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INTROUCTION



R it e CEPERE

Chrome-niskel nliqyl and steels have of resent
years been prodused sommereially. They have the prop-
erties of withstanding extreme eonditions of tempera-
ture, pressure, and shemieal eorresion. This iavesti-
gation was undertaken with the idea of predueing
elestrodeposited alleys of miekel and ehremium on
iron and other dase metals. These deposited alloys
should preduse a mou-percus surfase whieh would de
sapable of withstandisg the deleteriocus effeets of
fumes, vapers and shemiecals whieh e¢ause destruetion
of niekel and shromium deposits. The alley should
have the additiomal properties of hardness and abra-
sion resisianee.

It has not been sonsidered possible to deposit
alloys of miekel and ebromium, beeause nigkel has _
beea deposited from meutral or s_li@tly asid solutions,
while chromium is deposited from distinetly acid
solutioas.

It is only of reeent years that shromium has been
sueeesafully elestrodeposited eommereially, ylelding
& surface highly resistant to atmospherie eorrosion
and alse having eharasteristies of sxtrems hardness.
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The disadvantage encountered in elestrodeposited
shromium is poresity, and am intermediate layer of
some metal whieh will protect the underlying surface
from sorresion .13 therefore necessary. Suessssful
shromium deposits have been made over intermediate
soats of sopper and mickel on the base metal irom.

An sleetrodeposited nickel surfase presents a
Righ luster, similar im refleeting quality to silver
and at the same time sets as a protestive eocating |
for irom or steel. It is extemsively used for orna-
mental purposes. The sorresion resisting properties
of miekel depend on the impervieus quality of the
surfase whieh should be ,001" thiek in order teo

protect steel.

Alleys having ehromium as one sonstituent tend
to resist the eorreosive action of gases and uémaﬂ
unless these alloys contain a large persentage of
another metal easily attaeked by the sorrosive agent.
The purpese of the eleeirodeposition of an alloy ef
shiremium-niekel direetly on the iron or eopper base
is to reduee the poresity, while at the same time
retaining the sorrosion-resisting qualities of
shromium, In this manner, moisture and destructive
asids may be prevented frem pemetrating the outer
surfaece and attacking the underlying metal.
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Eash of these metals has been so-deposited with
other metals, but not with each other. A mumber of
niekel alloys have been elestrodeposited, smong them ‘
being, niekel-eopper (1), mickel-tim (2), niekel-irem (3),
Riekel-esbalt (4), and niekel-sine (5).

In all sases exespt the last mentioned, the metal
sontent of the deposits varies with the ratio of metals
in solutien, whem the eurrent density is high. meigl_-
sine alloys are Bniém. in that, although the selution
sontains an exeess of niekel, the deposit sontains
more aine than niekel.

NHiekel and irem were cimltgmaasly deposited by

Leuehter (6) from H1S0, and FeSO,, using the latter
~ in exsess. , ,

Hiskel has been deposited simultaneously with
other metals in the form of the ternary alloys,
Cu-Ni-Zn (7), Cu-Bi-Sn (8), and Pe-Ni-Co (9).

Experimenting on chromium~-iron alloys, Fuseya
and Sasaki (10) found that ehromie acid and irom salts
resulted inm a poor deposit, and therefore, they used
a bath ecomposed of the mixed sulfates, to whish was
added an exeess of sulfurie acid. It was found that by
inereasing the gqurrent density and lowering the temp-
erature, the percentage of ehromium was inereased.
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Siemens and Halske (11) have patented a prosess
by whieh niskel and ehromium san be simultaneously
deposited from a moltem bath eomposed of ehromie oxide
(15 parts), borax (40 parts), sodium metaphosphate
’(50 parts) and the addition of a niekel salt. The
femperature is 950° C. and the current density about
1000 amps./sq. m. of eathode surface.

In 1905, the first elestrodeposition of ehromium
was sarried out by Carveth and Curry (12), who showed
that the redustion of ehromie aeid (Cr0s) at a high
eurrent density yielded metallie ehromium, and that
salte, such as sulfates, improved the eharaeter of
the plate. The first bath to arouse commercial interest
was that of Sargeut (13) inm 1920, and it is essentially
the same as that used in modern plating. The commonly
med bath for chéonhm deposition is eomposed of '
2.5 M CrO; and sbout 2.5 gms. of Crp(S504)s per 1liter,
using & cathode current demslty of 12-40 amps./sﬁ. dm.
and lead anodes. Schneldewind summerizes the existing
pateﬁts dealing with chromium deposition and states
that mo single patent or group of patents ean eontrol
the deposition of chromium from ehromie acid baths (14).

The first sommereial attempt to deposit niekel
electrolytically,was made by Adams (15) in 1865,
empleying a selution of HiClp and anodes of east nickel.
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At present, the standard bath for cmrcm aialgel '
deposition is eomposed of the single salt, N1S04+6H0,
with HiClo+6H0 added to inerease anode eorrosion and
HyBOy to regulate the asidity. Anodes of east niekel

or electrolytis mickel are used, and these dissolve |
with high anode efficieney in the presenee of ehlorides.




