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An investigetion has been carried out to find, if possible,
some combination of zine end copper saits in solution, other then
their complex cyanide soluti ons, from which the two metals could be
deposited simulteneously in the form of brass.
A

The probl is considered from the standpoint o the oretical

arately in similar

decomposition voltages of
solutions snd from the stendpoint of empirical experimentel date
taken on sctusl depositions from solutions containing the two metals.

Solutions considered sre: simple sulfate solutions with addi-
£ other metellic sulfstes, boric acid, sulfuric scid, end or=-
ganic addition agents; thiocyanate solutions; alkaline tartrate
solutions; and citrate solutions.

Some brass deposits were obtained from the sulfate solutions.,

The conditi ons, however, under which these deposits were formed ex-
cluded the possibilities of their industrial aspplication.

The thiocyanate solutions were not extensively investigated
since, from the work done, they seemed to leck potential possibilities

ol e o D 3 Fel P (LT A = et g 11 = 2 :
for development into a feasible plating bath. Copper thiocysnete is

very s lightly soluble; hence it is quite evident thet in such a solu-



tion there would be a precipitate present which is objectioneble,

The most promising solutioms studied were solutions containing
cc?pper end zire sulfstes, sodium tartrate and sodium hydroxide; These
wore the only solutions in which the cathode decomposition potentisal
curves for similer solutioms of zinc and copper showed eny appreciable
teildency toward convergence. Fairly good brass deposits were obtained
from these solutions on sheet irom, copper, end pletinum cathodes.

The adherence of the deposits on steinless steel cathodes was very

poor. Ome of the deposfcs obtained from a solution, cantaining 33,7

rams N
grams Ne, CLL HL& 06 2 Hy0 per 1iter to which suff ieient NeOH was

adcied to ke it distinetly basic, wes snalyzed as L1, 7% Zn end

55- 5% Cu.

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

rosio‘n; 2, a precipitate formed on stending; %, deposits were not

proper color and not uniformly good on a1l surfaces; L. the throwing

power of the solution wes not ‘oo goode

The citrete baths did not seem to pdapt themselves to brass

deposition.

A further investigation was carried out with ammoniacal cop=

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

their use 28 strike baths for pleting copper on iron., Good copper de-

posits were cbteined from these solutions &b fairly high efficiencies.

w There seemed to De SOme difficulty of salt formation at the enode.

Such solutions do, how=

The problem Wwas not completely investigated.

strike plating jron with copper pre-

ever, offer possibilities for

1iminary to the regular acid sulfsate bath.
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AN INVESTIGATION OF CYANID& FRE< BATHS
FOR THE ELECTROLYTIC DEPOSITION OF
COPPER AND BRASS

Introduction

Brass is universally deposited electrolytically on various
other metals as an ornamental coating and, to a lesser extent, as a
protective layer., All commercial bfass plating, however, is dome from
an electrolyte consisting of the complex cyanide salts of copper and
zine with free cysnide in the form of sodium or potassium cyenide,
This bath is opersted in the alkaline range because of the instability
of thekcyanide salts in an acid solution and because of the very poi=-
sonous hydrogen cysnide 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 cyesnide electrolytes, there still seems
to be more or leés objection to the use of cyanides in modern large
scale electrodeposition processes; (8) The chief objections are:
first, the poisonous nature of the cysnides, 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 commercial 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 end Pinilla (10) report that they obtained brass deposits
from a thiocyanate solution; Sukhodskii, Kheifetz, and Chapurskii (9)

used & basic tertrate solution from which thin deposits of brass were



formed. In a discussion at the meeting of the American Electrochem-
ical Society, Dr., Colin G, Fink (8) stated thet brass deposits had
been obtained from sulfate solutions in his laboratory; Preliminary
experiments in this laboratory showed the 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 end
Davison (2) carried on extensive investigations with various simple
and complex 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 zinec and copper end ammon-
ium saits; ;
Likewise many attempts heave 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 some possibilities for brass plating from similar solutions.
Brown end Mathers (li) recommended an electroplating bath containing
Rochelle salts end sodium hydroxide for strike plating iron. Fink
and Wong (6) have developed the "oxalato" bath which is highly recom-
mended for this purpose; Brockmen snd Brewer (3) suggest the use of
triethanolemine solutions for copper plating. Vuileumier (11) has
investigated the electroplating of copper from smmonical solutions and

finds that good deposits are obt ainable under certain conditions.

Fedotiev (5) used a cuprous chloride solution for copper plating.



