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This research was undertaken at the request of, and under a grant
from, the America: Electroplater's Society.

The material in this thesis oonsists of two separate portions of
research. An extensive and comprehensive searsch was made of the 1lit-
erature. The bibliography at the emd of this thesis is considered to
be a complete listing of references on the effects of impurities in
niekel plating solutions, and their removale This bibliography has
been arranged in numerical order by years starting with 1901l. With-
in eash year the articles are listed alphabetically according to the
authors' name.

The first portion of this thesis eonsists of a oritical review
and compilation of abstracts of the literature covered in the biblio-
éraphy. This work wat designed to bring together in one paper the
essential faots which have been brought out in the literature on this
subJjest, and to point out where further information ean be found on
any partiocular impurity. A eritical discussion and evaluation of the
various papers, in view of limited acourate experimental data and

experience, is given.



ALTLITINULL

The Effects of alumirum in MNickel Plati: = Solutions: The first

ease of the presence of aluminum In riexel platirg solutions seems
to have been reported b7 Vatts (2I6) in 1927, vwlen Le reported tzat
the additlon of the hezxatydrate of aluminum chloride increased tlie
ti:rowing power of ti.e bath so rermarkxably that it aiproached ti.at of
a cyanicde coprer bathe Citrie aecld was also added to keep tie alum-
inum in solution as a complex. In 1925, ¥arr (I78), however, repor-
ted that aluminum sulfate #ad to a bad effect on metal distribution
in both high ard low p¥ solutions. Harr also fourd that a low econ-
sentration of aluminum sulfate decreases, vhile a large concentra-
tion Increases, tiie critical eurrent densitr. Fe also reported a
dark, burned deposit from solutions containing a2luminum, wihici he
attribute‘.to tiie precipitation and eodeposition of aluminum bhydrox-
ide.

Dark deposits were also ftound by 0'Sullivan (28&) who reported,
"aAluminum ean accurmlate in the cathiode .'ilm until colloidal com-
pounds are formed, and if this process proceeds far enough the struc-
ture of the deposit is profoundly altered, becoming blacik or "ovurnte"
Since these black deposits have been fouré to contain apprecliable
amounts of aluminum, whereas none eould be detected in white deposits,
the supposition that the change is due to the co-precipitation of
e¢0lloidal aluminum corpounds with the nickel seems Jjustifiedes"

Puri and Juneja (3570) added an aluvminum hydroxiée sol to a nickel
vlating solution and reported i proved luster, but =1so increased

harédness, and brittlcuesse. Liartin (657) recently tound that aluminum



when present in a nickel plating solution, causes inerease stress

at a p¥ of 5¢5; but since alurinum hyéroxide precipitates at a p¥f

of 4.0, 1t 1s more likely that the stress is causéd rore by the col-
loidal aluminum hydroxide ratiier than an effect of the aluminum ion
itself.

A trace of aluminum sulfate has been renorted 2s an excelleont
brirttenings arent, and hore asain the effect is attri..ted to the
eapacity of the alurinum to pass into the ecolloidal state by hydro-
1lvsis. (615)

In seneral 1t can be assumed that aluwminum is deleterious to a
nickel platins solution, and that 1ts presence in other tian trace
amounts causes darl:, "burnt", deposits with a tendency toward stress

and brittlenesss

The Iemoval of asluninum from l'ickel Platine Solutions: Since

Aluminum hydroxide reaCilyv preciplitates at a p¥ of 4.0 or ahove, it

is readily separ~ble from a solution containing no citrates, tartra-
tes, etce, which migi.t form soluble cormplexes with aluminume QThe pi
is raised by adcéing eitier nickel hycroxide or nickel carbonate (L70)
or by the addition of marmesiw: and calcium carbonates (249), or by
aeration with ore of these metnhods. The precipitate wiich forms is
gelatinous, and may not settle to the vottom of the tank, so that fil-
trationr using a sultable filter ald is the most effective filtration

proceure.
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The Effects of Arroonlum, fotassivm and Sodium Ions i Niekel pPlat-

ing Solutiong: The armoriwn, potassium and sodium lons nave been

comron ingredients of nickel platins solutions wractically from the
beginninge. With the popularity of the couble salt solution in tl.e

iors were not consideved as im-

[&)

early Gays of the infustry,_thos
ruritlies Tut rativ r 2s essentials to the bath. The chlorides of

sodium and armonium were corron corductine« salt additions. The first
Quarterly iieview of the dmerican Electroplater's Society carricd an
article by WeS. Barrows (46), in vwhiel. he stated tlhat the addition

of the chlorides of arronium ané sodium increases electrical eonduc-
tivity, and retardés the formation or deposition of hydrogcen at the
cathole. FKe also states that sodiun chloride usuall;y emuses turbid-
ness of the solution, and may result in porons devositse The leaders
of eontrolled electroplatinge In this cuiuntry arnd abroad are divided

on whieh salts of sodiun and amronium procduzed the desired resultse
Sizelove (68), lLaas (94), Eerrict (148), Mawmond (178}, Faint (Z16),
Underwood (£62), acd Xrause (£28) advceated the use of arronium clilor-
1de as a confuecting salt, and claimed superior results on the ceposite.
Brovn (9&) and an arounymous Geman author (1¢5) favored the acdition
of ammonium sulfate. It is quite likely that the favorable results

of the ammonium chloride were due in a larre part to the ¢ loride
anion, and the better anode corrosion, etc. vhicu are amore the effects
attributed to the chloricde ione.

.Advocates of sodium chloride additlons were YFell (96), Proctor (124},



and Foss (25), the latter two athors favoring this addition along
witiz eltric acid¢ in the plating of sheet gziic and alurinum. erner
(62L) preferred the use of sodium cltrate, ané ammonium ciloride for
platire zince Tw Itussian authors, l.eusorov (486) anc Xochersin (520),
claim the preference for sodium crloride, the former for platiie prin-
ter's type and tie latter for produciis dectacuable films of nickeles

Thiere was also a group of men vi.o consicdered sodium sulfate as an
excellent eond: etin/~ salt adcdition. These Included >atuscack (L18),
Gordon (:74), ad Ballay (&42)e With this wide diversity of opirnion
there would probably be at least one persorn who would take an inter-
redinte positione Dorrwmce and Gardiner (241), in an article on polar-
ization and resistivity in nickel plating solutions, fourd no a pre=
siable difference between potassium, sodium, ammonium, or nickel ions
in thelr eonductance effect wnen combined with ciiloride anionss Thomp-
son (212) advoecated use of a larre amount of sodium sulfate and a suall
amount of ammonium chloride in platine zine ané zinc-base die-castlinrs,
while Lemens and Dupont (57°4) showed no preference for either arron-
fum ehloride or sodium chloride in plauving cast irone.

The presence of these ions i:: solution hac beer given the credit
for almost any platin~ effect kovme. Fitschner (£84),(L06) wrote a
palr of articles concernine the buffer action of anwoniui: ¢hilorice in
niewel platin~ soluticree Iirsch (I59) revorted that the addition of
asw-onium hydroxide (Z4-6C gy/l.) made the niciel deposit brigiter in
barrcl nickel platine of fabricated sheet zine varts. Haring (179)
in his elassie work orn throwing power reported that sodium chloride
inereased throwiuge power more thac the addition of ammonium chloride.

Armmonium sulfate and sodium fluoride, however, were found to reduce



throwing powere. Eothersall (352), in a stucy of pitting, reported
that ammoniurn, sodium, and potassium ions have a stal:ilizing effect
in preventins flocculation of the basic colloids precipitated at the
cathode faces VWithout these ions the solution produced badily pitted
deposits. On the matter of anode eorrosion, the use of armonium and
sodiur ehlorides has been reported as increasing anode corrosion (114)
and (99); but here the corrosion effect was not due to the aliali ions
but to the ehloride aniors. Thomas and Blum (189) proved t: is by show-
ing that atmonium sulfate alkali or fluorices did not materially incr-
ease sorrosion. Liscomb (79) vas set against the addition of ammonium
hydroxide to increase anode corrosion, pointing out that ammonium sul-
fate 18 formed, and in sufficient concentration double nicirel salts
would form with resulting loss of efficiencye Bemnett, Kenry, and
Dugliss (59) early came forward with the theory that the acdition of
ammon ium Bydroxide increases efficiency and gives good depositse The
improved effileiensy is attributed to the neutralization of hydrogen i-
ons as the hydrogen forms at the c~thodes In line with these electro-
shemlesl effects, VWatts (6E9) recently reported thnat in plating from a
niekel sulfate bath of low econeentration (10 to 40 g«/1.), to which had
been added large amounts of sodium sulfate (200-250 ge/1.), no plate
deposited on the front of the eathode but did on the backe. He attri-
butes this phenomenon to the formation of an alkx~li film on the front
of the eathode.

The alkaline catliode film reported ty Wwatts may account, in poart,
for the increased hardness assoclated with nickel plating from solu=
tions eorntain ing these alkalil ions. Ilacnauchton, Gardam, and Fa:mond,

(2Z2) in examining hard nickel ceposits, sound them to contair basle



colloidal metter which is of a positive charres OSnellirg and Thews
(612) also reported that the hard deposits from a nickel bat. contain-
ing ammonium and chloride ions in solution, also eontain these ions

in the plate. Blum and Kasper (I66) found trhat arronium sulfate in-
creases hardness whereas socium sulfate did not materially inerease
hardness. Ther also found that amronium ehloride increases hardness
whereas calcium chloride did not have suci: an effect in a nic <1 ci-
lorice batiie ‘iesle:r (497) also advoc:ted hard nieiel solutic. s eon-
taining amronium sulfate ard potassiun ehloride, an¢ aiwonium ehlor-
ide and potasssium culoride, ané Weisbere, (54£) made a similar report
orn anmonium sulfate additionse. ieslery mé Koehl (620) also reported

a hard nickel bath containing ammonium chloride alone. liakar'eva (482)
found generally that the addition of potassium, ammorium, and marnesium
ions to sulfate nickel baths gave deposits more lustrous, harder, and
more uniform in texture. EHe also reported that baths containing po-
tassium ehloride and fluoride produced less porous dewsits.

In rerard to the effects of these ions on the a yearance of the
plate, Moline (648), Poor (652), and Schore (65C) felt that arwonium
sulfate is a very linvortent constituert in black nickel brths where
a Jet=black color is cesirec. In 2n early experirent lIn their lavor-
atories, the 0ld Brass world reported (2¢) that adCitions of armonia
to nickel plating baths produced dg osits having a cark, iron-like
eéolor, and lackine tenacity and tvu~hness, and vere hard and brittle.
lielson, (108) also claigied that the additions of sodium or anmonium

chloride to a double salt solution nroduced a éull plate, anc¢ Tuder-



wood (467} reported that the acfition of sodium e’ loricde muy cawse
brown-stained woriz.

Keviewings these voried cffects, veveral gerneral statenents can be
made as fairly acceptable facts: first, that the accition of these
ions c¢mses a harder, morc brittle C¢eosit to forn; second, trat their
use in salt form as conductine s-lts does not produce results to war-
rnt tieir use, and that the cther effects produced outwelst: any 2d-
vent e the;r have in inerensin~ corductanee; thirda, that the use of
the chlorides ard sulfstes In plating on zine and its allcyz, alwm-

inw, @l enst lron 1s probabls of sor valiice

The Heovel of anostum, xotszssivgn and Sodivr Ione Mo 1lielel

(4

Ilatine Solutioi.s:, The only apvarent method for rasmoving these ions

from solutions is by filtration thirouch materials lavii~ zcolitic

nropertics. (564



The Effects of Arscrle in lielrel tlatin - Soluticns: Arseciic in

.
¥

nicicnl-platine solutior s ic present primagd

o

7oL breredient in
black nickel tathise Slater (22), Watts (£4), 21len (104, Blum (105),
ané Barrows (Z220] published fortulas for black nickel baths contair-
irg arsenice The arseric w:s generall:s adced as "wiite" z2rsenic or
arsenic trioxides Eo:raboom, Slattery, and Fam (117), madie a study of
blaci: nickel baths a2t the Bureau of Stancards, and investigatel the
deposits formed; but they cid not report the presence of arsenic in
the deposits. RKReama, (171) however, reported that tie nickel devosit
formed from a black niclkel solution is a nickel-arsenic alloy.

The use of arsenlc as a brightener was reported by Fazucha ($5)
vho also reported that the resulting plate was not only brishter, dut
smoother. Dirrin (664) reported that arsenic in simll concentrations
las a brichtening effect, but that the ceposits are brittle. le also
pointed out the very intcrestiny fact that these deposits when heated,
as in soldering, will turn blac:e \Wittum (544), a d haub and Vittun
(524) found that arsenic causes dull, streaked, and brittle devosits,
and observed the generation of arsine at tie catiiode. Lbroiov, Stepn=-
anov, and lloroko (£67) found that arsenic trioxide ndditions promoted
nrdrogen adsorption and codeposition of arseniece The tensile strength
of the devosit was also decreasede Ther consider the maximmum per-
missible concentration of arseric to be 10 ry./l.

To summarize, arsenic can be congsidered to be cetrimental in nieckel

plating baths. In concentrations above 10 mre/l. dark, brittle, low



tensile strength devosits mgr resulte.

The Reroval of Arsenic fror lickel Flatin~ Solutiors: The Liscomb

method of purification has been fournl (664] to be successfvl in recrmoving
arsenic. This treatment consists of adding about twelve ounces per
g21l. of ferrous sulfate to the bath, then raising the pH of the bath

to 642 to 6.4 with nickel carhonate or nickel hydroxide, and subsequent-
ly oxidizing witli hydrogen peroxide at 140 decrees Fahrenheit. A

large mass of gelatinous ferric hydroxide forms, whici: ox settlinge out
earries much contaminating material with it. After settling, the bath
is preferably filterec, or the cle & solution decanted offe An arti-
cle has also been written by Skowronski (£61) on the refinin- pro=-
duetion of nickel salts used for electroplating, and mention is made

of procedure for removing arsenic, eopper, iron ard zinc.
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BOLON

The Effects of Boron in Nickel Platir~ Solutions: The presence of
boron In mnlekel plating baths is aliost e.clusivelr as Loric acide .
Since boric acid is now considered as an essential incredient in nick-
el baths, it can hardly be econsidered as an impuritye o attempt will
be made, therefore, to present a comprehensive 1list <;f all the refer=-
ences which deal with the presence of boric acid in the solutione.
However, a few select referaeces will be discussed whicii will give a
general viewpolint of the various effects which have been observed by
various Investlgatorse.

Boric acid in nickel baths is present prirarily for its buffering
properties. It prevents the solution from becoming too alkaline dur-
ing eleetrolysis, which mgy result in the formation of nickel hydrox=
ide and result in rourh, dark deposits. (179) The first use of boric
acld, however, anpears to have been primarily from the vievwoint that
it prevented pitting ané produced a soft white deposit. (Z2). A
large amount of boric acld in the bath was advoeated with this end in
mind. Besides the decreased tendency for the batn to pit, and the
whiter deposit produced, the deposit was also claimed to be softer.
(21}« Liscomb (80} aid Proctor (266) felt that the irportant effect
was to prevent pitting, whereas Sizelove (C6) mentioned prirmarily the
whiter, tougher, and more lustrous plate produced. An article by the
Chieago Branch of the American Eleetroplater's Society (114) also re-
commended the adcition of boric aecid to preduce a white background.

MacNaugi;ton (I86) felt that the presence of boric =acid was an absolute



necessity to producing a soft nickel deposit from a bath of pil 2.0 to
6¢0e The absence of boric acid, he felt, led to hard, eracied, and
piltted deposits. In baths of pH 7 to 9 Ballay (C41) found that borie
acid caused premature hydroxide precipitatione The deposits were,
however, unsatisfactory at tuls pH range, with or without the pre-
genee of borie acid. At this pH pange boric acld is obviously not a
satisfactory buffering arent.

The tise- of boriec écid with hydrofluoric aecid has appeared per-
iodieally in the literature for over thirtr vears. Follard (4¢) was
probably the first to use this combination claiming it as a means for
preventing liberation of hycrorcen at the catiiode. After a number of
years, Lovering (12Z) provoked new interes:. in fluoboratc additions
with his "magic fluid." He eclail'ed better anode corrosion with hydro-
fluoric acid or fluwoborate additions, and also claimed that arode
sludge formation was prevented, mé catl.ole efficlerncy increased.

T.e use of sodivm rcrborate has bYeer mentioned also, primarily as
an oxidizing asrent in overcoming pitting due to organic contaminatione.
Proetor (206) was one of the first to use tiis comoow.né, ané his eclaim
for 1t was that it prevented the formation of hydrogen blarket at the
catiiode, and tius prevented resulting brittleness and pitting. Svdium
perboratc was also adced by Underwood (221} to a solution which yield-
ed brittle and pitted denosits and the condition was corrected.

It 18 interesting to note that Finit and kohrmaon (206), in thelr
experiments on the preparation of pure electrolytic nicizel from a Watt's

t;pe bath, spectroscopicall+ founé cobalt, iron, ané covper to be absent,
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but did find traces oi boron and socium present in tize niclels It is
doubtfl that there are ever anyv rore than trace arounts of boron-
contaein ing materials ever @odevosited with nickel, but ti:is may be a

fact wiiich has been longs overlooked in studies of nickel deposition.

The Removgl of Boron from Nickel Platins Solutions: The removal
of borie aeid from solution does not nrpear to be necessary, since,
it is ¥ .owvn that niclel »latire solutions con tolerate amouuts of

boric z2cidy 1lirmited only b its solubility in the bath.



BrOUILE

The Effects of Zronire in Ilck-1 Flatine Soluticis: The Effect of

t'e bromide iun on polarization andé resisitivit in niclel wlatiane
solutlons w=s studied br Donxwee and Gardiner (2:1) to deterrine
whether this ion is suyerior to tie cl.lorice ion In recCucing anode
polarizatione B2Both ilons considerably reduced anodle polarization,
but no advantoge for the bromide lon was observed over the chloride
fone Since tiie bromide ivn acts like the chloride ion its presenco
In 2 plating solution would probably not be detrimentale Since the
bromide salts are more rare and expensive thdn &=t the chlorides,

it is doubtful i€ thelr presecnce in plating solutions is very likely,

other than in trace amounts associated with ehloricese.
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CATIIUL

The Effects of Cadmlium in Nigitel Plati;ic Solutions:s The first
notice of the use of cadmirm as a bri~uterer in this cowntry was mée
by Proctor (68) in 1915. Srall sticis o7 pure cafmlwn cornected to
the anocde rolCs were roticed b hin in a nickel platin~ b~th in a Conn-
eticut compan:re On cuestioning the foreman he found that this pro-
cedure had bren recomrenéed to him - an Englishmane The use o+ cad-
mium in this manner had evidently been used in En,r_r,lalli prior to this
date with rood results. Proctor's paper irmediately eaused much in-
terest ir the use of this metal as a bririitener. Articles by Lills
(100) and CGarlson (11Z) followed a few years later, whiclk recormended
the acdition of ¢odmium as c=dmium chloricde, which produced excellent,
bricht, srooth deposits. By 1V27, tlie effect of cadmiun in nicikzel
platine solutions was quite well mown, ané Zroctor (170 followed
up his orisinal pover vith one in wiich hie stated that the risc of cad-
miv:a metal as shirll anodes alons with the nickel anodes is not to be
recorrmended; but he strongly advocated the addition of cadmium in
salt form, preferably as the crloride. Ke also pointed out the dang-
ers of using too much cadmium as causine brittle deposits streazed with
dull gray markse and deposits which tend to be tinted yellow on drylinge
Sirce that time numerous authors have published articles on the use
of baths containing cadmi m as a prightener-Proctor and Sizelove (207)
Unéerwood (262) and (262}, haudb and Bilmaler (IC2), Vozdvizhenskii
and Suleirmenova (485), Youne (592), and Pollac:” (636). Some excellent
work has been done on the 1limits of cadmium whic!: 2 solution is ghle

to toleratc and still produce a s tistactory vlates White and lroctor



(227) found th-t tie brirhitenin,~ effect of cadmium chloride increased
with concentration u: to 0.05,5 in a standard still batie From 0.05
to 0.10;'3 there was no apparent chance in the deposite Above 0410/
the derosits become incre-singly pcorer in qualitye Evlannikov and
Nelman (506) pointed §ut that cadmium in excess of Oe5ge/le in a ni-
ckel bath causcs hard cracking denositse. Vittum (544) considered

the upper 1limit to be 1.6,’5, which 1s quite a bit hicher than the
00107% maximum of Wnite and Yroctor. Evidently the bath compositions
or the current densities usec are differe:it and Vittum's bath can tol-
erate more cadmium under these conditions. lleyer (607) considered
0.013 to 0.067 ox-/gal- as a favorable ranre, and 0.1 oz-/gal- as
gausing poorl; adherent and black Ceposits up to 6 amp./sq. fte,

and brisht and spotted from 6 to 22 arps./sqeft., and clouced and
streaked a'ove, 22 ampse/sy.fte. Ee found ti.nt c.ncentrations ahove
0.67 0zs/gal. caused the deposits to be brittle and non-adierert.
Raub and Wittum published a palr of articles on the use of caCmium
(5%4), (572) in which tl.er considered cadmium an unsuitalle brifhten-
er since it has a detrimental effect on the deposit. They attributed
the bands formed in most bright nickel deoosits to the codeposition
of foreim matter in a periodically changins sequ ncee Cadmiwa is
one of the metals wiich they considered as depositing as alloys with
nickel in this mancre Ther also p.‘nted out that since cadmium de-
posits with less polari=ation than niciel, the amount of cadmium in

the deposit will be of higher concentration than the cadmium in the

solutione
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Haring (18¢), Hoefer (20¢), and Sizelove (462), all recorted that
the presence of cadmium in a nicizel pl-ting solution decrensed throwing
power. Earing also found that deposits from solutions containing 0.001N
eédmium Qera very spony, a2lternately brisht and sray except at hich
current densities, where a satisfactory, and brighter than normal
plate is obtained. Hoefer also found the presence of ecadmium recuced
bath'voltage, while Sizelove reported that the deposit from a cad-
mium eontaining solution has a tendency to stain; but if cobalt is
used with the cadmium as a co-brirhterer, the color is greatl:r im-
provede Eckelmann, (Z47) however, found that eadmium tends to pre-
mote the eodeposition of nicizel hydroxide. This theory was also shared
by an anonymous German author (Z65) who attributed the brightenéng
ao?ion of cadmium to the fact that it forms basie eolloidal salts
near the eathode which are codeposited with the nickel, resulting not
only in a bright plate, but a hard and brittle one as welle An arti-
ele has also been published by Lapin and liatveeu (419) on the effeet
of eadmium salts in the nicitel platine solutions on the propertles
of the deposit. Further data could not be obt:ined on the article,

but it probably contains some interesting informatione

The Removal of Cadmiwum from Nickel Platins Solutionss Pollack

(491) dlseovered that as plating baths become older, they become less
susecptible to the influenee of impurities. He corrected striped de-
posits caused by excess cadmium and zinc by an artificial aging process.