THEORETICAL

Two metals oan be simultaneously elestrodepesited,
provided the elestrocde potentials of these two metals

in eentast with solutioms of their ions are the same.

The normal elestrode potentials of mickel,
shromium, and hydrogen are shewn in Table I. (16)

TABLE I
E £ PO
Hydrogen N. Calomel | Absolute
Cr «0,47 «0.76 -0.19
N -*0.29 ~0.48 0.08
82 9.00 *O 1285 0 ‘2?7

The Nernst formula for the determination of
the elestrode potential is derived from the sonsept
of osmotis and solutiom pressures. The osmotie press-
ure is the pressure exerted by the metal ions, or
thelr tendensy to pass from the ionie to the atomie
state; and the solution pressure is the tendeney of
the metal to diesolve or te pass from the atomie to
the lonis state. |

Esw %% 1.%2 (1)

Where the solution is mormal with referemee to

the partieular ions, the equation besomes

RT
xg.-m P



| Subtrasting, we obtain
RT
x E”m [ -9
o = m,lnc

I & single electrode potemtial
Ege normal elecirode potential
R » gas constant »
| T ¢ absolute temperature
= valence of the metalv_ |
= Faraday sonstant (96,540 coulombs)

= electrolytie solution pressure

L L~ R

s proportionality econstani

C = molar ionie coneentration

If the two metals are to deposit simultane-
ously, the values of E for both must be the same. The
elestrode potential is & function of many somplex
variasbles. It is affeeted by eoncentration, current
density, overvoltage, rnlarization, temperature and

'caﬁhedia alloy formation.

EFFECT OF CONCENTRATION

Aceording to equatiom (1), the single poten~-
tial of a metal will wary with eoneentration. Dilution
and the formationm of somplex salts both affeet the
ionie someentration. Dilution is not recommended in
niskel-ghromium deposition, sinee both metals are
normally depésited from solutions of high metal salt
sontent., The metal ion concentration is greatly




‘redused by use of eomplex salts, and st the high
ocurrent densities neeessary for satisfastory chrcn;uu

deposition, the solution would rapidly become impover-
ished in ehrouium fons. 4

The sedium or poimssium ehromium eyanides are
unknown and therefore, cysuides as somplexes are not
eonsidered prustical, although Ni(cuj, exists. The
sorresponding complex salts of these metals are net
comon} and while chromates and dishromates are o
commion, the eorrespunding niekel salts axre unknown.
Variatior of eoncentration by dilution and eomplex
ion formeticn are not therefore pracstiesal methods of
bringing the potentisls togathar,

By inereasing the ourrent density, the potentials
of two metals can be made to approach each otkeri and
henee, sines the differenece between the single elestrode
potentials of ¥Ni (=0.20) lnt._’tl Cr (-0.47) is onmly 0.27
volts, these potentials should becowe equal at higher
current densities. The ecurrent density-potential curves
are given in Fig. I. The walues for ahromium {17) show
that at high current densities, tic curve bends distinet-
1y to the right. The eurve for niekel (18), while only
available for low current densities, because experi-

mental work has been earried om only at these low



S

as

e

T
1T
el
>
90 b0 =
l PP

MAOA MBN pPue oSeosiyn ozZ2 X oz 2 ( { s
‘O2 N3IO9Z131a INION3 _ Asu2i121343 O0Da3a ~—O+E SN



current densities, shows that if ths values are extra-
polated, the curves cross at about 20 a-psw/iﬁ. dm,
This would lead ome to expect that at high current
densities, the two metals might be simultaneously
deposited.

EFFECT OF CURRENT DERSITY

There is wide wvariance in the effeet of current
density on the two metals. In NiSO4 solutions, an
inereased current density causes a greater slectron
flow, resulting in a more rapid deposition of mickel.
In CrOy solutions, a low current demsity merely offects
 partial reductica of Cr': to CriIl, but does not
complete the reduction to the metallic state. It is
only when the curreat dcuaiiy exceeds a point at which
the discharge poteatial of chromium becomes equal to
that of hydrogen that metal is deposited.

This variable, curreat demsity, is mot sc import-
ant in nickel deposition, for a good deposit can de
obtained from 0.5 « 10.0 amps./sq. dm., and, the temper-
ature being held eonstant, an inerease in curreat
density will give finer grained deposits, since new
nuclei are formed more rapidly, and those already
formed have Bo period of growth. Being more electro-
negative than hydrogern and alsc being deposited from



- &8 asld solution, hydrogen is evelved with the niekel
which tends to give & fine-grained, theugh brittle
Plate. '

midum (l.é) shows that inereased surrent
density results in inereased eurrent effieiensy for
several ratios of Cr'i/s0,, and his results show that
the range for bright ehromium deposits is widened B
as the surrent demsity inereases. Current density has
sn effest om the formation of CrililI, the maximum
amount of whieh is formed at low eurrent densities.
The type of material used as eathode has an effeet on
Crillay gtudied by Lukens (20), who found that miekel
68 sathode material formed the least amount of criil,
scpper more, and lead the largest amount,

