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ON THE QUESTION OF THE ELECRODEPOSITION OF "BLACK NICKEL"

N. P. Fedot'yev, ?. M. Viacheslavov
and N. P. Gnusin

Faculty of Electrochemistry, Lensovet institute of Technology, Leningrad.

In electropliating practice, the 'b"lack nickel" coa-,i:ng has come into-~ quite wide use. It Js employed both for decorative puzposes a for reducing
the coefficient of ref.ection. However, because -1f certain difficulties in

~) controlling the process and because of the low rate at which it proceeds,
I"black nickel" plating has in many cases been replaced by non-metallic

Scoatings.

Information in the literature on the electrodeposition of "black
nickel" [1,2,3] is of a fragmentary and casual nature, Neither the deposition
process nor the constitution of "black nickel" has received adequate study.

As regards electrolytes for "black nickel"' plating, there exists a
large and quite complex array of formulae, the use of which makes it difficult
to provide /a general procedure] for the analytic checking and precise regu-
Iltion of tRe process. In the present paper we are giving the results of
tests carried out for the purpose of determiniii the simplest electrilyte Com-
position which would permit a speeding-up of the process; also some hints for
improving the technology of "black nickel" elect.,oplating.

Our procedure in 4nvestigating the conditions characterizing the
deposition of "black nickel" was basically to select the simplest electrolytes,
containing no substances which would complicate the study of the process,

Among such /Fomplicatingj substances are the arsenic and cyanide com-
pcxnds, tartrate, licorice extract, etc., which are often recommended.

Simplest in composition is a bath contaiting (in addition to the
nickel salts) sodium thiocyanate and zinc sulfate. A formula which has often
been recommended for this bath, by many research wor.cers, is as follows (g/l):

NiS")(Nh) 2SO4. 6H2O 60, ZnS04o7H 20 7.5, NaCNS 15.

Here the electrolyte permi.ts working only with small current-
densities (nob above 0.i5 A/de 2 ). The deposit obtained with this bath is
friable and comes away easily from the foundation-metal.



For bu-1a-ng up thick deposits of "black nickeo", a bat.h with a
hig " content of the salts is recomanrdea having a composition as follows

NiSOh'7H 20 75, NiSOL'(NH)2SO! 6H20 45, ZnSO.i-7-' 2 0 33 ;CN- 15.

The process is carried out at a temperature of 18-20 O o py H a p ying
from 6.6 to 6.8, and a zurrent-density of 0.12 A/dm-n

In this electrolyte9 as in ordinary nickel t
the acidity is of great importance for maintaining a high current-efficiencv.

To this end, we added a buffer of H3BO3o insteadi of sod-;u: tbio-
cyanate, we used ammonium thiocyanate in the bath.

Thus the composition of the electrolyte was as follows (g/l);

NiSOh'7H2O 75, NiSO4.(NH4)2SO4-
6H20 45, ZnSO 4-T7H20 4o, NHCNS 15, H3B03 25.

It is well known that heating of tuie electrolyte is often used as a
means of forcing the process. Increasing the electrolyte tem erature from h
to 550C enabled us to step up the current density to 1.3 Aidma, that is, to
secure an 8-fold or 9-fold acceleration of the process.

O In conncection therewith, we mad, a study of the influence of current-
kJ density and temperature on the quality of the deposit.

Effect of Current Densit y and Temperature on the Quality of the Deposit.

An examination of the deposit quality, as related to the current
density, at temperature 500C, showed that at small cathode current densities,
of the order of 0.02-0.36 A/cm2 , a coating of gray color was deposited, very
strongly bonded to the foundation metal.

Increasing the ciurrent density causes a change in the color of the
deposit: it becomes darker, and in the range of current-densities from 0.38
to 1.30 A/dm2 the deposit is black. Simultaneously with the change in color
there is also a change in its quality. The deposit begins t3 be friable.
ncreasing the current density above 1.30 A/din causes "scorching" of the coat,
that is, the deposition of metals in a powdery form.

As the electrolyte temperature is lowered f:cm 500 to 200 C, the
two critical values of current-density, namely, that at which "gray nicke1"
goes over into "black nickelm, and that at which the latter begins to "scorch",

gradually approach each other.
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Th.~s c: ~'~' - y cr emperatuars an~d current-
densty -. cicar.y &:'ur.'od in 7_,

Frcm: F- gl w-, c , a:k n-,:ke'" depcs4tin)n process is
osier tc car:( a-, .h..r........ ne the range of -urrent-

dens-ities :n -:nn 'biack .ie. depcs.-ed -... reasen w:t.h tre tmperature.

11T. Cvory ,re,-.ng the trans...n frcn .gray nickel"
*o %Iacje ,_kOAces nc o place gr~a_- ly, but iscttuooy Th 1.s

T", ." -Y -ve .... - g.2 :

discont:uity .:.z r' cehbyr y the curve of cathoae polariza.or. (Fig. 2 ).