Wiesner (655) did some excellent work on the effectiveness of the hy-
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droxide precilpltation method of purificatione He found, in a sol=-
ution buffered wit.. boric acié, that with a eadmium content of 0.5
g./l., no precipitation occumed up to a pH of 7.1 uvon addition of
ammon ium hyéroxide. Since 0.5 gg./l. cé is wvell above the permiss-
gble 1lirit, the use of this method 1s not effective. Betwee. a pH
of 6¢2 and 6.2 Viesner found that tne solution became turbid and
above 6.7 a large quant ity of rnickel hydroxlde precipit-ated. The
nickel hydroxide also carried out some ecadmium, but the amount wos too
small to warrant the loss of the nickele.

The only really satisfactory method of removing cadmium a pears

to be selective electrolysis on cumny catiodes at &-8 amps./sq.ftg.



I

e Zffects S leiuws Iondeio ] alotize Soluticn s I.. 1916,

~

BeE. Liller (82), a practic:l electroplater, nu liclel a Parer in the
"Monthly ileview", in which he stronsly advocated the use of calcium
chloride as a conductine sa2lte Xe roticed tiiat a scurm was formed
upon addin~ the salt ad allowinr the solution to stand sty st over-
nighte The noit mornine he would scr-s ¢ tie sc m off wd (iscord it
aré e ¢laimed the resultive nicitel Gevsit from this sc1 tizr was
soft a:¢ malleable. The scurt fascinated hir, and he chiillenrced rea-
ders wit. scientific backrround to explain ti:is formatioi. In thre
next issue of the "niview", iwbirg (85) ciplained that the ~ction of
the g~lcium chloride was to dreci.itzte s ealcium sulfate on being
added to the bath, replacing the sulfate lons wit® chloride ionse.
Since commercial czleiurm chlorice, at tiiis time, wos kown to contain
about ISZ masmesium chloride, this compound wus attributed witi forn-
ing tie sludree To more Cirectl:r ac-orplis the smice encd, Robins al=
vised tlie use of rnicitel chloric¢e.s This one Instance arnears to be tie
solitary casc of an irtentional 28cition of caleium to a nic.el plat-
ing bathe Tventy-three years lat-» calcium asaln eite Into notice
witli an article by Licrer (:29) vhieh pointed out tiL:t rourh deposits
could be caused by susperded caleium sulfate in the solution coming
from hard water. Hogaboom (515) guickl—- followed with an article
pointing out that dull, pitted, rours, staired derosits eocid result
from the use of haréd water in makine un and replenisiings solutioise
Disein, (596) also fullowcd with an investiration of the effect of tle

various water irmmpurities on nickel depositse Ke founc that calcium
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of itself does not seem to affect the deposit, but that calcium sul-
fate forms, and ezn eause brirht nickel to plate dull and spotted,
generally on horizorntal surfacess On rnicroscople exarinaticn of the
spots, 1t was found that they were actually pits, thrreby reducinge

the eorrosion resistmce of the derosit. Kushner (629) also foumd that
caleium, introduced into a platine solution by drav-in of rinse water,
eaused brirht nickel in some cascs, to plate dulle. Diggin (664)
recently pointed out that calcium cin exist in solutions up to tue
point of saturation without eausine harm, the chief trouble arising
wvhen it precipitates as calcium sulfate causine roush and spotted

denoslts.

The Removal of Calcium from Nickecl Platin~ Solutions: The best
solution to the preﬁence of caleium in nickel plating baths is to
prevent it's almission to the bath b wusing only soft or delonized
water. FKowever 1f it is present in the bath, a siiple filtration

will remove the precipltated calecium sulfatee
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CA1BON

The Effects of Carbon in INicltel Platine Solutiogns: The effects
of carbon discussed Lcre will be only those attributed to tie element
1tsclf, or to its oxldes, ané inorgaile compouvncs. The great mass of
organic materials which have been reported will be trecated later in
a section on organic matter.

Liadsen (162), reported in 1924 the presence of carbon in nickel
electrodeposits from an arpara.tly inorganic solutione Madsen (118)
also found 0.027 carbon in electrolytic nickel deposits when anodes
were used containine 0.J05 earbon. Lombris (26} eare forward earlier
in 1510 with four conclusions as to the canse of the presence of
sarbon in electrodeposits, his experiments belne scientifically doné
by purposely adding carbon monoxide, earbon dloxide and acetylene to
the solution. FKis conclusions were:

(1) The absorption of earbon by the nickel was entirely due
to a gas reactlioile

(2) The gases whieh will introcduce cardu into the nickel
are carbon ronoxide, e¢arbon dioxide, and acetrlenee

(Z) Oxalle acic is partly reduced to acetylene upon nickel
cathodess

(4) The carbon in electrolytic nickel is present in the
form of carbide.

]
Kohlschgtter and Négeli (127) later found that the carbon 1ls not

deposited visibly upon the film, but in the interior of the metal, and

"
that the allotrople of carbon in these deposits is graphilte. Frolich
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(177) confirmed the work of Lambris, finding also that the two oxlides
of earbon and acetylene contaminated the deposit. He élso found that
polarization of nickel In solutions containing organic matter may
cause contamination of the metale The organic impuritiés thus intro-
dueed are situated in the interior of the solid metale

Carponates have been ar ineredient of blaci nickel solutions, (24),
(104), (105), but the exact effect does not seem to be kuown. Lore
recently Anderson (401) found that the presence of carbon monoxide,
earbon dioxide, and carbonates hive an embrittlinge effect on the de-
posit, leading to edc<e cracking. Spinger, (465) donsidered the addi-
tion of carbonates eesential to nickel platines with insoluble anocdes,
but also admitted that rouh deposits misiut result. \ieisberg (£82)
found that a solution wnhiec.: has becu aceidently contaminated with
astivated earbon from a filtering operation will lead to roug. Cepo-
sits, and once in the solution, it is difficult to remove by filtra-
tione

Practically all brigit nickcl baths which eontain organie brifh-
teners will produce earbon contaminated ceposits. Pinner, Soderberg,
and Baker (609) reported that certain briesht nic-el derosits contained

005 to 0.2 carbo: «

The lerovgl of Cuavbon from lickel klatin~ Solutions: Since the
sourse of earbon in nicxkel deposits is essentially organic matter, the

reroval of these compounds 1s discussed in that sectione
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CELORLE

The Effects of Chlorine ln Mickel Platipe Solutions:  Cilorire,
or rather the chloride icvn, is hardly consicered as an irpurity in
nickel plating solutions. 1Its presence is renerally eonsidered as
essential to foo0d anoée corrosion, especially in using the 97—99ﬁ
pure arodes of todare It is intercstine to note however, that there
are rary effects attrihuted to chlorire and the cnloride ion, vhich
shoulc be mentionedes

Blassett, (ZC) early advocated the use of chloride additions to
the nickel plating bathi to prevent tie formation of hydroren bubbles
on the catiode with resultant pittine. Althouch chlorices were k own
to be corpatible witli nickel solutions, Yaas, (S4) reported that the
addition of hydroecnhiloric acid to a bath eaused dark deposits wi.ich were
also brittle. Since sulfurie and nitrie acids prodvced similar re-
sults, the effect is undoudtelly Cue more to the acid pnapert;es of
the addition rather thhm an effest of the chloride lone aciiaugi.ton
and Yammord (L0), llacliau~ ton, Gordon, and Hammoné (&22), and lac-
Taurhiton (286) have come forward with the theorr that chlorices seem
to ald flocculation of the basic compouncés of nickel, and tierefore
increase pittin~e The joint prescnce of the chloricde ion =ud allalil
lors, however, reduces the floceulatine~ tendency, and tius ¢o not
stapielize the fas tubbles formi: o~ on the cat:ode. DLorrance ancd Gar=
diner (241) have made the observation tiat the chlorice lon comnsicer-
ahlw reduced anodie polarizations Schlgtter, in two articles (295)
(ce6), showed that the chloride iou and other anions can exist in co-
herent catnodic depositse They may take part in cathodic deposition

and also enter into the cristal lattice of the metals, thus chiaring
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the lattlce constant. This observation was affirmed by Shelling and
Thews, (617) wnio fount the presence of elxloride ions i1 hr»¢ nieciel
deposits plated from 2 batr cortainine chloride. There hinve been many
advoc-tes of tle Liich ¢llloride unickel 1l-tines uabtis in tiie past Jow
vears, but Fedtieff snd Dhiizl lyp, (E7F) hiive reveoaled a wiigue ar-
cunent for the use of niclzzl chiloricde solutiorns Instead of the custo=-
mary chloride-sulfate brzEsf They found that electrolysis fron a

chloride solution avioded tie 1ossibility of sulfur contamination,

particulnarly irc electrovinnine niclrle.
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CEXGLITL

o in ijekel Flotise Solutionss The first ine-
vectication of the elfects of chircrivm in nickel sulfite colutions
aprears to be that of lmisso (&€}, vho in stuldylie tlie wodic bel:nvior
of nickel in the yres-nes of chromous s2alts forud that 1t hi dered,
but ¢ié not entirelr nr vent the rascivation of niskel, and that it
mcifies the nolarlzaticn vrlues s1i-htlyve E:1lard (41) rovorted
the followine year tl.at sponrw cevosits of nilekel crused b lndrofean
forimation counld e prevented br afdition of small amounts of sodium
dichromate to tle bathe IlcllausLton and YKarmmord (200) were tie Tirst
to emprasize that the possibility of chromium contamiiiation of niekel
plating solutions is probably frequert in plants doing boti: chromium
and nickel platinc. They undertook arn exhaustive study of the effects
of bath chromioc agid ard chromivm sulfate, anc¢ found that amounts of
chromiec acid from +0248 ge/le to 0420 g./1. caused @Gecrcased catliode
efficiency, ané at 0+22 . /le the decosition closed completelys. As
the concentration o chiromic acid incrensed, rassings at tiie cathoce
alss increased. The prescnce of “rori 0.01 to 0.025 g./i. of chroric

serease in the stress of the

[

acid was found to cause a considerable
Ceposits, and many of tre plates exfoliated in the bathe I acdding

¢ .romie sulfate in concruntration of chromiunm content orf 0.149 f:./l.,
the cathode aefficiency steadilr fell to 017, The de:sosits alsy in=

creased in brirhtnesc as concentration inerenssed, but with Increasing
tendancy to peecle when enourh chiromic sulfate was added to be euui-
valent to that concentration of chiromic acid wnich stopred deposition

corpletely, the aroCe efficiency was not noticeadly arfected.



Eothersall and Hammond (&8l) contirued the study of the effect of
echromic acid, and, besides confirmin~ the results of Ilicraushton and
Hammond (280), theyr founé that =wn appreciahle content of chromic aciad
increases the evolution of hydrogen, and does not stop ittinc. Vith
a glver concentraton, the effect of chroric acid dezre-sing tle
catirode efficiency and causii~ strained derosits, was more accentuated
in low pH solutions than in hiclier ones. The:r suggested that chromic
zcid functions in two ways in a niclrel nlatine bath:

(1) "™iith low concentrations, initial depolarization re-
sults in precipitation of basic riciiel cur ¢ i.l5, col=-
taivine clrawiv. , 2t tle ctiole fice, tie nicizel ion
concentration beins ther ;s de.let Co Iirdrocen ion Cis-
charre and reduced catl.ode efficicency are tihus favorede"

(Z) ™With higher concentrations, chromic zcld intera-ts chem-
ically with the coathode metal with the formation of a
selectively permeable film on its suffaces nickel dero-
sition is comiletel;r inhihited as a result. Witk inter-
mediste concentrations hotli of these affects may occur
sirultaneouslye"

Pietrafesa, (CZ6) also reported that tiie presence of chromivm in a
rickel plating “ath lowered the cathode efficlenecy and yieldeu pour
Qeposits. He attributed the cause to the dimiruation of hydroren over-
voltasre by formation of chromium chrorat@ and chromic hydroxide, whiech
in a co0lloldal state are demwsited by c~taphoresis on the cathocee
Puri and Seth (612) also investigated tie action of chromium sols
in tne eleetrodeposition of nickel on covper, and observed tnat there

Was a tendency for the metallic sol to Increase the luster of the
~

N



nickel deposit, but that the oxice sols rcnéered the deposit very hard
and uniform. Martin (6£7), in his study of the causes of stress in
nickel deposits, founc that in a low pE Watt's type bath hexavalent
chromium had 1little effect on stress. At a pil of 5.5, however, hexa-
valent chromium increases stress. Since this is in agrecement with the
findings of Macnaugchton and co-worizers, it a, ypears that the stress
effect is due more to the coprecipitation and colloidal effect of ch-
romic hydroxlde rather than to metallic chromium itself, since a sol
of metallic chiromium had no €@ebriment-l effect, Skalozubov, and Vlas-
ova (579) have found that an alloy of chromium and nicltel can be de-
posited fror: a nickel sulfate-borie acid solution to which has been
added large amounts of chromic acld. With other conditions constant
the chromium content of the allovy increases with current densitye The
alloy ecomposition ean also be varied by varyinge the bath corpositione
Similar res 1lts were found by 8:-2lorubov and Goncharova (578), who
deposited nickel-chromiw -iron alloys fro:: sulfate solutions of nickel
and iron to whiclhi had been adced boric acid and chromic acid. From
this 1t would ajpear that satisfactory deposits can be obtained if
larpge amounts of chromic acld are present, but that no deposition at
all will oecur at very low concentratic' se Solanki and Singh (615)
have reported that triace amounts of chromic =22id will give rise to
nepviered deposits of nickel o iron.

In general, therefore, chromium contamination of nilclel solutions
leads to reduced catliode efficiency, and even total inkibition of de=-

positione. The deposits terd to be spotted and hi~.17 strcsscie



The Rerpval of Clrowiim from Sickel Platinc Solutisrss Several

methods of removing chromium contamination have been published. llac-
Nau-hton and Mamiond (£.0) not only pioneered the first investi-ation
of the effects of chromium contamination of niekel solutions, but were
the first to offer a practical form of removale They rccormended two
procedures, one from a boiling solution as follows: "Ferrous sulfate
is added In sllpgnt excess of the amount reguired to reduce the chromn-
ium present to the trivalent form. rowdered nickel earbonate--is adied
to tiie solution in amount adeuvate to cns:re that on oilings, the P
will be raised sufficlentl; to cause the complete and raild hydrolysis
of the trivalent chromium salt; usually 2 ~rams of nickel e~rhonate
pér liter is sufficient. U-on boiline for one hour the ckromium pre-
sent in the solution 1s preciplitated as chromic hydroxide, tocetior
with ferrous ané ferrie hydroxides. Ti:ese substanced tocether witl
nickel carbon:te 2re rermwoved b filtration. Tie pH is then adjusted
by the addition of sulfuric acid, aé the solution is suitablec for usel
Another method they proposed used fresily precipltated nicxcl e :rbonate
adCed to a niclizel sul~ate bath, whicl. wa~ railntzined - L"f:oc for about
138 hours, while alr was bubbled thr oush tie solutions sirmiltancouslye
The chromium was corwletelr hrirolyzed, procipitated as hydroxide,

and settled out with whatever fenic nydroxide wiieh was also precipi-
tated, md the ezcess nic.cl carbonate. Iiaub ard BiLlmalcr (LSZ)
noted that eliromiom 1s @iffleult to reove bu conterd that Ireciplita-
tion as an insoluble chromate is a solution. S:ith (5I8) advises ti e
method of llacnoucrhton and Fammond, pointing out that not onl: is chro-
mium removed hut also iron, covrcr, and zince

Velshers (341) poirted cut thii-t thie Liscor’ rntiod will »erove olro-



nivn contwrination, but that 1t covld =lso Lo removed by electroly-
zire the solution at a pH of 2 with a very hirh current densitr. At
thlg pH and current dea3’ . -, no niekel precipitated, ard the solu-
tion fases heavilye Fe also stated that trivalent chromiw: causes 2s
rmch trouble as curomric xci¢, w.¢ that a s~tisfuctor;r vrocodure for
removi:~ triv dent cliromivit is to electrol -ze the soclutior ¥ith leal
anoC es, wi-ic. ouidires the chroni i aid nresl itates 1t o .solidle
le.d cl:vorites Te s lution is Tiltered to rezove toe lexd clronite,
ané the micess lead must tihic e renoved witihi comert ition of fincly
divided nickel or by using Liccorh's urific:tio:n methods. Viesner
(652) has shown that a pH of 70 is nceded to precipitate out 'exava-
lent chromium very cormletely by the afdition of sodium hydroxide or
amonium hydroxide and kecpin~ the solutior 2t 100°C for three hours.
Trivalent chromium Is ramoved 1 a buffered nicicel platiigr solution
at a p¥ of 5e0-5e2 after he~tine for & hours at 1:0%°C. It is obvious
from Wiesner's study thot the oulx yractical war to remove ciromium
by precivpitatinm tlie hycroxide is to first reduce it to the triv:lent
st ‘te, anéd then ralse the p¥ to .5 ané either boil the solution for
several hours, or lct it sta.d cold lor over "4 hourse. Uhis polnt
has also been made by ‘aite (666)s Pietrafesa (Z26) iu his studr of
chromium contamination found that the batkh could be regenerzted hy
prolonced electrolysis. Direin (564) rceoiusended trertmert of chrom-
fum contaminated nickel platinge solutions with carefully calculated
amounts of lood salts, particularl;r lead carvounatece TUnder these con-
ditions hif.1; insoluble lexd chromate is forwmeo, and since lead car-

bonate and lead sulfate are also yuite insoluble, therc wwuld ordirar-

11y be no troublec frorm lead contanination as a result of this treatme.t.



Krause (502) has offered a meti.od of preventin~ the deosition of the
Lydroxides &4f ilron, manranese, and chromium durine niclhel deposition
wi:ich consists of addin~ acetic, citric or tartaric acidés to the bathe
Ti.is does not remove the mcotallic coutamination, but 1t presumably

removes, temporarily, at least, the bad effectse.
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COEALT

The Effects of Couaplt in xlcltel Platizn~ Solutions: The use of
cobalt in nickel platine solutlons dates back to at le-~st 1871, viien
Narel obtained a paternt for a platine bati count:iii ng the éoudle
sulfates of eobalt a:d nickel to Ceposit a nichel-cohalt a2lloy.

From this early besinnirem, thicre has beern a nultitule of articles
written on the cerosition of cobalt-nickel alloys of many corpositiorse
Since the chemistry of cobalt and nick¥el ave so similar, it is Ciffi-
cult to prepare one mctal without at lesst trace contanination by the
othcre Althoush the v rious alloys have p.ysical prorertles of thelr
own, the amount o: cobzalt In tlie solutions from which they wcre pla-
ted, excludes cobalt from consideration as an irpuritye

In snall amounts, however, cobalt has been reported to have cer-
tain effects. Slzelove (462) reportcd that cobalt used with cadnmium
as brichterers in a nicizel platin~ batii resulted in a better color of
tne deposit, since the cobalt neutralizes the yellow shade often re=-
sulting from the use of cadmium alon@. lleyver (607) has ..ai..ted out
that 0e1Z to 0465 oxe/zale of cobalt has a slicrlt brirhtening effect
and decreases the ¢ .2tilit “ut sli~Ttlye _cizelman (&47) has repor-
ted that cov 't ncts as a bri~torer, Lut that it also tends to pro-
note the codeposition of nicirel hyérates It has also been re orted
by Filnk (625) that a 50-50 cejosit of cobzlt and nickel exhibits
better corrosion resistance than elth r cobalt or nickel deposlts
alones The original work on bright deposits of cobalt-ricikel alloys
done by Fink an¢ Lah (269) reported brirht deposits in the rance of

25 to 453 cobalt, without any other Urichtenine raterial. The use



of cobalt with organic brirhteners in modern baths, accoréinr to i\jels-
berg (568Z), should produce an =l1loy of about 187 cobalt for least sen=—

sitivity to impurities, and maximum lustere.