The ﬂutioa in the separate deposition of
nickel and ehromium is as follows:
cr'" s 20 —scpo

W20 e

or, im other words, the deposition of either metal
depends on the presense of bivalent ions. In the eage
of niekel, the bivalent ions are present in the
solution of N150,, while in CrO3, the hexavalent ioms
must be redused to the bivalent state. Liebreieh (21)
Sssumes the existense of an equilibrium

e’ 4 ot 2t Hp



and uses this hypothesis to explain the evolution eof
hydrogen with the redustion of valense. The potentials
of the two prosesses are A

cr 't e =cr <0.412 volts and

Cr''+20 —Cr®:  =0.557 velts. (22)

Aecording to Sargent (23),depesition of ehromium

from Cr0g 622(80‘)3 solutions at moderate eurrent
densities, is ascompanied first by the formatios of
& film on the cathode with a mearly meutral solutiom
in eontast with it; while at higher surrent densitles,
a film forms and hydregen is evolved.

++

In general, at high eurrent densities, one would
expest the pesesibility of simultaneous deposition of
shromium and niekel. The effieienecy, due to the evolu-
tion of hydrogem, would be low, and the resulting
deposits may be bLrittle, due to adeorbed hydrogen.
‘Inereased eurrent demsities would inerease the
chromium eontent to a value where the surrent density-
dissharge potential eurves ¢ross eash other, and
above that point one would expeest an inereased amount
of niekel in the deposit.

HYDROGEN DISCHARGE AND OVERVOLTAGE

Table I shows that both niekel and ehromium are

0.2 and 0.47 volts respestively, above hydrogen in the
eleetrochemisal series, and when the deposition is




earried out from solutions, mormal with respest to
metal ions, there is a preferential discharge of
hydrogen, sinee a lower petential is mnirti to
deposit hydrogen than is nesessary to deposit either
metal. Therefore, gassing oscurs simultansously with

the deposition of tithar metal, This large volume of
hydrogen, which requires eonsiderable energy, esauses

& low sathode efficiensy for deposition.

Hiekel ean be deposited frem sclutions of low
PH; namely, below 3.0, using higher surrent demsities
than with solutions of ecmmonly used pH (5.5). The
inereased aeid aids ancde ecorresion but lowers the
surrent efficieney to about 75Z due to large amounts
of hydrogen being diseharged (24).

The overvoltages of the two metals are given
in Table II (25). These hydrogen overvoltages were
measured in 2 N. HpS04 saturated with hydrogen.

TABLE 1I
HYIROGEN OVERVOLTAGES
C. . “111 . 3
1 0.563 | 0.32 x|
10 0.747
100 1,048
1000 ] A.241

X eurrent density mot given,

- 33
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These values show that for nickel the over-
voltage increases with current muty. No values
are available for overvoltages of mickel-chremium
alloys; but since the constitution dliagram (Fig. II) (31)
indicates that thess metals form a series of solid
solutions, the overvoltage of the alloy is probably
intermediats between that of nieckel and that of chromium.

These walues for overvoltage would indicate that
there is a possidbility of depositing mickel from a ;
bath of low pH and the simultaneous deposition of the
two metals would be possible, even though it is accom-
panied by a co-deposition of hydrogea.

~ Before hydrogen will be discharged from a solution,
an electromotive force must be impressed whieh excoedl'
the hydrogen overvoltage of the metal. Whether a metal,
hydrogen, or beth will be deposited, depends on the
values of Ey and E,, as determined by Equation I, where
E, is the single electrode potential for the metal,
and Ey is the single elsctrods potential for hydrogen.
If Ep is less electronegative than Ey» only metal will
deposit, as in Fig. III-A. If E, is more electronegative
than E,, only hydrogen will be liberated, exeept where
Ey plus the overvoltage is greater tham E,

In Fig. III-B (26) the overvoltage of the metal
for a given current density, is equal to that of the
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bydregen; and henee, the two will deposit together,
Now it is also possible to obtain the same relatiom-
ship for two metals, and im this menner form an
alloy of these metals.

POLARIZATION

Pa_mintiénrm be defined as a ecunter elee-
tromotive foree saused Ly the depletion of substanees
used in the reastion, faster than they ean be replased,
or the formation of the products of the reastion
faster than they san be removed.

The rate of depletion of ioms in the regiom of
the eathode varies with the eurreant density, resulting
in an inerease im polariszation, thus reﬁuirmg a
greater potential to obtain the desirqd_‘eurront. The
surrent density~disecharge potential curves (Fig.I)
show that the ecurve for miekel at high eurrent den-
sities is less elestronegative than the chromium
surve, and one wsuld expeet the deposition of niekel
from these potential eurves alone, ever though there
were mo depolarixing astion. By depolarizing ome of
the metals, the éiuhu'go potential of the other
metal is made nearly equal to that of the depolariged
metal. This depolarization eauses the formation of an
alloy and the two metals are present either as s



eompound or a solid selution. (27) The potential of

a metal in a solution of its ions changes with the
scmeentration of these ions, and the potential inereases
as the solution besomes more dilute; but this ehange

is not a direet funetion of the umntr;tion shange .

