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An investigation lias been carried out to find, if possible, 

some combination of zinc end copper salts in solution, oter than 

their complex cyanide solutiis, from which t} two metals could be 

deposited simulteneously in the form of brass. 

T -e problem is considered from the stendpoint of tieoreticnl 

decomposition voltages of elements taken sepnrately in similar 

solutions end from tiD standpoint of empirical experimental data 

taken on actual depositions from solutions containing t} two metals. 

Solutions considered are: simple sulfate solution with addi- 

tions of othor metellic sulfetes, boric acid, sulfuric acid, eid or- 

genio addition agents; thiocysnate soluticos; alke line tartrato 

solutions; end citrte solutions. 

Some brass deposits vre obtained from the sulfate solutions. 

The conditi oe, however, under which these deposits were formed ex- 

eluded the possibilities of their industrial application. 

The thiocyanate solutiis were not extensively investigated 

since, from the work done, they seemed to lack potentiol possibilities 

for development into a feasible plating bath. Copper thiooyenate is 

very slightly soluble; hence it is quite evident that in such a solu- 



tion tJE re u1d be a precipiiate present which i objeciionb1e. 

The most Fromising solutions studied were solutions containing 

copper and zi sulfates, sodirt tartrate and sodium hydroxide, These 

were the only solithions in which the cathxle decomposition rotential 

curves for similar solutions of zinc and copper showed cny appreciable 

tendency toward convergence. Fairly good brass deposits were obtained 

from these solutions on sheet iron, copper, and Diatinurn cethodes. 

The adherence of the deposits on stemless steel cathodes was very 

roor. One of t} deposits obtained froni a solution, containing 3.7 

grams Na2 C iI)4 
°6 

2 H20 per liter to which suffieient NaOH was 

added to mke it dis-nctiv basic, was analyzed as Ljk.7 Zn and 

55.3, Cu. 

The chief difficulties with this bath vrere: 1. poor anode cor- 

rosion; 2. a precipitate formed on stding; . deposits iere not 

propor color and not unifoi1y good on all rfaces; . the throwing 

power of the solutio:. was not too go. 

Tho citrate baths did not seem to adapt themselves to brass 

deiositi on. 

A further investigationwaS carried out with ammoniacal cop- 

per tartrate solutions to learn if there were not sane possibility of 

their use as strike baths for plating côpper on iron. Good copper de- 

posits were obtained from these solutions at fairly high efficiencies. 

There seemed to he some difficulty of salt fonhiation at tho anode. 

The problem was not completel: investigated. Such solutions do, how- 

ever, offer possibIlitieS for strike plating iron ãth copper pre- 

liminery to the regular acid sulfete bath. 
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AN INVESTIGATION OF CYANIDE FRE BATHS 

FOR THE ELECTROLYTIC DEPOSITION OF 

COPPER AND BRASS 

Introduction 

rass is universally deposited electrolytically on various 

other metals as an ornamental coating and, to a lesser extent, as a 

protective layer. All coimnercial brass plating, however, is done from 

an electrolyte consisting of the complex cyanide salts of copper and 

zinc with free cyanide in the form of sodium or potassium cyanide. 

This bath is operated in the alkaline range because of the instability 

of the cyanide salts in an acid solution and because of the very poi- 

sonous hydrogen cyanide gas, which is given off when a cyanide salt 

is treated with an acid. Although it is possible to obtain very 

good brass deposits from the cyanide electrolytes, there still seems 

to be more or less objection to the use of cyanides in modern large 

scale electrodeposition processes. (8) The chief objections are: 

first, the poisonous nature of the cyanides, especially under the 

condition that the acid, carried over from the pickling bath, would 

tend to liberate hydrogen cyanide; and, second, the cyanide bath is 

unstable and expensive. Many attempts have been made to find an- 

other bath which would be suitable for coimnercial plating. In the 

chemical literature can be found recurrent reports of these inves- 

tigations, many of which hold out some promise for the problem. 

Thon and Pinilla (10) report that they obtained brass deposits 

from a thiocyanate solution. Sukhodskii, Kheifetz, and Chapurskii (9) 

used a basic tartrate solution from which thin deposits of brass were 
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formed. In a discussion at the meeting of the mericen Electrochern- 

leal Society, Dr. Colin G. Fink (8) stated that brass deposits had 

been obtained from sulfate solutions in his laboratory. Preliminary 

experiments in this laboratory showed th possibility of getting a 

thin brass deposit from sulfate solutions containing certain addition 

agents under carefully regulated current density and agitation. Other 

investigators have tried various baths without success. Bennett and 

Davison (2) carried on extensive investigations with various simple 

and caplex salts using a rotating cathode without success. In his 

review of the literature on brass plating, Bennett (1) gives a sug- 

gested bath consisting of the acetates of zinc and copper and enìmon- 

iUTfl salts, 

Likevrise many attempts have been made to find non-cyanide 

baths for the electrodeposition of copper alone. A few of these in- 

dicate some possibility of commercial application and also further 

suggest sorne possibilities for brass plating from similar solutions. 

Brown arid Mathers (L1) reoomnended an electroplating bath containing 

Roohelie salts and sodium hydroxide for strike plating iron. Fink 

and Wong (6) have developed the ltoxalato bath which is highly recom- 

mended for this purpose. Brocloiian and Brewer () suggest the use of 

triethanolamine solutions for copper plating. Vuileumier (11) has 

investigated the electroplating of copper from amnonical solutions and 

finds that good deposits are obt amable under certain conditions. 