The Removal of Cébalt from I'icirel Platiig Solutions: Illany separa=

tions of eobalt and nickrl have “een claimed Ly various authors, but
most of these werc done on a small basis, s '¢ch as in electrolytic
quantitative analysiss; or the met:0od employed is sueh that if used in
an electroplating bath, the bath would be ruined. The most practical
and effective reti.od sugrested has been give:. by Fink ané Rohrman (271)
who found that cobalt cm be rermoved completely by employing rapid
circulation of the catholyte, a high pH and a current density of 1 to
1.5 amps./sqedme Thre rapid circulation is the particularl  vital
factor, which distinpuishes this electrolytic purification process
from usual low current density purification processese Two Russian
articles of more recent origsin by Sheherbaov, Loshicarev, and Lochka-

rev (577), and Pesin, Andreeva, lioreno, and Schmanzar (v08) incicate

that they have developed processes for freeing nickel electrolytes of
ecobalt by the use of sodium hypochlorite and sodium hydroxide, although
the exact purification procedure s not available. It 1s understa da=-
ble that 11ittle has been published on the removal of cobalt from nickel
plating solutions primarily because cobalt does not seem to cause any
obJectionable effects, md in a larre numbier of e¢2ses where 1t is pre-
sent in the bath, it is there becruse i~ was intentlornall, ad ed.

The extreme similaritr of cohalt to nickel will undoubtedly riake any
separation of tne two metals difficult, and this factor probably acc-

ounts for the laci: of Information ofy the separatione
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COrFIiv
The Effects of Comuvas 1014071 21 47 50757 ¢. 2 It wos 2 well-

Imown faet for ma:y years that co pcr had an adverse effect on nick-
el vlating solutiuns, but the first investication ~woears to hnve
been cerried on in the l-bvoratories of "Brnmes Vorldy in 1911. (28)
At the time of this investirsaticn the voltmeter was the irmortamt
electric~1l control instrvment, =o that the results =re not easily
internreted In tiie lirnt of mocdern concepta of controle They found,
however, that the addition of 1/16 ox./hal. of gorper sulfate to »
pure niekel nlatine solution, using 90-92% ~1rodms, caused » darken=
ing of the devnosit at T volts, =nd at 2 volts, s less intense dar-
kenirg in tre same lercth times Tha sAdition of 178 oxe/gnle of
ecommer asulfate caused ~1lrost instantaneous darkering at 2 volts,
and immediate darkenine at Z voltse Whe the comper sulfate =ddi-
tion wns Inereased to - oxe./ril., t::e biack demosit formed immed-
lately, nd a smut forred on the surface of the c~tiiode which ecould
be e'sily wiped offe VMhen this demsit wus buffed, it had =11 the
appearsnces of a burnt deposit. Tha addition of 1 0z./#rl. of
eonper sulfate caused irreciste édevcosition of the hlacit smut, »1nd
the demosit w=s black ~1.d non-adherente It wns also noted that the
anodes turned to = sliesht conper mlor, on standings in the hath with
no currente.

Lote scientific investigation on the effect of couper was made by
Thomaon and Thomas (156) ~t the Bure-n of St-rdardse Althoun thaelr
investigntion w=s nrimrrily devoted.to ¢etermininge the permissihle

1inits of i purities in piekel s~lts, tlcir » sults fave viluiule

informition on tnhe effect of met~1llic cont-minants i various concer-



trations. Zero to O.Ebﬂ ecomper in the nieckel sulfate, .sed to make
up the nvl~tine bath, showed ro i1l effect.s VWhen the concentrotion
reached the 1limit of 04505 the Gemosit showed = few Gark trées near
the hottom edpe. At O.10$ comner the cenosit was treed over with a
dark, spongy fenosit nlong t' e bottome At 0.L07 comper the deposits
weres <imilar to those at 0.105, hnt more exarrerateds  Over 04507
cnmper In nickel sulfate produced svongy era- denoslts on the bottom
of the rathodee Thouon "nd Thomes also found that the 90 to 9& 7
anofes whicn were in usc 1t that tire ni~it econtain 010 to 04853
cavzer, ‘ut thot rost of ti.is co per fell to the t-nk bottom ns
sludge.

Two vears after Thoruson »nd Thormes revported thegr observations
0 the effect of cowper in nickel sulf-te upon thre deposits produced,
Horine (179), ~1so workins nt the Burean of Stondards, found that
cotner increased the throwlng vower of the nickel nlatinge solutione
It also mroduced dark svongy demosits at low eurre~t densities, bt
hag 1i1ttle effect 0n ~1mearsnce at hich curreﬁt densitiese

Setlik (“07) has nlso renorted the effent of covper nt 2 concen-
trotions in 2 boric ncidé bnffered couble-nickel sulfate bathe Lt
0.74C7% eovier in the bath the cevosit wis stdined, while at 1efi0d,s
somper the denosition of nickel censed com.letelye At E.SCﬂ comper
the couvner wreelpltated ~s » powdere.

The 1atest information on the permissible limits of coprer as an
irpurity has been given by Dirgin (664)s FKe considered that in dull
baths producing ordina y thiclmesses of niclzel, up to 0.5 oz./bal (0206
g./l.) of corper can ve toleratede In prirht nickel plating baths

the upuer 1imit is about 0e.01 oze/male (0e0075 re/le)e Bricht nickel
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platins~ naths Lave, of course, cousidcrably lowzsrcd the perrissidvle

lirmit of copoer ag an imrurity. Eckelraznn (247), <olumson (44C), and
Francis-Carter (50¢) have vointed out that the tvo main effects of
coprer in bricht baths ~re the appeararce of ¢ull, darw deposits in
low eurrent Censity recions, and fagginw of the deposit in otiler re-
gionse

Tiie pernissible 1imit of copper iu a oves was t oushit Ly Thosas
and Blum (189), (10 to e avout 0.277. Above this firurc, thcr
felt that the deposit would be affected, but below 0.2f | the copuer
would f0 into tiie sluiree.

e

Mmile coryper i ograll awsunts caus.s ortr t.elr bad dewsits o

ki

-

~iciel, 2 rrest nuy 2llo;ss ¢f cop_er .ud nic-~1 Lizre dheon suecessnlly
devositeds Black nickel solutions contai ing ecopper have been reror-
te? by Watts (54) and ot .ers. Copper-nicrel alloys have becn elec-
trodeposited by Hineline ané Cooley (701), Stout, Purci, ail Linss-
dor? (229), vilmer (C11), urrein (2156;, Stout (TN0,, rarlon wi le
Baron (476), and Lalrer and Shatunovs aya (48l)e Iron-copueor-iiclzel
2llo’s have been deposited Trom sulfate=horonltrate dbatiis by Stout
and Jaust (£28), and by P owweek, Buier, mé Lienbauer (256), wio de-
posited an 2lloy similar to monel metale Izcarysliev and avikiovich
(518) have also demosited a copper-zinc-nickel alloye

It can be generally said tunt the effect of coyier in low concen-
trations is to »roduce a dari, dull deposit particularl: In low cur-
rent densit; recicuce Q65 Cn./~a1 copper is tie upper lirit periiiss-
ible in most @11 nicel solutions, while 040Ul 0ze/gale is tlie 1ln-

it In mpst bri:it nicizel solutioise



Ti:e Mermoval of Copper from liickel klati. . Solutiongs Since copper
i1s lower than nicitel in the electromotive series, 1t is expected tiat
nickel would precipitate copper from pluatin- solutiors. Under proper
conCitlons this princlple has been the basis for a nurmber of pro-
posed scheres of purific: tions One proposed by Thouypsoir and Thomns
(156) in 1922 1s sti1ll used to sore citent toduve Ther sagyested
that the contaminateld Lath be sli itlr acilified, ai€ thou scrap

iicks1 or scrap lron be a2llowed to hange in the vatn. The cificienty
of purification by Cemeﬁtation of the copper would obviously CGepend
on the surface area of metol exposeCs reck and Kuittel (218) pro=-
posed the use of a powiered retal, larcel:r nickel, vi:ile Gindliu
(511) proposed thre use of finel: divided iron. Fi.ir and kohrman (£70)
have pointed out that the copper retoval was dependent upon pi, tem=
perature, agcltatio:, amount of metal surface exnosed, and the concen-
tration of the coymere Altiourh a wil of about & and a hleh terpor-
ature are the best conditionse. The Bliminatior of copper is presum-
ablr rever comnletee.

Bacitel (2:1) vroposed a process of purifvinge nickel platine baths
by elrculatng ti'e polution over rniciel hydroxidee The concentra-
tion of copper a.d other metallic fons are reduced to a very low
v:lue by ti is nHrocesse

although sonme copper ca: be reaxoved b - the Lisconb ferric hy¢rox-
ide precipltation method (Z0), the rewval is far from corpletes
The rost satisfactory metliod yet proposed for comiercial rurlification
of niclkel plat':g solutions 1s by sclective electrolysls at a low
current density. Althougn this princical was kiown for a lowr time,

it is not Imown definitely when it was first a ;lled to nlckel plat=-

ing solutionde Firk and kohrman (270) 1n 1920 found that hlgh temper-



ature, rapid solution agitation, and low current dens ity (0.10

arp. /sq.ft.) would remove more than 90,5 uf the copver. In a later
article (271), Fink and Rohrman found that tie last trace:s of copier
could be removed by rapidly rotating the cathode in the solution while
eleetrolyzing at a low current densitye. Since these two articles
were written, many anthors have sucsested this means for revovi.g
copper-kaudb & sillmater (I92), elsw. re (458), (341), (£62), -iztt-
acotti (484), ¢aveli (51¢), Snit'. (508), Stocker (Z4<0}, Dilrgin (964),
and Valte (665)s Accordinge to Weisbers (582) copper aid lead are

most efficiently removed at 1 or 2 arps/sqeft..

A process for refining niekel in the presence of copper 21d iron
was proposed 7 Guess (115) in 1919. In this process the electro-
1sis tuok place in a suswvension of calcium carboiate, with a little
glue also addeds The co per was evidently not rewoved from the sol-
ution, but its deposition prevented.8eparation of trace amounts of
copper from solutions, particularly wat'er solutions, has been the
subjeet of several articles which may prove helpful in further work
along this line. In 191€, Saul ané Crawford (110) found that Quin-
sol separated copper from solutions. The mercuric ion is the only
ton wiler interferes wit this separation. 4dans (266) found that
flanconite reroved completely small amounts (100p.p.m) of salts of
lead, 8ine, copper, and tin. Brockman (Z87) has shovmn that copper
fons eould be removed in phosyhate buifered solutions at a pH great-
or than 5.2 by sodium aluminate, providine the aliminate/copier ratio
1s greater than 6.5. Eoll (&79) has also been successful in reroving
lead and eopper from water by passing it throush a mognesium oxide

filtere.



PLUORILE

The Effects of Fluorine in Lickel Platins Solutions: In 1908,
Kern and Fabian (18) published results which they had found in plat-
ing nickel frow fluosilicate solutions. This article and one b Kern
(22) the following year appears to be the flrst use of fluorine com-
pounds In nickel platings solutiors. The fluosilicate bath was found
to produce bright, non-crystalline, tourh, flexible, and adherent
deposits. Sillca was found to settle out during deposition, but did
not interfere with electrolysis. Excellent results were also claim-
ed for the fluoborate solution, and ir both cascs, it vas found that
t e impurities in the anoces remcained on the anodes. Follard (49)
and Sperry (<44) also proposed the addition of hydrofluoric acié with
borle aclid, as a means of obtaining thisk Ceposits of nickel, and
preverting the liberation of hydrogen at the cathiodes In 1920 hydro=-
fluoric a2cid acditions recelved new atteantion when Loverins wrote an
article (12C) on his "magie flulde" The claims whicii Loverin;* made
for the adcdition of nhydrofluoric acid and fluoborate additions were,
that excel ent azode corrosion was produced, anoce sludrme “ormation
was prevauted, and cat.ode efficlency was increased. 3Slum (1=8)

tien undertook scientific,investigation of fluoride and fluoborate
additions and reported that vhen nickel fluoride or sodium fluoride
is adi{ed to nickel bathis contalnings boric necid, fluoborates more com-
pl x than those corresyondinge to the sirmple furrmla of fluoboric acid
are probably producede He found, furthermore, that the nickel depos-
its produced from soluticns containins fluorides had fincr stiructure

ané grexter tensile strenpth than those from correspo.dine ciloride

solutionss Also, when a.oces of 97f nickel were 1se, the depocits
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produced from the fluoride solution containcd slightly more iron and
copper than those from the chloride solution. The anole corrosion
in the fluorice solutions wa also found to Le puod, and less sludge
was formed in the fluoride solutions. Blum together witih Slattery
(129) also found that hirher current density and cre-ter tensile
strength were possible from solutions containing fluorices. ‘iatts
(144) also investigated fluoride additions the same y.ar as Blum arnd
reported that a nicitel fluoborate solution, either alone, or with
glycerine also =28 ed, vould give nice desosits. A mixture of fluo-
borate and glycerin proluced remarkabl; sncotl. Geposits, which were
also bright, but brittle. Watts also pointed out ti.2t hoth hydro-
fluoric acld and boric o2cld are veak acids fror the dissociatlon
aspect, ard tlerefore can be addec in larce quarntit;y without detri-
mental cffects, and will alsc keen the solution aci¢ for sore tires
He also fonnd that tihe anoce corrosion wes incrensed, and the resis-
tace of the solution and efficiency of Ceposition were lowered.
Watts also felt that the beneficial effects of hydrofluoric acid
additions were due to the formaticn of a fluoborate. This latter
fact 1s = irportant one since the hydrofluoric acid was rarely cdd-
ed to a solution 1ot containing boric acid, so th:t the effects re-
ported are probably due Jointly to boron and fluorince Voodmarsee
(146) confirmed Vatts observations and also found that rore voltage
was required in the fluoride solution over the chloride solutiovn, and
the resultinge depusits were linrder w buife

In 1924, Hammond (178 mude a stuly of the effects of the addition
of conducting salts, a1l ounec of khis observations was that the aléition

of sodium fliorice rcduced the resistivit- of the solution. Iariiy



(179) the same year found that replacing amronium cliloride in a nicic~
el rlatire solutlon with socdium flvoride »educed throwine power.
Harins's observation toget- or with Earword's, that arronium eiloride
aCéitions had the best effect on the character of thé resulting niclkel
plate, helped bring about a chance of opinicn on the effects of fluo-
ride additionse FrleaCwell (140) hud earlicr found tlizt the tarnish-
ing of nickel-plated ware on heatins« was not due to the couner under-
coat, as h~d bee: supposed, sut cdue to the codewositi.n of iron with
nickel. He found thzt the hrdrofluoric =cid additions zllowed more
ironn to be deposited Thomas and 3Blum (189) then fownd that fluor-
fdes did not rmateriall; incre-nse a ode covrosionr, 2@ Dorraice a.d
Gardiner (741) found thint the fluoride ion does not materially reduce
anodic polari ations Eogabcon (258) a2lso found that soéium fluoride
additlions cause loose varticles to form at the anodes, with possibdle
resultant rourh cqthode dépositss Macnau-hton and Nothersall (282)

in investirmating the effect of various acdéitionson tlie liardness of
nickel deposits found that sodium fluoride did incrense hardness
somewhat, but that potassium e¢izloricde .ad the same effect. They also
pointed-~-"A serious drawbacit to the use of solutions containin~ fluor-
1des 1s the low a.ode and catnoCe efficiency."

Fluoride additions enjoyed brief popularity, but occasion 11;" some
good effects were reportede Ollard (219) reported that flucride addi-
tions produced morized buffering effects i both the abscnce and pro-
sence of boric acid. Me zlso found that the fluorices helped kecp
ftvon in solution, whicl. resulted in even, finc-grained deposits, and
decreascd pittin~e In euntradiction to other irvestigators, Ollurd

found that fluorides prodévced a softer deposite. Ollard noted that



organisms such as Fericillium glucinium have actuzlly beewn founé grovie-
ing in nickel platine .olutions, ancé that the prescnce oz fluorides
seemed to prevent their ~rowth.

The use of fluorides ewme into pr-ctice more recentl;” when Loose
(620) fourd that mognesium alloys could be successtully niciel plated
in a nickel fluoborate solutione The bath contained a slicht excess
of boric acté and 2 to 7 ¢./le of fliorine over that rejuired to form
nickel fluoboratece Eiccpt for this srecial case, £ ucride additions
have beewu generally lrmored, olthouw i rnicizel fluohorate solutions
alone with other netal fluoborates hove been reccivine some attentione
T:ie hich cost of the initial bath seems to yrohivit their general use,
althourh they are presumably little rore exvensive to kcep constant

than the rerular nickel sulflate bathise

Tie hiemoval of Mluoyine Trows piciel xlabiv- Selutiviss There are

apparently no publisheld reti.ods for specifically removins fluorides
from & niexel plating solution. It is quite probablg that their
removal has not been necessary since the. seem to produce no noti-

cible e’fectse.



GOLD
1
!

1o, Svlutions: The probability

The Effects of Gold in l.ickel

of £old occurring as an irpurity in nickel platire solutions is very

small. The few putlished articles .n the sublect deal mainly with
gold-nickel alloyse iiaub and Bihlmaier (455) in 19E7 found that
when nigkel was acfed to a ¢old bath so that the bath contains 1 gram
of rold and 1-5 grams of nickel per liter, a fine white fo0ld plate

of about 157 nickel composition was producede Young (591) has also
written an article in which so0ld-nlckel alloys are discuesede Pro-
bably the elosest gpproach to @eterming the effect of gold in nieckel
plating solutions was made by Pur! and Alvi (571) who found that
small additions of a go0ld sol had heneficial effects on hardness an”
luster of the platec, and the pittine tcnéency was reduced. Even in
t.1s case 1t must be assurmel thit the results observed were due to
the eolloidal properties of the gold sol, rather ti.an due golc¢ itself,

althourh the gold may have had a contrlbuting influencee

The Removal of Gold fron: a lilekel Flating Solution: Gold could be
removed from a nicikel platin~ solutiun by electrolysis at a low cur-
rent density. Rapid solution eirculation or a rotating cathoce would

also facilitate its rcmovale



EYDOGEN

Ihe Effects of Hydroecen in MNickel Platine Solutiong: It is diffl-
cult to consider hydrogen as an impurity in nickel platinge solutions

because it 1s proballr always present unless sorc special means is

taken to preveat 1ts fomuation. The yhenomena of hydrocen embrittle-
ment of base metals and deposits is well known, but such a discussion
is beyond the scope of this paper. Hydroren has been attributed to
be the cause of several effects, vhich should be consicerede Stock-
meir (19) conslcered hycrogen as a cause of peeclins of niciel depvosi-
ts, and Forstner (Z26) has pointed out that heavr hyGirogen and heavy
watcr which are imown to form in s.re plating sdlutions might be a
cause of some plating difficulties. Altiouh Forstrer has no exper-
imental results to present, his theorr 1s unique. One oi the most
common effects attrituted to hydrogern is pittiie. It is nuw galerally
considered that 1ittirng is of several ¢ifferent tyies Cercudings upon
the Gifferent causese Hydroren of itself is not considered to be a
cause for pitting, but when hydrogen bubblcs collect on grease or
other goreign matter on the surface of the plate, the; may e a secon-
dary or contributing couse of pitting.

Ko:lschutter (181) found that eliminating the film of hydrogen at
the eathode produced a coarsely crystalline deposit. ke found also

that abtnormnl polarization «—»c 1~w~r1l; eliminated and that there was

little or no contractione

The Removal of Hridrogsen from lileikcel Platine Solutions: In the case
of hydrogen in mnicltel plating solutic:s, the "impurity" is not removed,

but converted to & harmless form. This process probably involwes the
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oxidation of the hycdrogen, the instant it forms at the catl.ode sur-
face, by an oxidizing xent. Eydrosen perdxide, sodium per:orate,
end boric acid are among the commpounds used for this purpose. In
rodern, organic-tvoe brisht nicikel solutions these oidizing agents
are not compatible with the b+l hteners, so that wetting arents are
generally useé instead. ‘Jettins arents lower tlie surface tension of
thie solution so tiat it 1s difficrlt for hydroson to form aid collect
at the cathofee Oxicizin~ a~mnts adwetttine a-ants will be further

discussed as Lumuriticss in a later sectione



1RO

The Dffects of Irop in idcitcl Blatins Solutions: The effects of
iron as an lipurity in nieckel vlating solutions are porhass the most
widely movn and studied of 11 the metallic frjurities. The reason
for thls 1is quite aviarent since iron and rieikel, beirny chemically
similar, are practicnlly clwayrs found toretiiare In theo ezrl: y-rt
of t7is cmtury vhier €0~ .,,J nicikcl w oles ware usa’, the —wsidual
8-1075 of thc w:0des was larccl~ ivone Jhis gve rise to slud-e for=-
mation and the codeposition of appreciable -untities of iron with the
nict L. At this time there was yuite a Civersitys of opirlon as to
the actual effe~ts of iron, and there w s some -rrument ac to vhether
it was actually a brieficial or ha»mul contanminant.

