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E SINULTANEQOUS ELECTRO-DEPOSITION OF COBALT AUD NICKEL
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TITRODUCTORY

The object of this thesis is to determine and set

orth a satisfactory method for the simultaneous electro-

eposition of cobalt and nickel to form an alloy.

The results are qualitative, rather than guantitative,

their nature.

The experimental work may be grouped under three heads:=
Determination of & suitable electrolyte.
To control the distribution of current between the
cobalt and nickel anodes. This is necessary if the
bath is to remain of constant composition while in use.
To obtain deposits of varying composition by varying

the relative amount of metals in the bath.
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EXPERIMENTAL

L

The baths used consisted eof (1) cebalt and nickel
(2) cebalt, nickel and smmonium sulphates, and
(3) cobalt and nickel sulphates with varieus small ameunts
of additien agents. Chemically pure materials, because
of their high cest, are net used in commercial plating.
The cebalt and nickel sulphates used in these experiments,
therefore, were of the cermercial varisty, partially
purified by reorystallizatien, The best success was
secured with & straight selutien ef the sulphates and
addition agents, such as sedium or magnesium chlerides and
potassium chlerate. The exact compesitien ef the baths

will be included in the data ef the experimenis.,

The first attempts et plating cobalt and nickel were
unsuccessful, but served as & guide in determining the
diffieculties to be evercome and the best means To use.

Bach preblem and its selutien will De treated separataly.

DEPOSITION OF EYDROGEN :-

Attempts were made o plate frem different mixtures
of cebalt and nickel sulphates, but the depesits were
invariably dark and discelored,~ noer was this conditien
altered by changing the current densiiy, concentratiens

of electrelyte, er temperaiure. Ho attempt was made

te analyze these first depesits.
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ydrezen te escape. Expesure is made avery one or two |
ninutes, When the exposures are over six to sixteen

Seconds, laminated plates are produced.

+os USE OF DEPOLARIZERS FOR HYDROGEN ;-

dith the idea that the blackening effect of hydrogen

4+

could be reduced by the addition of an oxidizing agent, th

Tollowing materials were tried:- (1) hydrogen peroxide, (2)

-

potassium dichromate, and (3)potassium chlorate.

iAn electrolyte of cobalt and nickel sulphates, with
hydrogen peroxide as an addition agent was tried. dhile

not exhaustively studied, the addition of peroxide appeared
to have no appreciable effect on the color of the pla

-

y The use of hydrogen per-

+he dark color was unchanged.

oxide was sbandoned.
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LA PERIMENT i~

In this experiment, potassium dichromate

& solution of cobalt and nickel sulphates in
oxidizing the hydrogen as-'soon as it was discharged.

The following electrolyte was chosen, because it approaches
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Plating of these metals,




Electrolyte;- Cobalt sulphate (300 gram per liter) - 50 cec,
liickel sulphate (300 grams per liter) - 50 ce.

Potassium dichromate - - - =« = - 1 gm,

Voltage:- 0,8 volt.
Temperature;- 22°C,

athode:- Polished iron, one Sguare centimeter,

(@]
o

The sulphates were dissolved in water and plating

sivarted before the dichromate was added. Within three

F
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o
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after the addition of the oxidizing agent, fthe
late had assumed & pure white color, In an hour, how-
ever, the plate became covered with & yellow-green paste,
This product was not analyzed, but strongly resembled
compounds of chromium, This corresponds fto the thin film
of chromium chromate which forms around the cathode during
the manufacture of hypochlorites, when polassium dichromate

is added to the elactrolytea.

The use of potessium chlorate, then, should be more
successful since there is no reason for expecting the

formation of a metallic compound similar to that formed

with chromium.
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Blectrolyte:- Cobalt sulphate (300 grams per liter) - 60 cc.

Hickel sulphate (300 grams per liter) = 40 cc.
Potassium chlorate (10 grams per liter) - 3 cc,

Cathode:- Polished iron, one square cemtimetfer.
anodes:- Cobalt, five sguare ceantimefers;
Nickel, five sguare centimeters.
istance between electrodes:-~ Six centimeters,

Temperature:= 2200.

Time Ampe. Volt. Remarks

10:20 02 0.9

10:50 402 0.9 Plate dark and spotted. White rings showed
location of bubbles. Added three cubic
centimeters of potessium chlorate sol-
ution (ten grams per liter).

11:00 .52 1.0 Plate had turned pure white. There was
no visible evolution of hydrogen.

11:20 .04 1.0 Plate dark in patches. Added four cubie
centimeters of the oxidizing solution,-
potassium chlorate, Uen grams per liter.

