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CHAPTER 1

INTRODUCTION

It is well known that certain metal ions in solution may be 

deposited on the surface of a metal. Phenomena of this type are 

characterized as occurring under two different conditions„ One of 

these conditions is that of electrolytic deposition; the other is that 

of chemical deposition« In, order to understand how the characteristics 

of the deposition studied in this thesis deviate from the aboves 

electrolytic and chemical deposition will first be discussed.

Examples of electrolytic plating are numerous and the mechanism 

of this reaction is well understood„ In electrolytic deposition two 

electrodes are inserted in an electrolytic solution. An electrolytic 

solution contains an acid, base or salt which is capable of conducting 

a current, A voltage is applied across the electrodes and a uni
directional current of metal ions is established between the anode and 

cathode with a current of anions flowing in the opposite direction.

The electrolyte conducts this current, which is carried by the ions in 

the electrolyte. The current is due to the potential gradient between 

the anode and cathode. There are three different potential gradients 

that effect the ions, The first is a uniform linear gradient over the 

solution. The second gradient is adjacent to the electrode, This is 

due to the fact that the concentration of the ions reacting at the 

electrode changes from that in solution to that of the concentration at 

the electrode, This occurs in a short distance of approximately one



millimeter from the electrode and gives rise to an exponential gradient„ 

The third ‘gradient is at the surface of the electrode where the metal 

ion is reduced. An example of electrolytic deposition is silver plating„ 

The electrolyte is a cyanide solution8 The object to be plated is made 

the cathode and the silver plate is made the anode, A potential is 

placed across the electrode and a.current is established in the electro

lyte, The silver ions are reduced by the cathode and the amount of 

silver plated is usually equal to the amount of silver dissolved. The 

amount of silver deposited is a function of time and current9 and it is 

possible to predict the amount of plating.

Another type of deposition occurs without an external current 

being present 0 This type is chemical plating and an example is the 

silver mirror. In this case there is a 1 ox?, but fixed concentration of 

silver ions in a formaldehyde solution» The silver ions are uniformly 

distributed in the solution. The silver ions deposit on the surface and 

are reduced by the formaldehyde. The silver metal thus adheres to the 

surface, CO^ is formed as the oxidation product of formaldehyde in a 

two step process. Thus in this case the formaldehyde solution serves 

as the. reducing agent providing the electrons. The concentration of the 

silver ions in solution gradually decreases,

However9 there are other circumstances in which metal ions in 

solution will be reduced and deposited on the surface of an active metal 

in an aqueous solution which is highly corrosive, This also occurs with

out an external current being present» Also the metal on which the 

deposition will occur is expected to dissolve in the corrosive solution.



Copper deposition has been noted in a nitric acid solution of over 

50 per cent, which is of sufficient strength to dissolve pure copper«
Also Larabee investigates the contamination of semiconductor surfaces 

immersed In 10 N HNO3 by using copper* gold, silver and aluminum radio
tracers. As the metal dissolves* electrons are released and the ions 

in solution are reduced by the metal on which the deposition will occur» 

Thus the ions are not reduced by the solution but by the absorbent»
This paper proposes to investigate the limitations under which a 

metal surface which is dissolving will reduce metal ions in solution 

and adsorb the ions on its surface. Research of this nature is quite 

recent and as a result little has been published. This paper is not 

to deal with corrosion as such but to define criteria under which certain 

selected metals may or may not be deposited on a corroding surface.

While research is not required to be justified, certain applications 

could, nevertheless, be pointed out. As only trace amounts are deposited 

the presence of impurities would be a critical factor. Also, since the 

metal surface is dissolving as a result of the corrosive solution* the 
integrity of the metal is compromised. This would be a liability in 

the case of fuel element cladding or core structure.

The reactions to be studied may be classified as those having 

the following characteristics £

1 o The reduction of metal ions in solution that deposit on the sur

face of an active metal.

2. The active metal is in a corrosive solution and is being

dissolved, and acts as a reducing agent.

3o The deposition of a metal present in very low concentrations in



solution*

There is yet no known mechanism which can describe this deposi- ' 

fcion effect» Thus, we must investigate experimentally parameters which 

would be expected to effect the deposition, such as the metals involved, 

concentrations of corrosive solution, the magnitude of an electric 

current present (if any), etc. Then it will be possible to define 

limiting conditions for deposition as these parameters are varied. As 

a first approach to clarifying the mechanism of this reaction, this 

paper will consider only the effect of varying metal and corrosive 
concentration and defining the extent of deposition in each case.

