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INTRODUCTION

This investigation is the first of a series of the
effects and removal of known amounts of impurities in
four typical nickel plating solutions, This research
was undertaken at the request of, and under a grant from
the American Electroplater's Society. The material in
this thesis consists of the effects of copper on electro-
deposited nickel and its removal from nickel plating
solutions,

The first study of the effects of copper in nickel
plating solutions was carried out by the laboratories of
Brass World in 1911 (1). In general they observed a
darkening of the deposit upon the addition of small
amounts of copper to the nickel solution. Later investi-
gation carried out at the Bureau of Standards by Thompson
and Thomas (2) and Haring (3) reported the permissable
limits of copper in the nickel salts for nickel plating
solutions, and its effects on the deposit, resulting in
dark spongy deposits,

The limits of copper as an impurity in nickel solu-
tions has been reported by Diggen (4) to be up to 0.5 oz./
gale (0e38 go/1.) in the gray nickel solutions and 0.001
03+/gale (0.0075 g./1.) for the bright nickel solutions.
From this observation, the bright nickel solutions have
considerably lowered the upper limits of copper as an im-

purity. Eckelmann (5), Johnson (6), and Francis-Carter (7)
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stated that the effects of copper in the bright nickel
solutions will cause dull dark deposits in the low current
density regions and a fogging or milky deposit in the
other areas.

Several methods have been proposed for the removal
of copper from nickel plating solutions, Among these 1s
that set forth by Thompson and Thomas (2) in 1922, By
making the bath slightly acid, scrap nickel is suspended
in the nickel solution; the nickel precipitates the cop-
per from the solutione. The efficlency of this cementa-
tion process depends upon the surface area of the nickel
exposed,

Fink and Rohrman (8), Raub and Bihlmaier (9), Diggin
(4), and Waite (10) and others proposed the electrolytic
removal of copper from nickel solutions by the use of low
current densities,

The four typlcal nickel plating solutions used in
this study consisted of a 2.2 pH and a 5.2 pH Watts type
gray nickel solutions, a nickel cobalt alloy type bright
nickel solution as per Welsberg Stoddard papent, and an
organic type bright nickel solution as per Schlbtter pa-
tent.

To study the general effect of copper as an impurity
in nickel plating solutions and to set up limits of con-
tamination, a series of panels were produced from the

nickel solutions containing up to 500 milligrams of copper



per litcr of solution. The upper limit of 100 milligrams
was established, as the deposits obtalned from the nickel
solutions containing an excess of this amount were con-
sidered unusuable, Panels were produced from the four
nickel solutions.

In this investigation, special attention has been
given to the followlng properties:- appearance, adherence,
salt-fog corrosion resistance, ductility, and hardness,

In addition, the throwing power and current efficiency was
studied. The removal of copper from nickel solutions was
studied using the methods of electrolytic purification and
high pH treatment,

No attempt has been made to evaluate these propertles
in exacting physical units., Rather, the trend of the
change 1n the property under consideration was noted as
the concentration of the impurity was changed. The results
were reported in relative rather than absolute values us-
ing a deposit from a pure plating solution as a standarde.
The methods of testing were not the most precise, nor did
they require expensive apparatus, but were designed for the
layman operator to determine cuickly whether or not impuri-
ties may be present,.

To better study these effects of impurities, it was
necessary to prepare nickel solutions free from impurities,
Two methods have been used, chemlcal precipitation and

electrolysis,



EXPEIRIMENTAL

A, Technigue:

1. Preparation and purification of solutions.
The plating solutions used in this investigation

are listed in the following tables:

Table No. 1l

Watts type nickel plating solution.

Nickel sulfate
Nickel chloride
Boric acid
Temperature

pH (electrometric)
Current density

240 grams/liter 32 o0z./gallon
45 1 1] 6 " 1"
30 1t 1" 4 " "
50°C., 122°F,
2 .2 and 5 02

40 amperes per square foot.

Table No. 2.

Nickel cobalt (18%) alloy type solution.

Nickel sulfate
Nickel chloride
Boric acld

Nickel formate
Cobalt sulfate
Ammonium sulfate
Formaldehyde
Temperature

pH (electrometric)
Current density

240 grams/liter 32 oz./gallon
45 n 6 ] n

u
A B
n
15 i " g it 1t
0,75 " " 0.10 " "
2.50 " " 0,33 " n
559C, 1320p,
375

40 amperes per square foot.




Table Noe 3.