One of the more coruonly obscerved effects which was revorted was
that irom in the niclkel plating selution caused te resultant devosit
to be smoother an¢ whiter In colore This view was confirmed in the
"Brass World" laboratories (0), mmd shared b~ Proctor (151), Thorp-
son (172), Barrows (214), and Clindinin (295j. Thompso. also rcior-
ted that the ratio of iron to nickel in the deposit was hi-Ler thau
that in the solutione. The codeposition of iron (2 to 7,3) with nickel
at a constant pi was fownd to cive a more finely crystalline deposit,
but the alloy thus formed was also harder, more brittle and under
rmore inteynal stress.

There appears to be some disagrcement on the color of a: lron-con-
taminated nickel deposite. Ti.ourh many reported that the deioslt was

lighter, Setlik (207) reportcd that, while 010 %o O.éOSj iron in



nickel bath showed no efrect, 0.604,5 iron rave a dav: de.osit, aud
2.02;3 iron left unplated arezs partie:larl: in low current densityr
recions, a:.d the dewosits were carx ard irre~:lare In other cases
where dark dewosits have beci. reported ns due to iron contariiation,
the vievpoint hias beern that lron-contalnin< nickel deposits tarnish-
‘ed more easily (Z0js Liathers, Stwart, and Sturdevant (81) in tryins
to overcome sludee forrmtion in nic-el batus, fouud thnt th.ée use of
ammonium eitrate gave dari: deposits contalnine~ 64207 tron from ancdes
contalning 6.497% iron. The dq osits from solution contaluing n. ci-
trate additlons pave Ceposits contaiiiu 24215 ironis The clirate
thus increased the co-devosition of iron witl) niclrel, and the deros-
its whiech resulted were of a blulsh, or a dariz color. The use of
eitrates or citriec acid for preventing slucére forrmation wa: also dis-
sussed by Barrows (46), Later (9%) a.d llathers (237)e Matiers (£57)
and Plcadwell (140) also mentiored the use of Wrdrofluoric acid for
the same purpose. In the licht of the findinss of ilathers, Stuart,
and Sturdevant (61), however, it hardly seems that it is advisable
to keep the iron in solutl.nie Cne euuld agrue, however, that the
many 111 effects cue to sludee and suspended iron hydroxide are much
worsee Since hish-purity anodes are practlcally exclusively used
today, elther arsument appenrs weake

It has been widely reported tliwt sispeuced particles «ive rise to
rourn, hard, cra~ied ¢eoslts. Oie of tiie blroest sources of suspen-
ded particles iIn a nicel batli is iron lydroxide. This precipitate
is gelatinouns in form and can easily remain susgenced in solution,
or ean migrate througi the bath by thermal and electric currcitse

When these particles are co-derosited, ther can cause rourh deposits,

nd also ones wiich are hard and hishily stressed or crackede Such



observ:tions have been reportec b;r Voss (191), Evlan: ikov and ivel-
man (506), lattacottl (527), and by lLorihov, and Atcli (566) who
also found tunat ti:e iron to nickel ration was four tires greater
in the deposit than it was in tune solutioi. They alsv considered
the permissible 11uit of iron to be 0.2 go/le Eclirelmann (&47),
Jo:mson (448), and Shepard (220} reiorted that, w . the ferric
hy¢roxide particles settled on tie catiode, rits e0uld be “omele.
Snepard (220) also fouu¢ tlat vhen tie iron was in the ferrous ttate,
there was a tenCency for srwother deposits to form, axd also for
pittin> to dimi:ish. Meil (65), Kohlschutter and Vuilleumier (106),
Schlgtter (142), Vuilleumter (14t), (128), (222), (Y40}, Thormsow
(172), kaub (Z91j, and lartin (657), all recosmized that iron,con-
tamiratlion pives rise to stressed deposits, which also mar cause
peeline if the stress becomes great enoushs Vuillenmier (158),
showed that even a small quantity of iron would increase the contrac-
tive effect of nickel deposits by 50 percent. kaub (I91) also found
that keevnin~ the pH below & nrevented peeling when the iron content
{s highe Martin (657) found hawever, that in low pH Wwatts -type sol-
utions both ferrous and ferric iron lunereased stress, while at a pH
of 5.5, ferrous iron reduced stresse

Often ferrie hydroxide acts like colloldal particles, and as sueh
may give rise to brichter, smoother plates, but also ones which are
hard, brittle, ¢ even "burnt". Romanoff (I58) has written that
ferriec hydroxide is tiie most common of the "electro-positive" coll=
oids, arnd may e-use piltting. Puri ané Bratia (5I0), o.d ruri and Jun-

ez (£70) have added ferric h: (roxicde sols to nickel platin~ solu-



tions and reported that luster was increased, as w 8 harcnesse.

There aypears to be sone disaprecrmert in the tvo casés wiere the
effect of iron on current efficiency was investicglede Bennett,
Kenny, and Durliss (59) felt that the iron content of anodes did not
materially affect tle efficicnc;r, but liaticrs a-¢ Sturdevant (c2) in
an article two years 1;tér contenced tiiit the irorn present in 90-
92$ arodes was sufficient to lower efficiencre 1In either ¢ se the
effect 1s not very larre, and in ti.e use of Ligh-purity anodes, as
is the practice todar, it is doubtful that enourh iron ean accumu-~
late in the solution to materially lower current efficienc: .

Since the advent of bri:'ht nickel baths, a new effect has been
observed wiic:: hns been attributed to iroun contamination. Tiis effect
1s that iron causes dulll;c, or blushine of the deposit, and has been
rerorted by Weisbe s (496), Francis-Carter (50€), ad lierer (637
The dulliig of a bricht deposit is a rather scnr;ai effect not only
from iron eontamination but also “rom eopver, lead, and zinc contan-
ination, as well as from nurerous orsanic matcrialse

Roberts (429) observed that good deposits of nickel cuuld not be
obtained on eadmium or zinec-plated steel in ti.e presence of ferric
iror, evcn when a pre-strike was used. Le alsy found th:t large add-
itions of marmesium sulfate ¢id not rcinecy the situatione

It 13 obvious trat tue chemical similarity between 1lron aid nickel,
and the case with vhiel. tlcr are deuosited, vorld lcad to t'e possivle
electrodeposition of a great varret. of lror-nictel allo 's. The bid-
liograp’ ~ on the deposition of niclel-iron allors 1s guite sizuable

"
in 1tself. A 1lst of this sort would list articles b7 Xuster (1),



3r-onil and amafori (47), Suchy ané llazs (562), Wremamn and llaas (60],
Bervenuti (75), Errmam and Zx»ocescer (€8), Classtore (162), Class-
tone aid Symes (227), (f42), wilm-r (211, lurrein (18], ostout (20,
Stout asd Faust (L&€), lirsihaik, Ste anonov, w.d 3cli<rova (LI5),
Paweck, Iauer, and Lierbhaucr (IU6), lMarsha:, Stepanov, and Levius
(<87), Raub azd walter (€T}, (£94), Skalozubov and Goue.~rova (578),
and Duose and Tine (G656).

In general the effects due to lron ¢ m be sumiarized as follows:
The deposit will tenéd to be whiter, but move subject to tarnishing
and corrosion, and will be harder, Kore brittle, ard under rore stresse.

R

The permissible 1lir:its for iron in moder: nic¥el baths is thour: Lo

Dierln (664) to e 0.02 to 0.22 oz. /e2l.. -

S5:veral fac-

The lteriov:]l of Iron frorm lle'el p1at -

tors Lgve bren Cevel-peld ©roim tire to tire wicl hove nnieriall-
added the raroval of ivon from nicirel plati:~ s lutions. One of the
first of these factors was oue roted by Calhone awd Garwe (9) in
1907« These mcen found that aeitation of a nic-el solution contan-
inated with iron causcd the derposition o7 iron to be & to 5 times
greater than i a stamant solution under the same current condlitionse.
Guess (112) deseribed a m.thod of electrolytica’ly refi:ir - nicrel

in the prescnce of iron and copper hy usinge a suspension of calclum
carbonate to which a little glue had heen adiede It is o011 recent-
17 that michl has been dene on the electrol; tic method of retovin:
iror from a nlickel bath. ‘Jelsb. »~ (468), (41), @ Li-gin (664)
have Touud that electrulysis ot a ¢ tiofe current densit- of 5 u:::-_,s./

sqefte vould gucressfillry reove iron and zince

e
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The most practlesl and successful ret:od of romoviiec irs: has heen
by the precipitation rmethoce It e-n not be definitely stted when
thils metl.od originated. Since tlie early niekel b-ths were operated
at a pH above that at vhien ferrie hyriéroxide precipitates, tre rermo-
val of iron by this meti.od wos actunll- aarries on autoratizall:r.

A larce amount of the "gludge" which received so muci: aotterntiorn in
the early days was ferrie hycéroxide, and thls precivitate settled

to the bottom of the tank and was removed periodically. The first
precipitation methods employed tie use of nickel carbornate (111},

or nigkel ecarbonate and varizui peroxide (1587}, or marnesium carbon-
ate and armonium persulfate (172)s Trhen Fink an¢ Rohrmai. (271) in
preparinge pure electrolytic nickel found that, after rerovin~ riost
of tiie iron by electrolysis, the remainder could be removed b add-
ing ammonium h droxide uwntil the iron precipitatcd and then aerating
the solution for twenty-four hours, followed by filtratione Although
Lisconb's (£20) method w=s primarily usecd for removing other nmetallie
impurities by carrying them along with the ferric hydroxide precipi-
tate, the method ovbiocusly alsv renoved irone Gutman and Iayantz
(249) modified the precipltation method a 1li:tle by first oxidlzing
any ferrous iron to ferric iron by usin- manganese cioxide and then
treating the solutlon with masnesiuwn or calclum earmonates to preci-
pitate betl: iron and alwalnum Zalharova, ‘-islarova, Baumm, and
Galerdeev (I6C) fou.d they could remove iron from iickel sulfate sol-
utiorns by a ding sodium earbonate and then aerating the solution to
oxiéige any ferrous iron to the ferric states Costello (I70) has re-

eommended niekel carbonate trecatment of the solution to ra'se the pii



to a value to precipitate tiie iron. This methiol oF raisii; tie pi
of the solution :as gainel consid ralble f vor since 1o ot 1eovs
cations ar»ec ad ed t. the solutiom, vis wrevents tie ill effects
sometimes attributed to tle clwali retal fons. Kowever, as recently
as 1989, Gindlin (511) hes sugrested reroval of iwon by treating

the solutio: with Liydroren peroxide and sodium hycro:iide, and filter=-
ins to remove the precipitate. Jeveli (£19) and Smith {(528) nave
also recormended the precipitation netl.od as has Stocker wio suseres-
ted raisine the pl of the solution to 6.0 with 1i:.e aud niciel car-
bonate, then adcing hycéroren perozlde, and finally filterin . The
rost recent recorrendation has been mnde by Direin (654 wﬂo has
given the following instructions: "LKaise pil of the bath to above 4.7
(electrometric), acd one pint, per 100 gallons of solution, of 100
volume hydrofen peroxide to tne hot solution and filter."

These two gencral nietiiods are the most somron methods whieh have
been, and are belnz proceticed for removinz iron from nickel plating
solutiors. Mowev.r, several suggestions have aspeared in the liter-
ature, whieh are interestinc. Berthelot and Gaudechon (25), for in-
stanee, fround that iron was precipitated as ferric hydroxicde whewn
subjeeted to the aectior of ultra-violet rays in the presence of nickel
or cobalt. A patent by Grouningsazetor (3.7) Indle-tes that iron can
be removed b the action of jowdered activated nickel. WWille and Vo1~
kel (4Z¢) have a German patent for removing iron from solutions of
nickel and eobalt by the use of alkall perphosphate. Samel (575)
has a British patent for removing iron b:r addine ¢ 1llulose pulp,
rickel or cobalt peroxide, higher oxide or hydroxide, to the bath,

and filtering. Shepard and Knieriwm (658) have recently obtalned a
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patent for removing iron which stipulates acjusting t.e pH of the sol-
ution to 3-4, heating to 80-180°F, oxidizing with hydrosen peroxide,
and then maintaining the pH by the additio:. of calcium hycroxide.

Tre ealelum hycroxide and hyclroren poroxide are 4 ed to the solution

as a slurrye



LEAD

The EZffects of Lead in ligkel Ilatirg Solutions: In 1924 Shepard:
(186) (209) recommended that a brishtener for nickel platine solutions
could be made by adding acetic ~cld to a 207 lead acetate solution
until i1t was elear, and 2déing Z oz./ral. of this solution together
with % oz./gale of rlycerine. Excellent results were claimed for
thls brichtener.e ‘hen the plate beran to €ull afteor some tine of
operation,loz./100 gale of the X/ lead acet:te solution was adced
to brighten the deposite Raub and Wittum (459), and Vittum (469),
(5.8), foundthat lead caused firc-grained lustrous Ceposi.s, wiiich
vicre bright and brittle with a tendeney to peele Thier also noted
that when lead sulfate was precipitated, the derosits were dull, ard
rough s.ots were likely to occur. Gos;*rox;e (408)also reported that
lead eontamination caused non-adherence of the deposit, and also
noted that this éid not apvear until chfor.e plating was practiceds
Ballay (Z44), lattacotti (527), Meyer (529),(607), and Stosker (540)
founé th:ut lezd gave rise to dark, streaked deposits, and the effects
were most noticeable in low current density repions. Llartia (657)
found that in a low pX vatt's type bath, lead in low concentrations
had 1ittle effect on the stress of nickel deposits, but =2t a pil of
5.5 lead reducec stress. In bri-ht nickel solutions Iekelman (I47),
Jonrson (448), and Francis-@arter (50C) hove reported that lead con-
tamination caused daric strcalrs to appeare In nickel=-cobalt brigh
nickel solutions ‘eisbers (4%6) has found tiiat under averwa e eondi-
tions 5 mge/le of lead revealed dorx portions at the bend of bent

- eathodes. Dirgin (664) has also reported tiat wiile lead was only



slightly soluile ‘n nickel soluticns, the presence of citrates, ace-
tates, and formates held le~d in solution, and he considered the top
perriissible 1111t of lead to be alcut 0+002 oz./r:le.

Since the porrissible 1i:1it of lead is ver: low, lo~d 1s one of
the worst contan.i:r-tits of nickcl solutiorns. Lead plumbine aé lead
tark linizrs have been a frequent source of lead contwtiiation. The
effects due to lead can be sumnarizec 23 causizng brittle Cesosits
with a tendency to peel uncer clhromiuvm Ceposits. The derosits also
tind to be dark in low currcent densit rerions, «id davir streadis
2y appear in normal current densit; reglonse Under certaln conci-

tions, Very s:ooth ard bri~nt rocions mor anpear iIn the deposite.
L] J o a

Tie aeroval of Leod fro ieimel Ll-otitp Solutions: The reroval

of lead from nickel baths coes not produce ary difficultiese Yittum
(469) proposed that lead could be removed b7 stronel— osldifrlues the
solutizn with sulfuric x¢id, ond Leating 1t in oréer to form insolu-
ble lead s1futee The solution was then cooled, filtered, md the W
restorede The trouble wWith thls metod would be the difficulty in
restoring the pE, whieh would reyulre quite some quantit; of niclkel
carbonates The most practical method has becn proposed by Stocier
(540) ,linttacottl (264), Weisbers (541), and Digeiz (664), who pro-
posed low eurrent densit: clectrolrsis at & to < a.:.:ps./s\i.ft., to-

gethor with a pk of abou &, ané a falrly Li~". te p-ratures
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LAGIEOIULL

Ihe Effects of ligzesiun in Lickel BElotines Solutions: 4 great
may effects have been attributed to tlie presecnce of manesiun in
nickel platinse ® lutiouns. Durinr the perioc of 1910 to 1970 mae-
nesium sulfate afcitions vere wiite povular, and as a resvlt, its
effects were well investiratede One of the first efiects noted was
that tle plate whlch res:lted from a solution contairings marnesium
gulfate ad a yvetlovish tin~e to it. This was re_yxo:;ted sirmltan-
eously by Sizelove (8} and Tarlor (89)e Proctor (60) hed carlier
reported the use of myuesivm 172t as a erain-refinine or bri-ut-
eninr arente More rccently liakar'eva (482) rceported that deposits
resltin~ from the additiorn of meymesium sulfate were more lustrous,
harder, and more wiform ir texturc. Ivlan: ikov and lieiman (505} iIn
an effort to produce nlckel plate free from pirhwles found thit mar-
resium suwlfate in quantities from 1 to 100 {j’fo/l- producea matte, wiiite
deposlts. Anotier report dr valters (102} pointed out that a small
amount of marnesivm sulfate acded to a niclkiel bati produced a nore
ductile plate, mt if it was adcded in e:cess, the deposit migi.t be
darkenede Richards ané lic.niges (208) alled maemesium sulfate in
amounts fror: 4 oz./gale to 16 oz./ gale to nickel solutions contain-
irg 1 1b./ral. of nickel sulfate a.d & 0z+/eals of boric acid. They
noted that tie dewsits were good and white at all concentrations,
and in a rance of current densitles from 6 to 15 amp./sqeft. ticre was
slight gassin~ at aconcentration of 16 oz./ptal, it no pittim~ was no-
ted in any easee Dirrin (664), (5¢6) has reported that the presence

of magnesium sulfate in the solution rale tlie resultin~ deposit rue:
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softer and easier to muff. Iun a nickel-cobalt briht nickel he
found the ¥icker's hardness to be recuced from 5.8 to £98 by the
addition of £ oze/rale of mytesiun sulfate. Dicelr (597) also
studied tue effcct o7 substit. ting marmesium clilorice for nickel
chlorice in standzrd baths aud reported favorable results up to a
concentration of & oz./{*alo Ab,ve this concentration the deposit
developed hair-line crackse Two separate invrstirations have becen
made to detemine 1f mny maprmesium is eco-Cersited witii nicikel, if
the solution contains mmmesium sulfates In one of the first ar-
ticles on the use of this salt, ".}';.ser and Schulz (45) found that 1.5,7
magnesium was co-derosited with the nickel. In 1998, however, Bul-
alsh (475) investigated this probler and rcported no marnesium in
the platee In the 1licht of what has been learned si:ce 1912, the
observation of Bulalkh, 1s wmcoubtedly correcte

Many effects have also bee: reportesd on the effects of marresium
s 1fate additions on the operition of nieckel pl-tire vatiis. Hammond
(178), Undervood (221, aé Lircin (664) have reported that it in=-
ereased bath conductivity. Llagnesium sulfate also inereascs the
throwing power of nickel plating s lutlons, accordine to Harin~ (179),
and Dipgin (L96)e 1latiers, Stuart, md Sturdevant (81) rcported the
use of marnesium chloride to prevent anode sludge formation, and a
similar report was m~de b Robinson (87), usin~ mamesium s.lfatce
Robinson 21so no ted that the anoce sarfaces remained quite elean, and
any trouble due to pittipgg was removed.