If ehromiwm is depolarixed by niekel, there 1s a
possibility of simmltaneous deposition at a lower
potential.

The eonstitution diagram for ehremium-nickel
wlloys (Fig. II) shows tkat niekel and ehremium form
& completis series of solid solutions with & minimum.
The potential for varying eomposition of the alloy
would therefore be intermediate between those of the

two metals, and simultaneous depositien would be
expested.

EFFECT OF ANODES

In the deposition of most metals, anodes of the
respestive metals ave used in alloy deposition. It is
sustomary to use anodes of eaeh metal or sast ancdes
of the alloy in the ratio desired. For practisal alloy
deposition, the eomposition of the bath must remsin '
constant; and consequently, an anode of the two metals
is neeessary, such that the mtgla will dia_solw in

the same ratioc as they are removed from solutionm.




In ehromium deposition, various anodes have
baen m;utiga.ted’ (28). Nickel and irom anodes
beeome passive im oxidizing solutlona. Qhrou';m ‘
in steel renders it unfit for anode use, since it
is too easily oxidized in the CrO3 solutlon. .
Ferro-ehromium and ¥i-Cr alloys (Chromel, Nichrome,
ete.) are worthless as anodes.

In niekel deposition, pure elcctrolytu B
nieckel beeomes passive and much beiter results are
obtained by using east anodes with a small amount
ef impurities. In order to aid anode eorrosion, _
a soluble chloride is added; preferably NiClpe6lio0,
sinee it has the advantage of adding a ecommon fen
thus repressing “he (S04™" )3 whieh, in ease of the
mixed bath of NiS804 « Cr03, is in exeess of the
preferable ratio of erVl/. S04 of 50=1 as recommended
by Sehneidewind. (19)

lead anocdes for shromium plattng are less
soluble at low temperatures but more soluble at high
temperatures than irom. Sehwartz (29) favored the use
of shromium or ferro-ehromium anodes but Watts (28)
found the ancde eoffislency was greater than the _
sathode effisieney. The esarliest resords of chromium
dcpnaitiea reveal that platinum ancdes were used.
Plaset and Bonnet (30) were the first to mention the



use of lead anodes. The theory, u held by several
suthors, of the usefulness of lead anedes for the
cxidation of Crill to cr¥l, is that either a echromate
or an oxide is formed on the lead, and this oxidises
the trivalent chromium to the hexavalent stats.

Since lead is not used to supply metal ions,
the passivity is very favorable to oxidation and the
maintenance of equilidrium between Crill gnd crVI,

If the anode sfficiency is low, the c¢athode effic-
iency of the mickel bath is decreased, due to increased
asidity; but this theory doss not apply umder the
eeﬂi.tlm of this investigation in whic¢h insoluble
lead anodes were used.



CONCLUSIOR

Chromium and niskel have not been »veviously
elestrodepostited simultanesusly from aquseus solutiens.
Chremium is usually deposited from a bath of a low pi;
while aiekel is deposited from a bath with a pH of
about 5.6,

It should be possible, however, te deposit these
metals from an acld solutiom, usiag a kigh eurrent
density) as the overvoltage inercases with surremt
density, and the surrent density-diseharge poteatisl
ourves for niekel and chromium ercss at high eurrent
Gemsitiss. The efficlency of deposition of the
niskel-chromium alloy from az aeid solutiom would
be low, due %o hydrogen svelution.






PRELIMINARY EXPERIMENTAL

The purposs of this investigation was to attempt
the slmultanecus deposition of alloys of mickel and
chromium from aquecus solutions. Thexre has been no
previous work reported on this alloy, and the exper-
imental work resolved itself into a study of (1) a
suitable bath for deposition and (2) the best operating
conditions.

Chromium, as previously mentioned, has been plated
from ehromie aeid solutiens, but the electrodeposition
of nickel has been limited to solutions of a pH of 5,
except in one ease mentiomed. Thus, previous work ]
suggested the impraeticadbility of simultaneous deposition.

Binary and termary slloys have been successfully
deposited from cyamide solutions and these solutions
suggested themselves for deposition of nickel-chromium
alleys.

Nickel cyanide was prepared when nickel chloride was
treated with a concentrated solution of KOH and excess
KCE. It was found impossible to prepare a doudle sodium
or potassium chromium eyanide., When KCN was added to CxClyz,
cyanogen was evolved; but when made alkaline, Cr(oOH)s

ey



was presipitated and was mot soludble in exeess KCN.
Various other wnsueesssful methods of preparimg the
eomplex potassium shromium eyanide wers tried and
deposition frem eyanide solutioms was abandoned.

A standard niekel plating bath to which were
sdded varicus shromium salts, was next tried. KpCrog
ad Crp(SO4)y were added as the ehremium salts.

The ecnsentration of the sombined baths was:

¥1804+6Hg0 _ _ _ _ 140 gm./1.
KolrOy . o . ... 120 ;/1.
31'2(30‘)3 - - - 5 “./10

This solution was made asid with HpSO4, heated
to 60° C, and operated at 3 volts and 12.5 m'/ﬁ;hn.
using Cu eathodes and Pb ancdes. The resulting deposit
was s dull grey. Further experimeants using this bath
under varying sonditions did mot give satisfastory
results, as 2o chromium was found in the deposit.