Fedotiev (5) used a cuprous chloride solution for ccpper plating. 
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The purpose of this research was to investigate some of the 

possibilities of non-cyanide brass plating vhich have already been 

reported in the literature and to make a further investigation of the 

various factors which might influence the binary deposition of zinc 

and oepper from solutions containing no cyanide complexes or free 

cyanide. 

Thile working with eirmonical tartrate solutions of zinc and 

copper, some very good deposits of copper were obtained. This sug- 

gested the use of such solutions for strike plating iron with copper. 

As a secidary purpose in this investigation the properties of such 

solutions were studied. 



L. 

Theoretical 

Vhen any solution containing two or more different metallic 

ions is electrolyzed, co-deposition of these metals will occur if their 

single electrode potentials are equal or nearly equal and do not exceed 

the single electrode potential of hydrogen, provided no other factors 

but tie single electrode potentials affect the simultaneous deposition 

of these metals. Hence the problem in the deposition of binary alloys 

resolves itself into bringing the single electrode potentials of the 

two dissimila.r ions in solution close enough together for co-deposition 

to occur, and, at the sane time, avoiding the liberation of too much 

hydrogen. 

Letais found cinse together in the eiectrochemical series have 

decomposition voltages which are fairly close to each other, cud the 

simultaneous deposition of such metals does not offer such a difficult 

technical problem. For example lead and tin have nearly equal poten- 

tials in fluoborate solutions, and lead-tin alloys are deposited from 

such baths with cathode current efficiencies over a wide range of 

conditions of nearly 100 per cent. In the case of the co-deposition 

of zinc and copper the condition is, however, rauch different. 

It is found that the single electrode potentcis for copper 

and zinc ions in their norma]. sulfate solutions are +0.32i and -0.76 

volt respectively as compared to the hydrogen electrode. This shows 

a total difference of 1.1 volts. In order to obtain co-deposition 

of the two metals, it is, therefore, necessary to make the copper 
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more negative or the zinc more positive. Inspection of the weil 1own 

Nernst equation: 

RT EE + in 
o - - 

nF a1 

which gives the single electrode potential E for a metal in contact 

with eny solution of its ions crd in which represents the normal 

electrode potential, R the gas constant, T the absolute temperature, 

n the velence of the ions, F the Faraday constent, a1 the activity of 

the metal in the standard state, nd a2 the activity of the ions in 

the solution of given ccmcentration ( the activities may be replaced 

by the concentrations of the salt in dilute solutions since the degree 

of dissociation is large); shows t1t in the case of zinc end copper, 

since te valences are the seme, the single electrode potentials of 

copper could he theoretically made to equal that of zinc at constant 

temperature by decreasing the concentration of the copper ions. On 

the basis of this equation a calculation shows that by decreasing the 

concentration of cupric ions to e1out i x io38 M, the single electrode 

potential of copPer would equal the normal electrode potential of zinc. 

This is, of course, i extremely low concentration of ions. The de- 

crease in metal concentration, by dilution, decreases also the con- 

ductivity. Both the low metal content ai the low conductivity thus 

produced are undesirable. ihen metal content is lw, there is no 

ready source for the renewal of the ions removed from about the 

cathode; these are practically all removed by tl passage of only a 

small quantity of electricity. Ï'hen the conductivity is low a great- 



er amount of energy is consumed in the deposition of a given cirount 

of metal. Therefore, the more satisfactory and practical method of 

controllins single electrode potentials is that of complex ion forma- 

tion. Under such conditions there is only a low concentration of the 

metallic ion present et equilibrium, but it is possible to have a high 

concentration of the metal present contained in the complex ion. As 

the metal ions are removed by electrodeposition, more are formed ixnmed- 

iately by the secondary dissociation of the complex ions so that there 

is not an impoverishment of ions around the cathode. 

The simultaneous deposition of two metals, furthermore, is not 

determined by ion concentrations alone. Numerous other factors such as 

current density, temperature, over-voltage, polarization, complex 

ecuilibria, circulation, and addition agents will not only affect the 

deposition of t}e metals but likewise determine the composition of the 

resulting deposit. The current density effect may be due, partially, 

to the fact that the discharge potentials for all metals increase with 

increasing current density, although not all at the same ratio. At a 

constant current density, an increase in temperature produces a de- 

crease in the discharge potentials of tI metals. An increase in 

temperature also increases the rates of migration of the ions as well 

as increases diffusion. A rise in tempereture decreases chemical 

polarization. Addition agents may affect the deposition of one metal 

and not tIte other, or there may he a decidedly different effect of the 

addition agents on the process of deposition. An excellent illustra- 
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tian of how these factors may influence the simultaneous deposition 

of the two metals is borne out in the work of Bennett and Davison(2) 

in which they were unable to get satisfcctory deposits of brass on 

their rotating cathode from cyanide solutions, whereas on a still 

cathode good deposits are obtained from the same solutions. 
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Experimental 

The experimental part of this investigation was approached 

from two different angles. First, the single electrode potentials for 

the deposition of zinc and copper, taken separately from various solu- 

tions of their ions, were obtained. Plotting the data from these ex- 

periments sIws whether there is any possibility for the cathode 

potentials' of zinc end copper in similar solutions hecning equal, or 

nearly equal, Of course, when the zinc and copper salts are mixed for 

the brass plating bath, the presence of one may exert sane influence 

on the other; but, in general, a compensen of their respective decom- 

position potentials will throw sorne light on their behavior when 

placed together in a solution similar to the one used in the separate 

determination. 