Magnesium sulfate additions have received rmch favor in plating

non-ferrous raterialse Froctor (51) advoecated the use of marmesium

sulfate additions to nickel platirg s lutions whern Cle-castings were

""o be P,dted-
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Herrick (148), Thompson ({12), and Gorcon (27:) have si.ce confirmed
the value of this ad ition. FProctor (118) also pioneered in tle use
of megnesium gulfate In nickel solutions used tu plate aluminum.
Eolland (16£) fouw:d that marmesium elloride could also be used, but
Foss (25Z), Werner (291), “rause (868), and B3allay (%42) have pre-
ferped the use of marmesium silfates Urderwod (267) has also re-
cormenced the use of a sclutiun @ntaininff manesium s:1fate, a ron-
fur ciiloride, nnd cadkmiunm ciloride for brirut plating small lead

prtse

The liemoval of lasrresium frorm Liicitel Platize Solutlonrs: 1o In-
formatiorn I:2s been found on the rermoval of magsresium from nicliel
platine solutions. Liarmeslonm is not a very probable accicontal
contaminant, an¢ its ,resaice is g ncerally attributed to inte tion-
al 2¢:itlo.s For creeiszl _urposc platin e The effects of mosmesiul
art, &g a rile, 1ot objeetionables lwowever, 1f a et od ol reoroval

is ¢esirabvle, suci investi~tion will be ncertaren in cornnection

with this researche



MANGANESE

N
The Effects of Manganese in Nickel Plating Solutions: Very little

has been published on the effect of manganese in nickel plating solu=
tions. Barrows (214) and Meyer (454} have pointed out, however, thet
mangenese is sometimes added to deoxidize molten nickel before it is

cast into anodes. .hey pointed out that if manganese gets into the sol-
ution rough deposits mry resulbe rotassium permanganate has been fre-
quently suggested as an exidizing agent to overcome organic contamina-
tion of nickel plating baths, Shepard (188), (220) and Romanoff (267)
have overcome the ill effects of organic contamination in this manner.
Shepard also found that the potassium permanganate additions counteracted
the hardening effect of cadmium as a brightenere. .he argumemt for the
use of potassium permanganate over other oxidizing agents in overcoming
organic contamination was that the permanganate acted as its own indica-
tor, denoting when enough had been added. .if an excess of permangenate
is added to the solution a precipitate of manganese dioxide is formed,
which will eventually dissolve in the bajhe Thomas and Blum (210) found
that permanganat_e additions did not markedly decrease porositye. Since
1930 it does not appear that the use of potassium permenganate as an ox-
idizing agent in nickel solutions has enjoyed much popularity. Since the
reduction product of hydrogen peroxide is simply water, it would obviously
be preferablee ¢ampbell f174) showed that it wes pessible to form alloys
of mangenese and nickel by electrodeposition. In certain concentrations,
it would appear that manganese is not harmful in nickel solutions, but a
real source of information on the effects of manganese in various concen-
trations is not available, nor has work been done on its removal from

nickel plating solutions.
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LERCURY

The Effccets of Ilercury on iicel Flatin~ Soluticns: There are
two published accounts of the presence of mercury iv nic’el pl-ati. -~
solutione. The first oecount woo mode b atts (197) ir 1924, wio tried

covevrie c¢lloride in Ul elfort to provert tie for-

~

the al7ition o
ation of Liydrcica. ot the c:¥ ofes The » a1t of tho nAditvion war ‘
tiat the Conllarisiz actlion vas so stroro £t no niekrl vwould Co-
posite In the othvr account solunli wnd binso. (610 added trace
anounts of iercuric cllorice to a nicicel platines solution, ~nd ob- 7
served that the devosits wiile® resnlted were lorse ar.@ Dowlerrre

From the results of these tvwo cascs, it is obvious that hercury
contariirntion of 2 nicrel platin~ solutlon would elther totall;s in-

Libit écpositio: or prodice entirely 2 vit-ble depositse
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SOLYLLLLE

The Effects of I01-"bCrwy i Liciel xlotin- Solutions: In 1970,
Barrows (121 ad ef armoriuii 1:017¢ate to a nielrel s:1fate solution

cortaliine wymesivn sulfate ond vorie ~eif, @ ¢ r-_orted tiat 2
blazl: ¢eposit vas obtalued. Since Blas Ceposits fer Iro. solu-
tions contalnins mol hlntes, it is ratlirr cortaln thint rmel;bée vn

1i niei-el platinge solutions woulé lead to Placiz or darit colored de-
posits. In tl.e orly otk r aczcount on ti.e effect of mulybdcnun in
nicizel solutions, Iuri ~nd Seth (612) found thot a molybdenum sol
adced to a niclzel sol tiox irpoartesd luster to tie ceposite ILere apain

1s a case where thie colloidal properties of thie s0l may be the con-

trivutine fagctor to the observed resultse
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LINADES

The Effects o2 Liitrates in Hicligl Flatin~ Sglutions: The effects
of nitrates in nlck:l yplativg solutions have becen Xmown for sone tiree
In 1912 Sumz (5C) found t.at nitrates or nitric aci@ aould cause
dzri deposits. Ilatiers and Sturdevant (B8I) alwo Zowd that nitrotes,

as an irpurity i niclzel salts, Cesressed thie curront

-

L

wz:lch moy o~ecu
very stronl;e llzdsen (126}, and vatts (197) fourd ti t nitr.tos were
such stroinr derolariners th -t theoy covld encils eousce depositicn of
ricizel to cense co: lertelre wiziiol and Uatts (204 have roported

that the amount of nitrates necessary to cause no deposit to for. was
in the nel “bork od of 20 ce/le Accordine to Eldridge (212), however,
e 32llay of Sfrouce reco nended thc use of small amounts o nic el
ritrate as an oxidl iig acent. An ercess of the nitr-te virs reported
to caucse Irogrile ana wurnt dejosits, as well as o rafidé drop 1. the
current c¢fficiency. Dothorsill ane HDzrmond (Z71), (S€0) tlhen wnder-
took a stud;r of tre cffect of nizkel nitrote on nie'el Cerosition

and found thst it Inerensed hnrdness and stress, and bricitcned the
deposite Since the deposit wos stressed, ti.cre w25 also a tendency
for the Cerosit to becore craclhed and exfoli- tele As electroliscs
continued tlie nitr.te vus reduced to ariwriz wiich in ture vrevinted
the preeipitatior o nic'wlour Tyc-orides With licre ol contei-
tration o nitrate the cntiode potential was cradoally noted tu 0071,
and the arount 07 Lyfro~er releasnd at tlie catiode decrcaseds At a
corcentration of 2.6 p./l. the foruwation of Lydrofcr ceased entirclye

Ag nitrate wns adced to tiie solution ai initial increase in pitting

was also notice., "ut tien it gradually decreasel wit. furtler nitr te



adfitions, =l fira117 cexsed wiel lyCrosen Torratio . also ceasede
liltrates have not found very exte.sive use as oxicdizing a ents,
primarily since hydrofen neroxide produces better resultsy ad is
ewsier to econtrol. Ec . arct (l45), (:70) nas recorm:nied “atis Ffor
dewositin - non-vorous and hyfrorin-ITree devosits, wkich corntaincd
sodiumr nitrate, but tiie corposition o tiie baths is so cormlex
that control would be verr di fic:ulte Fadeeva (L51) has more recen-
tly investirated the use of nlckel nitrate in solutions beings oper-
ated that tie 2dCitlo: dié :ot cFecrease porosity. This viewpoint
has also been shared by Di—«in (596), (664) wio found that nitrates
not only incrensed pittin<, but lowered catiode efficiency, and de-
ereased throwing power.e I cobalt nicitel baths, ti:e nitrates were

also found to restrain the deposition of nicikcle

Tie Rerioval of Illtrates faxom i jclzel Platine Solutions: The remo-
val of nitrates from nicikel platin~ baths becomrs evicent “rom tie
observation of Eothersall and I'arrond (251), tiat nitrates ave re-
duced to a..conia durir~ the operation of the bathe The hest opera-
tine eonéitions lave beei sureested b Dir~in (664) vho nroposed
that the buth e mmde acic wit: £ ccefrale of s 1fric ncid and then

opernted usine dumsy copuer ¢at odess



Y 000 FUnOlULE

et of ExCrocey PergZice In Indgiel Elatine Sclutiong: Ey-
1
drocen peroxlice ls adced to micitel »1-ti:n- solutions fur tvo purposess
The primary purpose is as an lifredient of nickel baths for . revei-
tii thie Celosition of Lyirore.. at the crthoce. Stiﬁcr (125) wes
ti.e first to stud - this adcditlorn viien he ad ed hydroen paroxicde as
a depolarizin~ acent to the solutio:: and noted that the normal stress
on the derosit wns r ducede ilndsen (182) was the tirst to reconend
this addition in recular wractices le recormended a dnily addition
of 4ceces/le of 20 peroxide, or a concentration of 0.18r./1. of nickel
solutione Earings (livu) found that peroxide in t is concentration re-
duced the throwing power of tlwe solutions, and Blim md Thotas (210)
found tiat perozide also promoted anocle passivitre In 1904, other-
871l ané Yaraond (C81), (280), wicertou’: a  investisation of tie
effects of LiyCrogen —croxice on nieicl Cevositior, ¢ teir reort
has brorn rost valombl o wGditions of peroiiide were found tce iner-oce

pri;iit apperrance of the Ceosite Tie de-

1

haréness, stress, a.¢ t.e
posits thus tenced to becore cr cted and cvpoliated, =md tiils was
attrivuted to the vreciplitation of larper amounts of bas ¢ colloicdal
mitter with the rfsin »ate of hycrogen lon clscharfee Witl increas-
ine accitions of Leroxice, the amount-of hydro~en rclensed at the
eatlole became {racdually reduced to zero, but orn further additions
the £as discnarre recorercede They attributed tuis observition to
tl.e rcduction o2 the nickel iou concentration at the cathode poce as
a result of the precipitation of a considerable cuw.titry ol basic
matter. e cathoce efficiency was also ohserved to he li.€arly Ce-

creased vitu Increzsiic addéitions of werowice wntil o miniine: value
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23 reached whicli corresioncal to zovo hrlroren discinrc at tie catlhi-
odee 48 tiie additions werc incre-sed beyond this critical concuntra-
tion, the cat:ode potantial slowed a maried ifucrersce Ticse nutliors

also felt that miy ef'fect wi.ich hydrorn prroxicde hnd on reduciis it-

~u

tins was Cue owly to thie inzititilon of rhycdrorcun Ciscinrrge If tle
sclution is lmrmre, owcver, the nction of oor x:ide il oxicdizing
ard proeipitatin- iroi, w th ceincident oisco tioi. of otii r i url-
ties hr tlie vrecipitate, Just be tate. Irto cenount.
The second use of LyCrosen eroride in nileiel _1atine ssl-tiols
is for reroviig coutanination b iron and orpanic conpouncs. A Cis-
on .

cussion of tle effects ol hyCroren . erciride i t .1 uiuiicr is found

under the sectious on rawval of these i, uritiese

™. e Horoval of Idrocen Peroxide fro:n et ] il-tipn~ Sglutions:

Tyirocen vevoxide is vory eanilyr retoved fror o nigiwl platiie solu-

tiorse alsinr the tomeratur:, or the wil of the solution, or a com=
bination of these, will ro_i1G1y cCecorposze hycrofon peroxides Green

(517) snowed that a a Pl o7 Be6&, hydrosen poroxide was zhout S7.10

wLe

-

Gecorvosed 1n & hourse ab o o of Je7 axd o tomperator. of

7 - ~ . - ~ - . -
ti.e hydroron peroxide vias €% Jecormoscé in e lour wl o holf. A

cemhination of thnste eond itlons wowld provahlyr ~r.~tl;r accclerte
the decoroositione The euse ¢ ruuoval of rxwdrormen poroiida as well

as 1ts chenicl constitution accounts for its sronter ap_ lication as

an oxicizinge acente



FUHUSTONONIN

The E '‘feets of Phosvhorus in Iiclel Flatine Solutions: Dhe effects

due to rhosuhorus aid its comounds are uractically w’zovme 3lum
ané Kasper (&66), anC Cotton (4.9) Lave investigateld tle effect of
p osrroric acid as a uffer oot innid el rlatine solutions o & found

1t inerective. 1'i2°7¢1 has bea Ce_oslted Tror a o hios_l:iate sol-

=
-

(o)

ution by Iory-nsi (LZ0), "ut ¢$.is is the solitar- euse of Ceoosition

iate corntanination is

of nickel from znny [ Losphots solution. &«
possible from c¢le-: inc su3li tions, but if iy 111 eflects result, they

are as yeb unxnovm, or uwaura ortede.
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+ Sglutionss The effects

The Iffects of Sclenium in ek 1 &
dve to @elexlum arc verr little Lm.oviie It is not a probahble contam-
inont, althouri: aczorGii~ to Youn (5S5), seleniwn wa- e alded in
small traces to cortain proprietary brisrht nickel s:1rtionse rurl
ond Juneja (870) hnve also Tound thait sols of selenium adced to nieizel
solutions Iir_roved the lustur o.d hardiess of the Ceosite With tihe
exception of several pat:onts, only these two caseos liave bhec: puhlisi-

ed on this ifrpuritr, and thie effect of othier thu trice zrovuts of

selenivm have ot “icen reve:lede.

The leoval of selepiwn from g iclze] Zlatine Spolutions: decordins
to btocier (617) selexivmea ve renoved fyom nicicel plating solu-
tions in two wayse Tie first met oé is by ralsing tlhe I ¢f tlhe sol-
ution to 6¢2-6.4, (electroumctric) adlinr niciel hycroxide or nickel
e:xrbonatec, ard an oxidizin~ arcut suzli as Lylrocc.. peroxide, or po-
tassium :crman arate.s OSaleniua will tims be precipitaoted alony with
iron, zinec, aluminum, trivalent chromium, and cadmium. 3Stocrer also

found that seleni-m could be removed from niclzel platin~ baths Dby

ceisentation on iron pr nickel.



SILICO

The Effects of Silicon 1. kickel Platin~ Solutions: Kerm ac lao-
tan (18) and Kern (27) have contributel the sole references on the
effect of silicon in nickel platin- svlutio:rs. In this cote ws iu
tle c23e 0l sone othir Lrpurities. it is not the -levant wiiich is in-
volved but fluosilicate. Llese zuthors hove reported successful
dervosits of nickel from a nicliel fluwsilicate solution. Vhat tie
effects of sillcon or of sillecutes arc, have not becn rcoortec. It
would az.esyr from t. is lack of inform.tion th t silic.tes hove no
real detrimental effect in rickel nlating so lutions, at leust in
srall arvuntse Tils is evident slice tiere is certainly the possi-

bility of sili-ate contaminatio of nlcikel platiu: solutions from

¢leaning solutionse.
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The Effects of Silver in idclel Platine Solutbions: Silver is not
a Very probably contaminant of nickel solutions, ancd if 1t were to
occur, it would probably nor renain ir s lution in othor than very
small coneontrations. TN re my be sore vossibility that silver night
be s1i:2.t1r solubl in cert:ii niclel Dlatire solutivus, but in those
contalnine ehiloride, it would probably be larrely precipitatct as sil-
ver chloride. INickel-®ilver alloys have been electrocdeposited hy
Behnke («0Z%)}, and !iathers and Jokmson (452) »ut in neither casec was
the solution of comparable comosition to -rv niecwtrel :1utine solutione
Puri and ‘hatia (5CC¢), and @uri and Alvi (£71) hove 2dced silver sols
to niekel platin~ solutions and found that a bencficial resdt was
produced on hardness and lusters It rmst be remerbered that the sil-
ver was present as tihie element, adé not iu solution, and that the
effects observed may be due solely to the colloldal properties of the

SOlo
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The Effcets of S . 1fur I Lickel Flotivs OSelutions: Sulfur nas
been reported as a contanrinart in nickel platine solutiors in a var-
fcty of different formse Since nickel ¢eposition Is ¢one in sulfate
solutions, sulfates cax not be consicered as im urities. In 18086
Turrentine (20) proposed that persulfates could be formed in sulfate
solutions by the anocic eiiecct of rniclzel- A few years later Couteulx
(6) found tiiat brisit rickel demosits 20uld be ob airm & from a dou-
ble-niciizl sulfote solutlon to whie warwnium persulfate Lod been
ad’ed as a brightciere S erry (44) also reported a solutivn of nickel
sulf1te anc¢ ammonlum cnloricde to vilc: hiad been adled sodi m persul-
fatee Alother solution Sperrr reported contained, besices nickel s 1-
fate, mxnesium sulfate, boric acid, md solium persulfate. Since no
111 eifects due to pcrs 1lf-tes lave beer re orted, -l sev.orol (1 7=
evernt baths hnave beor found tu yicld sucnessfd oo _ousits 10 Ve re-
sence of rersulfates, it is reasvnable to believe t:at tierr have no
111 effect, other tha tie effects generallypt ributed to all oxidi-
zine aeent, lees Liard, brittle, stressed Ceposits wien bresent in
excesse

Thiocyraates hnve Yecn corton inpredlents in black nickel solutionse.
Soluti'ozzs have been sue~ sted by watts (£4), Lellars (75), 3lum (105),
Prostor (109}, lLceaboom, Slatter:s, and a (117), (1Z5), newa (171),
Lawell (18.), Barrows (220), lLoliue (648), = d others, which centained
sofium or potassium thiccyra.stee. DThe t:ivermates have 2 lmjortant
part in produc ins tie blact ceposit, ané Loraboom, Slattery, a.d Ian
(117), (12:) ave reyorted as rch as 10 to 14,0 sulfur in blac niclel

Ceposits from solutions contalininsg tiiocrurates.
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Soimme recent w2 ras bec:: Cone 02 sulfaate vatliis of nickel, with
varyin~ cla‘ms of success. Cambi ond Piontelli (502), mé Fiontelli
~né Gullotto (5Z2) elaix niciel can be Loth clectrorefined mmé elee-
trodeposited from nicicl sulfamate s.lutions. € o uill (800] also
decosited nicikel from sulfainte solutions, tu. reported that the de-
posit was not hri-nt.

oulfises have lous been iz vy to oo Do Ttotie soouts i omony
t:pes of botlse Loenfuclss (627) wwinted out tiat sofi m slfice
¢ «1C he uced as a hristbocer i nic ol vl-tiig solutions, but tie
bat’. is wsatisfzctor;  due to tlie evelution of hydroger s 1fide and
the pr cipitation of iickel sul7ides Aryl Sulfoa-rides, aidé aryl
sulfonimicdes a2s well o5 zol;s. 1lcric waciés i v, bee. listed “or Jiir-
er, doferberr, and Laker (£00) o3 boine boiitboi s coents Lopiew:
scluticrse Uherr also olnteld out that altiou-h other aryl sulfonic

acids g~ve reduced grein size, but 1o briciatness, they also permitted

the use of hiclier concentrations of bri-tteness sucii as ¢ Cuiun and

:

zincs.its, sodium formnte, aldehydes, etones, »d wuins pol oyl

meti.anea, mé enhance thelr actione An ercess of these ~dditions pre-
ve.ts derosition at low current densities arnd causes hrittleness ard
poor a’hesionse Bri-Lt nickel (e oslts hiave been found to contain
0402 to Ue 6,0 sulfur wha: ¢eposited from 2 sclution cantalnin~ o of
these orgonic sulfur corpoundse

Kern and Iuhix: (18 triel (erositlen of niclel from a cithicurte
bath, but foumd it wiruit-Lle Cue to senar tlor oF o lfure  Sudiun
sulfite wos adled to a nic el solutiosn Yo Larine (17.) who roported

izt ¢urc deosits res.lted ot 1177 eorrent deusities. Wrrrgonowsicl

- n
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and Gurewicz (4!7) have de osited o 139 copper-ciclel =71o front a



hott ecntalning a co,_or cllorice-tiisurea c.i1lew, niciel s 1ate

-~

and thiourea and acetic acide Lolland (16£2) Los alse e orted tle

use of soClwa thios 1f2 e 1 vyroducine heav: fickel deposits. “ouns

~rd Ilersten (£271), (24¢) hove also formed seversl nicrel-s-1fir con-

N

povnés Y glectrolepositivn 'yt 4 ¢l le nieclkel sulfate solatione.

. . - 7 ) 2 - v 7
Cermounds containing fror 27,0 sulfur ané 70, niciel, to &5 sulfur

ard 877 nicizel w re forred.
e

Beutel oné Xutzelnicee (700) Z2ovnd thint nietel sulfide was (e osi-

tes wwre »r sente eliier
o

=3

ted from nickxel solntiors w2 Ly o 1f

(400) rezorted ti-t when nicznl s 1f-te solutions wer o v ta ut
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1sil Ceposition velorities nicls Aot fort alowns- with
niclzrl e oice.