Hiekel ean be 'm«.mn; deposited from a
solution of ¥iSO4 and NiCl,, and ehromium is sommer-
cmly deposited from a solution of CrOy3 thsrefore,
the alley should,under mm sontrel of ecnditiomns,
be depesited from a mixed bath. A bath sontaining the
sombination was prepared using the following soneen~

trations:

Cr03 _ _ . _ _ 250 gmn./}.
N41804+6H20 _ _ 250 gm./l.

FiCl2.-6Ho0 _ _ 15 gm./1.



By using this solution at 15 amp./sq.dm., a
blask deposit was obtained whieh gave qualitative
tests for both niskel and ehromium. This bath indisated
that the two metals eculd be simultanecusly dsposited
from an asid bath. The remsindar of the work was done,
using this bath and varying the eoncentrations and
operating eonditionms.

MATERIALS AND APPARATIUS

Stesk solutions were prepared eontaining NiSO4-
NiClp and CrOy in eonsentrations greater than any
whish were to be used in the lavestigatioa. The niekel
bath ecntained NiSOq - 500 gm./1. and NACL, - 30 gm./l.
and ths shromium bath contained Cr0j - 500 gn./. .

- The NiS04 was prepared by reerystallising s
solution of teshnieal NiSO,, and the NiCl, was prepared
by the astion of someenirated HC) on C. P. NiCO3z. After
action had eeased, the solution was evaporated te
dryness, dissolved and reerystallized to remove the
exeess ECl, whisch would tend to make the mixed plating
bath more seid.

The plating solutions were analysed separately |
to determine the metal sentent. The chromium analysis
was made volumstrieally by using EI and titrating the




exesss iodine with N/10 HagSg03. The niekel solution
was detormined by the potassium syauide method. These
methods were earried out as direeted by "Seott's
 Teehnieal Methods of Analysis®. The analyses showed:
Niekel _ _ _ _ _ _ 54.9 gu./1.

Chromiwm _ _ _ _ _210.4 gn./1.

An attempt to determine the pH of the puthlig
bath by sleetrometrie titratiom, using the qﬁinhy‘rem
elestrode, proved unsuseessful sinee the strong
cmontrgtlon of ehrcaie aecid desomposed the quin-
hydrone. Indisators were not held prastieal, due to
the dark red color of the solution, whieh would
easily mask any eolor chugs in the indiesntor,

The sslutioms used during the imvestigation
contained the follewing soneentrations:

TABLE Il

SUMMARY OF COMPOSITION OF ELECTROLYSIS BATHS
Bath | Consentration im grams per liter | Eatio

¥o. ™ cros [M2804[NiC1z| Cr | H& | CraMi

250 | 280 15 |10B.23 | 27.45 | 3.83
200 | 200 12 | 84.18 | 21,96 | 3.83
166 | 166 10 | 69,45 | 18.12 | 3.83
126 | 1256 7.5| 52.61 | 13.73 | 3.83
125 | 245 7.5| 62,61 | 26.81 | 1.96
186 | 248 7.5]| 66.66 | 26.81 | 2.45

The above solutions were used as a basis to
whish were sided varying amounts of acid, bese and
addition agents.
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The methed of anslysis of ths deposits
eonsisted in dissolving the alloy in comesntrated
HC1 and dividing the sclution iato two portioms,
ene of which was tested for miekel, the other for
ehromium, o

The qualitative method used for niekel thruout
the investigation was to make the solutiom alkalime
with NH(GH and add a few drops of di-methyl glyexime,
When heated, a red presipitate gave an identifiecation
for niekel. The detestion of mquumc the
oxidation of Cr’ '~ te CF ™' . The selution was made
alkaline with 2.5M ¥a0H, NagOg was added and the
sslution boiled until a elear yellow eolor sppeared.
Aectis aeid was added and a yellow preeipitate with
barium acetats or barium ehloride, in an exeeas of
asetis asid, showed the presecnes of ehremium. Copper
and stesl eathodes were genmerally employed, and being
soluble in HCl, the selution sontained not only the
 deposit but part of the bass metal whiek interfered
with the detestion. It was mesessary to remove the
Toreign metal before the qualitative test was made.

The solutien wes slestrolyssd in & srystallising
dish (10 em. in dismeter) bdut beakers were used later.
In order to sscommodate two and sometimes four anodes

e it e b, it o




& 1000 s.e. beaker was used; but when small volumes
of solution and oue anede were being used, m-.eoo
8.8. beakers were satisfastory.

m ancdes were of lead approximately 16 uj.ﬂ.
in area; and the steel, eopper and platinum cathodes
wers approximately 20 sg.em. in aresa. The sane mn.
of anode and cathode surfaee; that is, about 0.1 nq.dn..
was immersed im the solution, im order to maintain
squal eurrent densities om both,

An iastrument board (Fig. IV) gave eoxplete
sontrol of the surreant thru the snodes and sathode
4ud the IR drop serows the batk. The instrument
bosrd was provided with coulemetsrs for measurinmg the
surrent effieiensy and a potentiometer for determining
anode and sathede polarization. These properties were
not studied, as the preliminary nature of the work
4id mot Justify these determinations. Their further

study, however, 1; resommended.