The second line of approach consisted of taking mixtures of 

thc copper and zinc salts and attemntin to get satisfactory brass 

deposits from them. Many different combinations were tried, and 

some of the typical ones are discussed in the following pages. $ince 

the appearance, rnainlr color and smoothness, of brass plating is its 

most important property, this was used as tI main criterion of the - 

work done in this investigation. Other i-iportant characteristics 

referred to are: physical structure of deposit; its adherence to 

the cathode; and its chemical comrosition. Further points to have 

been investigated were the maintenance of bath composition, its 

cost, its throwing power, and its adaptability for various types of 
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work. No solution, however, was fotmd which gave a deposit good enough 

to be adapted to these further studies. 

The electrolytic method of analysis was used for determining 

the cOEnposition of the brass aodes and samples of plating analyzed. 

The brass was dissolved in nitric acid. This solution was evaporated 

to dryness on a water bath. The residue was treated with concentrated 

sulfuric acid and evaporated on a sath bath until white 303 fumes were 

liberated. The resulting paste, diluted with water, was electrolyzed 

until the copper was completely deposited. The electrodes were 

platinum and the current was supplied by a single cell of a lead 

storage battery. The electrolysis vas operated at a temperature of from 

70° to 800 C, materially decreasing the time required for the complete 

deposition of copper. Since there was no lead present, the zinc 

could be taken by difference, or the solution could be made alkaline 

with NaOli and the zinc deposited on t1 copper-plated platinum electrode 

by using 12 volts and a variable resistance by wliich the current could 

be adjusted from 0.5 amperes to 0.7 amperes. 

The single electrode potentials were obtained by the method 

outlined by Müller (7). The wiring diagram for this set-up is given 

in Plate I. The potentiometer was a leeds and Northrup Student 

Potentiometer calibrated to 0.5 millivolt. The voltage was compared 

to an unsaturated cadmium standard cell with a given voltage of 

1.0183 volts at 200 C. A normal calomel electrode was used as a 

reference electrode, and a saturated potassium chloride agar bridge 
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was used between the electrode in the U-tube and the arm of the cal- 

omel electrode. A double throw switch :ris included in the wiring so 

that the direction of the current could 100 reversed easily without 

making any disconnections. The variable potential drop was obtained 

use cf a slide wire resistance and a storage battery. In general 

platinuiri electrodes were used for determining the single electrode 

potentials. A stainless steel cathe was compared to the platinum 

cathode and showed very little differce in the decomposition vol- 

tage. 

The platinum electrodes were made by sealing into glass 1o. 

28 gauge platinum wire. The exposed wire was 1.66 cm. long, which 

was coiled into a rond flat coil, having en exposed surface of 

0.167 sq. cm. 

The container for the electrolyte .as a U-tube made from 16 mia. 

pyrex tubing. The bend was dratvn out so as to be of smaller bore than 

the vertical arras. When making a run, the solution being studied was 

placed in the U-tube; the electrodes placed in position, always as 

nearly as possible to the same level in the tube; and one arm of the 

salt bridge placed es closely as possible to th.e platinum electrode. 

The electrodes were then short circuited for a short time to ollow them 

to me to eqüilibrium. The electrode potentials were taken. Only one 

calomel cell was used, and it was moved from one side to the other in 

taking readings. T'te circuit was closed and a current passed through 

the cell. The potential drop across the cell was graduelly increased. 
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An interval of five minutes was allowed between each successive read- 

ing in order to let the system corne to equilibrium. All solutions 

were made up from C. P. grede materials. 

T&ble I 

Decomposition Potentiels 

a I Zn301 Solution 
L4 

eA e I C. D. V 

0.L56 O;LL59 0.0 O000 0.0 

0;L59 0.31C O;O OOOO 0.2 

0781 oi6L 2.0 0.012 0.6 

1100 O;022 3O 0.018 10 
125L1. -0355 0 O;030 i.1 

l286 -0.766 8;o 0OL18 1.8 

1;3)4. -ll07 2OO 0.120 2,2 

l;LO2 -1.112 50;0 0;00 2,3 

lL.65 -1.121 15O.0 0.900 2.14 

1;510 -l125 250.0 1500 2,5 

1.5714 -1.136 1480.0 2.850 2.65 

Explanation of Tab1e 

°A 
end 

e 
are potentials of the anode and cothode respectively 

as compered to the normal calomel electrode with the potentiometer; 

I is-current flowing through the cell, meesured in microaints.; 

C. D, is current density on the electrodes in milliemperes per sq. 

cm.; and V is the voltage drop across the cell es measured with 

the voltmeter. 

Since the sulfates would 'ce the cheapest erd, in many ways, 

the most satisfactory salts to use, if possible; it was desirable to 

determine what effect the addition of alkali ions to the simple sul- 

fates would have. Table I gives the data taken for the decomposition 

potential of N ZnSO14 and Fig. i shows these data plotted, giving en 

example of a tyrical curve for determining decomposition potentiels. 

Extrapoleting the cathcxle and anode 'crenches of these curves to zero 
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current3 a potential drop of aptroximately 2.55 volts is obtained. 

This would represent the minimum voltage that would deposit zinc under 

the condiions of the experiment. The values plotted in this graph 

are canpared to the normal calomel electrode and have not been correc- 

ted to the hydrogen electrode. 