The purpose of this research was to investigete some of the
possibilities of non-cyenide brass plating vhich have already been
reported in the literature and to make a further investigation of the
verious factors which might influence the binary deposition of zinc
end copper from solutions containing no cyanide complexes or free
cya.nide:

While working with smmonical tartrate solutions of zine 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 & secondary purpose in this investigation the properties of such

solutions were studied,



Theoretical

When eny solution eonteining two or more different metellic
ions is electrolyzed, co-deposition of these metals will occur if their
single electrode potentials are equal or nearly equel and do not exceed
the single electrode potential of hydrogen, provided no other factors
but the single electrode potentials affect the simultaneous deposition
of these metels. Hence the problem in the deposition of binary alloys
resolves itself into bringing the single electrode potentials of the
two dissimilar ions in solution close enmough together for co-deposition
to occur, and, at the same time, avoiding the liberation of too much
hydrogen,

Metals found close together in the electrochemical series have
decomposition voltages which are fairly close to each other, end the
simultaneous deposition of such metals does not offer such a difficult
technical problem. For example lead and tin heve nearly equal poten-
tials in fluoborate solutions, snd 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, much different.

It is found that the single electrode potentials for copper
and zine ions in their normsl sulfete solutions are +0,3l snd =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 metels, it is, therefore, necessary to meke the copper



more negative or the zine more positive. Inspection of the well known

Nernst equation:

which gives the single electrode potential E for a metel in contact
with eny solution of its ions end in which Eo represents the normal
electrode potentisl, R the gas constant, T the absolute temperature,

n the valence of the ions, F the Faraday constent, a , the ectivity of

1

the metal in the stendard state, and a2 the activity of the ions in
the solution of given concentration ( the activities may be replaced
by the concentrations of the salt in dilute solutions since the degree
of dissocistion is large); shows that in the case of zinc end copper,
since the valences are the seme, the single electrode potentials of
copper could be theoretically made to equal that of zine at constant
temperature by decreesing the concentration of the copper ioms. On
the basis of this equation a cslculation shows that by decreasing the

~-38

concentration of cupric ions to ebout 1 x 10 M, the single electrode

potential of copper would equal the normal electrode potential of zinec.
This is, of course, en extremely low concentration of ions, The de-

crease in metal concentration, by dilution, decreases also the con-
ductivity., Both the low metal content and the low conduectivity thus
produced are undesirable, When metal content is low, there is no
ready source for the renewal of the ions removed from about the
cathode; these are practically all removed by the passege of only a

small quentity of eleetricity. When the conductivity is low a great-



er smount of emergy is consumed in the deposition of a given emount

of metai. Therefore, the more satisfactory and practical method of
controlling single electrode potentials is thet of complex ion forme-
tion, Under such conditions there is only a low concentration of the
metsllic ion present at equilibrium, but it is possible to have a high
concentration of the metal present contained in the édmplex fon,.  Ag
the metal ions are removed by electrodeposition, more are formed immed-
iately by the secondary dissociation of the complex ions so thet there
is not an impoverishment of ions eround the cathode.

The simultaneous deposition of two metals, furthgrmore, is not
determined by ion concentrations alone, Numerous other factors such as
current density, temperature, over-voltage, polerization, complex
equilibria, circuletion, and addition agents will not only affect the
deposition of tle metals but likewise determine the composition of the
resulting deposit. The current density effect may be due, partially,
to the fact thet the discharge potentiels for all metels inerease with
ineressing current demsity, although not all et the seme retio. At a
constant current demsity, ean increase in temperature produces a de-
crease in the discherge potentisls of the metals., An increase in
temperature also increases the retes of migretion of the ions as well
as increases diffusion. A rise in temperature decreases chemical
polarization. Addition agents may affect the deposition of one meteal
and not the other, or there may be a decidedly different effect of the

addition agents on the process of deposition. An excellent illustre-



tion of how these factors may influence the simultaneous deposition
of the two metals is borné out in the work of Bennett and Davison(2)
in which they were unable to get satisfactory deposits of brass on
their rotating cathode from cyenide solutions, whereas on a still

cathode good deposits are obtained from the ssme solutions.
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Experimental

The experimentel part of this investigation waes approached
from two different engles. First, the single electrode potentials for
the deposition of zinc and copper, taken separately from various solu=-
tions of their ions, were dbtained; Plotting the data from these ex-
periments shows whether there is emy possibility for the cathode
potentials' of zinc and copper in similar solutions becaming equal, or
nearly equal; Of course, when the zinc and copper salts are mixed for
the brass plating beth, the presence of one may exert same influence
on the other; but, in genersl, a comparison of their respective decom-
position potentials will throw some light on their behavior when
placed together in a solution similar to the one used in the separate
determination.