FINAL EXPERIMENTAL
Preliminayy experimental work showed that an
alloy of shromium~niekel ecould be elestrodeposited
from a solution eontainings Cr0; - 280 gu./l.,
¥i804 - 250 gm./1., and H{Cl, - 15 gu./1., using &
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lead snode and a sopper sathode, operating at

15 amp./eq.dm. and 60° C. bath temperature.
Elestrolysis baths of the eomposition given ia
Teble III were used. The time of the eleotrolysis
was one hour, unless amle noted.

Bath I, eontaining 250 mo/ls crOg. 350 “a/lav
NiS0,, and 15 gm./1. FiCly, was opsrated at 25-27° C,
under varying eonditioms of surrent density.

TABLE IV
EFFECT OF CATHODE MATERIALS ON BATH I
| g::‘ﬁ Cathode Deponit
smp/dn*,
B.0 lead chremiun
10.0 iead eh:romium-nickel
4.0 iren niekel
5.3 irom niskel
6.8 | irom niekel
B3 iren niekel

Using lead eathodss, Cr was deposited; bdut the
deposit was not adherent and very soarse. Irom eathodes
were used to obtain s brighter surfaese on the base
metal, and only nickel was deposited.




The same solution was now neutralised with NaOH
and the bath temperature slevated to 60° C. The results
are shown in Table V.

TABLE V

EFFECT OF CURRENT DENSITY ON BATH X
APTER NEUTRALIZATION WITH BAQH

;‘;:::; Cathode Deposit
4 |
15.0 Pt shromiun-nlekel
20,0 Pt ckreuimeaigkcl
25.0 Pt shromium~nickel

Although the chromiumeniskel alloy was obtained
in this neutral selutien, the dcposit was very poer
and eoarse and was eaxily pecled fram the platinum,
These resulis show that if the asidity is deereased,
Bath I gives dswuiti of the alloy of miekel and ,
ehromium, but the deposits were dull and rough. These
rough deposits suggested that too high a sonsentrationm
was being used,and Bath II was prepared.

Thio bath eontained 200 gu./1. CrOy, 200 gm./1.
B180, and 12 gm./1. FiCl,. It was operated at 30° C.
and 15 amp./dm.? Sodium hydrexide was added in small
inerements, and Table VI gives the results.




These resultis show that shromium is not depesited
frem a selutiom tes alkaline with NaOi. The eharaeter
of the deposits was the best yet ebtained, being bright
and adherent, altheugh the semposition was mot as desir-

" ed.
"TABILE VI
EFFECT OF NalOH ON BATH I1I
HalE
em./1. Cathode Depesit
4.0 Cu Bright in eenter. but
sy at bottem.
um~nigke}
8.0 Cu m ever surfase,
12.0 Cu Bright ever surfase,
slightly dull at one
edge. Niskel

~ Am investigation was now made, using lower |
sonsentrations, Bath III, comtaiming 166 gm./l. CrO3,
166 gu./1. ¥1304, 10 gm./1. NiClz; and NaOH to meutral-
ise the excess acid. This bath gave m':uxg- of
ahremium ever the entire range studied, dut niekel
was oaly slight at low surrent densities, but inersased
at higher surrent densities and a him temperature.

This would imdicate that the shromium is being
depolarised by the nickel and therefore the alloy is
depositing at & lower eurrent demsity than would de
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sxpested fram Fig. I. The results are showm in

Tedle VII.
TABLE VIX
EPFECT OF CURRENT IRSSITY AND TEMPERATURE
OF BATH III
Curreat
M%} Temp. | Cathods Depesit
sup/0u®.
10 25° Cu Bright at tep, dull
wauzﬁmcm
Chreniun
12 250 Cu |Bright at top, dull on
bottom and sides,
Chromiun~-nickel
20 60° | Pt [Dudll ever surfass, Wight
ol bask,
Fiskel-ghromium

The eharsster of the above deposits indleated
that the selution was toe ecnsentrated, and for the
next series of experiments, a more diluts solutioa,
Bath IV wvas waed. The scntents of this dath were:
125 gu./l. Cr0y, 185 gm./1. ¥i804, 7.5 gu./1. NiClg
and HalH to nsutraliss the exeess asid,

Than a platisum sathods was wsed; niskel and
shremium were deposited. The deposits were coarse
and yough with sensiderabls treeing. Table VIII shows
that mo depesit was obiained belew 18 amp./sq.dm.
were used; but only shremium was deposited. The
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or the alloy will be deposited.