T2ole II 
Decanposition Potentials for a 

N ZnSOj + N Na2SOj Solution 

CA 
C 

I C.D. V 

O;38l O;381 OO OOOO 0.0 
1.-087 O;006 20 0.012 1.0 
l;25k -0.906 5;O O0l8 l95 
l;319 -l;ll 12;O O.O72 2.2 
l;385 -l;117 LO.0 02L0 2.25 
l.-LO -1;122 80;0 0;k80 2.3 
lLi83 -1.129 l800 l080 
1.556 -1.1)4 )j7O.O 2.820 2.55 

Table II gives the data for a solution normal with respect to ZnSo14 and 

normal with respect to Na2 S0j. The points on the curve for these 

data fall so close to those for normal Zn S0 alone that it is impos- 

sible to draw two separate curves on the sie graph. In Fig 1, how- 

ever, points from Table II have been indicoted by circles on the curves 

from Table I. These curves indicate that the presence of the sodium 

ions in solutions al' this concentration have very little effect on 

the decomposition voltage at low current densities. In more dilute 

solutions the influence that the iresence of the sodium sulfate would 

have on the conductivity would perhaps have sorne effect on the poten- 

tial required to obtain a given current density. A solution of half 
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noruiel Zn S0 was compared to the normal solution, end for a current 

density of 0.8 milliamperes per sq. cm. the cathode potentiel of the 

Ilf normal solution was -1.123 volts as compared to -1.121 volts for 

the normal solution, and the anode potential for the half normal solu- 

tica'i wos +l.L68 as compared to +l.L65 for the normal solution. The 

difference here is very small, really no difference within the limits 

of experimental error. The results waild indicate that the rresence 

of t} sodlixu ions or the difference in concentration of tI zinc sul- 

fate had very little effect on the decomtositon voltage, within certain 

limits at least. These solutions were neutral. 

Next t1' effect of change in the acidity of the solution was 

investigated. A solution of half normal Zn 30 was made distinctly 

acid to methyl orange and congo red with sulfuric acid. At a current 

density of 0.72 mil1iìperes Der sq. cm. the cathode potential was 

0.b32 volt and t}e anode potential was +1.515 volts. It is seen 

here that the cathode potential has dropped sharply end the anode 

poteiftial has increased somewhat over that of the neutral solution. 

A half normal solution of zinc sulfate was treated with concentrated 

sodium hydroxide solution until the zinc hydroxide first forud was 

just dissolved. The resulting lution was decidedly basic to 

phenolphthalein indicator. The cathcxle potential, for a current den- 

sity of 0,72 milliampere per sq. cm. was -1.22 volts and the anode 

potential, +0.702 volt. Under these conditions the negative potential 

of the cathode has increased, and the positive potentie'. has sharply 

decreased over that of the neutral solutions. There would be a 



noticeable tendency f- hydrogen evolution from such a solution. It 

is obvious frn these experiaents -that the conditions favoring a low- 

ering of the negative cathode potential are an increase in the acid 

concentretion end the current density. An increase in the current 

density raises the hydrogen over-voltage and thus inhibits the liber- 

ation of hydrogen at t cathode. The hydrogen over-voltage drops 

markedly in an acid soluton unless other factors are present to 

rrevent it. 

Solutions d copper sulfate were subjected to similar condi- 

tions. Teble III gives decOEnrosition potentials for a half normal 

Cu S0 solution. 
4 

Table III 
Decomposition Voltages for 
Half Norme]. Cu S%Solution 

e 
A 

e 
C 

032O 0.320 
l3l2 0.106 
l,L36 0.038 

l523 0.0lL 

l.58L1. -O;020 
1.6 + -0.061 

I C.D. V 

0 0OOO 0.0 
5 0.030 1.05 

35 0.210 128 
100 0.600 l.L5 

210 1.260 1.65 

370 2.150 1.85 

These data are plotted in Fig. 2. The cathode branch of this 

curve compered vdth that of Fig. 1 shows them to be much the seine 

shape, although the magnitude of the cathode potential is much differ- 

ent--about 1.12 volts. The slopes of these curves would not indicate 

ths.t thore would be a convergence of them within any reasonable linüts. 

Table IV gives the data for a half normal Cu S0 s1ution made 

distinctly acid with sulfuric acid. A canparison of these results with 
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Table II indicates that a difference in acidity ha very little in- 

fluence on the decOErirosition voltage of Cu S0. This is quite dif- 

ferent fra what was ohserver in the case of zinc. 

Table Ill 

Decomposition Voltages of Half Normal 
Cu S0 in Acid Solution 

eA I C. D. V 

O229 O122L o 0,000 0.00 
1.178 0.O52 .0 02L0 ioo 
1;392 0.028 90 O514O l.2L1. 

l;553 -O;020 200 l200 l.)45 
1.6 + -0.066 LOO 2.)400 1,75 

Table V shows the effect of temperature change on the decom- 

position voltage of half normal Cu 30)4. In this table the potential 

applied ou the electrodes is coustant throughout the run. It can be 

seen that if the current density had been maintained constant that 

the changa in cathode potential would have been greater than here 

indicated. The data here given are reversible, that is, for decreasing 

temperetures on the same solution, practically the same values were 

obtained as for increasing temperatures. 

On the bass of these experiments a number of attempts were 

made to deposit zinc end copîer simultaneously from en acid sulfate 

solution. A stainless steel cathode, made from sheet U. S. stainless 

steel No. 18, was used because of the ease with which the deposit 

could be dissolved from the surface with nitric acid without raaterial- 
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ly effecting the electrode. A suitable platinum electrode was not 

Table V 

Effect of Temperature Change on 

the Decomposition Voltages of 

a Half N CuS0 Soluti 
4 

Temp. e eC C D. 

mill iamp s. / on'. 

26° C 1.396 -0.058 o.äL1. 