11:30 .04 0.8 Plate improved, but gtill showed dark

traces.
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riment one gram of sodium chloride has

led To the electrolyte, cathode has been more
choroughly cleaned, ar conditions were the same
a8 In the preceding
ilectrolyte;~ Used electrolyte from experiment x r four,
adding one gram of sodium chloride.
Cathode:;= Iron, one sgquare ceatimetler; electrolytically
Otherx
Log of run:-
Iime Amp. Volt, Remark
1:156 .04 0.7
1:20 .03 046 The plate had started white in the
dark on the edges,- therefor the current
iensity was cut dowm.
11:30 .03 0.6 Plate still dark on edges, Added 3 cc.
of potassium chlorate (Tem grams per liter)
11:40 L03 046 Plate perfectly white, butl blistered
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back surface of the electrode showed good plate with no
tendency to peeles This would indicate too high a curreant

density on the face.

TYRTRTIOTTT #6
b L2VLALGN L PO @

This experiment was run under the same conditions as

Bzperiment #5, except that a lower current density was

LXperimend'

Rt

used and still greater care was taken in cleaning the
cathode,
Electrolyte:;= used electrolyte remaining Ifrom experiment #5.
Cathode:= Iron,- ground,,poliahed, very thoroughly cleaned
as cathode in sodium hydroxide, and washed,
Area, one square centimeter,

Other conditions:- Same as for experimen® #5.

440

Log of run;:=

Time Amp. Volt, Remarks

1:35 «030 0,80

2:00 032 0,75 Plate still white.

5:20 032 0475 Plate very slightly discolored.
Added 3 cce. of potassium chlorate.

+032 0,75 Plate good,= bright and velveiy.

Adherent, with no tendency T peel .
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Log of runi=
Time Amp. Volt. Remarks

10:45 403 0.92

10:55 03 0.85 Plate good, Added 3 cc, of potassium chlor-

ate solution (10 grams per liter).
1:30 .03 0.85 Slightly dark. Added 3 cc. of potassium
chlorate solution.

5:00 <03 0.70 Plate good,- bright and adherent,

The gredual drop in voltage may be due partly to polarization

effects and partly to the fact that the iron cathode becomes

covered over with an alloy of cobalt and nickel.

o —y [
EXPERIMENT fo.

In this experiment the cobalt content of the electrolyte

Woda

has been still further reduced.

-~ Qobalt sulphate (300 grams per liter) - 28 cc,

=
=
D
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=
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Nickel sulphate (300 grams per liter) - 75 co.
Potassium chlorate (10 grams per liter) - 4
3odium chloride - = =- = = 2 grams.

Other conditions still remained constanf.




but slightly dull.
;10 N 70 S1lightly dark, Added 3 cc, of potassium

| chlorate solution,

0:40 02 70 Plate good,- white, velvety, adherent,

A= "] - T A= L -] 1 — -
final waight of cathode:- 2,9425 grams.
Initial weight of cathode:- 2.8762 grams.

deight of deposit:- - -~ 0663 grams.

Theorstical deposit, assuming 100 per cent nickel:- +0687 gms.,

assuming 100 per cent cobalt:- 0693 gms.

Paraday's law, give a current efficiency of ~ s OT







———————
4 Bl P o weris o o A o e R A s v
In gLlowWin S8l 1 exXperlmentvs uihe current W 1ich
: e A e g T S 1
LL( i rughh the eobalt anodes and TaArougin The nickel
. . Y - o g T, [ my ’ e Al ey
v fim regcorded sSeparatsedy. 4118 _.-.e.f gantv ol Tvoval

current f£lowing through the cobalt anodes was calculated.
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Electrolyte:- Gobalt sulphate (300 g per liter) - 50 ¢
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ckel sulphate (300

vatnode ;- Iron.
MaAd oo . 1 g 4 s I S—
anodes;- Cobalt, 5 square cenuimevers,

square centimeters.,

ctrodes;:;- Six centimeters.

Jdistance

1
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Latgs=

Volt,

.e - 001 001 -
> - 002 «002 e

oC - 005 005 -

o0 - .010 010 -
1.0 ~ 017 017 -
1,2 «001 .026 027 96.0

1.6 (003 .,042  J045- 9544
240 .011 .056  +067 8546
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with an equal volume of water, and one hundred cubic
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EXPERIMENT #13.

~

Electrolyte:= Cobalt sulphate (300 grams per liter) - 25 cc.
Nickel sulphate (300 grams per liter) - 756 cc.

g e

Ilo other conditions were changed.

Data:=
Volt.  Amperes % amps.,
Hi Co total thru Co.

