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ON THE QUESTION OF THE ELECTRODEPOSITION OF "BLACK NICKELM

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

Faculty of Electrochemistry, Lensovet Institute of Technology, leningrad,

In electroplating practice, the "blacx nickel® coating has coxe into
quite wide use, It is employed botn for decorative purposes and for reducing
the coefficient of reflection. However, because ~f certain difficulties in
controlling the process and because of the low rave at which it proceeds,
"black nickel" plating has in many cases been replaced by non-metallic
coatings, ,

Information in the li*erature on the electrodeposition of “black
nickel” [1.2,3] is of a fragmentary and casual nature, Neither the deposition
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process nor the constitution of "black nickel" has received adequate study.

As regards electroiytes 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 procedurg7 for the analytic checking and precise regu-
lation of the process. In the present paper we are giving the results of
tests carried out for the purpose of determinirg the simplest electrolyte COm=
position which would permit a speeding-up of the process; also some hints for
improving the technology of ®black nickel" electroplating,

Qur procedure in investigating 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 /complicating/ substances are the arsenic and cyanide com-
puunds, tartrate, licorice extract, etc,, which are often recommended.,

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

Ni80) » (NH) )550) «6Hy0 60, ZnS0y «THZ0 7.5, NaCNS 15,

Here the electrolyte permits working only with small current-
densities (noi above 0,15 A/dm?), The deposit obtained with this bath is
friable and comes away easily from the foundation-metal,
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ommerded, having a ccmpositicn as failows

N1S0y *7THp0 75, NiSO) «(NHy, )80}, *6Ha0 L5, 2ZnSCy »THaC 3§, NalNS 15.

‘ The process is carried out a% a iLemperature of 18-200‘:3y a pH varying
from 6.6 to 6,8, and a surrent-density of 0.12 4/dm€.

In this

electrolyte, as in ordinary nicxe
the acidity is of

1 hs, the regulaticn ol
great impertance for maintaining a

baths,
hizh current-efficiency,
Tc this end; we added a buffer of H3BO3.

Insteat of sodiua
cyanate, we used ammonlum thiccyanate in the bath,

thig-

Thus the composition of the electrolyte was as follews (g/i)s

/

NiSO}, *THZO 75, NiSO(NH})pS0) -0Hp0 L5, 2nS0+7Hp0 LO, NH,CONS 15, HyB03 25

It is well known thai heating of the electrolyte is often used as a
means of forcing the process, Increasing the electrolyte temperature from LbL
to 55°C enabled us to step up the current density to 1,3 A/dmé, that is, to
secure an 8-fold or 9-fold acceleration of the process,

In cocnncection therewith, we madz a study of the influerce of current-
density and temperature on the quality of the deposit,

Effect of Current Density and Temperature on the Quality of the Deposit,

An examination of the deposit quality, as related to the current
density, at temperature 50°C, showed that at small cathode current densities,

of the order of 0.02-0,36 A/cm?2, a coating of gray color was deposited, very
strongly bonded to the foundation metal,

Increasing the current 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/dm? the deposit is black, Simultaneously with the change in color
there is also a change in its quality. The degoslt begins t5 re friable,
Increasing the curreni density above 1,30 A/dm¢ causes "scorching" of the coat,
that is, the deposition of metals in a powdery form,

As the electrolyte temperature is iowered licm 50° to 2008, the
two critical values of current-density, namely, that at which "gray nicikel™

goes over into "black nickel*, and that at which the latter begins to "scorch",
gradually approach each other,
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From Frgel we w22 that tho Pplatk nickel) depesition process is
@a3gier o CArYy cul at A hipnor ternerature, $.nse uhb range cf zurrent-
densities in wihich 'biats nookel" Lo depes:ited lncreaszes with ine temperature,

trans.tion frem “gray nickel®
K aoual bt discen 1‘:ouqu, This
discontinuity 1% nicely shown oy the curve of cavncde polarization {Fig.2),
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It is seen that Fig.2 is & necus denosition
of wwo melais, cnz of which has a negative poteniial cc:;ide ably less than the
other,