TABLE VIII

RFFECT OF CURRENT DENSITY AND CATHODE
MATERIAL O BATH IV

Current

mts Temp

10 | 6° | Pt |¥e deposit
60°

Pt Daxk grey at bdottom and
sdges; light and smooth
in senter,
Chromivm-nickel

20 60°® Pt Large ;&mu matuu
mm:u-.xmt niekel

12 300 Cu ::'é@t at top, c:ntcr '
» basks grey at esdges
Chromiwm = *

15 30° Cu B.::@t at top, c:ut::‘
baek; grey at edges
Chremium !

12 60® Cu Bright, adherent on sides
~ and eenter;
Chromivm

+ | Cathode MOIS‘I

The same solutiom, Bath IV, eontaining 126 en./1.
CrOg, 125 gm./1. Ni804, 7.5 gm./1. ¥iCl, and 10 gm./1.
KOZ to meutralisze the excess asid, was next used to
study the effest of temperature on the deposits.
Copper sathodes wers used and the solution was agitated.
When the soclution is meutralised ,ehromium and miekel




are depositeds while in asid sclutions,; only shromium
is plated ocut at 12 smp./sq.ém. and s temperature of
28° C. It is seen from Table IX that when the temper-
ature is lowered to 15° C., no deposit is obtained,
and at 50° C, the dsposit is brown and eerroded.

TABLE IX
EFVECT OF TEMPERATURE ON BATH IV

Current
Densi Temp Deposit
W 5 . ° ' 4
12 18° nugult at tops drown erust
be Wy » _ ‘
i2 25° | Bright at top; grey at sides mmd
- bottom, Chromium-niskel
12 80° | Brown, sorroded deposit;
non-metallie

In order to determine the effest of NaOH on the
deposition of the allay, 5 gm. imerements of NaOH
wers added to Bath 1IV. Copper sathodes were used and
the bath temperaturs was 30° €. Neither metal was
deposited from the alkaline solution, eomtaining more
than 20 gm. NaOH /1. Using 10 gu./1. and a surrent
density of 12 amp./sq.dm., the deposit was bright,
exgept arcund the bottom and edges, where it was
slightly grey. The niekel econtent was very low and
sometines lasking.



TABLE X

EFFECT OF NeOl ON BATH IV

| EaOH carr:nt Depeatt
gn./1. | Dens &zﬂ m
5 18 Bright at topj eoarss at sides
and bottom, Chromivum
10 12 Bright at top and eenter; -
slight grey daposit st bettom,
Chroniun-glight aniekel
15 12 Dull ever sntire surfese;
Chromium~glight niskel
20 12 No deposit
2B 15  |Ne deposit

The same solution was used in the mext set of
sxperiments, exeept that 15 gm./i. HC1l were added to
bring the solution baek to a meutral peint. Bath IV

now sentained 125 uo/lc cmsg 125 “1/1’ 3130‘;

V.5 gmn./1. NiCl,, 25 gm./l. NaOH and 15 gm./1. HCl.

Coeprex eathodes were used and the solution was
agitated during operation. |

The regulation ef hydrogen iom ecensentration
is very important in the deposition of the niekel-
shromiwm alloy. It was found that the meutralized
solution did mot give eonstant results. When the
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solution bessms slightly slkaline, during the
sourse of despesitiocn, a brown srust was the usual
result; although in sone cases, no deposit was
formed. m; was attriduted to the formation of ‘
basie salts or Cr(CH)g at the sathods. When the selu-
tion was slightly asid, deposits of the alloy were
obtained, but thh surfase was rough and peeling or
» dull, soarse grey. It will bs noted in Table XI
that this bath does mot remain comsiant at higher
temperatures. At 45° C. the deposits beecome brown,
rough and uneven.

TABLE X1
EFFECT OF NEUTRALIZING EXCESS EaOH
IN BATH IV
Current
. .

30° | Grey at sides and edges;
br and rent in eeuter
s e -4 { ’

15 30° | Dull grey, adheremt,
Fiekel-slight ehromium

20 30° | Dull grey in senterj white on
bottom and edges; adherent,
Kickel-ehremiun

12 45® | Grey on sides and bottau;
bright on to $ adherent,
Hiokel L m

15 45° | Grey in eenter; brown om sides
and dottom. Rough, uneven,




In order to doterminme whether the excess asid
was the deterremt fastor im the niskel deposition,
a spesial experiment was made using Bath IV, oper-
ated under the same ecnditions as previously. A
temperature of 30° C. was maintained in a water bath,
and sopper eathodes were used. ECl was added in
inerements up to 100 gm./i. and the selution was

agitated,
TABLE X111
EFFECT OF HEC1 ON BATH IV AT VARIOUS
CURRENT DENSITIES
B%l Mrzn‘t
an . kn. D‘ lit
m/&. e
30 12 Dull whitej Chromium
30 15 Dull grey; Chxmim
48 15 Light grey; Chromium
60 20 Dull grey; Chromium
75 15 Dull white; Chromium |
100 15 Dull grey; @hromium |

Table XII shows that, in execess HCl, only
shromium is deposited., It was goneluded that the

composition of the deposit was 1z & large manuner
‘determined by the moidity of the alestrolysis hth.
When a solutlion eontaining exscess NaOH was used,
the deposits wers spongy erusts and nom-mstallis.



The addition of HC] in small quantities resulted in
adherent metallis deposits.