. - 002 «002 -
ol - «006 «0006 -
Ne - 013 013 -
o8 - 023 023 -
1.0 - +035 035 -

l 04; - 0044 0044 =

o
°
[e0]

1.6 005 L0635 068 9

o

‘-4.0 0017 QOC"O OOE-’F ‘-jl-
2D 033 100 0133 74.5
<0 o046 L130 176 74 .0

It is to be noted that with & lower raftio of cobelt
in the electrolyte, more current Ilows through the cobalt

ViLG

anodes., This is in harmony with Nernst's solution theory.




EXPERIMENT # 14.

To determine the effect a change in the anode surfaces

on the ratio of current passing through the individual

enodes.

wnodes:= Cobalt, 5 square centimeters,

t

Hickel, 10 square centlmeters,

Nl antrn ol e T PR o e e Py +1 a 4n
Electrolytie and @ther conditions correspond To Those in

experiment #10.

Jasa;-
Volt, ampares % amps.,
Wi Co total thru Co.
. - "CC‘S .GO-’« -
od - 004 004 -
o0 - 008 +000 -
-k.; - .01‘- .C-:.u —
1.0 001 028 029 9640

w
o
.

tn

1.2 004 ,036 «042

‘...]
Ch
-

"

1.6 017 055 072
< a0 031 4070 o101 69 o1
<D 051 090 o141 6348
340 070 <120 «190 6441
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EXPERINENT #15.

e

To determine the effect of addition agents on the

distribution of current.

Eleclirolyte:- Added one gram of sodium chloride to the
electrolyte remaining from experiment #l14.

Other conditions remained constant.

Data:=
Volt. Amperes % amps.
Ii Co total thru Co.
o2 - «005 +005 -
oi - 012 012 -
o6 - 017 017 -
o5 - +024 024 -

1.0 001 034 «035 07 .2
1.2 004 .045 «049 92.0
1.6 021 o066 «087 7640
240 040 .088 o128 68 47
245 060 .130 «190 68 45
240 +082 4160 ocdi 6640
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EXPERIMENT #16.

In this experiment, potassium chlorate wus added To
the electrolyte remaining from experiment #15. The
electrolyte now contains all the addition agents necessary
and is of the proper composition for producing the
cobalt-nickel alloy.

Electrolyte;=~ Added 5 cce. of potassium chlomaie solution
(10 grams per liter) to the electrolyte

remaining from experiment #15.

Other conditions remained constant.

Data;=
Volt. impered % amps.
ni Co total thru Co
.2 - +005 «005 -
od - 013 013 -
N - o024 024 -
o - +037 037 -

1.0 .008 048 «056 8547
1.2 012 .060 072 8344
1.6 030 .08l o111l 7340
2.0 041 L110 «151 7240

360 .094 .163 .L:}g 63 05
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ratio between the surfaces of cobalt and nickel in the anodes,
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Electrolytoe:= Used eslectirolyte remaining from experiment #16.
" S aded oo ds o

snodes:- Cobalt, 2.5 sguare centimeters,

1% 1 . T e L TR

Hickel, 10 sguare centimeters.

Other conditions constan

Datar= '
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Volt., Ampe







ig of l1little importante, since the ratio ol Tnh
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heve

however,
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in the deposit determines the ratio ol meial ions in

he electr LJ.J.J i 3

The next consideration is the relationship between

depnosit. ¢. Bruni and 1. Amadexri publishe ad an erticle

%

iron-cobalt, nickel-cobelt, and mictures of Ul

28

44
Y

on the "Formetion of Metellic Alleys by Electrolysis"s

metsls in sach case ware obtained by glectrolysis,

S

11

"he suthors experimented with "co_;er-nickal,iron~nicxel,

0

The composition of the deposit varies as the ratio of

g s

hat in the deposits when the current ieng;u,

and

the metels in solution, The ratio 18 practically eg

uael @O

sobentisl at the elecfrodes &re nig vh. WThen the current

density and ¥ension are diminished, fthe deposite contain

thaet metsl in larger proporiicn which is lower in th

electromotive series. Ammonium szlts end ammonia tend

to increase the deposit of nickel in The coj;ar-nickel

alloy. The per cent of Hickel diminishes on using &
with

retating cethode. inelogous resulis are obtained

copper-cobalt . The pa i iron-nickel shows more complex

shenomens with weak current density (.05 ampe
X
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EXPTRIMENT #18.

In th

is experimen

in ol

ace of sodium chloride,

L L] e |I|‘ :._ -—:

e T et vy +h ~vd A
Ll 188 110 (oislu; il

of =

it gives betier

corrdsion of the anodes.

Blectrolyte:-Cobalt

ickel

Su

1lphete

gulphete (300 grems

(300 grems per liter)- 100 cc.

per liter)- 100 cec.