It is seen that Ri-.2 is a typo&. curve cl muit.aneous deposition
of w7 metals, cn. of which nas a negative z.tentia . ccr -cerably less than the
other'

WE drew the ccnclu3ion tnat curve a,- :n the groah r:-s- represent a
proceos of lb"rat-ion -f e while curve . represents a process mainly
of zinc depositaono The flat step bc :n the curve correspcnas to the transition
from one process to the othero At temperature 500 C this step is at current-
density level 

0-36 to 0.38 A/dm2.0

ChemnLcal analysis of the "gray n-ckel: and the "black nickel" con-
firmed our conclusion (see table),

Dc  Temperature Composi ticn

(A/dm2 ) (in °C) of deposit Current. Surface appearance0A efficiency, of the depcsit and
Ni + Zn hydrogen -ts quality

izn %)

0.05 5,0 86 5 Deposit of gray color,
solidly bonded to the
foundation-metal, duc-
tile.

0.70 50 31 19 Deos-t of black co~dr,
less strongly bonded to

the foundation-etalY

Fr m h .able it s appae' t. hot at a current, :_ .: 0.05 IdT2

thert: takes -'ace predo-inantly a liberation of njk.... i.W >..- :psi wich
is of gray color zad strongly bonoed to tlhe fo'rnoation the r.'ckel con.te.L
under these conditions is 06% of the total of nickel plus zi.3z

When -e work ac a current a0e.n5ty 0.7 Abc 2  it :s ...n, zinc
that is liberated. Th content of nickel droos to 31%. At the same time,

-~ -3-
K)i
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the current consinnt.... and evzlutlon cf hyd-ogern markedly increase. The
deposit has a black color and becc- s more friable.

0 In the "b'ack nic cel" ' the total content of nickel plus zinc,

relative to the w-ight of the deposit-sample analysed, amount to 57%. This
makes us think that the deposit consists of sulfide compounds. It is also

possible that free sulfur and organ.ic compounds are present,

From all this. we arrived at the conclusion that it would be a good
idea to modify the technoloV, of "black nickel" plating. The proces5s should

commence at a low current-density, of the order of 0.02 to 0.05 A/dm 2 , which

will permit the deposition of a solidly anchored coating of "gray nickel".
Than th. density is - -

snould it be brought up to the levels necessary for deposition of "black nickel".

In this way we insure a stronger anchoring of the coat to its foundation.

A particularly strong bonding is obtained if a preliminary nickel-
plating is given, in the ordinary nickel bath. Wlhen plating on a steel

foundation, the preliminary nickeling is a necessary condition to guarantee

a solid anchoring of the coat and its resistance to corrosion.

In the literature, no precise indications are given re process times
and coating thicknesses in "black nickel" plati>g. Only in one case, for

a bath with a small content of nickel, zinc anc thiocyanate, operated at a

current density of 0.10 to 0.15 A/dim 2, is it s .cifica that the process is to

continue for 25 to 30 minutes.

This question is of no great importan.e when an undercoat of nickel

or zinc is used, because the corrosion resistance will be chiefly determined

by the thickness of the one or the other undercoating.

By using the suggested electrolyte T ,d operating under the described
conditions, it is possible to cut the electro.lysis-time down to 15 minutes.

Experience with operating an industrial plating-bath su- sts that

the under-layer of "gray nickel" should bp plated on for a per2 u of 10-12

minutes, with only the last 3-5 minutes for the deposition of "black nickel".

A long period of "black nickel" depositicn increaces the friability

of this layer.

We have not carried out any special performance tests. With an

industrial bath of capacity 60 liters, which has now bpen worked for two
monts without any adjustments, about 2000 dm2 of surface have been plated at

a mean current density of 0.5 A/dm 2 and with a plating cycle of 15 to 20
minutes.

The bath has good dispersion properties, making it, osKle to late

objects of complicated shape.

To get a shir black coating, a preliminary polishing of the

foundation-metal is necessary.
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COCLUSI0NS

1) It is recommended that "black nickel" plating be carried out
with a bath of composition (g/1) as foliws.

NiSO4"iH 20 75, NiSOI.(NH )2 SO1 '6H 20 h, .>nSOL'7H 2 0 20, N14CNS 15, HBO 25.

Electrolytic operating conditions; temperature from 45 to 550C,
current density from 0.2 to 1.3 A/dm2 , pH from 4.5 to 5.5, nickel anodes.

2) To secure stronger bonding to the fuoidatin -ret C- ,it is
suggested that an undercoat of nickel be laid down, from the ordinary nickel
bath, and that the plating of the "black nickel" be carried out with a gradual
increase of the current aensity from 0.2 to 1.30 A/dm2 ,

Control (check) of the progress of the "black nickel" plating process
may be maintained by supervision and adjustment of the voltage across the bath
(from 0.8 to 2.0 V).

To get shiny decorative finishes, a preliminary polishing of the
objects to be plated is required.
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Fig.l. Dependence of deposit 0.6 0.7 o.s 0.9 1.0
quality on current-density and
temperature. Fig.2. Curve of cathode polari-
A - current-density Dc(A/dm2 ) zation.
B - temperature (in oc) A - current density Dc (A/dma)
1. - "scorched" deposit B - potential (in volts)
2. - "black nickel"
3. - "grey nickel"
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