It is required that a feasible experimental procedure be 

developed which can detect amounts of deposition on the order of magni

tude of those expected. Radioisotopes may be easily prepared in the 

TRXGA reactor and equipment is available to measure radioactivity. Thus 

it would seem reasonable to use radiotracers as the metal to be deposited 

•for the following reasons:
1. Radiation from the deposited metal gives positive indication of 

the presence of such metal on the surface of a foil.

2. Radioactive amounts on the order of the expected amount of deposi

tion are easily detected.

3. Anticipated activities of the tracers to be employed require no 

extra-ordinary precautionary measures.

Thus, the same procedures may be employed while various parameters 

are varied, as the present concern is defining the limiting criteria for 

deposition as the metal and concentration of corrosive solution are 

changed.



CHAPTER 2 

STATEMENT OF PROBLEM

The relations among the amount of deposition of various 

metallic ions with concentration and composition of a corrosive 

aqueous solution will be investigated and the limitations these 

impose on deposition will be defined.
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CHAPTER 3 

EXPERIMENTAL

3.1 Preparation of Material

The deposition of trace amounts of metallic ions on various 
metal surfaces will be investigated. Copper was chosen to be deposited 

in an acidic solution, and zinc deposition was studied in a basic 
solution. Discs of reagent grade copper were prepared which weighed 

approximately 0.007 grams each. The copper discs were irradiated for 
12 minutes at a power level of three kilowatts. This was sufficient 

to produce a detected gamma activity of 500,000 counts per minute from 
Cu&4 which was formed by neutron capture of Cu&3. The relative 
abundance of Cu^3 and the detection coefficient of the counter used to 
measure the radiation were also considered.

Powdered zinc was prepared in approximately 50 milligram samples 
as the second metal whose deposition was to be studied. (See Experimental 

Data, Chapter 4, for exact figures) The zinc was irradiated for 22 

minutes at a power level of 25 kilowatts to produce a detectable activity 
of 2,500,000 counts per minute from beta active Zn^9t This amount of 

activity was necessary as the half-life of Zn&9 is 55 minutes.

The power levels required to produce the desired activity in the 
desired time were calculated by solving

-At ).

6



Random samples of the activated metal were analysed in the 
RIDL 200 channel analyser and a strip chart recording made of the decay 

spectrum. This was compared with that which would result from the pure 
sample to see if impurities were present. It was found that there were 
none in measurable amounts, indicating that the tracer was the .pure 
metalo

The irradiated copper and zinc were independently deposited on 
each of the following metals: aluminum, titanium, lead, iron, copper,

brass, and zinc. Foils of these seven metals were prepared for immersion 

in the corrosive solution. The aluminum foils were squares 0.5 centi
meters, on an edge giving a total surface of 0.5 square centimeters. Area 
of edges were disregarded. The foil thicknesses were as follows: 

copper and titanium, 3 mils; brass, 18 mils; aluminum and iron, 52 mils; 
zinc,62 mils; lead, 162 mils.

The cleanliness of the foil is a critical factor in the deposition. 
Care was taken to insure the purity of each foil surface immediately 
prior to being placed in the solution for deposition. This was 
accomplished in the following manner: each foil was. rinsed in trichioro-

ethylene vapor for degreasing. Then each foil was rinsed in a heated 

acid solution to etch its surface in the following manner: aluminum,

titanium and iron foils were rinsed in concentrated sulfuric acid; foils 

of lead, copper, brass and zinc were rinsed in concentrated hydrocloric 

acid. After each rinse the foil was washed in distilled water.
In following the above procedure, it is possible to meet the 

following requirements concerning the surface of the foili

1. Remove oil, grease and dirt or other surface contaminants and
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. leave a surface that will be uniformly responsive to treatments

to dissolve the surface oxide film,

2 o Remove the natural oxide film, if any is present»

3 02 Experimental Procedure

Deposition was studied in varying concentrations of corrosive 

solution. All copper deposition was done in solutions.of varying nitric 
acid concentration and all zinc deposition was done in varying 

concentrations of sodium hydroxide„ The nitric acid concentration was 

15.6 molar and the sodium hydroxide concentration was 5 molar.

The volume of the solution in which copper deposition was . 
performed was 10 cubic centimeters0 The deposition of copper on 

aluminum was done in solutions of 1.56; 4.68, 7.8, 10.9 and 14.0 molarity. 

All other depositions of copper were performed in 1,56, 3,12 and 6*24 

molar acid solutions.

The volume of the solution in which zinc depositions were studied 

was 10.3 cubic centimeters as 0.3 cubic centimeters con. HNOg was used 

to dissolve the irradiated zinc powder, ' Zinc deposition on aluminum was 

performed in 0.5, 1.5, 2.5, 3.5 and 4.5 molar solutions. All other zinc 

deposition was done in 0.5, 1o0 and 2.0 molar solutions of sodium 

hydroxide 0

The various solutions were prepared in individual test tubes.