35° 1358 -0.052 0.660 

LO° 1.387 -0026 0.660 

1389 -0.011 0.720 

500 1.388 +0.002 O8L0 

55° 1.389 +0.016 0.990 

60° 1.385 +0.030 1.200 

66° 1361 +0;0L2 1.560 

70° l.35Lj. +o.oL8 1.800 

available. A half normal Cu S0 solution gave the same cathode po- 

tential at 2 milliamperes per so. cm. current densij with a stain- 

less steel cathode as with a platinum cathode. A rectangu1r piece of 

steel with an exposed area of 0.696 sq. in or sq. cm. was sealed 

into a glass tube with wax and connection was made with copper wire, 

soldered to the piece of steel. SiT9ilar electrodes made from corn- 

inercial sheet brass, analyzed as 66% 0u and 3L% Zn, were used as 

anodes. An anode was used on each side of the cathe. The solution 

was stirred with a mechanical stirrer consisting of a rotating glass 

rod. At low current densities copper deposits were obtained; at 

intennediate current densities loose non-adhering deposits, renging 

in color from dark red to black, were obtained. At high current den- 

sities closely adhering zinc deposits covered with loose black oeposits 



were obtained. 

Table VI 

19 

Voltage as Anode Cathode Nature of 

indicated by Current Density Current Density Deposit 

voltmeter ernps./sq. cm. emps./sq. cm. 

adherent, fine 
- gray deposit 

6 0,125 0.278 covered with 

spongy black 
deposit 

adherent gray 

deposit, not as 
good as previous 

0.090 0.200 one, covered 

with consider- 
able loose black 

material 

adherent gray 

3 0.070 0.155 deposit cover- 

ed with loose 

black deposit 

loose black de- 

- 
pQsit, brown in 

2.2 0.OLjO 0.089 spots, under- 

neath which was 
a very small 
gray deposit 

- 
- loose dark red 

1.5 0.020 0.0L5 deposit not ad- 

herent at all 

2% 112 S0 added - 

loo se red 

3 0.050 0.111 deposit 

e ans iderable 

loose black 
- 

- deposit aver 

6 0.31 0.69 fine grayish- 
black adhering 

deposit 



20 

Table VI ives in tabular form the results of one of these runs, 

which is typical of e large nwnber of others made under various condi- 

tions. The solution contained 200 rerns Zn SO14 . 6 1120 and 14 rams 

Cu SO14 . 5 1120 per liter of water. All results are for 25° C. The 

time aliovred for each deposit on was five minutes. 

Addition of Na SO , Al (so 
) 

, or (NH 
) 

SO) did not improve 

2 14 2 143 14 14 

the deposiL These da;r h r hiíe aio: b -ai froui the 

wok on decomposition potentials, but do not give promise of brass 

deposits from such solutions. 

A brassy appearing deposit was obtained from a solution contain- 

ing 14 grams of copper and 2 grams of zinc as sulfates per liter, made 

slightly acid with sulfuric acid, and saturated with boric acid. The 

current density was varied between 0.5 and 1.0 amper per.sq. in., 

and the electrodes were agitated by hand. By carefully watchin the 

electrode the nature of the derosit could be somewhat controlled by the 

amount of agitation. There was always a considerable amount of loose 

black deposit eJong with the adhering deposit. One of these deposits 

was ara1yzed by the method outlined; it had a composition of 31 

copper end 
193o 
zinc. The deposit was so smell that too much credence 

could not be placed on the analysis. At low current densities copper 

only was deposited. Because of the extremely low current efficiency 

and the variable factors of agitation nd current density, the solution 

did not seem satisfactorr. 

The thiocyanate solutions recommended by Thon and Pinilla were 
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investigated. Since the zinc acid copper thiocyanate salts were not 

available in this laboratory, other salts were used and the amount of 

KSCN increased enough to convert these into the thiocyanates. A sol- 

utii consisting of 366 grams of Zn 012 6 H20, 580 grams KSCN, and 

1.25 grams 0u S0 
. 5 H O per liter was electrolyzed with brass anodes 

and a stainless steel cathode at room temperature and at a cathode 

current density of O.)45- 0.89 milliamperes per sq. on. A black non- 

adhering deposit was formed, 

Zinc sulfate instead of zinc chloride was used. The electro- 

lyte, in this case, consisted of Lj03.5 grams Zn SO . 6 h20, 580 grams 

KSC1, and 1.25 grams Cu 3%. 5 1120. A large amount of white crystal- 

the was formed in t!i15 case. This was presumable K2 SO, 

as it was s oluble in excess water but not in acid. The solution was 

electrolyzed at a cathode current densit:r of O.LL5 - 0.89 milliamperes 

per sq. cm. The deposit was black and non-adherent. This solution did 

not seem to be too promising because of the insolubility of the copper 

thiocyanate. Even in a saturated solution, the copper concentration 

in solution would be very low. This is, as already pointed out, un- 

desirable in plating solutions. Due to these inherently unavoidable 

difficulties, this methodwas not investigated further. 

The tartrate solutions were next investigated. Fig. 3 gives 

the curves obtained when the cathode decomposition potentials were 

plotted against current densities for solutions half normal with re- 

spect to zinc and copper sulfates, normal with respect to sodium 
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tartrate, and made alkaline to henolththalein with sodium hydroxide. 

it appears that there may be a possibility of tbe curves' converging at 

a higher current density; hence a possibility of the simultaneous dep- 

osition of the two metals from such a solution. Solutions less basic 

with sodiisn hydroxide were also tried, but the curves did not approach 

so closely to each other s.s in Fig. 3. This indicates that the sod- 

lum hydroxide has a greeter effect on the oathe decomposition potent- 

ial of copper than it has on zinc. 