The s econd line of approach consisted of taking mixtures of
the copper and zinc selts and attempting to get satisfactory brass
deposits from them. Meny different combinations were tried, and
some of the typicel ones are discussed in the following pages. Since

the appearsnce, mainly color and smoothness, of brass plating is its
most important property, this was used as the main criterion of the
work done in this investigation. Other important cheracteristics
referred to are: physical structure of deposit; its adherence to
the cathode; and its chemical composition. Further points to have
been investigated were the meintenance of bath composition, its

cost, its throwing power, end its adaptability for various types of
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work., No solution, however, was found which gave a deposit good enough
to be adapted to these further studies;

The electrolytic method of analysis was used for determining
the camposition of the brass smmodes and samples of plating analyzed.
The brass was dissolved in nitric acid., This solution was evaporeted
to dryness on a water bath, The residue was treated with concentrated
sulfuric ecid and eveporated on a sand bath until white 803 fumes were
libersted. The resulting paste, diluted with water, was electrolyzed
until the copper was completely deposited., The electrodes were
pletinum snd the current was supplied by a single cell of a lead
storage battery. The electrolysis was operated at a temperature of from
700 to 80° C, materially deecreasing the time required for the complete
deposition of copper. Sinée there was no lead present, the zinc
could be taken by difference, or the solution could be made alkaline
with NaOH and the zinc deposited on the copper-plated platinum electrode
by using 12 volts and a veriable resistance by which the current could
be adjusted from 0:5 smperes to 0:7 amperes;

The single electrode potentials were obteined by the method
outlined by Miiller (7); The wiring disgrem for this set-up is given
in Plate I; The potentiometer was a leeds and Northrup Student
Potentiometer celibrated to 045 millivolt; The voltage was compared
to en unseturated cadmium standard cell with a given voltage of

1,0183% volts at 20° C, A normel calomel electrode was used as a

reference electrode, snd a saturated potassium chloride agar bridge
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was used between the electrode in the U-tube and the earm of the cal-
omel electrode., A double throw switeh was inecluded in the wiring so
thet the direction of the current could be reversed easily without
meking sny disconnections, The varisble potential drop was obtained
by use of o slide wire resistance and a stérage battery. 'In general
platinum electrodes were used for determining the single electrode
potentials: A steinless steel cathode was compared to the pletinum
cathode and showed very little difference in the decomposition vol-
tage:

The platinum electrodes were made by sealing into gless No.

28 geauge platinum wire. The exposed wire was 1:66 cm; long, which
was coiled into a round flat coil, heving sn exposed surface of
'0:167 sq: cm;

The conteiner for the electrolyte was a U-tube made from 16 mm,
pyrex tubing: The bend was dravm out so as to be of smaller bore then
the verticel arms; When meking a run, the solution being studied was
pleced 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
selt bridge placed ss closely as possible to the platinum electrode,
The electrodes were then short circuited for a short time to eallow them
to come to equilibrium. The electrode potentials were taken. Only one
calomel cell was used, and it was moved from one side to the other in

teking reedings. The circuit was closed and a current passed through

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

ing in order to let the system come to equilibrium.

were made up from C, P, grade materials,

e

o
0:1456
0:L459
05781
15100
1:254
1:286
1534
1;:L02
1165
13510
1.574

Explanation of Tablei

°c

0:L59
0%310
0516l
0s022
=0¢355
-0 766
-15107
-1;112
-1;121
~14125
-1,1%6

Teble 1
Decomposition Potentisls
of a N ZnSOh Solution
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e, and ey are potentials of the enode and cathode respectively
as compsred to the normel calomel electrode with the potentiometer;
I-is-current flowing through the cell, measured in microemps. ;

C. D. is current density on the electrodes in millismperes per sq.
em.; and V is the voltage drop across the cell as measured with
the voltmeter,

Since the sulfates would be the cheapest emnd, in many ways,

the most setisfactory selts to use, if possible; it was desirable to

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

fates would have, Table I gives the data teken for the decomposition

potential of N ZnSOu end Fig, 1 shows these date plotted, giving en

exemple of a typical curve for determining decomposition potentials.

Extrapolating the cathode and snode brenches of these curves to zero
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current, a potential drop of approximately 2,55 volts is obtained.
This would represent the minimum voltege that would deposit zinc under
the conditions of the experiment, The values plotted in'this graph
are camnpared to the normal calomel electrode and have not been correc-
ted to the hydrogen electrode;

Teble II

Decanposition Potentials for e
N ZnSOu + N Nazsou Solution

G.D,

e
. % ¢ ; $
03381 05381 050 04000 0:0
15087 03006 230 0.012 1.0
13254 =05906 50 0,018 1,95
15319 -15113% 1250 05072 %R
13385 -15117 L0s0 0s2L0 2:25
15120 =1;122 8030 0:1,80 243
1,183 -15129 180,0 1;080 el
1.556 -1,1.1 ;70,0 2,820 2.55

Table II gives the data for a §olution normal with respect to ZnSou and
nomal with respect to Ne, Sobf The points on the -curve for these
data fall sq‘élose to those for normsl Zn SOL,r alone that it is impos-
sible to drew two sepsrate curves on the same graph, In Fig 1, how-

ever, points from Teble II have been indicated by circles on the curves

from Table I. These curves indicate that the presence of the sodium
ions in solutions of this concentration have very little effect on
the décomposition voltage at low current densities. In more dilute
solutions the influence that the rresence of the sodium sulfate would