Organic type nickel solution

Nickel sulfate 262.5 grams/liter 35 o0z./gal.
Nickel chloride 60 n " g " u
Boric acid 34 " " 4,5 " "
Nickel benzene disulfonate 7.5 " " 1" n
Triaminotolyldiphenylmethane 0,14 ml./liter '
Temperature 55°C. 132°F,

pH (electrometric) 342

Current density 40 amperes per square foot.

The plating solutions were made up in twenty liter
stock solutions. The purification of these was accomplished
by the high pH precipitation of 5.5 to 6.0 (electrometric)
with nickel carbonate and electrolysis at a current
density of 2-7 amperes per square foot on a corrugated
cathode. It has been found that about 100 ampere hours
per gallor of solution will remove the heavy metal ion
concentration to spectroscopic traces. Any organic im-
purities present were removed after electrolysis had been
completed by the addition of about 7.5 grams per liter of
activated carbon of a good commercial grade. After 24
hours of agitation and a solution temperature of 70-75°C,
the solution was filtered and ready for use. King (11)
has described the proceedure in greater detail,

2. Preparation of nickel plated panels.

The steel used for the bent cathodes was low-car-
bon, cold rolled tin can stock of 0,01" thickness, with an
R.M.S. value of 10 and supplied through the courtesy of
Dr. Richard Wick of the Bethlehem Steel Corporation.
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The strip steel was cut to a standard size of 2"x 8“; A
1lip of 1l.25" was formed by bending the lower edge of a
2"x 8" panel 90°. A line was scribed 3.5" from the bend
across the panell This gave an area of 0,08 square feet
of surface to be plated.

_The panel was degreased with carbon tetrachloride,
numbered, and given an electrocleaning prior to plating.

The composition of the electrocleaner is given in Table 4.

Table No. 4.

Electrocleaner composition

Sodium hydroxide 21 grams/liter 2.81 0z./gallon
Sodium metasilicate 15 ° n 2,01 " "
Tri-sodium phosphate 18 " " 2,41 " "
Temperature 80°C. 167°F,
Current density 75 amperes per square foot,

The steel panel to be cleaned was made the anode in
the electrocleaner and current was passed for two minutes.
It was rinsed in running water, checked for water breaks,
and then dipped in a 20% hydrochloric acid solution for two
minutes., This was followed by two running water rinses,
the latter being distilled water. The panel was then
ready for plating.

The panels were plated in 1 liter glass battery Jars
with a current density of 40 amperes per square foot,
operating temperature of the bath in use, and at an agita-
tion rate of 4 feet of solution past the cathode per

minute. The concentration of copper was maintained by
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reference to depletion curves of the impurity from the
nickel bath in use. The depletion rate data was obtain-
ed for each of the four nickel solutions by electrolysis at
& current density of 40 amperes per square foot from the
bath contailning the upper limit os contamination., The
electrolysis was maintained until the lower 1limits of con-
tamination had been passed. Samples were taken at inter-
vVals and analysed for copper concentration using the color-
imetric method of analysis as set forward by Serfass and
Levine (12),

Figure l. 1llustrates the rate of depletion of copper
from the four nickel solutions at 40 amperes per square
foote Figure 2, 18 the calibration curve for the deter-
mination of copper in nickel solutions as copper diethyl
dithiocarbamate in a mixture of amyl acetate and ethyl
alcohol,

The impurity concentrations were maintained within
10% throughout the plating runs by timed additions. The
solutions were analyzed for copper each hour of plating
time as a further check. The pH of the solution was ad-
Justed to the operating range before plating, and this pH
was maintalned by frequent checks., A Beckman electrometric
PH meter was used for this purpose., The temperature of the
solutions was maintained by means of a water bath. All
the plating solutions were filtered before use daily, and
in the case of the organic bright nickel bath, filtration
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was necessary after each plated panel. A wetting agent,
sodium lauryl sulfate, in sufficient amount to lower the
surface tension to 35 dynes per square centimeter, was re-
quired to relieve the pitting encountered in this bath.

After plating was completed, the panel was removed
from the solution, rinsed in rumming tap water and dis-
tilled water, and wiped dry with a clean cheese cloth,
The dry panels were stored in a large dessicator contain-
ing calcium chloride.