Fig. L shows cathode potentials plotted against current den- 

sity for solutions of the seme concentration as in Fig. 3, but with 

the difference that, in Fig. )4, the solutions were made alkaline with 

sinmonium hydroxide instesd of with sodium hydroxide. In this case 

there appears to be little convergence of the curves; therefore, brass 

deposition from such a solution is less likely then from the sod- 

iurn hydroxide solution. Various concentrations d eiuonium hydrox- 

ide viere tried, end t}e change in cathode potentials with change in 

alkalinity for a given current density was less marked then the 

difference in various concentrations of sodium hydroxide. 

A number of casbinations of the tartrate bath were investi- 

gated. From a solution, containing 33.7 grams Zn SOj . 
6 II2O 31.22 

grems of Cu SOj . 5 H2O, 215 grems of ITa C) Hj 06 ' 
2 12O s.iid 20 

grams of Na 0H per liter, which uns electrolyzed with brass anodes 

and e steel cathode at a current density of 21.6 milliemperes icr 

sq. in. or 3.35 milliamperes per sq. cm., a thin, sort of brown 

translucent metal deposit was obtained. The adherence of this 
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deposit seemed fairly good. A current density of 6.7 inilliemperer per 

sq. cm. gave a rather rough black deposit. 

A solution caisisting of 33.7 grams of zinc sulfate, 31.22 grams 

of copper sulfate, 115 grams of sodium tartrate, and just enough sodium 

hydroxide to dissolve the precipitate which formed when the base was 

first added to the solution gave, on a stainless steel cathode which 

was operated at a current density of 9 millianmeres per sq. cm., a 

brittle deposit having somewhat of a brass-like appearance. At a 

current density of 13.L1. milliamperes per sq. cm. a flaky black deposit 

was formed. 

ïhe sium tartrate concentration was decreased still further. 

A solution containing 33.7 grams of zinc sulfate, 31.22 grams of cop- 

per sulfate, 57.5 grams of sodium tartrate, and enough sodium hydroxide 

to clear te solution was next used. The solution turned to a deep 

purple color and was free from precipitate when the sodium hydroxide 

was first added. After the solution stood for a while, however, a 

white precipitate, which was soluble only upon the addition of con- 

siderable amounts of sodium hydroxide, separated out. 

This phenomenon was observed in the case of all the tartrate 

solutions used when they were made basic with sodium hydroxide. Fur- 

thermore, wherever these solutions came in contact with glass, there 

was a hard, white, crystalline deposit formed. xhis deposit attached 

itself tenaciously to the glass. This material was easily soluble in 

acid but seemed quite insoluble in water. 



'Vhen this solution v..s electrolzed with a stainless steel 

cathode and brass iodes at current densities of to 2L.5 rnlli- 

emperes per sq. cm., pinkish-gray deposits re obtained. These, in 

many respects, hd a very brass liT appearance. The adherence of these 

deposits to the cathode, however, was poor. xoepting in the cese of 

extremely thin deposits, they were brittle ar. readily flaked off. 

In order to determine whether this non-adherence was not per 

haps due to the nature of the steel cathe, a number of aher cathodes 

were tried. The following results from tim last mentioned solution 

with curent densities corresponding to the used ith the stainless 

steel cathode were observed. 

On carefully leaned, ordinary sheet stove-iron a closely ed- 

hering deposi t was formed. This deposit would stand considerable 

rubbing without being broken away from the iron. The color of the 

deposit was distinctly brassy although much grayer than the ordinary 

sheet brass. 

On a small platinum electrode a very brass-like appearing depos- 

it s obtained. When this was burnished it resembled closely a brass 

deposit obtained from an alkali cyanide bath. The adherence between 

the electre and the deposit was good. 

The deposit from this solution on a cop'er electrode woo one of 

the best Loking brass deposits obtained in the investigation. It 

had good adherence end was smooth. 

A sample for analysis was deposited upon a stainless steel 
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cathode at e current density of 2b.5 milliamperes per sq. cm. and an- 

alyzed by the method already discussed. The results showed a colnposi- 

tion of )4.77 zinc and 55.3% copper. Although the adherence of the 

deposit was not so good on the steel, it was used because it was the 

only available electrode suitable for the quantitave work. The 

deposits on the other metals were assiuned to be of similar composition. 

They vre quite gray in aptearance, which is in accord with the com- 

position found by aa1ysis. An attempt to improve the appearance of 

ti-e deDosi-ts by varying the concentrations of the various substances 

and also by adding a small amount of gelatin did not meet with success. 

Another point which should be observed here is the fact that in all of 

these tartrate solutions the anode corrosion was very roor. At all 

these aìrrt densities and ccmpositions of the bath there was a dense 

brown to black closely adhering coating formed on the anodes. It would 

not be possible for the anodes to dissolve properly with this deposit 

on ehem. 

Special notice should hE inede in these last experiments of the 

dependence of the condition and characteristics of the cathode deposits 

on the nature of the cathode material. Good deposits are obtainable 

on some metals while other matais are not suitable at all for this 

purpose. 

A series of experiments using ansnonium hydroxide as the base 

were made. A bath composed of lb.85 grams Qf zinc sulfate, 31.22 grains 

of copper sulfate, and 115 grams of sodium tartrate per liter was made 
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alkaline io linus, but not to phenolphthalein, with ammonium hydrox- 

ide. The precititate first f ornied was completely dissolved. At 

currer* densities of 6.7 arxl 11 milliamperes per sq. ein. and 26° C 

temperature good smooth deposits of coprer were obtained. A cur- 

rent density of 3.35 milliamperes per sq. cm. at 38° C gave a good 

copper deposit. 