Potassium chlorete (10 grams per liter)-10cc.

Megnesium chloride - 2 graums.
Ainodes:- Cobalt, 0.5 sguere cenbimefer;

iickel, 15 squere centimeters.
Cethode:- Iron eight square centimeters.
Temperature:- 229¢C,
Log of run:-
Time Ampere BJU.F.
i Co total Volt.

2220 .04 04 .08 2.0
3:20 03 .03 .06 1.5

1:30 .04 .04
& - -.:‘:.J .04 004
o :';’O 004 o=

.06 .06

04

Plate good,-

Anslysis showed

.08
.08

.08 o0
ol o9

adherent.
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In this experiment the ratio of cobalt to nickel ha
J 1 0 | "y o O o o 4 A 4 4~ o 1 =
been decreased, so as to decrease the percentage of cobalt

in the deposit.,
Electrolyte:=-Cobalt sulphate (300 grams per liter) - 50 cce
Hickel sulphate (300 grams per liter) - 150 cc.
Potassium chlorate (10 grams per liter) - 10 cc.
Magnesium chloride = = = = = - = 2 gm.
anodes;- Cobalt, 0.5 square centimeters,
Nickel, 15.0 square centimeters,
Cathode:~ Iron, eight square centimelers.
Temperature:- 229C,
|
0g of run
Time Volt. amnperes
ui Co total
5130 2.1 06 «06 W12
9140 2.0 04 04 «08
£:00 20 «06 +06. ol2
4:25 240 «064 «064 o128
4:30 2.0 064 064 «128
Potassium chlorate solution wes added, when necessary %o

- £ -

yrevent discoloration of the deposit.

-

ood color and adherent.

s
o

0

7]

PMinel plate wa

i

howed 37 per cent nickel.

dnalysis




EXPERIMENT #20.

In this experiment the rario of cobalt to nickel has

been s8till further reduced.

Electrolyte;- Gobalt sulphate (300 grams per liter) - 20 coc.

Q
]
-

Hickel sulphate (300 grams per liter) - 180
Potassium chlorate (10 grams per liter) - 10 cec.
lMagnesium chloride = - - - 2 grams,

Other conditions remained the same,

Log of run:-

Time Volt. Amperes
mi @o total
9:30 1,8 +06 «06 ol2
10:00 1.7 «06 «06 o12
11:30 146 «06 06 ol2

The first deposit showed a slight discoloration, which

soon disappeared. Final plate was good.

inalysis showed 71.2 per cen® nickel.
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EXFERIMENT #21.

4ith higher ourrent densities, the ratio of metals in
the deposit should more nearly approach their ratio in the

elecirolyte.

Electrolyte:- Used electrolyte remaining from experiment #20,
anodes;- Cobalt, 0.4 square centimeter,

Nickel, 20 square centimeters.
Cathode:~ Iron, eight square centimeters.

Temperature:- 2290,

Log of run;-

Time Volt. Amperes

Hi Co total
2:00 2.2 13 04 17
2:30 2.1 12 04 16
3:10 2.2 14 04 «18
3

: -35 2 .0 .13 004 .16

Plate was white, hard and adherent, with ita nickel content

somewhat increased,.

Analysis showed 76.1 per cent nickel.
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PINAL CCHCIUSIONS

From the sbove experiments we may drew the following
conclusionsa:=
1. It is possible to produce & deposit containing both
nickel &nd cobalt, which is hard and edherent, A slightly
bluish cast (mueh less than is the cese with pure cobalt)
is noticeable when the plete is first made. This tends to
diseppesr after several months,
2. It is possidle, by variation of the impressed voltage
and of the relative surfaces of cobelt and nickel in the
anode, to eemtrol the smount of current entering through
each anode, This is necessary if the composition of the
bath is to remsin constant,
3. It is possible, by varying the ratio of metaels in
solution, to produce good plates of different composition,
verying from twelve to seventy six per cent nickel.
4, The moat suitable electrolyte is a solution of the
sulphates of cobelt and nickel, totaling 300 grams per
liter, the ratio depending on the retioc desired in the
deposit. Ten to fifteen grams per liter of megnes{um
chloride aids in meintaining e bath of uwniform concentration,
since better corrosion of the nickel anodes is secured.
5.3imultaneous deposition of hydrogen mcy be avoided by
adding & solution of potassium chlorate. The electrolyie

should receive about 5 per cent by volume, of & solutioncgon-

teining tén grems per liter.




G.

=

square decimeter.

7. The impressed voltag

=1

Current densiivy must nol exceed 5-4 emperes

the nickel anodes

paerl
'S
gshould be l.25 or sbove, &8

do not function much below this point.
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