Puri wé Qmeda (870) ad ed a sul®ir sol to 2 nicirel nlatinge solu-

o

tion and the deposit wiich res.ltec was blak =16 spon ye

One o0: the most co::wn sources of sullur contanination is fronm
ruber ta:x lininsse Ascordinc~ to Prue (61%) the contamiration iay
be cauced by a tlacl” sulfur corpo ndé cammed hy the unrcacted clem~

entsl sulfur in the r bber eorpounl.
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The Effects of Tip in Nlciel Ylotlre Solutiops: Altlouch tin is
oz.e of the rore co.zon elements, the possib'lit:m of its presence as
an irpurity iz nlekel platinge solutiouns i+ | robably clirhit. Qicre
may be tin contamination from bro:zes wliich arc nicirel=-i.latel, nar-
tivalarly if ther £211 to tlie t-.lt bottor:, or bezoite ter Dorarily ano-
¢ic, but nothin~ of this sort i.as been reorted. In suel cuscs, tie
effects Cue to rinc uné copper wiich are usually prescat Lo hiler
concan tration thor tin ii bronzes, woulé probatly ovscure zny effects
cve to tine Solani:ii and Singl: (615) added trace arounts of stannous
ckloride ot nickel ::lating solutions md reoported that the éeiosits

were lovse anl uowderye
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The Eifects of Tungester ip ILigiiel klotin: O luticns: Tunisten Las
been ad’ed to nickel sulfate solutlon: so that 2 nicizcl-tun-sten
alloy could be electrode ositede Alti.ourh tun-sten alone is ¢elozi-
ted from ajueous solutiors, when niclzel is also presa:t in the solu-
tion, the two ¢ m be co-dejosited. articles on tlic de_.osition of

rickel-tun~ste. alloys Linve “een written by Gol'tz md iXarl-anov (41 ),

4

Sclyrev and Linovetsiiyyra (£47), o1yar nio, Zrorhiiva, id Lzsal'tseva

280}, w.d Ilolt o wislsen (628), (6C2
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Jhe Effects of gine ix iifcie] s1-tiie Solutions: The effects of

zinc on nickel platiir solutions hos been well fuvestientel. This
fund of kriowled~e has becn accurmulated larcely throush investisontioons
on the nickel pl-tins of zinc-basce die castinsse Grohar (152) under-
took a stuay of the Girect electrodeposition of nic-el on rine, =nd
found that the presence of zinc iIn a nielzel batl. wne not desirablee
Thonisonr and Thoras (158) upon investisating the Hurltr o nickel
s:1ts foound that 0 to 1/ zine in nickel sulfitcia rot Getrimental,
but at 0427 zinc the Ceposit tich resulted <ron the use of these
salts tended to be brigiit on the edsres and also tended to pit. At
0.2; zinc In the niclrel sulfate, the deposits tended tow:réd bright
edges ~nd splotchies of bri it deposits. Setlik (E07) also fow:c

that 011, zine in a niekel nlating scluti.n ret:rded the r-te of
denosition, while 0.226} czused stains to form o ti.e depousit. 4t
0.457 zine the bath wan uselesse. A .cerson (U64) also reported tit
the effect of more than 0.Y ro/l. of zine i1 a warm n'cwel solution
was to briphten the dgosite Crockins ané puor corosion resistance
developed reachin~ serlous proportions at abcut 0-63./1- o zince
Auderson also observed that spctémens plated from a solutlo.. contaln-
ing 1 gm-/l. of finc in a sulfate-free solutionscortnined 0+Z5 zince
Vozdvizlunskil a.d iielolin (4l<) investirated tlie causes of stredky
deposits con1ld be obtalied i: conéentrations of zinc of O.4l parts
of zliuc per 100 jarts of nicitel presente At a2 hir.oer zine content,
between 0+.45 and 0465, strew:y Ceposlits of nicirel developed, hut the
strezks could be removed by raisi:y the bath temperatures above 0.65

zinc ti.e streaky deposits could :ot be aviocel. They also notcd that



the pE of the s lution around the eathode increased with ircrease
of zinec salts, reaciinm such 2 hi 7 volie (6407) thot 2 colloidal
precipitate of nicizcl hiydroxide ozcurredes The positively charred
particles of this colloid were then trancported to the catiode sur-
face anéd deposited as a Gark layere Lieyer (607) has also written,
"AS 1little as 040067 oz./~ale of zine will cause the nickel denosits
at low current Censitles to be bripgint and somewhat more brittle.
Higher concentrations of zinc will cwuse the nickel Cexosits to be
very brittle aid, for erample, a corcentration o 0.0¢ oz./gzll-of
zine will cause the nickel deposits to be very brittle, warticularly
~t the low current densitry ranre." Accordine to Lirein (664) zine
causes Cark rlate to result {rom bri-ht nickel rolutlons in lovw cur-
rent cdensit:r rerionse

It 1s not accur-tely lzuven e ~10s wes Tlrst ced to nicikel
platin~ sul tions ac 2 bri Tter.r, Lut aroctor (68) in 1915 mention-
ed that zine was bein~ used for this purpose.s &4ince this tine zine
has been widely used in this mmwnere

One of tue must cormon observations on the effect of zine In nickel
platine s lutions ié tiint it leads to darkz or stireaited Gepositse Ter
Doest (70}, Field (1%1), Tarlor (89), Thorpson aré Thomas (155]),
Harine (179), Voss (1¢1), '.{irshhxr_: (ce5), Lothersall (282), Sielling
(260), Raub a:d Bihlmaier (£92), = »robably others, have all !en-
tioned this effecte

Two observations have been made on the effect of =zinc o: the stress
of resvlting deositse Tuillenmier (158 fownd tiat tle presence of
zinc caused an irerease it the contraction of nicl el depositce Liartin

(657) Lins ovserved rore reca.tl s, hiovever, t.-t In low pIl Watts-type



solutlons zinc coes rnot ruteriallyr affoct stress, while =2t a pi. of
5.5, zinc reCuces stresc. T.is latcr gbservotion 1s 1. countradic-
tioi tu Vuille nicr's onservation whic!. wos alco Lixde on a Rir. i
solutione ilaring (1725, (150, roporte timt tie presencs ol zine in-

w solutione

v

created the throwioe pover of a nictel plati

Z2inc l.as 21so been a co:ron ircrcdicit in blaci niczel soludions,

have bec writteon oo Llenr niictl s0l bt v wiliia contnine ring.
Soe of tlese e by Yaus (102), (120), Ze™olt (161,, wWatts (54,
Blum (103), logavoon, Slattery, ond Ilaw. (117), (1C3), iawell (1825,
ané Zarrvows (£50)e¢ an ordiic ty Tosaboon, slatters o Dot osod
black-riclzel Cevosits usunllr contain 20 ty (00 ziie, .wl thovs
fall into tic class of alloyse Utiher nicitel-rine 2lloys Lave heen
deyosited, probobly the first bein - done by Sclioch and Iirsch (10,
Investi~-tions on tiie (e ositlon of nick l-rine 21105 hve ~1s5o bheen
cwrried on by Glacstune (22€), re iora (549), ard Lustrion (G46)e
Izeurrshev and Hovikiiovich. (C16) have also reported on the electro=-
deposition of a eo ~r-zine-nickel alloy.

To sunmarli-e tiie effects due to zirne 1n nierel »1l-ti-~ solutions,
the followine ef’ects ¢ “.e considered ot Tnirlr zezoptable Tactse
In the neir orlkood of 0.007 oze/rale of zine Is permiscidle as ¢
brisitener in dull-iicize) platine solutionss 11 - conzentrations
will rield brittle ¢evosits, 312 a7 be eltirr Cur’t or strelnd. In
brigt riecel solutions the effoet of zine i lower concentrutions

than 04007 oz./g;:l. nzr beecore evident by dortenins In the recesses,

or at low currant Censitliese
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Lhe Beroval of gine woridcizel x1obic o Sovlutionss Gliere are tvo
ceaeral procefures for reroviin. rlic cortwi atton fom w nicnl - lat-

inrt soluticne T rohahl;r the Ffirst men
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0@, or tle Liscord mct ol (LC0)e Wiis retrol cunsisis i Pirst preci-
pltatin~ large qumntitics of ferric lydroride in the nilcizel dauthe If
the fron contert of the slutior Is not verr Lich a cuxtity of un
iron sult is usually aGdelC. Tue iron 1s also grnerzlly oixidlzed first
eit.. b aeration, or by tle us~ of hylrogen prroxides 4s te ferric
Liydrozide vrecivitate settles it wloorbhs oth r motillic i: urities

and carrics trhen out of solutio...e ‘Wue sovlution is tiun T

iltered and

-

tle i adjustede WThe ph is o -dinwily ralsed b 0Cins nic?

t

car-
tonute to thie solutiorn, anc tie use o heat cids In _reelplitating tie
iron. 7This treatment las Leen found by .widerson (U64) to rcéuce the
zinc concertration fror 1 fre/l. to 0.0 E8ce/1e lesner (6L5) found
that zine was not ay.rcciazblys removed from rickel sulf-te solutions
until a pil of 6.4 mas reachel, usiie arroniur or solinm hrdroxlde

to raise tie uHe 4t a 1% Of 6486 und br heatine tie solution at 100°C
for & hours, tie zinc was completely removel. at this pli, however,
cons léerable nickel wus also precipltatede Wlien the wolution was
buffered the .reatnent ot a 1H of 6.0 left about OO0 mg./l. o7 zince
Vilcsner's investi~otlioms were mace in the abscnce of iron as an iue-
purit:r, so 1t is n.,t certain vhat effect iron precipltatinge 't the saue
tirne would hxve unler these conlitionse In rwst cases the Crastic Lls-
comb metlod 19 not necessarr to remove zince A troleal procecCure In
precivitatines zlue has becn oatliied by Stocker (617)s Wi1s consists
of heatirnge the bath to 14003‘., aritatine tihe batly, ond thoen rolsing

the 78 to 5.8 b addin— fresily precipltated nlclkel sarvonatc as a

slurry, slowly with rmuch stirrine, to the sclutione About 2 to 4
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povnds of nickel carbonatc per 100 gallons of solution is normally
rejuirede A slurr: of Yime is then ~dced slowly with virorous stir-
rine wntil tihe i ap, roaches 640 to 6642, requiring about iAlb./ioogal.
of solutione About a holf pint of 100 wolume hCrogan pérOxide is
then adled per 100 galse of solution to oxidize the iron to the fer-
ric stotee The solution is thern stirred throourt:ly, allowed to sett-
le, and finally filtcred. This trectment is not o:ly effective 1i..
rerovir~ zire, but elumirum, iren, trivalent < .romium, selenium, and
c-dmiume Costells (I7¢), P 11 (219), ouit (Blg), weishere (496),
and “esle =ud noeid (840) Lave also rres mended tils nrocecure,

or one escentiall the swie.

Zinc con also be removed from nickel platine solutions by electro-
lysis at a low current densitye Liattacottl (464) has given a typi-
cal procecure of thiis type of purlfic-tion.

M. Heat b th to 155 -140°F.

2e Aritnte conti.uouslye

Ce Fill tank with as larpe a catliode surface as possiblee

4+ OQperate at a current density of 2 arperes/sq.ft, for

copier and lead.

5+ Other irpurities opcrate at 5 ampe/sq.fte.

6e Poss 2 a pere hours/ballon in case of copper and lead.

Pass 5 arpere hours/rallon in the case of zine, etce"

welsverg (496), (562), Anderson (Z64), and Diggin (664) have also

recormmended low current dersity electrolysis as a f00l 1metiod for re-
movirs zince Shis latter methiod is beeoming nore nup.lar because it

ada:ts 1tself better to conti uous filtrition nethodse



SUSPENDED MATTER

Ihe Effests of Smapanded Matter ia Niskel Plating Solutions: Sws-
peaded matter in miekel baths has long beem a souree of trouble. By

suspended matter is meant partieles of all serts whish are small em-
ough, or light emough so that they are held in the selution fo‘r a per-
iod of time. PFerrie hydroxide is probably the greatest single eon-
stituent of suspended mattere This preeipitate is light and gelati-
nous and is easily saspended in the selution, alded by elestrieal amd
thermal eurremts. The term, “gsuspeaded ntter"' is generally eonsi-
dored to eoxelude selleidal particles, whieh are partieles of sush
small sigze that they ean met bde removed by any mermal filtratiea
mesns. The effests of eolleidal partieles are similar to these eamsed
by suspended matter, but there are alse many effeets so differemt that
they will be diseussed separately. Bameroft (4) was ome ef the first
te resegmise that oxides, hydroxides, and oth'er'ba.sh salts sould
have a profewnd effest on niekcl depesits. Blassett (33) alse reeog-
aigsed that rough deposits eould be formed when soéimont settled on
'tho woerke Engemaan (37) made a similar ebservation, smd singe ferrie
hydrexide was the primdipal kiad of suspended matter, he proposed mak-
ing the solution more aeid. Barrows (46), en the other hamd, sugges-
ted adding sitrie asid te prevemt the formation ef ferrie hydrexide,
aad borle ssid to prevent basie amiekel salts from forming. Watts (57),
Thompsen (71), and Watters (72) also pointed eut that slimes and sus-
pended matter were a sause for rough and exfeliated deposits. In 1927
Hogaboom (329), (855) suggested that high purity miekxel medes be used

to prevemt the formation of slwmige amd fleating partieles. HNogadoom



also feund that in some sases finely divided partieles of metal were
meshanieally sarried over from the anodes and deposited, eausing
reugh deposits. Upthegrove and Baxer (247) wmdertook a phetomiere-
graghie study ef reugh or modulized niekel deposits, md found them
%o be dme te suspemded particles which had settled om the werk and
had been bridged by the depesit. Watts (248), Thomas and Blum (210),
(2311), Vess (191), Laban (401), Oosgrove_ (369), Cymboliste (410),
(¢41), anéd Nethersall and Nammond (480), same forward with the sug-
gestion that suspended partieles were also a primary souree of pitted
and perous deposits. Ballay (341) showed that baths of a pN of 7 te
9 were umsatisfastery due to the formatiern ef hydroxides aad basie
salts. Ne also found that berie asid esamsed a premature presipita-
tion of hydroxides, and adveeated the additiom of eitris, lastie or
glysollie asid as a prevemtative ef precipitation. HNothersall (352)
felt that the basie matter im the eathode solution layer was the eem-
trelling fastor im the preperties of miekel deposits. Romamoff (358)
also showed that the inelusien of basie partieles im the depesit eam-
sed hard deposits, mmd Lemarehands and Deblesse (3684) showed that al-
ekel hydroxide also deposits with miekel. Liebrieh (385) and MasNam-
ghton (386) also pointed eut that the eathede solution layer besomes
alksline during elestrolysis, amd that the basie salts whieh form
these esuse hardness, snd may alter the normal erystal growth and or-
lentation. Mere reseatly artieles have been written by Cosgreve (408),
 Yosdvishensxil and Makelin (434), Oymboliste and Salauze (442), Pin-
aer aad Berehert (489), ;ohluhuttor and BEggenbverger (521), Wood (545),
snd Werniex (564) whieh repeat the ebservatioms already made, that

suspended partieles give rise to rewgh, perous, pitted, and even lus-
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treus depesits. Themas (638) has also pointed out that another souree
of mspended matter is fatty material whieh may get into the bath frem
eontaninated worke. Peorter and Sward (205) have also peinted out that
earben partieles from nigkel anodes may be another type of suspemded
partiele, and may lead to rough depesits. Pimner amd Borchert (489)
have alse foumd that as mueh as 0.04% ef loose niekel frem amodes eam
emse reugh depesits. |

2he Bakeval of Suseended Matter Lrom Niakel Rlatine Selutiona: The
sigw of the partieles of suspeaded material gemerally found im a ai-
eksl plating se lution is large emeugh to allew thelr removal by fil-
trationy | The first type of filtration was simply earried eut d»y fil-
tering through eleth, but as time weat on, detter methods and mater-
ftals were develered to irmpreve the effestivemess of filtration amd
to speed up the preeesse The use of filter alds and astivated ear-
bon has advanged filtratien tesmiques many-folde The filters used
for purifying elestroplating solutioms are gemerally eonstrusted ef
stainless steel, dronge, or are rubberlined. Earllier filters were
often of iron eonstrustion, dut iron eentamimation sometimes resulted.
Mgst filters eonsist essentially of a series ef horisontal or verti-
eal plates whieh eontain filter eloth, which may also be soated with
filter ald, astivated earben, a:nd even niekel earbonates The solu-
tien is fersed through these plates, and -ﬁhenn into amother tamnk,
or Into the same tank if eentinuous filtration is desired. Amherg
(472) has given aa exsellent diseussien of the wse of ﬂiter-alll
sad has peinted out that thgy are used for four defimite reasons:

Pirst, that they allew a higher filtratiem rate; sesond, longereysles
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are edbtalned detween fllter eleaning; third, a variable degree of
elarity ean be obtained by using differemt grades of filter aid;
fowrth, threugh its use, the 1ife of the filter eloth is extended.
Whea filter-ald is used to prescat the filter-eleth, it is mixed with
water and passed through the suseessive cloths, wmtil eash 1s soated
with a layer of the fllter ald. lgst filter-aids are dlatomaseous
earths. Meyer (485) has writtem an arti€le on the methods of mixing
filter-aids with plating selutions whieh is very imstrustive.

For a diseussion of filter pumps, artieles by Weisberg and Green-
wald (362), Page (390), (425), and Belme (501) are very lamstrustive.
Other artieles om the gemeral subjeet of f£iltration amd purifieation
whieh are very good are: Mobbs (48), Shepard (187), Watts (248), La=-
ban (276), Jevell (519), Meyer (529), Smith (538), (539), Green (556),
(599), Wernick sud Silman (585), Wynme-Williams (889), (§90), Melbig
(603), Btesxer (618), Raakin (637), and Case (663).

Green (8599) has alse issued a mote of emation in pointing out that
rough niekel doposits eam result from filter-aid and astivated ear-
ben passing imto the solution. Welsberg (582) has also peinted eut
that onee astivated earben gets inte a solution, it is diffieult te

rompvee
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ORGANIC SUBSTANCES

Ihe Atfeet of Orgarie Substanees ia Niekel Plating Solutiongs Oi-

$rates have deen ome of the mest eommon of organie substances im ni-
ekel plating solutions. They were first used for keeping iron in sel-
ution by forming a soluble somplexit. Barrows (46) was prodably the
first to make this resommemdation. Mathers (81; found, however, thst'
the additioen of eitrates imereased the amount of irem eodepesited with
the niekel. Simee the sedepesition of irom was not sonsidered to be
as bad as the effects of aludge in the tank, the additiem still re-
seived seme porularity. Artisles were suseessively written by Haas
(94), Later (99), Wermer (145), Mathers (257), Ballay (341), (343),
Baud (291), Raub and Walter (393), Mathers (420), and Eramse (862)
resommeading eitrates as am addition for keepimg irom im solution.
Anether pepular use of eitrates and eitrie asid was in the elestro-
plating of zine and aldminum materisls. Weber (74), Nelsen (108),
Prestor (124), Pield (131), Ledin (151), Thompeen (212), Fess (283),
Werner (¢91), (623) md Trentmamn (399) have found eitrates of value
ia plating ihou materials. Harimng (17:) alse observed that sedium
sitrate additions greatly inereased the throwing pewer of a niekel
selution. Martin (657) foumd that eltrates also desreased the stress
usually found in miekel deposits when used in solutions at dath lew
;u high pE. Another eommon wse of eitrates is their buffer uu.'n.
Ootten (409), and Meyer (454), have foumd them te be exsclleat Wuff-
ers, sad Pellask (651) has made a similar ebservation in regard te

eltrie seld. Oltrates have also been moted by Wermer (145) to make

depesits tougher.



Tarmates are alse used in miekel Plating selutions. Kerstem amd
Young (418) used niekel formate in depositing niekel~iren alloys.
The most eommon use of formates today is as a eomstituend ot bright
niekel baths. Weisberg (542),(568), (583) has investigated the use
of both alekel and sedium formate in miekel baths. The aetion of
both eompewnds is similar, they tend to make the dopesit harder, aet
as duffers, and make a sontributien te the brightaness of the dathe.
The formate i{s usually used alond with formaldehydr im the Weisberg
baths. Martin (657) investigated eauses of stress im miekel plating
selutions and féund that the additieon of formate deerecased stress in
Poth low and high pN solutions.

Asetates have been used as duffers im miexel plating solutiens.
0'Sulliven (282), Vatts (310) and Esin and Leshkarev (§05) have found
asetates te de utlaf&oﬁry buffers. Asetie asid m alse deen add-
od as a duffor by Oetten (409) and Krause (562) and Maas (9¢)s Mare
tin fownd that as in Sthe ease of fermates, asetates desreased the
stress in niekel depesits.

2axirateg have been eommon additiom agemts to miekel platiag selu-
tions. HNaas (133), (133), found BReshelle salts to be a valuable con-
stitutmt ia Dlask miekel solutions, amd Mathers, Webb, smd Sehaf?
(854) have used Reshelle salts with ethanolamime iz alkalime plating
iuthl for niekeland eobalt. Along with eitrates, tartrates have heem
used te keep irem seluble in soclution. Raud (591) fewnd that this
sddition preveated the assumulation ef free irem.

Lastatep are similar i1n astion ® the sempeunds already memtioned,

altheough thelr use has been more resemt. Nighols (334) has found



that lastates retard the dgesition of nickel on zinc by immersiom,
sad that they de mot preduse the yellow eoleored deposits which eit-
rates temd to form.

Oreanis Asids partisularly the aclds of the salts already mentien-

ed have frequently been added to miekel plating solutions. Naas (94)
added bemsois, tartariec, asetis, and suceinie aeids to miekel plating
selutions and foumd that they gave large polarization values, se were
therefore unsuitable addition agentse Oitrie asid wmas found to glve
satisfastery depesits. Ballay (341), (342), investigated glycolle,
lastie, and citrie acids for preveating the preeipitation ef iron amd
feund all to be effestive, partieularly eitrie asid. Malle amd tar-
tarie asid were Mund te be without astion. Raud (891), hewever,
found that eitrie and tartarie asid additioms yielded goed deposits,
Put Lastie aeid eaused poor depesits. Krause (8562) has found that
asetie, eitrie, and Sartarie acids were all effeetive in preventiag
the presipitation of iron, mamganese, and ehremium hydrexides. Oet-
ten (409) imvestigated asetis, eitrie, laetie, suseinie, formie, and
tartarie agilds as buffers, amd Pollask (651) fowmd tartarie, glyex-
alie, and glysolie aelds to de ozoellonf tuffers, and that bdaths eon-
taining these three asids eould Ve used to plate light metals. Poll~
ssk found the depesits frem such baths to be superior, in appearanse
md adheremse, to those from baths eontaining eitris asid. Yermlie
asid has been used primarily as a brightemer, and &s sush has been in-
vestigated by Weisberg (563) and Rsud and Wittum (572). The latter
amthors feund that formic acld caused a weak imerease ia brightness,

»at had no effest on the meshanical properties of the deposit. Im
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niekel-sobalt mlutiens formis asld was found to imerease the reflee-
tivity of the depesit markedly. Raub and Wittum (572 ) alse iaves-
tigated pyroasemie and levulinie asids, but foumd them to have little
offest on elther the brightness or physisal properties of the deposit.
Flasunev and Sehlgtter (445) have pointed out an lmportant faet re-
garding the use of these eompounds whish form solwble eomplexes im
solution, and that is that undesomposed eomplexes emter into the de-
posis lattices, and may therefere affest the pjysical properties ef
the depesit.