The animonium hydroxide concentration was increased slightly 

and a good copper deposit was obtained at 3Li.° C with a current den- 

sity of 6.7 milliamperes per sq. Ola. 

The ammonium hydroxide concentration was increased until the 

solution was alkaline to phenolphthalein and then a slight excess was 

added. At 32° C with a currei density of 30 milliamperes r sq. cm. 

a good deposit of copper was obtained. ihe deposit was somewhat 

darker, having a more or less muddy appearance, at a current density 

of 9 milliares per sq. cm. 

An amount of zinc sulfate, equivalent to lb.85 grams per liter, 

was added, The copper deposited at 9 milliamperes per sq. cm. current 

density at 30° C from this solution was much whiter in appearance. 

This solution electrolyzed for about one minute at a current 

density of l.5 milliamperes per sq. orn. gave a deposit which was 

somewhat green when removed. when polis1d, this had a brassy apiar- 

ence. .it was, however, very thin. The deposits over longer intervals 

of time at this high arrent density were uneven quite black, brittle, 

and non-adhering. At lower current densities the deposits had decid- 



edly the appearance of coprer. 

Iron, copper, and platinum electres were likewise tried with 

his solution. In genere]. the deposits could not be said to resnble 

brass. They were more or less of a muddy copter color and looked much 

as if they were nothing hut burned copper. In all of these eimuoniacal 

solutions there was a tendency toward the formation of bluish- green salt 

crystals on the brass anodes. This was especially true at the higher 

current densities. Prolonged electrolysis of one of these ammoniacal 

solutions at moderately high current density wuld form a heavy coat- 

ing of these crystals all over the surface of the anodes. A cubic 

cer±imeter of concentrated sodium hydroxide added to a hundred cubic 

centimeters of the above solution hindered the formation of thìese 

crystals arti gave very bright anodes, although no satisfactory cath- 

ode deposits were obtained from this solution. 

Additions of hydrazine sulfate, sodium arsenite, and gelatin 

were ineffective in improving the deposits from the nmoniacal tartrate 

bath. 

No mention of the use of citrates was found in the literature, 

and so a few experiments were carried out to see if there were any 

possibility of their use in brass plating baths. 

Fig. 5 gives the cathode decomposition potential curves for 

half normal solutions of coper and zinc sulfates and normal wih re- 

spect to sodium citrate. To this solutirn enough sodium hydroxide 

was added o indicate basic to phenolphthalein. The curves are a 





considerable distance apart, showing little tendency toward conver- 

gence. 
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Fig. gives the curves for solutions half normal with respect 

to sodin citrate, made very slightly alkeline to phenolphthalein with 

OH. The curves of Fig. 6 are f urt1r a&rt t}n tose in Fig. 5 

and show less tendency trerd convergee. The citrate solutions 

di not seem to be too promising because of tim fact that with a 

slight addition of base timre was a precipitate formed which was not 

soluble in excess of t :e base. 

A number of timse solutions were, however, electrolyzed and a 

few typical examples are given. An electrolyte was made up equivalent 

to half normal zinc sulfate, half normal copper sulfate, normal to sod- 

ium citrate, and s odium hydroxide was added until it was nearly alkaline 

to litmus. All depositions were carried out at 26° C. 

At given current densities in milliamperes per sq. cm. the 

following dep.bits were obtained: 

Current Density I'Tature of Deposit 

3.5 poorly adhering Cu deposit 

6.70 Cu deposit of somewhat lighter 
color 

10.05 deposit with appearance of cop- 
pe r , hut rath er wh ite 

16.85 rough and rather light colored 
deposit 

23.00 very brittle flaky deposit re- 
sembling copper. 

The addition of a small amount more sodium hydroxide did not improve 
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the deposits. 

From another soluticai whic was equivalent to one fourth nor- 

mal zinc sulfete, one fbrth normal cop er sulfate, half normal sodium 

citrete, end made strong1r alkaline with sodium hydroxide there was 

considereble white precipitate which was held in suspension by the 

mechanical tirrer. The best deposit from this electrolyte vías obtain- 

ed on en ordinary iron cathode. The deposit was decidedly gray with 

a somewhat reddish hue. It was not a good looking brass deposit hut 

resembled somewhat the brasses obtained from t tartrate solutions. 

The derosits on rlatinum end stainless steel were not too good. They 

had the eppearence of burned copper. 

Tre rrecipitate formed by the addition of sodium hydroxide 

could be dissolved by a large excess of concentrated artonium hydroxide. 

No morthwhile deposits were obtained from these strongly basic solu- 

ti. ons. 

A solution less besic, pH about 8, citaining sodium hydroxide 

and airmonium hydroxide nd t equivalent of one fourth normal zinc 

sulfate, one fourth normal copper sulfate, and one third normal sodium 

citrate gave no bress. The deposits had e burned cópper appearance. 

Copper Pletinc from 
Aznmoniacal Tartrato Solutions 

As ciroedy described on peRe 27, some very good copper deposits 

viere obteined from the enanoniacal tartrato 'solutions used in attemp- 

ting to find a brass pleting beth. A number of experiments were oar- 
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ned out using copper sulfate, sodiirni tartrete, and awnonium hydrox- 

ide in the electrolyte. A cathode made from corenercial sheet iron and 

an anode of electrolytic sheet copper were used as electrodes. 