Sinee the conditions seomed to favor ehromium
deposition over niskel dcpegitioa. Bsth ¥V was ;romd.
ecntaining 245 gm. N150gs 125 gn. CrOy, and 7.5 gm.
HiClp per liter. The CriNi ratlo was now 2:l1 instead
of 3.8:1 as before. Over a rangs of eurrent densities
from 12-20 amp./sq.dm., the solutien now yielded only
nickel im good amounts, but the surfaee was dull though
adberent, During thc sleetrolysia, the bath temperature
was maintained at 25° C. amd the sathodes were of
sopper.

TABLE XIII |
E¥FECT OF CURRENT DENSITY ON BATH V
m M. | Deposit
anp/an®.
12 25" Dull grey; niekel \
18 25° | Dull en frout; bright on baek}
Hiekel ‘
20 25° | Dull grey, sdherent;
Niekel-slight ehromium

In erder to effeet shromiux deposition frem
this bath, whieh already rttm good niskel depesits,
Bath VI vas wsed, sontaining 255 additiomal CrO3.
The CrOy soantent was now 156 gm./l. but the Hi804 and



NiCl, eontents remained as in Bath V; 245 and ,1.,'5 e./1. |
respestively, The metal ratie in the solution was now
2,511, More eonsistent results were obtaimed with this
bath than with any previcusly usedj that is, the
somposition of the deposit was not echanged by a slight
change in ssldity. .

TABLE XIV
EFFECT OF CURRENT DENSITY ON BATH VI
Sty thote
nsit; Temp. | Cw Deposit
Puy/i:i. |
16 25 Pt | Duil grey; ecoarse;
| | Chromium-nickel
15 25@ Cu | Smooth white; adherent;
Niskel , _
20 250 Cu | Smooth white; adherent;
bright en baek}
| Chromium-niokel i
2% 259 Cu Smooth white; adherent;
Chromium-nigkel ‘

It was found that higher eurrent demsities were
required te deposit the alley than with gther baths.
A smooth, finsegrained dcposit was formed after 5-10
nimites immersion, while after rumning the bath for
a pericd of two hours, the surfase of the metal was
streaked with grey and preseated a dull appearanss.




Bath VI was agitated while in operation amd,
unlike previous daths, a mere even distributics of
metal on the sathode was effested. Bath VI without
agitation, gave deposits whigh were soarse at the
edges with sonsideradle treeing. This was remedied
%y agitation, while in previcus selutions, agitation
had little effest. The scarseness arcund the edges
and bottem was probably dus to the small bath used,

- Further experiments performed under the
above eonditions, resulted in adherent, though mot
lustrous, hyonﬂm
Composition of b;th_________ﬁg g: m
7.5 gm. 3i012/1
Curnnt density _ _ _ _ _ _ _ 25 amp./sq.dm,
Temperature _ _ _ _ . _ . _3%¢.
EJi. ¥, seross eell 6.7 - 7 volts

Cathode_ _ _ _ _ _ _ _ _ _ _ secpper
Anode lead

- WA N N W WS SIS AR VNS N e

Time of deposit _ _ _ _ _ _ _
Analysis of Deposit: ;
Fiekel _ _ _ _ 63.6%
Chromium_ _ _ _ 36.4%

120 mimites




CORCLUSION

This investigation -shows that am alley of
ehremium and niekel can be slectrodeposited from
an squecus selutien. |

A uﬁ.nt‘utary eleetrolysis bath sonsisted of
186 gm. Croy/1., 245 ga. ¥i804/1., 7.5 gm. NiClg/l.
The eptimum temperature was 25° C. amd the eurremt
density used was 20 - 25 amp./sq.dm.

The resulting alloys were, in general, grey ia
solor and adhereat, but varied sonsidersbly in smooth-
ness and lustre. The most important fastors inmvesti-
gated, affesting the &up«itiu and mur of the '
deposits were: eoncentration, eurrent density, asidity,
temperature and base metal.

Cr:Ni ratie of 2.531 and esontainigg aprroximately 156 gm.
CrOy and 245 gm. Ni50, per liter, gave the best results
with varying eonditions of surrent dc:ulty.
| (2) Curremt density. At low eurrent amuu.

in gensral, delow 10 m./aq.&.. neither ehromium
nor miekel are deposited frem this bath. From 10-20
m./lg.h.. the deposit eontaind more niekel, and



above 20 amp./sq.ém. the §mt£t§r of ehremium ia the
depesit inereases. |

(3)_Asidity. The dcposits eontained no miekel
from solutions to whieh additional aeid was sdded.
Selutions to which exssss NalOl was added resulted in
the daposition of meither metal. The best results
were obtained, when the solution was prepared by
dlmlviu and mixing the salts.

(4) Temperature. Imsressing the temnmc
has but little sffest on the eomposition of the
demiti.

(s) w In all enses, iron gave hnt.
rough dsposits, and often hindered shromium dopolltim.
Flatinum favored deposition of both metals but gave
rough deposits with large, loose erystals. Copper
was found to give better deposits under identieal
sonditions than the other metals studied.
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