Ve direw the cenclusion that curve at :n the gre=lh must represent a
process of liberation of nickel, while curve wu “eprcscn;a & process mainly
of zinc deposition, The fiat otep bc in the curve correspends te the transition
from one process to the cther, At temperature 50YC this step is at current-
density level 0,35 to 0,38 A/dm?,

Chemical analysis of the Ygray nickel®” and the "black nickel con-
firmed our conclusion (see table),

Dg Temperature Compositicn
(&/dm) {(in °C) of deposit Current Surface appearance
Ny ef:1c1ency, of the depcsit and
Ez'lja; hyarcgen 1S Quality

(in %) (20 %)

0.05 50 86 5 Deposit ¢f gray color,
solidly bonded to the
foundation-metal, duc-
tile.

0,70 50

o
-

19 Depcsit of black coler,
less strongly bonded to
the foundatiocn-netal,

i b
friavle,

2

From cne table it .s apparent that at a current wn v =0 0,09 /dwm

there takes nlace vaﬂomi“antly a liberation of nickel, In Ll Gupusil, which

is of gray color and strongly bonged to the 1oAnu¢L;on, the nickel content
under these conditicns is oop o the tvctal of nickel plus zinc,
' ~ 2 . .
When wo work at a current dgensity . 7 0.7 A/dmS, it 1s malnly 2inc

Kl

that is liberated, Tho content of nickel drops to J1f., At the same vime,
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the current censumpticn and evoiution ¢f hyd-ogen markedly increase. The s
deposit has a black color and becc 3 mere friabtle,

In the "black nic«el™, the total content of nickel plus zinc,
relative 4o the weight of the depnsit-sample analysed, amount to 57%, This
makes us think that the depcsit consists of suifide compounds, It is also
possible that frze sulfur and organic compounds are present,

rom all this, we arrived at the conclusion that it would be a good
idea to modify the technology of "black nickel™ plating, The *rocess should
commence at a low current-density, of the order ¢f 0,02 to O .05 A/dm?, which
will permit the deposition of a solidly anchored ccating of "gray nlckel"
Then the flan31ty is E“'"’il”‘ 'Vv *r\ﬂrhneﬂ"‘ SeA ~~\7v teward the Anmd o~ ha rw'l‘nnt""
snould 1t 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, Vnen 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 intlications are given re process times
and coating thicknesses in "black nickel' plati-z, Only in one case, for
& bath with a small content of nickel, zinc an¢ thiocyanate, operated at a
current density of 0.10 to 0.15 A/dm?, is it spicified 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 ths suggested electrolyte - :d operating under the described
conditions, it is possible to cut the electro.ysis-time down to 15 minutes.,

Experience with operating an industrial plating-bath sug-csts that
the under-layer of ™gray nickel®™ should be plated on for a per: a 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 been worked for two
montis without any adjustments, about 2000 dm“ of surrace have been plated at
a mean current density of 0,5 A/dm¢ and with a plating cycle of 15 to 20
minutes, '

The bath has good dispersion properties, making it oncssille to rliate
objects of complicated shape,

To get a shinmy black coating, a preliminary polishing of the
foundation-metal is necessary,
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CONCLUSIONS

1) It is recommended that "black nickel" plating be carried cut
with a bath of compesition (g/l) as foliows,

NiS0; * 1,0 15, NiSOh~(NHh)QSOL°6H2O L5, «nS0), *7H,0 u0, NE) CNS 15, HyB04 25,

Electrolytic operating conditions; temperature from L5 to 55°C,
current density from 0.2 to 1.3 A/dmz, pH from L.S to 5.5, nickel anodes,

2) To secure stronger bonding to tne foundaticn-wetzl % is
suggested that an undercoat of nickel be laid down; from the ordinary nickel
bath, and that the plating of the "black nickel" e carried out with a gradual
increase of the current density trom 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
quality on current-density and
temperaturs,

A - current-density DC(A/am?)

B - temperature (in °C)

1, - "scorched" deposit

2. - "black nickel"

3. - "grey nickel"
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Fig.2, Curve of cathode polari-
zation,

A - current density D, (A/dmz)
B - potential (in volts)