Liniex (606) imvestigated erganie additions agemts, and found &hat
the additien of Pemzaylacetis, diphenylasetie, phenylaseturie, bea~-
senesulforrie, toluie, and tropic aslds produced unsatisfactery re-
sults as Wrightening sgemts. When Rmub and Wittum (578) investigated
aromatie asclds they foumd that bemgols md sallicylic aelds had me
effect en the drightness of niekel. Asetylsalicylie aeid, however,
produced milky white te brilliant deposits in coneeatrations from
Oecl to 0.2 g+/1., while ether asids which they investigated, evem in
tinfold eonsentratien preduced me effests. The mechanieal preper-
ties of depesits ebtained from solutions cmtaining asetylsalieylie
a8id were good. Phthalie meid and phenolphthaleim produeed mo mo-
Siceable offest. When tannin was added to a mickel bath, it was only
slightly soluble and no distinct effeets were ebserved for the small
quantities whieh were seluble.

Alsshels have been added te miekel baths, but evea ia large ameunts

they have 1ittle effest or miekel depesition. Rand sud Wittum (s72)
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have male this ebservation im regard te methyl amd ethyl aleohols.
When & bath was saturated with iso-amyl aleehol, the deposits were
milky in eoler, dut the physieal properties were alteroed oaly slight-
1y Of the aleohols, the tri-hydrexy aleohel, glyeerin has been the
mest frequent additiem te miekel plating solutionse In 1921 Watts
(144) added a mixture of fluoberate and glyserin to a miekel bath and
neted that the resulting depesit was remarkadly smeoth. Shepard (186),
(209) used a lead md glyserin sombination as a brightemer, and found
that beth the lead asetate and the glyecerin eontributed te the bright-
ness of the depesit. Selmeh (260), smd Wermer (291) have found gly-
serin to be a Valushlo additien to miekel baths used for plating
alunizum. MNathers and Guest (565) have foumd that glyserim redused
the threwiag pewer of a nickel plating solution whem eperated at ghih
eurrent deasities. Raub sad Wittum (572) adced 50 ec./1. ef glyserin
te niexel plating s lutions smd fownd that a mueh brighter But milky
depesit was formed. Depesits with a thiskness of about 0.00024 im.
hald a reflestivity almost as great as buffed niekele The deposits
had, hewever, a golden ecoleration, and as the thickmess imereased, the
soatings desame more matte, smd less reflestive. Whem the glyeeria
was added in amownt exeeeding 50 ece./l. the depesits besame non-umi-
formly eloudy, and matte. Raud smd Wittmm alee moted that hydregem
has a greater tendemey te adhere to the eathodes in solmtions eomtalm=-
ing glyserin. In small eoneemtrations glycerin did not preduse any
effects on the depesit. 8tout (432) has peinted eut that polyhydrie
aleohels, partieularly the glyeels, are delng lnereasingly used as
niekel brightemerse.

Aldehvies snd Eqtones have been added te mickel baths, sand of
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these formaldehyde has been the most investigated. Weisberg (543)
has fewad formaldehyde to eontribute very definitely to the bright=-
ness of nlexel-sobalt plating solutions. Niekel deposits ean be pro-
dueed with this addition whieh produce reflectivities slosely apprea~-
shing Wurfed niekel deposits. Rawd and Wittum (572) have found that
when formaldehyde is used as a drightener, the drightmess is depen~
dent only en the surfase eondition of the base plate. In thiek de-
pesits, evea a matte base plate will result in brilliant deposits.
The deposits from selutions eontaining fermaldehyde show very defimi-
Se layering. Photomieregraphs illustrating this layering pheaomeasn
in fermaldehyde-containing bdaths and ether bright miekel baths are

% de fownd ia papers by Rsud and Wittum (872) and by Young (692).
Reud smd Wittum (572) also ebserved that the drilliant deposits frem
solutions sontainiag formaldehydr tcnded te e drittle, and that efa~
eks might form om bemding, but emly in spets subjested te tho‘ great-
est deformation, md exfoliatien parallel to layering is not found.
Brittleness .vas found t» inorease with imgrease in thiskmess of the
Gepesit, dut ne moticeable decrease in adhesien was fowmd. Appar-
eatly eertin organie materials are eodeposited with miekel in selut-
lons somtainimg formaldehyde, since an wmpleasaat odor 1s motleed whea
the depesit is heated. Ramd and Wittum attribdute this pehnememen te
the polymerisatien of fermsldehyde by whieh solleidal matter fomms.
'!ilcy also moted that formaldehyde increased the pelariszation desided-
1y for nickel depesition. In still baths at low surreat demsities,
the presence of formaldehyde was found to lead to brittle amd stresked
depesits. \Wh- the solutionm was sgitated, hewever, the polarisatiem

at higher ourreat demstties was bss than in st1ll sslutions. Raud
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and Vittum (578) felt that the solution they imwestigated had its best
properties with a fermaldehyde sontent of from 1 to 14 os./gale These
sathers also investigated asetaldehyde and propylaldehyde additions.
With asetaldehyde the effest was similar to formaldehyde, enly strong-
ere The meshanieal properties of the depesit were impaired however,
aad it was under high temsion, and covered with hair-like crackse
propyladehyde in amoumts up to 50 ec. per liter had me effest on the
drightaess of the dgesit, and an inerease im hardmess and a decrease
in dustility ococurrede The additiom of asetone at 10ec./1. resulted
in milky bright to bright deposits, but the deposits tended to ex~
foliate in seales, even in the bath. Neavier coatings from asetene
esontaining solutions were gray to bladk gray. ILimlek (605) added
Pensylasstone to a mdckel bath, but an unsatisfastery deposit resulted.
Garbehviratas bhave been added te mickel plating baths, primarily
te find out if they have brightening properties. Gelatin has been
ene of the myre commn ¢f these sdditioms. It is probably true that
the offests of felatin glue, ote. Are due primarily to their eolloi-
dal )npirtlol. and as sueh they have been widely studied additionm
agemts to niekel daths. Im 1911, Proetor (38) rescommended the addition
of a small amount of gelatine or transparemt white glue to produce
dright niekel deposits, providing the deposit was not % be very thieke
Yailleumier (143) them iavestigated the effeet golatin had on the com-
trastion of miekel deppsits, and found the effest to desrease the eom-

trastion. Frolieh (176), and Frolich emd Olark (200) also investiga-

$ed gelatin alditions and prepesed that the effest of gelatin at the
eathole surfase was te sseummlate snd prevemt eireulation of the elee-

trelyte, or sotually to dilute the electrol: te at the eathede surfasce.
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In high pH niekel selutions Frolich found earbon in the deposits,
whieh 18 in disagreement with the expested migration of gelatin par-
tieles to the anode at a pM greater th‘en 4.7. Ballay (344) found
dright depesits teo result after the additionm of gelatin, and reasom-
eod that solutioms which eontained colleids which pre-exist in the bath
give more wmiferm results over a wider plating range than those which
form in the eathode zome. According to am anonymous German athor
(865) gelatine is an effestive rightener im concemtrations as low as
25 q-/].. Lewis (203) feund that the additiom ef gelatim to a sin-
gle nickel salt bath whisch exhibited mormal throwing power of $2%

was redused to 174, and the eathode effieiency was also reduced to
68.5%. Oahour (407) found that gelatine inoressed the hardmess of
niekel d@esits up to a certain soncemtration, and then began to de-
erease it. Nethersall and Gardam (479), and Mattasotti (627) have
alse found golatin to yleld drittle amd hard deposits. Fiseher (662)
found that erganic compowumds like gelatin first showed signs of com~
seaatration polarization and high resistamce at the eathode at a eon-
emtration of 10g./1. er above. A more resemt theory of the astion

of gelatin has Veen propesed by Glasumnov md Drescher (414) who be-
lieve that the addition ef gelatin amd ether eolloldsl materials
eanses a reductiom in the numerieal value of the erystallisation vel-
ceity, whish is not depemdend on a deerease im viseosity. Koohanov-
skil (450) has prepesed that miskel ions become inastivated by mie-
ollu-o:l' lyephilie colloids 1like gelatin, and that the ingstigation

is greater the more lyophilic the eolleid is. H§ has not tried to
sdapt this theory to the effest of gelatin in nlekel plating solutions,

But it may be a plausidle theorye Glue exhibits effects similar to



golatin when presemt iam niekel plating solutions. OCamndmg (294),
Liseonk (330)Q Methersall and Gardam (447), Shcherbakov, Loshkarev,
and Xeshkarev (835), and Matta eotti (527) have pointed out that glue,
varnish, resin, and sap from wood can severely contaminate a nickel
dathe Asoording to Liseomd (350), if glue is present the bath will
froth, sud the depesits are bright, streaked, smd brittles Gelatin
aad glue are really proteins, and other proteins such as albumin,
sasein, and peptone ast quite similarly. Rsub and Wittum (572) have
pointed out that all pretein substanees do mot ast alike. Oasein,
whiek is enly scoluble im small quantities was foumd to de very detri-
metal to nickel solutions. They ebserved that scum was formed on
sur-fase ¢of the eathode, amd as a result the dase metal was enly im-
esompletely covered, and the adheremese was very peor. They alse found
that the eathode potemtial fluoctuated quite strongly after casein

was alded, and found that a usable eathode potemtial-surrent density
curve was impossible to mexe. Rumb and Wittum alse reeorded similar
effests for albumin, peptone and gluee Additions as small as 0.01-
0.05 g¢ /1. were formed however, to allow the depesition of plates ef
high speetral reflestivity, which approached that ef buffed mickel.
The duotility was fownd to be very poor in these dgesits, and en
dending the spedimems eracked in spots of greatest temsion. The
®rillisnce of She deposit was foumd to imcrease with the protein eon-
sentration md with the thiekmessof the deposit. At higher pretein
soatent they ebserved the derosits to be disesclered. Raud and Wittum
alse ebserved that with small additioms of protein to man agitated bath,

a streng imerease in eathode potetial was chbserved, but in a still
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bath, ealy a small inerease was observed. They exptained this phen-
omemon as belng due to the fact that with a small protein coneentra-
tion in a still bath, the protein at thecathode is quickly depleted,
but vhen the bath is agitated, the protein at the esathode layer is
deing continuously replenished. When the temperature was imereased
to 5500. ia a bath eontaining peptone, the brittlemess was enly sli-
ghtly redweed. Mandi (304) has investigated the effest of albumia
en the deposition potentials of metkls, and Ballay (500}, (344) has
diseussed the bdrightening astiom of gelatin, stareh, dextrin, gum |
arable, agar agar, egg albumin and easein. Robinson (87) reperted
in 1916 that 1 oz./gale of yellow dextrim made an exed lent brigh-
tener solution. This solutior was ad ed to the bath as ome €luld
es./300 gallons of solution. Gum arabic and gum tragasaath have
doen added as brighteners te mickel plating selutioms by Mills (100),
Underwood (263), and Sigeleve (462). Sizelove found that an excess
0f gun arable eaused dark streaky deposits, md where the streaks
esourred, little or no niekel was foumd.

hn!*n ether earbohydrates whieh have been investigated as dri-
ghteming agemts in mickel plating solutions. The use ef glusese has
been memtioned by Blum (112), and mannitol and sucrese by Selskl amd
Singh (615)s 8teut (432) has alse listed susrose, ®™rn sugar, and
malt syrup as drightemers. Ne also found that glucese added in eon~
esentrations of 1% to 2 ex./gal. ylelded improved mickel deposits ever
these from ordinary gray-aiekel baths. Raub sd Wittum (572) inves-
tigated dextrose, lactose, and maltese additions and in the ease of
dextrese found that the depesits were enly milky dright at best. Las-

tese 1n eonem trations of 4 ox./gal. had 1little influence en the reflee-



tivity of the eeatings, and above 4 oz-/gal. of lactese the eocatings
again bdesame matte. Neither dextrose nor lastose were found te mat-
orially affeet the mechanical preperties of the deposit in concen-
trations between 2.5 and 5.4 oz./gal. Maltese additions remlted In
streaked deposits at a coneemtration of 0.67 og./zale which tended
to be brilliant at times. The meehsnical properties of the deposit
were poorer thatn these frem solutions eontaining dextrose. Methyl
eellulose, amother earbohydrate, was also investigated by Raub and
Wittum snd at a comeemtration of 0.02 oze/gal. the deposits were not
affesteds The petemtial fer nickel depesition was displased, however,
about 20 te 30 millivolts toward the non-noble potemtial.

Qneanle Nitrogen corpeunds have been systematically investigated
by BRemb md Wittum (572) te determine their effests im nickel plating
seluticas. Fermanide was foumd to inerease the brightmess ef deposits,
'hut their meehanieal properties were serieusly irpaired. At & eoneen-~
tratien of 0.067 ox./gale of formamide the deposits were mon-uniferm,
matte bright to drilliant deposits, whieh showed good adhesion and
ductility o» demding, when the seatings were not very thick. Ia a
selution eomtaining 0.13 oz./gal. of formamide, the deposits became
exfeliated in the solutiom as soon as their thiekmess exseeded 0.00016
inehes. Ures additions sceemtuated pitting in a mickel selution, due
to imereased adhesiom of hydregem bubbles to the sathode. %The dright-
ness of the depesit was net imoreased by urea additions, amd the pol-
arizatien of nickel deposition was inereaseds Methyl urea additions
yielded matte, hard, and brittle deposits. Urie asid additions in eon-

sentrations of 0.005 0s./gal. camsed marked imorease in the drightuess
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of the depesit. The adhesiom of the deposit was good, but due te in-
ternal stress, the dustility was joor. Thisker eoatings were foumd
to be full ef fine orasks. When the soneemtration ef urie asid was
inereased to 0.13 ox./gal. the deposits were drilliant, but exfolia-
ted in the selutione As the urie seid coneentration imcreased, the
ameunt ¢f hydregen evolution imereased, evem at lew curremt demsities.
Caffeine whieh is a eompeund derived from uric acid was foumd to mark-
edly disturb mickel deposition even in concemtrations of 0.001 oz./gale
Semi-carbuside, another urea derivative, preduced less marked ef-
feats than urea at a comsemtration of 0.003 ese/gal. as regards speo-
tral reflestivity. The meechanical preperties were but little influ-
emeed. As more semi-carbazide was added, the depesit sgain besame
matte. Bthyl earbamate, or urethone, had a powerful brightening ef-
fest and with additioms of 0+026 os./gal. drilliant deposits were ob-
tailned after 30 mimutes of plating. Poelarization amnd hardness were
also inereased by urethane additions. Ox@ido additions were fownd
te cause a strong evolution of hydregen, and this evolution increa-
sed with oxamide eoneentration and curremt demsity. Thus only low
surreat demsities were permissidle with this addition, and the depe-
sit produced showed only a weak inorease in reflectivity tut no mar-
Xxed ehange in meshaulcal propertiese At high ourrent densities the
deposit was dark and spongy. Glycoeall was tested as an example of
an amine asid and at a comeemtration of 0.3 g./1. there was 2o motiee-
able effest on the deposit. Guamidine sulfate was also found to pro-
duse spongy and pulverant deposits, md was harmful in all concentra-
tions. Nexsmethylenetetramine was apparently similar in its effects

to formaldehyde. Since it is formed by the sombination of formalde-
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hyde with ammonia, Raub and Wit tum reasomed #hat the hexamethylene-
tetramine broke dowm into these sompoumds im the bathe Another a;nlno
as1d, pheanylalanine, was found by Linick (605) to produce an excell-
eat drightening effeet whem addéd to nickel solutiens. Im 1920 Ali-
vert! (119) added strychnine to a mickel bath and found that it de-
ereased the contraction of the deposite

BRemd snd Wittum (572) also investigated eertain arematic mitrogea
eompounds. They fourd no apprecialbe effest om incfeasing bright-
ness of niexel d eposits by aromatic amines, but a marked increase in
polarization of niokel depositiom was notede Methyl red, a sulfate-
free aso dye did not ilncrease brightness, but methylene blue, whish
eontains sulfur, d1d imorease the brightness of the dgosits. Oen~
emtrations of 0.02 to 0.1 ge/l. of methylene dlue predused brilliant
deposits whieh elosely approashed buffed mickel in reflestivity. The
depesits were found to be highly stressed however, and brittle, and
usually were observed to exfolliate im the Selution. Bascharin was
alse found to de a steeng drightener, and the best results were ob-
talned wsing Oel to 0.2 ge)¥lee With higher eomsentratioms the bri-
1lisnee began te diminish, with coincidemt ippairment of meshanieal
properties.

Salfar-gontaining aromatic sampounds were slso feumd by Raub amd
Wistum (578) to have marked effeets on nickel depesition. Bthyl mer-
esptam and allyl mustard eil were slded, tut their ebnoxieus odors
1imited their use. In eomeemtratiems up to 6.5 e.8+/1. of ethyl mer-
captem, and up to 10 6.0¢/1. of allyl mstard eil, the dgesit was

distinetly brichtened, and mo loss in meshanical properties was no-



tieed. Thieurea was found to be a streng drishteming agent, amd the
deposits prodused exseeded evem those from formaldehyde-sontalining

selutions. An additiom of only 0.15 g./1. was sufficient to produce

depesits as reflestive as buffed nickele The deposits became increas-
ingly drilliant with thiexness, but the eohesion of thick deposits
was woake When the depesits were bent, the mickel not only &racked
at the bemds, but exfoliated im thim sheets. VWhen deposits from
thiourea~sontaining ®zths were heated small bubbles of gas g peared
all ever the surfase which reasted distinctly alkaline, therefore,
indieating an amime. When the derosit was dissolved in hydroehlerie
asid, the gas ewlved sontained hydrogen sulfide and trases of a gas
with an edlor like methyl sulfide which was not adsorbed by alkaline
or ledide solutions. Oxidation and polymerisatioa produets of thie-
uva were alse noted te form slimy and partly fibreus material oa the
quodes. The eathede potential-current demsity curve was strongly
displased to the megative side by thiourea additions. At high eur-
reat demsisies, the potential measurements were uneertaln and streng
fluctuations escurred which led gradnally to lewer potential values.
Oystine, a sulfur bearing amino aeid had no distinet effest em niockel
deposition at a comsentration of 0.15 g./1.

Proeter (68) memticned ia 1915 that ethyl sulfate was a geod bri-
ghtener, md Riedel (85) resommended the use of sedium ethyl sulfate.
Imlphenie Acilds oénstltuto a great majority of the brighteners
sdded te mpdera bright nlekel baths. Besides being added as bright-
emers, certain of these asids and their salts have beem used as wet-
ting agemts. Bokardt (373) in 19356 resommended sedium phenolsulfonate

as a wotting agemt. Bleunt (474) foumd that sn alkyl aromatic sulfem-



ate eamsed a whiter, drighter plate to form, which waa also softer,
finergralned, sad easier to buff. The sulfonate also preveated the
sdherenge of hydregen bubbles teo the sathode. %00 high a Goncentra~-
tion of this wetting was formed, however, to camnse pitting and bare
spots, Steeker (540) has also pointed out that wetting agents as a
whele make the piate more suseeptible to grease sontamination. Simee
1938 some excellent articles have beem written em the use of wetting
ageats in mickel plating solutioms in particular, and all piating sol-
utions in gemeral. BSeme of these are by: The Newark Bransh ef the
Ameriean Elestroplater's Socity (487) Young (646), Hartshorn (558),
Samartsw (57¢4) ,Orowe (594), Davis, Wolfe, and l‘rhce (596), Planner
(635), MoFarlane (660), and Silman (661).

 Steut (432) -q;tiohed ia 1936 that aromatic sulfonic acid deri-
vatives ﬁre ﬂnding increasing use as brighteners in mickel solu-~
tions. Springer (464) made the same observation a year later amd
Nethersall and Gardam (516) 1n 1939 investigated the strusture and
propersies of nickel depesited from baths containing 5 ge/l. of mi-
ekel naphthaleme trisulfonate. Another bath these amthors investi-
gated was one comtaining 30 ge/l. of soltam ise-prepyl naphthaleme
sulfonates Young (592) in his study of dright nickel prosesses men-
tioned the use of iaphihaleno tri-sulfonic acids, sulfonated elee
resin, md bemseme or o-toluene sulfonamide. Mamrer (606) also found
that sulfonated bensene or maphthaline derivatives mede deposits
more dustile. Nemdricks (627) made a similar ebservation, pointing
eut that when brightn.rl.snch as gine, oadmium or the poly aryl me-

thane dyes are used alone, & hard brittle nickel depesit is obtained.
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If an aryl sulfenic is used in comjunetion with these brighteners

s bright and dustile depesit is obtainede Pinner, S8ederberg, amd Baker
(609) 1isted polysulfonic asids, aryl sulfonamides, and aryl sulfoni-
mides as brighteners in amickel baths, and 1listed other aryl sulfonie
asids as grain-refiners, but not brighteners. These latter sulfonlo
acids permit, however, larger amounts of brighteners sush as the salts
of cafmium and zine, formates, aldehydes, ketones, and amino polyaryl
moethgnes te be used and even enhance their astion. Stepanov and Ly-
ashchenko (616) also feund sulfonated naphthalemes to be valuable
drightemers, and Pollack (636) made the same judgement concerning sed-
{um phenolsulfaonat. Linick (605) foumd no brightening astion from
the additions ef potassium phenyl sulfonate, *=qnzuelu1foric ssid,

and sedium bemseme sSulfonate-

Bamb and Wittum (572) have made the most eomplete and extemsive
investigation of aromatie and heterecyclie sulfonic acids, and their
findings have yielded valuable informatione Although they found few
gemeralities regarding these sompounds, they did f£ind that deposits
from solutions eontaining sulfonic aelds always evolved hydrogen sul-
fide gas when d1ssolved In hydrochlorie acid. They also found that
the amomnt of sulfur codeposited was dependeat on the curremt density
sud the type of sulfonic aside The sulfide form of sulfur which was
detected in the deposits was foumd to be from the desomposition of the
sulfonic acids, amd the brightmessof the deposit was independemnt of
the sulfur eoneentratione The mickel being deposited was also foumd
te eatalyse the break-down of these sompounds and when the bath was

operated for seme time the odor of sulfonic asid-free compounds could
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bo doetected i the aromatic sulfonic asids were all found to displace
poteatial-curremt density curves in a megative direstiom.