When this was done each test tube was placed in a boiling water bath and 

■ then the foil on which the deposition would occur was put into the 

solution. After one minute the reaction was stopped by neutralizing the 

solution. The foil was rinsed in distilled water and in methyl alcohol



to speed drying. The foil was then counted to determine its activity 

and weighed.



CHAPTER 4
PRESENTATION OF EXPERIMENTAL DATA

4.1 General Information

The presence of deposited metal was indicated by measuring the 

radioactivity of the foils under study. Gamma active copper was 
counted in a scintillation counter and beta active zinc was counted in 
an end window gas flow counter. The irradiated sample was counted at 
time t0 , and the radiation from the deposited metal on the foil was 
counted at time t%. The activity of the foil was extrapolated to time

to by
, X A t  Ao = Ac

where A c  = Ci " t0 . This compensates for the decrease in activity
with time and gives the activity of the foil had we been able to per

form the experiment at time t0 e

The amount of deposition is investigated by quantitatively 
defining adsorption as

Activity of Foil per Square Centimeter
Adsorption ■ Activity of Solution per Cubic Centimeter

This expression gives one number describing the amount of deposition 

which normalizes the activity of irradiated material0

The corrosion rate of each foil is calculated. This is weight 
loss per unit area per minute.

10
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In Table 1 and Table 2*which give the experimental data, all 
activities given are averages minus background«

Figures 1 and 2 only Illustrate selected reactions and do not 

present all data in graphical form.

4.2 Interpretation of Data

First, the effect of concentration of solution on rate of
corrosion will be considered and secondly, the effect of concentration
on adsorption will be discussed. Finally, the relationships between the

two will be investigated *

It would be expected that the rate of corrosion would increase

as the corrosiveness of the solution is increased. This is seen to be

the case for brass, copper, and zinc foils in the acidic solutions, and

for lead in the base solution. The zinc foils in base solutions appear

to increase in corrosion rate, but the difference in corrosion rate in
*)the 1 and 2 molar NaOH solution are only separated by 0,1 mg/cm -rain 

with the 1 molar solution causing a corrosion of 2.95 mg/cm^-min and the 

2 molar solution causing corrosion at the rate of 2.85 mg/cm^-mine This 

very slight difference makes this difficult to assess due to the 

accuracy of the experiment. But it is seen that aluminum in the acid 

solution and copper in the base undergo decreasing corrosion as 

concentration increases, The remainder of the foils underwent more unusual 

corroding processes. The corrosion rate of titanium and lead in acid 

increases until a 2 molar solution is reached and decreases in the 4 molar 

solution. Titanium in the base underwent no corrosion in the 1 and 4 

molar solutions, but corroded at the rate of 0 , 2  mg/cm^-min in the 2 molar
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TABLE 1. Deposition of Copper - Sample Data
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1.56 7.58 1.56 Titanium 0 0 0.1
3.12 6.61 1.33 0 0 3.3
6.24 7.04 1.36 0 0

1.56 7.22 1.40 Lead 4,412 131 3.15xl0‘1 8.5
3.12 7.00 1.40 1,035 131 7.39x10-2 18.5
6.24 7.54 1.47 0 8.5

7.56 7.06 1.49 Iron 1 ,330 108 8.93x10-2 14.3
3.12 7.68 1.51 462 118 3.08x10-2 9.0
6.24 7.17 1 .36 375 119 2.75x10-2 34.0

1.56 6.89 3.43 Copper 26,800 129 7.81x10-2 0
3.12 6.22 3.07 86 129 2.81x10“ 4.2
6.24 7.77 3.47 Total Dissolution During Reaction

1.56 6.92 3.31 Brass 0 0 0.1
3.12 8.09 3.58 0 0 0.9
6.24 7.06 3.11 0 0 53.5

1.56 6.86 3.23 Zinc 695 129 2.15xl0-2 4.1
3.12 6.45 3.03 1,015 158 3.35x10-2 8.2
6.24 7.19 3.21 725 159 2.26x10-2 23.1

1.56 6.71 4.42 Aluminum 4,290 128 9.71x10*2 5.1
4.68 6.72 4.58 0 0 0.6
7.8 6.40 4.26 138 132 3.24x10-3 0.4

10.9 7.65 5.07 44 132 8.69x10-4 0.2
14.0 8.06 5.31 0 0 0

1.56 6.44 4.20 6,600 180 1.57x10-1 6.6
4.68 6.90 4.48 80 192 1.78x10-3 1.0
7.8 9.83 6.30 78 190 1.24x10-3

10.9 7.20 4.69 0 0.6
14.0 6.85 4.44 0 0



13

TABLE 2. Deposition of Zinc - Sample Data
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1 51.3 4.26
2 50.1 3.96