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

tial required to obtein a given current demsity., A solution of half
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normal Zn SOM'Was compared to the normal solutionm, end for a current
density of 0.8 milliesmperes per sq. om, the cathode potential of the
ha1f normal solution was —1;123 volts as compared to -1;121 volts for
the normel solution, and the anode potential for the half normal solu-
tim was +1;h68 as compared to +1;b65 for the normal solution. The
difference here is very small, really no difference within the limits
of experimental error; The results woaald indicate that the presence
of the sodium ions or the difference in concentration of the zinc sul=
fate had very little effect on the decomposition voltage, within certain
limits at 1east; These solutions were neutral;

Next the effect of chenge in the acidity of the solution wes
investigated; A solution of half normel Zn SOh.was made distinetly
acid to methyl orange end congo red with sulfuric acid. At o current
density of 0:72 millismperes per sq; cm; the cathode potential was
0;&32 volt and the anode potential was +1.515 volts, It is seen
here thet the cathode potentiel has dropped sharply and the anode

potential has increased somewhat over that of the neutral solution,

A half normel solution of zinc sulfate was treated with concentratéd

sodium hydroxide solution until the zinc hydroxide first formed wes
Just dissolved; The resulting solution was decidedly basic to
phenolphthaleln 1nd1cator; The cathode notentlal, for a current den- .
sity of O. 72 m1111ampere per sq; cm, was =1,22 volts and the anode

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

of the cethode has increased, end the positive potential has sharply

decreased over that of the neutral solutions. There would be a
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noticeasble tendency far hydrogen evolution from such a solution. It
is obvious from these experiments that the conditions favoring a low-
ering of the negative cathode potential are an increase in the acid
concentration end the current density. An increese in the current
density raises the hydrogen over-voltage and thus inhibits the liber-
ation of hydrogen at the ca“l:hode.~ The hydrogen over=-voltage drops
markedly in en acid solution unless other fectors are present to
iorevent it'.—

Solutions o copper sulfate were subjected to similar condi-

tions. Teble III gives decamposition potentials far a half normal

Cu SO, solution.

i

Table III
Decomposition Voltages for
Half Normal Cu SOLLSolution

eA €a I & Fes 3 v
0:%20 04320 0 04000 0.0
1.312 0,106 5 0,030 1,05
1.4436 04038 35 04210 1,28
1.523 0,01l 100 04600 1.45
158l -0;020 210 1,260 1.65
1.6 + -0,061 %70 2,150 1.85

These date are plotted in Fig, 2, The cathode branch of this
curve compared with that of Fig. 1 shows them to be much the seme
shape, although the magnitude of the cathode potential is much differ-
ent--gbout 1.12 volts. The slopes of these curves would not indicate
thet there would be a convergence of them within eny reasonable l@mits.
Table IV gives the data for a half normal Cu SOh selut ion made

distinc’tly scid with sulfuric scid. A camperison of these results with
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Table II indicates that e difference in acidity has very little in-
fluence on the decomposition voltage of Cu SOLL' This is quite dif=-

ferent from what wes observed in the case of zinec.

Teble IV

Decomposition Voltages of Half Normel
Cu SOL; in Acid Solution

eA e & C. D. v

°C
04229 0:.22L 0 04000 0.00
1,178 04052 110 0:21,0 1,00
15392 0:028 90 04540 1.24
13553 -05020 200 1200 1.45
1.6 + -0,066 100 2.1400 1505

Table V shows the effect of temperature change on the decom-
position voltage of half normal Cu SOu. In this teble the potential
applied on the electrodes is canstant throughout the run. It can be
seen that if the current density had been maintained constant that
the change in cathode potentisl would heve been greater then here
indicated; The data here given are reversible, that is, for decreasing
temperatures on the seme solution, practically the same vealues were
obtained as for increasing temperatures.

On the ba.s'}s of these experiments a number of attempts were
made to deposit zinc snd copper simultenecusly from en acid sulfate
solution; A stainless steel cethode, made from sheet U. S. stainless
steel No; 18, wes used because of the ease with which the deposit

could be dissolved from the surface with nitric acid without xg'gterial—
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ly affecting the electrode. A suiteble platinum electrode was not

Table V
Effect of Temperature Change on
the Decomposition Voltages of
a Half N ChSOh Solution

Témp. ep e C: D,

milliemps./cm.?
- 260 C 1.3%96 -0.058 0s54
350 1;%88 -04052 0,660
,0° 1,387 -0:026 04660
1,5° 15389 -0;011 05720
50° 15388 +05002 0,840
55° 13389 +0;016 04990
60° 1:385 +04030 1,200
66° 1;%61 +0;042 1:560
70° 1.354 +0,048 1.800

availablé. A helf normal Cu SOM solution gave the same cathode po-
tential at 2 millismperes per sq. cm, current density with a stain-
less steel cathode as with a platinum cathode; A rectangular piece of
steel with an exposed srea of 0.696 sq; in or b;B sq. cm, was sealed
into e glass tube with wax and commnection was made with copper wire,
soldered to the piece of steel; Similar electrodes made from com-
mercial sheet brass, analyzed as 66% Cu and 3L% Zn, were used as
anodes; An anode was used on each side of the cathode; The solution
was stirred with a mechenical stirrer consisting of a rotating glass

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

intermediate 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 deposits



were obtained.