Potassium phenolsulfonate was investigated and foumd to be ineffec-
tive in eoncemtrations wp to 8.6 g./l., as a brightener, and the de-
posits were brittle and covered with fine oraﬁks- Alpha and beta
nephthalene sulfonic acids were found to be powerful brightenerse
The alpha acid as the more #ffective of the two, but both produced
deposits appreaching buffed nickel in reflestivity. Mechanical pro-
perties of deposit were not i:paired as long as the eoncentration of
the naphthalene sulfanic acids was kept lowe Ooncentrations of 0.2
te 0.6 g+ /1. were satisfactery, while higher eancentrations led to
exfoliated deposits. Naohthalemesl,3,6, sedium trisulfonate was in-
vestigated as a typloal tri-sulfonate, but the deposits were milky
bright at best. The adhesion and duetility of the deposit were only
slightly diminished. Anthracene-l sulfoniec acid in the smsll concen-
tration which was soluble in the bath and phenamnthrene 3-sulfonic acid
at a eomcentration of 4 ge¢/1. were umeffestive.

The 1- and 2- monosulfonie aclds of dibutylnaphthalene produced
exsessive trubidity in the bath at a conocemtration of 3 g./l. Bright
deposits were, however, ebtained, which were poorly siheremt, and
poorly &uetile. When the ooncemtration wasreiused to 2 ge/1. the de-
gree of brightness remained, nd the mechasmieal properties ef the de=-
posit were generally better. Anether slightly solutld compound, ben-
syl napthalene sulfonatc, was also tried, but yielded enly milky dri-
ght depesits. Of several unknown poly-substitdted napthaleme sulfone-

ie acids tried, only ene was satisfactery as a brightemer. This gom-
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pound was a strong brightener evem 1n con®entrations of O.1 ge/le,
but it greatly inereased the polarization ef mnickel deposition.
The addition of O.1 to 0.5 go/le 0f 2 naphthol-6-sodium sulfohate,
S-naphthol sedium disulfonate, 3-naphthol-3,6,8-s0dium trisulfonate,
and 2-naphthol 3,6,8-sodium trisulfonate produced deposits which
were very nearly as bright as buffed nickeles The deposits however,
were internally stressed, were covered with hair-like oracks, and
were poorly adheremt to the base metal. Bad cases of pitting were
also observed through the use of these compoundse

The sdlum salts ¢f anthraquinome and dloxyanthraquinone sulfonic
a0id were found by Raub and Wittum to be strong depolarisers, amd
therefore led to dark and poorly adherent deposits. The R-5,2-6,
27, and 1-4, nsphtholamine sulfonic acids were added in eoms entra-
tions up to 2 g./l., dut the increase in brightness which they pro-
dused was slight in eomparison with that produced by the naphthalene
ad naphthol sulfonic asids. The hardness was markedly increased,
but the ductility was only slightly decreased. 2-amine-§ naphthol-
7 sulfonic aeld, methyl orange, smd congo red were found to be wn~
satisfastery brightenerse Quinoline-8-sulforie acid in eoneentra-
tiond ef from 1 to 6 g+/1. gave matly bright to brilliant coatings
with falrly good mechanical properties. When the eoncentration ex-
ceeded 8 Bg/l. the depesits became dull and discolored, and the me-
ehanlcal properties wre also impalred.

Ncterocyolic ocompounds were also imvestigated by Raub and Wittum
(572), partieularly fuffurol, pyridine, orthohydrosyquinoline, and

quiaine. Murfurol was found to increase the brilliance of deposits



- 101 =-

quite stronglys In oconcentrations between 0.2 and 0.6 ge/l. the
reflectiveties of deposits were only about 10% lower than buffed
nickel, smd the brightness was independent of thickness. A few
dreps of pyridine per liter resulted in less of adhesion of the de-
posit te the base metal, and the coating was not noticeably brighte
ened. Orthohydrogyquinoline was even more effective as a bright-
ener tham furfurel, and as long as the eoneemtration was not very
high, the preperties of the deposit were not apprecliabdly lessened.
The optimim eoneemtration of eaturated orthohydrozyperimoline solu=-
tion was about 20 cc./liter of migkel solution. Quinine acted as a
depelariser, and at higher sonsentrations prevemted nickel depositione

Besides the erganic materials mentioned there are several ether
organias whish have been 41scussede Ome of these 1s living organie
mattere Ollard (335) recorded that three types of mioro-organisms
have been found in nickel baths, but their effests are not Browne.
O0llard (219) also found that Pemiaillium glucinium, a micro-organism,
has been foumd growing in nickel plating solutions. Darlay (371) has
also peinted out that a bath may @evelop surfase mold by fermentation
of erganiec matter from water or brightemers in the bathe Stopping-
off materials have been amother murce of erganic sontamination in
nickel baths, as pointed out by Magnaughton and Mothersall (281) gnéd
Waite (666)c Other sources e¢f erganie contamination mentioned by
Walte are filter clotters, amode bags, and tank liningse

Oxganic materials, regardless of their type have leng beem kmown
to eamse 111 effects in electroplating solutions. The effects attri-
mted to erganie eontamination were: brittleness, hardness, pitting,

peeling, and dark or streaked deposits. Besides the articles mentiemed
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previeusly, artieles by the follewing smthors also mentioned these
effectss Mathers (139), Madsin (182), Porter and Sward (#05), 0llard
(219), Shepard (220), Darlay (345), Snelling ($60), Sheherbakov, Losh-
xarev, snd Loshkarev (576), Stocker (618), Meyer (529), Mattacotti

(827), Case (66-), Diggin (665), Walte (666), and others.

The Eemewl of Oreanic Substsmges from Niokel Platine Solutions:
There have been several methods suggested for removing organie son-
tamination from mickel plasing solutions, and all ef them are more
or less effective. Probably the first method suggested was the ch-
lorination method of Madsen (182)s Im this method chlerine gas is
bubbled through the solution to destroy the organic matter. More
resently Nethersall (352) recormended the ehlorime treatment agaln
follewed by the eddition of Kieselgshr snd filtration. This type ef
t.roatnent 18 obviously a diffieult one to perferm since chlorine is
a poisonous gas. A second method which has received more popularity
is the hydregen peroxide oxidation method. HNydrogen peroxide is am
effective oxidizing agent and will destroy most erganic matter. This
method was suggested im 1925 and 1926 by Perter and Sward (206) and
Debds (215), although the method was evidently in use before this
tires A typleal procedure fr hydrogem peroxide treatment for remov-
al of orgsaie eontamination has been given by Mattasotti (484). This
consists of (1) Heating the bath to 14001. (2) Adding while stirring
% gale to 2 gal. of 100 wlume hydrogen peroxides The Variation i
amount allews for the extent of erganie oontamination. (3) Allowing
the solutien to stamd warm overnight with agitation. If the throwing
power of the dath is decreased, Mattasotti recormemds that the tem-

perature be ralsed to expel sy excess peroxide.
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Amother oxidation method which has been used to some extent is
the potassium permanganate treatment. This treatmtne was suggested
by Shepard (22@) ith 1926. B8hepard preferred potassium permanganate
to hydrogen peroxide since the peroxide tended to flooculate colloi-
‘al ferrie hydroxide. Hothersall and Gardam (447), and Thomas (638)
have also foumnd potassium perkanganate to be very effestive. There
is one faster in favor of the use of permanganate, namely as long as
organic matter remains in the bath, the permanganate will be decole
orised. As s00r as the organic matter is destroyed, the purple per-
menganate will turn to brown mangsnese dioxide, therebdy inuca.emg
when the reaction is eompletee The effects of manganese are mot
well mewm in nickel plating slutioms, but one argument against the
use of permanganate is that it adds manganese as a metallic conta-
minant to the dathe A method of treating contami ated bath with po-
tassium permanganate has been given by Welsberg (541) who suggested
that the pX of the ® lutiorn be Brought to a value of 2, heated amd
then 3 1bs. of potassium permanganate per 1000 liters of solution
be added. The solution 18 them allowed to stand to allow the per-
mangsnate to reset, and then allowed to 60ol. The pH is them raised
by the sddition of nieckel earbenate wmtil the excess permanganate
preeipitates out as manganese dloxide. The preeipitate is them fil-
tered off, and the pE adjusted.

Another method was suggested by Darlay (371) whieh appears to be
wnique. HNe suggested that organic matter be removed by filtering the
bDath and then treating it with salicylic asid or mercurie chloride.

Probably the most widely used effestive method for the removal of



- 104

organie matter 18 by the use astivated earbon. Articles by Melbig
(478). (603) have fully descrubed the use of astivated earbon. This
material is highly porous, and possesses extrmmely large surfase
area. The partieles of this material exhibit tremendeus adserptive
powers fr most organic materials found in nickel plating baths. Hel-
¥iz resommended that the earbon be preceated omto the filter by the
slurry teshnique, using sulficiemnt carbon to f£ill about three-quart-
ers of the avallable filter sake space. Ne also found filter-aids
as effestive partners to activated earbon im aiding filtratioa both
in speed and effielency. The elrculation of solution through the
filter was recommended to net exceed 25 gals./hour for each square
foot of effective filter areas Astlvated carben has also been added
direstly to the eontaminated selution and thoroughly agitated. BSush
a procedure has been resomended by Mattacetti (484), Smith (528),
Stecker (617), (618) as being more effective, providing steps are
takxen to effect couéloto removal of earbon from this solution. To
de this Steexer (617) recommended that a separate treatimg tank be
used, 80 that these would be ne eshance of ¢arben remaining in the sol-
utiene When & selutien is treated in this menner it is usually ne-
sessary to preecat the filter with g#ilter ald to make certaln that
the earben &oes not pass through the filter. Apparently pre-coating
the filter with garbon is the preferable method. It may require a
lenger purificatiom period than the direet sulutiom addition methed,
Wt it eliminates danger from earbon ocontaminatione An article by
Heldbig (608) very completely sovers the use of this materlal im par-
ifying plating solutions, and is recommemded to anyome for removing

orgaaie sontaminatien in nickel baths.



Other exsellent articles on the astivated carbon method of purl-
fication are by: Jevell (519), Mattasottl (527), Meyer (629), Smith
(828), Weisberz (541), Shoherbakov, Loshkarev, and Leshkarev (576),
Veisbere (582), Stocker (617), (618), Oase (663), and Digein (664).

A method of rempving organic matter has been proposed by Welsberg
(468) whioch is based on high current demsity elestrolysis. Net all
erganie matter ean be removed in this manner, but it is effestive on
some types of eentamination. The erganic material which are destroy-
od have not been well-classified. Mattasotti (484) pointed out that
the less of metal by high-current density elestrolysis could be less-
ened by lewering the pE to 2. The elestrolysis is carried out betweem
2 snd 150 amps./sq.ft. depending on the type and degree of comtamina-
tion. Due te the uncertalnty as to whether the comtamination will
bo removed, smd the ocest due to less of nickel, this method has mot
boen extensively adopted.

In general the earbon treatment is probably the best method where
the quipment is avallable. Oentinuous purifieatiom is coming into
mre extensive mse, and astivated earbon also has the advantage of
lemding ltself to sush a prastices Diggin (664) has pointed omt that
in cases where astivated carbom dees net effectively remove organie
contamination, treatment with activated clay is often effestive. The
peroxide method does have an advamtage in that the procedure also re-
Boves iren sad small amowmats ef ether metal 1ie impurities along with
it. Ia this conmection, the purificatiom method of Liscomb (330)
should also be mentioned since the large amount of ferrie hydroxide

which 18 formed by this method also removes some organic contaminatlon.



Etfests of Oollolda) Matter in Nickel Plating Solntlonss Oellei-
dal matter of specific compositions have already been disgussed. How-
ever, a diseussion ¢f the general effects of c0lleoids should be made
simce they have great bearing on the elestrodeposition of metals.
the theory of eolleid astion on electrodeposition has gone through
sn interesting develooment, and it is difficult to make a decisiomn on
sy partieular theory since the eathode layer where the fumdamental
reactions of electredeposition take place is extremely thin. Ome of
the earlier concepts was that of Betts (5) who felt that sny actiom
a 60lleidal material had on electrodeposition was due solely to some
chemical reaction. It is true that most eelloldal substances have in-
dividual properties, but there are a geat number of effects which ap-
pear to be commone This sort of a phenomenon would be diffiecult te
explain from the consept of Betts. Ome of the general effests a'ttrl-
Puted to eolvlolda is that they refine grain structures of electrodepo-
sits. Blum (112) snd Blum and Rawdon (160) resognized this latter fact
and attributed the effeet of colloids sush as glue and gelatin to the
increase in vixcosity of the solution, thereby himdering eonvertion
and diffusion, and thus redusing the effective metal ion concentration
at the cathede. They also felt that 1f the colleld migrated to the
sathode and ascumlated, it would probably be adserbed by the deposit,
snd thus alter the arrangement of the 6rystals of the deposit, and thelr
grewthe Blum and Rawdon atdributed the spesific effects of differemt
eolleids to differences in the degree of their adsorption by the de-
posited metale

Another early observation was made by Whitecomb (126) who pointed out

that eelloids eould carry elestrical charges, smd might therefore mi-
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grate to the elestrode of opposite sharge from their owme. He also
felt that colloids tended to prevent the formation of tank sediment.
Kohlschmtter (150) also made the observation that colloidal absorp-
tion films might cause overvoltages One of the most complate lnves-
tigations ef the role of colloids in electrodeposition was made by
Sand (141), (154) who investigated the followings their elloidal
nature and inclusion in the deposited metal; their gold-number and
absorption relative to their effectiveness; their action after ad-
serption; microstrusture of deposits; equilibrium potemtial; trans-
feor resistance and polarization; over-wltage effects; mechanism
producing the final struocture of electrolytic metal deposits; the im-
portanee of mdlloidal substamces ascidmntally present or ineidentally
produced; eolloids at the anode; and colloids in applied metal depo-
sition.

Selution eompoesition has an effest om the form of elestrolytic de-
posits, and Hughes (166) has found that the presence of colloids af-
fect the influence of solution composition. Masnamghton and Hother-
sall {(245) in a discussion on the causes of pltting proposed that cap-
il1lary forees at the cathode saused by colloidal matter be considered
as a eause of pitting. Romasnoff (287) also studied pitting causes
snd found that emulsoid sollelds caused the most difficulty in plating,
but that eleotropositive colloids such ss colloidal ferrio hydroxide
were probably those which eamse pitting.

Masnsmghton, Gardam and Mammand (322) investigated hard, mmall-
grained deposits and found that they eontalned basic colloidal matter
of a positive charge. Ballay (344), in investigating bright nickel

produced by colloldal action, found that the brightmess of the deposit
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was connested with the existence of mineral or erganic c¢olloids in
the cathode film. In ordinary baths it is possible to produce a bri-
ght depesit in a ourrent density range Just prior to the formation
of burnt deposits. Ballay attributed this to colloidal hydroxide in
the eathode f£ilm which 1s formed at the high pM of the eathode film
saused by high eurrent density. He also found that nickel plating
solutions which eontained colloids whish pre-existed in the bath as
orgmic c60lloids, gave more uniform results over a wide plating ran-
g0y than those baths in which colloids were formed in the cathode
Sone. !ohlooh:tter (382) has also pointed out that the probably
esuse of "somatold" elements of structure in elestrodeposits is of
e0lloldal origin. Masnaughton (386) followed up his earlier paper
with his eoworkers with one in which he stated that the hardness of
alokel depesits was due to the difference in orystal structure can-
sed by interference to normal growth caused by inclusion of basic ni-
ckel eompeunds, in colloidal state, whish are produced at the cathode
fase a8 a result of loeal redustiom of acldity. The gquantity of col-
leidal matter thus formed, determined the properties of the deposite
Another effect attributed to colloids was pointed out by Meyer (368)
(422) who found that hydrophilic colloids were a cause of peeling.
A theory by Glasunov and Drescher (414) attributed the effest of coll-
olds to the redustion of the numerical value of the crystallization
velosity, snd pointed out that 1t was not dependent on an increase
in véscositye They felt that the effect of collelds is best explained
by the assumption that eomplex cations are formed. Kochanoskii (450)

found that nigkel ions in solution were inastivated by the presense of
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lyophilic colloids, mnd that the degree of activation was dependent
direstly on the degree with which the colloid was lyophilice

In 1939 Macher (525) proposed a theory on the influence of colloids
on the strusture of electrodeposits whicl: was quite unique. Me pro-
Posed that eolloids were adsorbed on the cathode during electrodeposi-
tion, md thereby formed a porous diaphragm with a"pin-cushion" strue-
ture. The diseharge of the cations amd the depositiom of the metal he
believed to coeur in the intermisellar spaces in the diaphragme The
pores of the dlaphragm were small and the member of erystal nuoclel
was large, and since the growth of the nuclei was hindered dby the
diffusion of the lons in the eolleidal diaphragm, the deposit would
be fine-grainede

Eemdricks (627) has written an excellent article on the mechaniasm
0f bright eleotroplating. He belleved that the deposition of bright
nickel was a Liesegang phenomenon brought about by a periodic adsorp-
tion of a eolloid, or a eolloid mixture, thereby producing striated
deposits of high reflestivity. He also asoribed the inorease in
eathode polarisation due to nickel brightneers to "a resistance thr-
ough the colleid f1lm caused by a porous eolleid membrane. XEven when
the eolleids are inorganic, the membrane will offer resistance sinee
niekel ions from a complex with such 6olloids regardless of thelr
eharge, which travel by cataphoresia to the gathodee® %This idea of
60lloids migrating catapheretically to the cathede vﬁ earlier brought
out by Hunt (314) who felt that if the proportion of metal ions to in-
ort particles was low, due to the presense of colleids which had mi-
grated eatapheretically into the film or were codeposited there, the

orystal growth would be altered. Glazunov (555) also proposed that
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selloids which emveloped the sations and traveled to cathode by cata-
phoresis preveated the growth of corystals and inereased the number of
nuslel ef erystallization of the eathode surface. He also proposed
that the discharge of @lloidal substances which combined chemically
with matal resembled the discharge of complex ions, and since the de-
positien of the metal was a secondary process the deposit could not
be made finer-grained by the presemse of eolloids.

Besides the artidles mentioned, a number of ether god artieles
are 1isted im the literature on the effeots of colloids in elestro-
plating solutions. These are by: Riedel (85), Millian (184), Fr:nch
md Olaxx (200), Shikata and Hosaxi (288), Glasstone (376), Oymboliste
(€10), Jotmson (417), Meyer (423), (455), Stout (432), Vozdvishensxit
amd Paisulin (433), Puri and Bnatia (533), Hameker and Verwey (557),
Pari and JemeJja (670), Puri and Seth (612), Snelling and Thews (613),

Maller (651), Planner (638), snd Bischer (662).

Zhe Bemewal of Ocolloldal Matter from Nickel Rlating Solutionas The
remeval of codleilds from any solution is a problem since the particles
are so small that they ean not be removed by ordinary filtration. Some
e01l0ids eam be presipitated by electrolytes, but it is assumed that
60lleids existing in niekel plating solutions would net be of this type
since the solution 1s a strong elestolyte. An article by Romenofrf (287)
sppears to be the only ene available on this subject. Romenoff sugges-
ted that "“emulsold"™ colloids eould de removed by operating the bath at
high eurrent densities. He also recommended infusorial earths snd simi-
l;r materials as being valuable for filtering out collolds, of which

e0lloidal iron hydroxide is a type, eould sometimes be precipitated by
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the astion of strong oxidizing azents. Obviousiy, the eolloids which
are apt to case the greatest diffigulties in elestroplating solutions
are those which become positively charged and migrate to the eathod.
High surreat density electrolysis is then one means of removing this
type, although it is not apparently xndwn to what degree of complete-
ness the elimination may be sarried outs It is possible that this pro-
eess 18 too expensive in terms of the niekel also deposited out, te

be practical.

A large percentage of the colloidal material foumd in elestroplating
baths is of organic eomposition. A good many eolloids of this type
ean be successfully removed from mnigkel plating solmtions by filtra-
tion through astivated carben. The eliminatiom of metallies colloids,
however, remains g diffisult preblem. There are, of eourse, methods
for removing ¢ollolids from solutions sueh as dialysis or electrodia~
lysis, but these methods would be imprastical for application to eleec-
troplat ing solutions. Here again it is hoped that the experimemtal
portien of this researeh will supply the answers to some of the unan-

swered questions on elestroplating.
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