The chemlcals and anodes necessary for this project
wore furnished through the courtesy of the Hanson-Van
Winkle-Munning Co. and the Udylite Corp.
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B, EFFECTS OF COPPER AS AN IMPURITY ON SOME PHYSICAL

PROPERTIES OF NICKEL DEPOSITS

l. Appesarance:
It has been generally known that small amounts of

copper in nickel plating solutions effects the appearance
or brightness of the deposits, especlally in the recessed
areas receiving low current densities, This physical prop-
erty has been the criterion for the necessity of removal
of copper because it 1s the most easlly recognized as a
source of rejection in the plating industry. Without a
doubt the cathodic current density can change the numer-
ical 1limits of copper contamination at which appearance
may be effected., The limits stated hold true for the cur-
rent densities found and the copper concentrations tested.
Two tests were used to describe the effects of copper
on the appearance of 0,001" deposit thickness panels.
First, for the gray nickel deposits, the panel was com-
pared to the Eastman Gray Scale and assigned a value,
Second, for the bright nickel deposits, the panels were
classified in a range from mirror bright to a dull matte.
Table 5 sumnarizes the effect of copper on appearance for

the four nickel solutions,

=10~



Table S.

Effect of copper as an impurity on the appearance of nickel

deposits.
Cue. conc., Watts Watts Ni-Co Organic
lige/1e 2 ¢2pH 5.2pH 3475pH 3.2pH
0 2 2 mirror bright dull luster
10 2 2 nilky dull luster
25 2 2 milky dull luster
50 2 2-3 milky milky
75 2 2-3 dull luster milky
100 2 2-3 dull luster milky

In general, brightness of deposits 1s effected when
the copper: concentration reaches 10 mg./l. in the solution,
the effects being noticed in areas which received from 6-8
amperes per square foot. At 50 mg./l. practically all
current densities are adversely effected. As appearance
is the most easily evaluated physical property, it was not
deemed necessary to give results in extreme detail. The
deposits from all four baths were ultimately effected by
increasing copper contents, with the Watts type deposit
changing somewhat later than the bright deposits. Rough-
ness of all the deposits, starting at the gdges, became
noticeable when the copper reached 50 mg./l. extending into

other areas as the copper increased to 100 mg./l.



2e Adherence:

To evaluate the adherence of the nickel coating
to the steel base, a simplé test was devised which was the
most adaptable and the nearest to the most satisfactory
methods used in industry at this date., This test consist-
ed of bending the 1lip of a 0,001" deposit thickness panel
180° around a 3/16" mandrel along the middle and across
the short dimension. The deposit was observed for non-
adherence along the bend with the ald of a magnifying glass.
This allowed observation of non-adherence at a range of
deposit thicknesses,

With increasing copper contents up to 100 mg./l.,
the adherence of the nickel coating to the steel base
showed no discernible change in any deposit, at any cur-

rent density area from the four nickel solutions.

3 Ductility:
It has been found that a nickel deposit on steel

is not sensitive enough for a ductility test, and, there-
fore a stripped deposit was prepared for testing. This
stripped deposit was made by plating a 0,001" deposit of
nickel on a slightly oxidized surface. The deposit will
cover the prepared surface completely but may still be
readily peeled from the surface. The oxidized surface
was prepared by repeating the cleaning and acid dip cycle
on a steel panel plated with 0,0003" thickness of nickel
-12-~



The stripped deposit was cut into 1"x2" strips and
creased between the fingers across the short dimension.
By alternately creasing and straightening, rupture will
soon occur, By this method, the results were reported
as an increase, a decrease, or no change in ductility
in relation to the pure deposit.

Discernible changes in the ductility of the nickel
deposits appeared with a copper content of the solution
from 10 to 25 mge/l. Bending a plated steel panel or a
stripped deposit showed definite and serious loss of
ductility. As the copper content of the solution in-
creased the ductllity of the deposits decreased. No
units for reporting this test are available and it is
not possible to state where a deposit is useless because

limits vary with the end use, -

4, Hardnesss |
The vertical portion of the bent cathodes de-
posited to a thickﬁess of 0.,002" nickel was tested for
hardness by means of a Knoop hardness tester, Table 6
gives the gain or loss in hardness of deposits from the

four solutionse
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Table No. 6.

Effect of copper as an impurity on the hardness of nickel
deposits, #

Cu. conc. Watts Watts Ni=Co | Organic
Mge/1l. 2 e 2pH 5e2pH 3475pH 3 42pH
10 4+ 248% 4+ 27.2% = 15.8% *19,1%
25 +17.2 + 2246 -2246 *12.3
50 +77.8 +13.6 +13.2 +18.2
75 +86,0 +10.1 +12,2 $2045
100 +15,.1 +14,5 -19.1 + 7.8

* Expressed in percentage change from the pure deposit.