Voltage as
indicated by
voltmeter

2:2

1h

Table VI

Anode Cathode
Current Density
emps./sq. cm,

0,125 0.278

0.090 0;200
0.070 0;155
o;ouo 0;089
o;oeo 0.0L45

74 d ¢
o% Hg Soh added

0.050 0.111

0,31 0.69

Current Demsity
emps./sq. cm.

19

Nature of
Deposit

adherent, f ine
gray deposit
covered with
spongy black
deposit

adherent gray
deposit, not es
good as previous
one, covered
with consider-
able loose black
material

adherent gray
deposit cover-
ed with loose
black deposit

loose black de-
posit, brown in
spots, under-
nesth which was
a very small
gray deposit

loose dark red
deposit not ad-
herent at all

loose red
deposit

consideraeble
loose black
deposit over
fine grayish-
black adher ing
deposit
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Teble VI gives in tebular form the results of one of these rums,
which is typical of a large nwnber of others made under various condi-
tions.j The solution contained 200 grems Zn SOLL . 6 HQO snd L grems
Cu Sob, e HZO per liter of wster, All results are for 252 C. The
time allowed for each deposition was five minutes.

Addition of Na2 SO

SO or (NH SO, did not improve
a1 ( )3, (NE, ), 50, %

L L

the deposi":a. These deta bear out the information chtained from the
work on decomposition potentiels, but do not give promise of brass
<deposi1:'s from such solutions.-

A brassy appeesring deposit was obtained from a solution contain-
ing i grems of copper end 2 grems of zinc as sulfates per liter, made
slightly acid with sulfuric acid, end seturated with boric scid., The
current density was varied between O:5 and 1.-0 amper per.sg. in.,
eand the electrodes were agiteted by hand; By.carefully watching the
electrode the neture of the deposit could be somewhat controlled by the
amount of sgitation, There was elways e considerable amount of loose
black deposit el ong with the sdhering deposit.- One of these deposits
was enalyzed by the method outlined; it hed a composition of 81%
copper and 19% zinc; The deposit was so smell that too much eredence
could not be placed on the emnalysis, At low current densities copper
only was deposited.- Because of the extremely low current efficiency
and the varisble factors of 'agitation and current density, the solution

. did not seem satisfactory.

The thiocysnate solutions recommended by Thon and Pinilla were
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investigated. Since the zinc and copper thiocysnate salts were not
evailable in this laboratory, other salts were used and the amount of

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

ution consisting of 366 grams of Zn 012 b H,0, 580 grams KSCN, end

1.25 grams Cu 8O, , 5 H O per liter was electrolyzed with brass snodes

L

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

2

current density of O, hb5- 0.89 milliamperes per sq. cm, A black non-
adhering deposit was formed,

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

2
KSCN, sand 1.25 grams Cu Sohf 5 H?O. A large amount of white crystal-

lyte, in this cese, consisted of [j03.5 grams Zn SOh . 6 5.0, 580 grams

ine precipitate was formed in this case. This wag presumable K2 SOM,
as it was soluble in excess weter but not in acid. The solution was
electrolyzed at a cathode current density of O:hh5 - 0,89 milliamperes
per sq. cm. The deposit wes 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 concentretion
in solution would be very 1ow; This is, as already pointed out, un-
desireble in plating solutions., Due to these inherently unavoidable
difficulties, this method wss not investigated further,

The tartrate solutions were next investigated., Fig. 3 gives
the curves obtained when the cathode decomposition potentials were

plotted against current demsities for solutions helf normal with re-

spect to zinc and copper sulfates, normal with respect to sodium
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tartrate, and made elksline to phenolphthalein with sodium hydroxide.
it eppears that there may be a possibility of the 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 sodiuvm hydroxide were also tried, but the curves did not approach
so closely to each other as in Fig; 3; This indicates that the sod-
ium hydroxide hes a grester effect on the cathode decomposition potent-

ial of copper than it has on zine,

Fig. l; shows cathode potentials plotted against current den-
sity for solutions of the seme concentration as in Fig. 3, but with
the dif ference that, in Fig; ly, the solutions were made alkaline with
emmonium hydroxide instead of with sodium hydroxide; In this case
there appears to be little convergence of the curves; therefore, brass
deposition from such 2 solution is less likely than from the sod-
ium hydroxide solution; Various concentrations o emmonium hydrox-
ide were tried, and the chenge in cathode potentials with change in
alkalinity for e given current density was less marked than the

difference in various concentrations of sodium hydroxide.