A solution ha]S normal with respect to copper sulfate, norme.l 

vith respect to sodiim tartrate, end alkaline to litnuis, but not to 

rhenolphthelein, ws electrolyzed for an hour at a cathode current den- 

sity of milliemperes rer sq in. end an anode current density of 

Lj9 milliemreres per sq. in. The deposit was very fine grained, 

evenly distributed, and a rather dark copper color. 0.0268 grams were 

deposited and 0.0325 grams were dissolved from the anode. A coulomb- 

meter was not used, hut, on the basis of the nie end enmeter reading, 

this corresponds to a cathode current e fficiency of 75. and an anode 

current efficiency of 9lo Too much reliance cannot be placed upon 

these efficiencies because of the fact t.t a coulombmeter was not used. 

They do indicate, hovrever, that the cathode efficiency is rauch lower 

t}.n the anode efficiency. The deposit was calculated to have a 

thick3aess of 0.0007663 cm. 

The same s olution run et 96 milliamperes per sq. in. current 

density gave a lighter colored, hut coarser, deposit. In tis solution, 

especially at the higher current density, there was tendency toward 

salt forrnetion t the anode. Toen too the metel deposit woud quick- 

'y darken if exrosed to the atmosphere th±le still covered with the 

electrolyte. Washing the deposit ireriediately with water greatly 

hindered this darkening. Copper deposits from these solutions did 
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1ave, even when thoroughly washed1 a greeter tendency toward tarnish- 

Ing thand id cooper deposits from en acid sulfate bath. 

A number of iron electrodes were given a t1th strike plate 

from an ammoniacal solution which vres helf normal with respect to copper 

sulfate and half normal with respect t o s odium tartrate. This was fol- 

lowed by a thicker copper plate from a solu'don containing 200 grams 

of 0u S 5 0 and 50 grams of sulfuric acid per liter. The de- 

posit fran the acid sulfate bath was smooth and ha.d very good adher- 

ence. 

The ammoniacal s olutil would flash plate copper on iron very 

silly if t1 i1monium hydroxide c oncentration were too low. In 

all solutions used there was some tendency toward salt f a'mation e.t 

ti-e anode. This seemed to he inhibited by increasing the tartrate 

and ammonium hydroxide concentrations. Concerning the deterioration 

of the bath, not much can be said at this time. A solution was, 

however, left exposed to the atmosphere for two days, after which 

tirio it seemec2 to fünction as well as when freshly made up. Such 

a solution offers good possibilities f or a strike lating bath. But 

a further investition needs to be made before specific recommenda- 

tions are given. 



3L1. 

Discussion of Results 

In this investigation no plating bath was found that would con- 

rare favorably with tI cyanide baths for cawnercial brass plating. 

Deposits containing simultaneously deposited zinc and copper were ob- 

tained in the experianens, although none of them had an appearance 

comparable to a good grade of 'dow brass. The most likely possibility 

f or a non-c,ranide brass plating bath considered from the work done in 

this research is the tartrato bath. 

Access was not had to the paper of Sukhodski, Kheifetz, and 

Chapurskii, who investigated such solutions; hence it was not lmovm 

what work was done h:T them or whet their conclusions were. A few 

difficulties encountered in this laboratory during this investigation 

would have to he overcome in order to make the bath commerciallu 

feasible. First the bad anode reactions would be highly objectionable 

in industrial work. A second bad feature would be the formatin of 

a precipitate in the solution hich has been allowed to stand. T:.e 

third difficulty is the fact that tim nature of the surface to he 

plated is highly important--all metals cannot be used. as a base. 

In the fourth place, since color is the important property of the 

brass plate, the color of the deposits obtained in these experiments 

would have to he changed somewhat to have any practical value. As 

a fifth difficulty, the durrent densityt s appearing to be a most im- 

portent factor would indicate a poor throwing power of the bath. If 
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tÌ current density must be confined to too narrow a range, there 

would be much tendency to plate irregular objects ununiformly. 

Considered on the basis of the experiments already carried 

out, the other solutions investigated in this research hold little 

promise for industrial application. 

T«e problem of copper plating ron from an enrnoniacal copper 

tartrato bath was not thoroughly iiwestigcted, but some very good 

copper deposits were obtained from these solutions. The solutions 

do not flash plate copper on iron, nd the e lectrolytically deposited 

copper seems to have good adherence end color. Deposits were obtained 

over e fairly mide renge of conditions. There was some tendency toward 

salt formation at the anode. Elimination of this difficulty along with 

more detailed investigation of throwing power, current efficiency, 

end durehility of t}e bath might be furt}r investigeted. 
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Suirunary 

In this thesis heve been presented discussions of the experi- 

mats carried out in connection with the investigatiì of sie cyanide- 

free brass plating baths olreedy reported in the ciemion.l literature and 

others investigated th the object of adding to the infonrietion el- 

ready available on the subject of brass plating. 

The following general trpes of s olut ions containing copter snd. 

zinc have been considered in connection with the experimental part of 

this thesis: 

1. Those consisting of the simple sulfates to which other mat- 

erials, which do not form canpiex ions, hove been added. 

2. Those canposed of thiocyonote salts. 

3. Those containin' sodium tartrate with sodium hydroxide and 

ammonium hydroxi de. 

LL. Those containing sodium citrate mith sodinun hydroxide and 

emmonium hydroxide. 

This thesis also tresents experimental results of an investi- 

ation of ommoniacal copper tartrate solutions as possible strike 

pleting baths for plating iron with copper. 
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