 

lO 

w 
g 
o 

HtBBy • 

««j0f 
emr^7 
wiwr-



www.manaraa.com

IMA 

20 ; 50 

jMllJllitirs AflJeJ 

, .  i  !  -

SuHvt^ic Acid' Adiled /o IQO ml, of WMier 

f 

• I • L_ 1 i_L •: •:•[ 



www.manaraa.com

6 <9 G 

jVs 

o 

o ATI 

o «y 

::J 

c 

o 

O 
o 

-=s 

h, 
>»>» 

s 

Si. 
-S 
•© 

!•© 

5^yO/5 w aS^^jO/iJl^AQ 



www.manaraa.com

Form E-2 46 -



www.manaraa.com

20 (O 

0 5 Moiair Spdium. /^Jhosfikate Added to (00 mi of Watsr 



www.manaraa.com

yorm E-2 48 -

3__SL::X 



www.manaraa.com

i 5I1MD 

^0 3^ 

Mill i 

Figure 20 

I Mo Sjoditimn ChiQtirafe Added to IQQ ml fi/ loafer 
•t  

L_-

. j 
d 



www.manaraa.com

cn 

4 0  10 20 3^0 

Figure 21 
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IV. DISCUSSION OP RESULTS 

It can readily be seen from the results obtained by 

increasing the concentration of a pure electrolyte, that 

for the materials studied, there is a direct relationship 

between the concentration of the solution and the overvol-

tage. This is true for salt solutions, sulfuric acid, and 

sodium hydroxide. At low concentrations the oxrervoltage 

is high, dropping rapidly at first and then more gradually 

as the concentration is increased. 

An entirely different effect is produced by the addi

tion of basic materials to sulfuric acid solution. In 

every ease of this type there has been a decided increase 

in overiroltego to a maximuni followed by a decrease as the 

concentration was increased. There ere, in all proba

bility, two factors at work producing this effect, namely, 

(a) reduction of the hydrogen-ion concentration due to 

neutralization, and (b) increasing the total concentration 

of the ions in the solution. The first of these two fac

tors should cause an increase in overvoltage and the second 

should cause it to decresae. At first th® effect of neu

tralization of the acid is more predominant and the over-

voltage value increases. This continues until the effect 

of Increasing the concentration of the material being added 
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haa the greater effect and causes the readings to drop# 

The maximiam value is in most caaea very close to the equiva

lent point, that is, the point at which the normal concen

trations of the material added end the sulfuric acid are 

the same. This need not be true in all cases*. This may 

occur at any point before the acid had been completely 

neutralized* After the equivalent point has been passed 

the effect is the same as increasing the concentration of 

the solute® In the cases that an acid salt, sodium di-

chromate, is added to sodium hydroxide, the same two fac

tors are at "sork# There is an increase at first due to the 

neutralizing of sodium hydroxide followed by a decrease as 

the concentration increased. 

The addition of neutral sodium sulfate to aulftjric 

acid produced a gradual lowering of the overvoltage. Sine® 

there v&a no neutralizing effect, the only factor that was 

producing any change was the increase in the total concen

tration. Similar results were obtained when neutral salts 

or salts of weak acids wore added to sodiura hydroxide solu

tion* The addition of the salt of a weak acid has little 

effect on the pH of a 0»1 N sodium hydroxide solutioni 

thus the concentration of the solution was the most impor

tant factor in these cases* 

A striking similarity is seen between the curve pro

duced when a neutral salt of a weak acid was added to 
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sodium hydroxide and to the ctipve obtained when a salt was 

added to pure water. The c^irv© obtained In the letter case 

aho^s a rapid drop, at concentrations less than 0»1 K, 

followed by a more gradtial lowering of overvoltage* This 

original rapid drop is not seen when a salt is added to 

soditan hydroxide, but in this case the concentration of th® 

solution was 0.1 H at the beginning. At corresponding 

total concentration, however, the curves are very similar. 

The addition of oxidising agents to an acid electro

lyte produces a decided drop in th« overvoltage. This would 

indicate that oxidation of hydrogen was taking place at the 

cathode surface thus decreasing its polarization. The fact 

that negative values for overvoltage were obtained at low 

current densities is not at all unreasonable. ?5?ith no 

oxidizing agent present hydrogen iRould be liberated from 

the electrode in the gaseous form. The extent of polariza

tion of the electrode would be dependent upon the potential 

necessary to liberate hydrogen in this fom* With a strong 

oxidizing agent, such as the dichromat© ion, hydrogen could 

be oxidized while still in the atomic state. It coiild in 

this way be liberated at a lower potential. Very little 

hydrogen is liberated when th© current density Is low and 

a low concentration of the oxidizing agent is sufficient 

to produce quite a large depolsrlzing effect* At higher 

currents hydrogen is libereted more rapidly and a greater 
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concentration of oxidizing agent ia reqijtired to produce 

any noticeable depolarization. 
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V. COWCLITSIO^S 

1», Hydrogen overvoltage at a nickel electrode is af

fected by the concentration of the electrolyte. With sul-

fxirlc acid, sodixam hydroxide, and salt solutions the over-

voltage is high in dilute solutions and decreases as the 

concentration is increased# 

2» The addition of salts of weak acida to sulfuric 

acid causes an increase in overvoltag© followed by a de

crease as the concentration is further increased* 

So The addition of sodium dichromate, a salt -which 

hydrates to produce an ecid, to sodium hydroxide causes 

an increase in overvoltage followed by a decrease at 

higher concentrations. 

4. Increasing the concentration of a neutral salt, 

sodixim sulfate in sulfuric acid, causes a gradual lowering 

of the overvoltage. 

5# As the concentration of a neutral salt or the salt 

of a •weak acid In sodium hydroxide la increased the over-

voltage is lo%"ered« 

6. Oxidizing agents in stilfuric acid solution produce 

a decided lowering of overvoltag©• 
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VI. SIJMMAKSr 

1. In this investigation the direct inothod for determining 

overvoltage in a ntimber of solutions at a nickel elec

trode has been used. 

2. By adding concentrated solutions of various salts to 

stilfuric acid, aodi\3TO hydroxide, or -water, the effect 

of the presence of salts on the overvoltage of solu

tions was determined* 

3. In acid solution: 

a. The addition of a neutral salt produced a alight 

lowering of the overvoltage, 

b. The addition of a basic material caiiaed an increaao 

in the overvoltage followed by a decrease as the con

centration was increased. 

c« Oxidizing agents caused the overvoltage to be low

ered. 

4. In soditmi hydroxide solution; 

a» The addition of a neutral salt or salt of a weak 

acid caused a slight lowering of the overvoltage. 

b. The addition of sodium dichromate caused the over

voltage to rise followed by a lowering as the con

centration was further increased* 

J 
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At lo^ concentrations of sulfuric aoid, soditsa hydrox~ 

ide, or a salt in pure water, the overvoltaga Is very 

high. The value drops v&rj rapidly at first and then 

more slcFWly as the concentration of the solute is in

creased. 
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