A number of canbinations of the tartrate bath were investi-

gated., From e solution, containing 33.7 grams Zn SOh : 6 H20, lane
grems of Cu SO) . 5 Hy0, 215 grams of e, C), H) O « 2 H,0, and 20

grams of Na O per liter, which was electrolyzed with brass anodes
and a steel cathode at a current demsity of 21.6 millismperes per

sq. in. or 3,35 millismperes per sq. cm., a thin, sort of brown

translucent metal deposit wes obtained. The adherence of this
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deposit seemed fairly good, A current density of 6.7 milliemperer per
sq. cm. gave a rather rough black deposit.

A solution cansisting of 33,7 grams of zinc sulfate, 31.22 grams
of copper sulfeste, 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 milliemperes per sg. cm., a
brittle deposit having somewhet of a brass-like appearance., At a
current density of 13.l; millismperes per sq., cm. 2 fleky black deposit
was formed.

The s odium tartrate concentration was decreased still further.
A solution conteining 3%.7 grams of zine sulfate, 31.22 grems of cop-
per sulfate, 57.5 grams of sodium tartrate, and enough sodium hydroxide
to clear the solution was next used., The solution turned to é deep
purple color end was free from precipitete when the sodium hydroxide
was first esdded. After the solution stood for a while, however, a
white precipitete, which was soluble only upon the addition of con-
sidersble 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
wes a herd, white, crystalline deposit formed. rthis deposit attached
itself tenaciously To the gless, This materiel wes easily soluble in

acid but seemed quite insoluble in waters
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When this solution wes electrolyzed with a stainless steel
cethode and brass modes at current demsities of 1%, to 2L.5 milli-
emperes per sq. cm., pinkish-gray deposits were obtained. These, in
many respects, had o very brass like appeerance, The adherence of these
deposits to the cathode, however, was poor. Excepting in the case of
extremely thin deposits, they were brittle and readily flaked off.

In order to determine whether this non-adherence was not pers
heps due to the nature of the steel eathode, & number of other cathodes
were tried. The following results from the last mentioned solution
with current densities corresponding to those used with the steinless
steel cathode were observed.

On carefully Eléaned, ordinary sheet stove-iron a closely ad-
hering deposit wes formed. This deposit would stend considersble
rubbing without being broken away from the iron, The color of the
deposit was distinetly brassy although much grayer then the ordinery
sheet brass,

On a small platinum electrode a very brass-like appearing depos-
it was obtained. When this was burnished it resembled closely a brass
deposit obtained from an alkeli cyanide bath. The adherence between
the electrode and the deposit was good.

1he deposit from this solution on a coprer electrode was one of
the best lcoking brass deposits obtained in the investigation. It
had good adherence end was smooth.

A ssmple for snalysis was deposited upon e steainless steel
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cathode at o current demsity of 24,5 milliemperes per sq. cm. and an-
alyzed by the method elresdy discussed. <The results showed a composi-
tion of lli.7% zine 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 availeble electrode suitable for the quantitative work. The
deposits on the other metals were assumed to be of similar composition.
They were quite gray in sappesrance, which is in accord with the com-
position found by melysis. An attempt to improve the appearance of
the deposits by varying the concentrations of the various substances
end also by adding e small smount of gelatin did not meet with success.
Another point which should be observed here is the fact thaet in all of
the se tartrate s olutions the snode corrosion was very poor, At all
these airrent densities snd compositions of tie beth there was a dense
brown to black closely adhering coating formed on the anodes. It would
not be possible for the snodes to dissolve properly with this deposit
on them,

Specisl notice should be made in these last experiments of the
dependence of the condition and characteristics of the cathode deposits
on the nature of the cathode meterial., Good deposits are obtainable
on some metals while other matals are not suiteble at all for this
purpose.

A series of experiments using ammonium hydroxide es the base
were made. A bath composed of 19.85 grems qof zinc sulfate, 31.22 grams

. of copper sulfate, and 115 grems of sodium tartrate per liter wes mede
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alkeline to litmus, but not to phenolphthalein, with ammonium hydrox-
ide. The precipitate first formed was completely dissolved. At
curremt densities of 6.7 and 11 millismperes per sq. cm, and 26° C
temperature good smooth deposits of coprer were obtained. A cur-
rent density of %.3%5 milliemperes per sq. cm, at %8° ¢ gave a good
copper deposit.

The ammonium hydroxide concentration wes increased slightly
end & good copper deposit was obtained et 34° C with a current den-
sity of 6.7 millismperes per sq. cm.