The deposits from the Watts bath showed an increase
in hardness with the first addition of copper. The bright
deposits followed this pattern but were slightly delayed.
A degree of lnconsistency was evidenced between hardness
figures on the same type of deposit with various amounts
of copper present in the plating solution. As the depo-
sition of copper present with nickel is éubject to great
varlations as a result of plating variables, it is not
difficult to attribute the variations in hardness measure-
ments to locale variations of copper content in the deposit.

The above test was conducted at the National Bureau
of Standards, Washington D.C., through the courtesy of Dr.
Willlam Blum, Director of the Electrochemical Division,
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S5 Salt spray corrosion resistances

The effects of the presence of copper in varying
amounts upon the szlf fog corrosion resistance of nickel
coatings upon steel were determined using three thicknesses
of nickel deposits, 0,0003", 0,001", & 0.0015", These
panels were prepared in triplicate for each pure bath and
each concentration of impurity, this enables observation
of the effect of impurity upon increasing deposit thick-
nesse The verticel portions were tested for corrosion
resistance in a commercial type salt spray (fog) cabinet.
The conditions followed are as described in the A.S.T.M.
standards (13). ]

The breakdown was recorded after a condition was
reached comparable to that of a set of standards prewviously
prepared as a standard breakdown point. |

Testing the deposit as plated producsd results sur-
prisingly consistent except for one or two of the 0,0015"
deposits., Results were tabulated and recorded percentage-
wise using the hours of resistance to a salt fog atmos-
phere to a standard breakdown of a deposit from a clean
plating bath as 100% perf&rmance. For all practical pur-
ppses; the results from the performaence Qf the two thick-
nesses of nickel deposits, 0,001" and 0.,0015" can be com-
bined into one curve for each of the plating solutions.
The 0,0003" deposits falled in less than one hour but re-

vVealed substantially the same trend as the heavier deposits.
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The Watts type gray nickel deposits (Figure 3)
were identical for both pH's and showed less loss in
corrosion resistance, 60% /100 mg./le of copper, than
either of the bright nickel deposits. In the case of
the nickel cobalt alloy type bright nickel deposits
(Figure 4), and the organic type nickel deposits (Figure
5), these suffered the greatest loss in corrosion

resistance, 80-85%/100 mg. of copper per liter.

6e Throwing power and efficiency:

Panels of 0,002" thickness were prepared from
the four solutions covering the range of impurity con-
centrations, The 1lips of these panels were cut off and
micrbscopic thickness tests were made on each series and
were compared with the deposit from the corresponding
pure baths,

The 1lips cut from the panels were carefully cut in
half across the short dimension. These pleces were then
clamped together, polished, etched with "nital", and ex-
amined on a Bausch and Lomb Research lMetallographic micro-
scope. The distance from the front edge of the steel to
a deposit thickness of nickel of 0,002" was recorded for
the four pure baths., On the succeeding panels the same
distance was measured from the front edge of the steel, and
the thicknesses of the deposits on the top of the lips were
reéorded.
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Differences were reported as the net change in effi-
ciency and throwing power. If no change in gassing is
noted the change in thickness may be assumed to be due
to a difference in throwing power,

The effects'of varying amounts of copper in the four
typés of nickel solution did not disclose to the eye any
change of gassing at the cathode, indicating little if
any effect upon the cathode efficiency of that bath, 1In
checking deposit thicknesses under controlled conditions
and in pre-determined locations, any changes in thicknesses
were therefore deemed the result of changes in the throwing
power rather than in the cathode efficiency. Table 7 gives
the gain or loss in throwing power and efficiency of the
four nickel solutions,.

Table 7.

Effect of copper as an impurity on the throwing power and
efficiency of nickel plating solutions.*

Cu, conc. Watts Watts Ni-Co Organic
lig./1. 2.2pH 5¢2pH 3475pH 3+2pH
10 +2.7% - 3.0% +7.0% +1.5%
25 ~0.8 ~-5.5 +8.6 +1.0
50 4+ 7.5 ~64¢5 4+7.0 4+0.5
75 -2,0 -5.0 +2.5 +4,0
100 2,7 ~11.5 +1.5 +3.,0

% Expressed In percentage change from the pure deposit.
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The Watts type type of baths showed slight losses in
deposit thicknesses indicating adverse effects upon the
throwing power with increasing copper contents of the
solution, The bright nickel deposits showed no substantidl
change in thickness at definite points of measurement,
with iIncreasing copper content indicating little effect

from the presence of copper,

Ce The removal of copper from nickel plating solutions:

le Techniques
The laboratory investigatibn consisted of two
methods for the removal of copper from nickel solutions:
ie., the electrolytic method and the high pH treatment using
nickel carbonate,

The procedure for the preparation and plating of the
panels and apparatus used was as described previously.
The current densities employed were 1l,2,3,and 4 amperes
per square foot, at the operating temperatures of the
nickel baths., The agitation rate of four feet per minute
of solution past the cathode. Flat lipless cathodes, 2"
wide and 33" long were used.