0.5 52.1 2.40
1 49.2 1.97
2 50.2 1.83

0.5 47.9 2.50
1 55.7 2.28
2 49.5 3.49

0.5 49.2 2.23
1 49.7 2.49
2 48.9 2.66

0.5 50.4 19.65
1.5 49.9 21.1
2.5 49.4 20.5
3.5 54.6 21.7
4.5 49.5 16.5

1.5 49.8 16.0
2.5 50.4 13.1
3.5 50.7 14.1
4.5 51.8 12.0
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16,100 139 8.19x10-2 4.4
13,400 131 6.34xl0‘2 0.4
16,000 131 7.82x10-2 1.0
44,200 129 2.04x10-1 2.6
40,700 117 2.46x10-1 3.2

10,500 130 6.56x10"2 1.0
33,500 121 2.54x10-1 0.8
85,200 122 6.03x10-1 5.0
109,500 114 9.08x10-1 6.2
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solution* Iron in both acid and base and aluminum in base solutions 

exhibit the opposite effect in that their rates of corrosion are lowest 

for the concentrations of midrange„ There was no detected deposition of 

copper on either titanium or brass, where all foils reacted with deposi

tion of zinc, The copper deposition of zinc and zinc deposition of iron 

was quite constant regardless of deposition* There was only 36 per cent 

and 28 per cent, respectively, between the extreme of deposition in each 

case * The adsorption of copper on lead, copper on aluminum, and zinc on 
lead and zinc on lead and zinc decreases as concentration increases* The 

greatest amount of copper adsorption occurred on lead in a 1.56 molar 

solution and the greatest zinc adsorption occurred on lead in a 0 * 5  molar 

solution* Thus lead is quite receptive to adsorption in solutions of 

low concentrationo The amount of adsorption of zinc on titanium and 
aluminum increases with concentration, while no example of copper deposi

tion was found to increase with concentration.

There appears to be no general relation between corrosion rate 

and adsorption. For instance the adsorption of copper on aluminum 

decreases with concentration as does the corrosion rate, while deposi
tion of zinc on copper and lead decreases with concentration as the 

corrosion rate increases, as is also the case for. copper deposition on 

copper. The third possibility is exhibited in the zinc deposition of 

copper where adsorption increases and corrosion decreases with increasing 

concentration. Further, on the zinc deposition of brass, we have an 

exapple of deposition with no detectable corrosion.



CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS

As there is yet- no known theoretical mechanism for the adsorption9 

it is quite difficult to make meaningful conclusions concerning the 

effects of the various parameters. ' But as the purpose-of this paper was 

a survey to determine the limiting criteria for the deposition of easily 

reducible metal ions on corroding metal surfaces as a function of 
solution concentration9 it is possible to make the following conclusions 

although no trend common to all was found»
lo Only certain corrosion mechanisms promote deposition» This is

evidenced by the fact that copper was not adsorbed by titanium or

brass as it was by all other metal surfaces investigated <>

2 o The corroding surface must promote deposition to the extent that 

it exceeds the oxidation potential of the metal being adsorbed.
Thus the oxidation potential of the copper - nitric acid reaction.

- 0.33 voltss is exceeded by the corroding lead, iron, copper, zinc 
and aluminum, while the corroding titanium and brass are 

insufficient to reduce the copper ions. All metals studied were 

able to reduce zinc ions in sodium hydroxide. The oxidation 

potential of this reaction is 1.216 volts.

3. The concentration of solution may influence the reaction. For

example, aluminum could not reduce and adsorb copper ions in a 14

molar RNO3 solution, but it was able to promote the reaction in - 

1.56, 4.68, 7.8 and 10.9 molar solutions.

17
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4o Adsorption appears- not to be a function of time, as no relation 

was found between rate of corrosion, which is time dependent, 

and adsorptiono This was studied during the course of the 

research•

5e Aside from the oxidation potential of the ion, its chemistry 

seems to be relatively unimportant*

Further studies are indicated to clarify the effects of other 

parameters and to define their influence on deposition on foils which 

corrode to the same amount0 Also, the effect of an applied potential 

to the metal surface should be investigated <, Finally a study should be 

undertaken to define the effect of increasing reducing ability of the- 

foils with the amount of adsorption0



GLOSSARY OF PRINCIPLE TERMS 

Activity, counts per minute 

Initial activity, counts per minute 

Activation coefficient of irradiated material, cm"^

-1Disintegration constant of irradiated material, sec

2Neutron flux, neutrons/cm -sec.
Volume of irradiated material, cm^.

Time at which activity of foil is measured

Time at which activity of irradiated material is measured
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