The smmonium hydroxide concentration was increased until the
solution was alkaline to phenolphthalein and then a slight excess was
added, At %2° C with a current density of 30 milliemperes per sq. cm.
a good deposit of copper wes obtained. <the deposit was somewhat
derker, heving a more or less muddy appearance, at a current density
of 9 milliamperes per sqg. cm.

An emownt of zinc sulfete, equivelent to 16,85 grams per liter,
wes 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 31.5 millismperes per sq. cm., geve a deposit which was
somewhat green when removed., When polished, this hed a brassy apprear-
ence. 1t was, however, very thin. <The deposits over longer intervals
of time at this high current density were uneven quite black, brittle,

end non-asdhering, At lower current densities the deposits had decid-
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edly the appearance of coprer.

Irén, copper, and platinum electrodes were likewise tried with
this solution., In generasl the deposits could not be said to resemble
brass. They were more or 1e§s of a muddy coprer color and looked much
as if they were nothing but burned copper. In all of these smmoniacal
solutions there was a tendehcy 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 emmoniacal
solutions at moderately high current density would form a heavy coat-
'ing of these crystals all over the surface of the anodes. A cubic
cent imeter of concentrated sodium hydroxide added to a hundred cubic
centimeters of the sbove solution hindered the formation of these
erystals smd gave very bright anodes, although no satisfactory ceth-
ode deposits were obtained from this solution.

Additions of hydrazine sulfate, sodium arsenite, and gelatin
were ineffective in improving the deposits from the smmoniscal tartrate

bath.

’

No mention of the use of citrates was found in the literature,
and so a few experiments were cerried out to see if there were eny
possibility of their use in brass pleting baths.

Fig, 5 gives the cathode decomposition potentiel curves for
half normel solutions of copper and zinc sulfates and normal with re-
spect to sodium citrate. To this solution enough sodium hydroxide

was added to indicate basic to phenolphthalein. YThe curves are a
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considerasble distance apart, s howing little tendency toward conver-
gence.

Fig. 6 gives the curves for solutions half normal with respect
to sodium citrate, maede very .slightly alkeline to phenolphthalein with
I‘TH}4 OH, The curves of Fig. 6 are further apart than those in Fig, 5
and show less tendency towerd convergerce, The citrete solutions
did not seem to be too promising because of tle fact that with a.
slight addition of base there was s precipitate formed which was not
soluble in excess of the base,

A number of these solutions were, however, electrolyzed and a
few typical exemples ere given, An electrolyte was made up equivalent
to half normal zinc sulfate, half normal copper sulfate, normsl to sod=
ium citrate, and s odiumn hydroxide was added until it was nearly alkaline

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

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

following deypéits were obtained:

Current Density Nature of Deposit
b (557 ] poorly adhering Cu deposit
6. 70 Cu deposit of somewhat lighter
color
10;05 deposit with appearsnce of cop-

per, but rather white

16.85 rough and rather light colored
. deposit
23,00 very brittle flaky deposit re-

sembling copper.

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

From another soluti an which was equivalent to one fourth nor=-
mal zinc sulfate, one forth normal coprer sulfate, half normel sodium
citrate, and made strongly elkaline with sodium hydroxide there was
considersble white precipitate which was held in suspension by the
mechanical stirrer, The best deposit from this electrolyte was obtain-
ed on an ordinary iron cathode. The deposit was decidedly gray with
a somewhat reddish hue: It wes not a good looking brasé deposit but
resembled s omewhat the brasses obtained from the tartrate solutions.
The deposits on platinum and stainless steel were not too good. They
had the esppearence of burned copper.

The precipitate formed by the addition of sodium hydroxide
could be dissolved by e large excess of concentrated emmonium hydroxide.
No wotrthwhile deposits were obtained from these strongly basic solu-
tions:

A solution less basic, pH about 8, containing sodium hydroxide
and amonivm hydroxide and the equivalent of one fourth normel zinc
sulfafe, one fourth normel copper sulfate, and one third normal sodium
citrate geve no brass. The deposits had = burned copper appearance,

Copper Plating from
Ammoniscal Tartrate Solutions

As alreedy described on pege 27, some very good copper deposits

were obtained from the smmoniacal tartrate -solutions used in attemp=-

ting to find a brass plating beth. A number of experiments were cer-
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ried out using c opper sulfate, sodium tartrate, and emmonium hydrox-
ide in the eléctrolyte; A cathode made from commerciel sheet iron and
an anode of electrolytic sheet copper were used as electrodes.