Initial study indicated that in all cases the copper
was rapldly lowered from 100 mg./l. to 25 mg./l., but for
smaller concentrations the plating variables must be more
carefully determined. Removal studles were therefore

started at a copper concentration of 25 mg./l.

EX e
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For the high pH removal of copper, nickel carbonate
was added to a series of nickel solutions containing about
100 mg./1l. of copper. The amounts of nickel carbonate
added were such as were necessary to give a series of pH
values ranging from 2.2 to 6,0 The pH values were taken
only after equilibrium was éstablished. The time of
standing was a function of rate of agitation and tempera-

ture,

2. Evaluation of results:

In all cases studied of the electrolytic removal
of copper, the current density of two amperes per square
foot was the ﬁost effective for the fastest rate, If
time is not a factor involved, a current density of one
ampere per square foot can be utilized to remove the cop-
per more economically from the standpoint of nickel de-
posited, at least up to 8000 ampere minutes per gallon.
Figures 6-13 shows the rate of removal of copper from the
four nickel solutions as removéd electrolytically at the
specified conditions.

A study of the effect of temperature upon the elec-
trolytic removal of copper was investigated, whereby a
run was made on the Watts 5.2 pH bath at room temperature.
The rate of removal was less as 1llustrated in Figures 14-
15, An increase in the rate of agitation from four to
twenty feet of solution past the cathode per minute
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brought about an increased rate of removal of the copper
impurity. This is shown in Figures 16-17,

To determine the effectiveness of removing copper
by raising the pH, a measured volume of the Watts type
gray nickel bath, at a pH of 2.5 and containing 87 mg./l.
of copper was treated with nickel carbonate, The pH of
the solution was raised slightly, sampled, and analyzed.
This procedure was repeated until no further change in pH
was observed. This treatment removed all but 13 mg./l.
of copper. The solution was allowed to come to equilibrium
before pH readings were taken, IFigure 18 shows the curve
obtained for this high pH treatment for the removal of
copper,

In the case of the nickel-cobalt alloy bath and the
crganic bath, the above procedure was followed., The
treatment reduced the copper content of the nickel-cobalt
ﬁath from 92 to 31 mg./l. at a pH of 5.85, The organic
bath was. treated at a pH of 5,95 and the copper content
reduced from 92 to 15 mg./l. Figures 19-20,

Nickel is also lost in this treatment as in the elec-
trolytic method. In no case was the copper content re=-
duced through high pH treatment to as low values as ob-

tained through electrolysis at low current density.

-5
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COIICLUSIONS:

The results of this investigation of the effects and

removal of copper from nickel solutions can be summarized

as follows:

A, Effects:

1.

Se

S.

Appearance - Amounts of copper in excess of 50
1ge/le produces a deposit tending to become rough
and dark,

Adherence - Adherence of the nickel deposit on
steel 1is not aporeclably effected by concentratioms
of copper up to 100 mge/1l.

Ductility - A loss in ductility results with an
increase in copper concentration of the nickel
solution in excess of 10-25 mg./l.

Hardness - In most cases the presence of copper as
a contaminant increases the hardness of the nickel
deposit over that of a pure bath.

Corrosion resistance = The corrosion resistance of
nickel plated steel 1is decreased by increasing
amounts of copper &s an impurity in the plating
bath, in concentrations usually considered to be
traces.

Throwing power and efriciency - The nickel deposits
from the Watts type nickel solution shows an ad-
verse effect on the throwing power with increasing
copper contents of the solution. The bright nickel

deposits show no substantial change indicating

little effects from the presence of copper.



B. Removal:

1. Copper can be removed electrolytically, at
the optimum current densities of 1-2 amperes
per sguare foot. Thls method permits reductions
to the lowest concentrations.

2« Copper can also be removed by a high pH treat-
ment to a minimum value of 15 mg./l. by means
of nickel carbonate.
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