A.éolution half normal with respect to copper sulfate, normal
with respect to sodium tartrate, and alkaline to litmus, but not to
?henolphthalein, was electrolyzed for an hour at e cathode current den-
sity of h9;h milliampéres per sq; in; and an enode current density of
L9 milliemperes per sq; in; The deposit was very fine greined,
evenly distributed, end a rather dark copper color; 0;0268 grams were
deposited and 0.0%25 grams were dissolved from the anode. A coulomb-
meter wes not used, but, on the basis of the time snd smmeter reading,
this corresponds to a cathode current efficiency of 75.5% snd an anode
current efficiency of 91% -Too much relisnce cennot be pleced upon
these efficiencies because of the fact that a coulombmeter was not used.
They do indicate, however, thet the cathode efficiency is much lower
than the enode efficiency., The deposit was calculated to have a
thickness of 0.0007663 cm;

The seme s olution run at 96 millismperes per sq. in. current
density geve & lighter colored, but cosrser, deposit. In this solution,
especially at the higher_cur:ent density, there was a tendency toward
salt formation at the anode; Then too the metal depoéit would quick-
1y.darken if exposed to the atmosphere wvhile still covered with the
electrolyte: Washing the deposit immediately with water greatly

hindered this darkening. Copper deposits from these solutions did
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have, even when thoroughly washed, a greater tendency toward tarnish-
ing than d id copper deposits from an '9.c‘1d sulfate bath,

A number of iron electrodes were given a thin strike plate
from an ammonié.cal solution which was half normsl with respect to copper
sulfate and helf normal with respect to sodium tartrate. This was fol=-
lowed by e thicker copper plate from a solution conteining 200 grams
of Cu SOLL . 5 H2 0 and 50 grams of sulfuric escid per liter. The de-
posit fram the acid sulfate bath was smooth and hed very good adher-
ence;

The emmoniscel s olution would flash plate copper on iron very
sligtly if the ammonium hydroxide ¢ oncentration were too low, In
all solutions used there was some tendency toward salt farmation et
the anode.- This seemed to be inhibited by increasing the tartrate
and eammonium hydroxide concentrations; Concerning the deterioration
of the bath, not much cen be sa,id at this time‘.. A solution wes,
however, left exposed to the atmosphere for two deys, after which
time it seemed to function as' well as when freshly mede up. Such
8 solution offers‘good possibilities f or a strike plating bath, But

o further investigation needs to be made before specific recommende-

tions are given.
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Discussion of Results

In this investigation no plating bath wes found that would com-
pére favorably with the cyenide baths for cammercial brass plating;
Deposits conteining simultaneously deposited zinc and copper were ob=-
tained in the experiments, although none- of them hed en appearsnce
comperable to a good grade of yellow brass.. The most likély possibility
for a non-cyanide brass plating bath considered from the work dome in
this research is the tartrate bnth;

Access was not had to the paper of Sukhodski, Kheifetz, and
Chepurskii, who investigated such solutions; hence it was not known
what work was done by them or what their conclusions were; A few
difficulties encountered in this laboratory during this investigation
yrould have to be overcome in order to meke the bath commercially
feasible; First the bad anode reactions would be highly objectioneble
in industrial work: A second bad feature would be the formation of
a precipitete in the solution which has been allowed to stand. The
third difficulty is the fact that the nature of the surface to be
plated is highly importent--all metels 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
woul_d heve to be chenged somewhet to have any practical value., As
a fifth difficulty, the durrent density's appearing to be a most im-

portant factor would indicate a poor throwing power of the bath. If
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the cwreﬁt dens ity must be confined to too narrow s range, there
would be much tendency to plate irregular objects ununifomly.-

Considered on the basis of the experiments already carried
out, the other solutions investigated in this resesdrch hoid little
promise for industrial application.-

The problem of copper plating iron from an_aﬁmOniﬁcal copper
tartrate bath was not t horoughly investigeted, but some very good
copper deposits were obtained from these solutions. The solutions
do not flash plate copper on iron, end the electrolyticaily deposited
copper seems to have good adherence and color; Deposits were obtained
over a fairly wide range of conditions., There was some tendency toward
salt formation at the anode.- Elimination of this difficulty along with
more deteiled investigetion of throwing power, current efficiency,

and durability of the bath might be further investigated.
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Summeary

In this thesis have been presented discussions of the experi-
ments carried out in comnection with the investigation of some cyanide-
free brass plating beths already reported in the chemicel literature and
others investigated with the object of adding to the information al-
ready available on the subject of brass plating.

The following general types of s olutions conteining copper end
zinc have been ¢ onsidered in comnection with the experimental part of

this thesis:

1: Those consisting of the simple sulfates to which other mat=-
erials, which do not form canplex ions, have been added.

2; Those composed of thiocysnate salts.

3: Those containing sodium tartrate with sodium hydroxide and
ammonium hydroxide: .

ﬁ; Those containing sodium citrate with sodium hydroxide and
ammonium hydroxide .

This thesis also presents experimental results of an investi-

gation of emmoniacal copper tartrate solutions as possible strike

plating baths for plating iron with copper.
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