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lBE Sih"ULT EOUS EI.ECTR D~ OSITI OF COBALT IC 



INTRODUCTO~Y 

The object of this thesis is to determine and set 

forth a satisfactory method for the simultaneous electro­

deposi tion of cobalt and nickel to form an alloy. 

The results are qualitative , r~ther than quantitative , 

in their nature . 

The experimental work may be grouped under three hea s:~ 

1 . Determination of a suitable electrolyte . 

2 . ~o control the distribution of current bet een the 

cobalt and nickel a.nodes . ~his is necessary if the 

bath is to remain of constant composition hile in use. 

3. To obtain deposits of varying com osition by varying 

the relative amount of metals in the bath . 
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:c el ~-s lon1 bc~n u~ d :o · the pl~.;i g of v~rious 

eJ _iic OL~cct~ . rticleJ nay oe elcctr ~l ·ed :o · se er 1 

l'C • 0.1..3 : -

~. ]or ~-e ~revention of cor~osion . 

2,or o n ... ment 1 ur o3eS . 

~ . ...1or· JlOCllc.:;;lliC~l rovecti U • 

•. ic .. _el , bJ re son of i~s :mec·1 nic ... l .... tren.;t . , c .e ic 

~'"' .... L.,~ivi.;y , ,.md ability to take 

been the metal ~oJt used in he _ield . 

Its a plication , ho 1ever , nvo ves ev r 1 un c r ble 

~ v~rres ; 

1 . :o'\, cur::ce·1t e_i.::i tie~ are u;;)e l , 

l",..J .Jlo' .. l.Y . 

d the e o ... it buil 

"' • - O!' uhe oe' res: 1 t , ·he th ll t b ~~e ho • 

~ . ~ 1 . e-C"-"ls o ~er tI:an i1"on d teel , the o jcc · be 

lated nuot ~irst be 1 s ed i co er . 

4 . · i .:el h ........... te de cy to_ el , un_e s a o ... ·te un·e 

t'1e no st f"'vor'"" le con i tio ..., . 

~hes e disadvantages of nic~ol ave in~lly le~ to t a 

inve~tig tion o other met 1 

a~· in 1 ot fe years cob~lt hns be~ 

a tt e.1tion . 

epl ce nic :el , 

en c0n·i er .J.e 



.J.. ... e , Cut no .... b_e .. er ... :: i thi ..... ~·i 

..... , ~ ~ueen ~~i erJ . 1 y , Jn11 !'lO • 

I: is -:;oner~l coLcluJ.;v .. on cob ~t _t?l....ti1~ ,e..., ve.3:-

1 . " eve:.· l coo 1 t .:.iCJ _ l • e: e ~ oun to e vUi tu.o_c :: :r 

_:_. ctice . 

.;hese .. e:::e: -

~vln . I: - Co.:> 4 . {. 1.); • • 6H \.. - - 2 - .. .,, ""' . .,./lit"r . 

101..1 . .LI~ :-

- 312 :s ("! 

. aCl - ~ .... . G u s . 

EsB 3 - - ne rly to s ·io . 
~ 

atcr - - 10 cc . 

'COL~lt pl~tes ~rom the~e uOln~. 0 rass , i on , oteol , 

co. ~. , uin , ... erm<:... ui~v ... _· , le ritt i~ et .... l _r ic e~ . 

o~' J.i .. i:'. ... e ·e sh~~ev and Ji~es , de.a ~te unler conditio 

i · e ... J.~icul .ti b. those et ith :i..n ·ane· .... 1 nic".el la · n 

)~ ctice , re fir~ . ·.crer. .., , h .·d D. d orm . • hey y 

Te~ ily be bu~:~d to vi 

lu ter , t; • ic ... , 1 t• ou : brillian ly hi e , o..;..,e seo 

sli btly blui h c st' . 

'!: • 'So n . 1- B is c ab 1 e o cob 1 t · ti ~ 

eed at le s fo 1 r ti~cs u to_ e s e t ati • ~to ~ 

nic:Ccl .:iolns" . 

3 . "Soln . ... III- - is co. able o cob .... lt .ls.tin_:- t 

<;;e at _e•s iJ.teon ti es a reat ..... v e t 

s i f c-::;o ',l nickel oln .... " . 



- 4-

di'·· on o .:.' e 

c - ' 

1 , , lr;,; r -

. uo .. "'l....:v ...... e ·"'1t1 t 
u .1.' - J. u 

l<~ .... 'o L: , t...OL ..'..t c .or., • J 

1, on 

J~ v0b~lt i ~ 1.:.n c~ l~bor, ti le, over e 
,, 

, e c. 

o e"'" 1 , 

l~O re T .,,. c .:. cu tic 1 , ec 'J. es more co • .i: .e con i ., i s 
lt • - ' 

.... :e.o c -18 • o ... ,;e: to ·ui t .. o .• met .... loJ. 

OS ... e: -

... ot' ti ........ in vhe oolut .:.o. c .• ~e- ed ";,Jt be c_ e' 

.., . Cr, · · ru de}.Jl r.:.::: ~io c o _, ,, e e ili" ... ium isc· r e 

.:o .. enti~l o....: the otheT be 1 tered so as ~o e ... u 1 ., e 

first . 

..... cco1•'"ing to n c.. o · .. ous 1"1'"'"cle u .e Br"" s orl 3 

-~t.:.on of 3u.,~hat ~ , 7 1er ce t ~ c e~ 
,. 
v e 

cc t ob 1 an enoujh ~o _um sul .ate to do .Le 

sul ... .1""s elec rolyzed + t o ·olt .... de ... O..;it o 

Live in color re ul ed. Di f'cul-..y in 

·::2e ina i;he solutio i!l .. o_:_in o er ill rev t · 
... 0 

i.;ene1· 1 use 1 hou h it rJ.igl t be used in place o iron 

"or co t ing eloc -_ oty.._'.lc - .. ho:::.·e ·eat hard.ne s is es.:.red . 

It ill not rust . 
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It i~ evide u ~ ~t , ~lt u~ cob :t ~l~ ing ho been 

.10_· .. cl. out , the c...lloy _lating h s b e left co .... r tivel.., 

L1 i.; JUCh2 J. • 

- .e blui"h color , ~ich t pu~e cob lt de.osit _o se 'Cd , 

ill . 01._ ..... .:;...1.i ist its ge:ier l ucce.._)tence in 1 ce of nicl:el • 

..:·rn u r;y-ing ..: ublic h s been educa · ed to e ec i; '"' ure ' • -4-..r.l u e 

_ 1'"'.: e , i:d .. ill re ~rd the bluish cast of t .e cob 1 t i th 

If ::.n n.lloy O- cobcl and nic':el ere used , · t 

e _ossible to secure the combi e advc tages of· ot .. et ;.;, ' 

.:..nl eli.nirn ... te their i .... l...:vcnt ... ges . 

?or inst~nce , it mi~ht be ossible to secure ~_late , 

lt~ou3h ric. in cob~lt , ..:assesses mre :h · te color . 

•.. o:revei· , alloys 2·e often . ·ore _ e..,isten t to corros ion d 

.. e .... r th .re pu1'e met~la , ..md it · ht be osoi ble to 

secure the s'"""-rne 2ro ... ective covering .nth e. ... Iler ount 

o" r.1etc l . 
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The baths us d c nsist d f (1) c b 1 nd nic l 

sulphates , (2) c balt , nickel and a.mm nium s h tes , d 

(3) cobalt and nick 1 sulphat s wit' vari us small am unt 

of add.iti nag nts . Ch mically pure mat ri ls, b cause 

of th ir high c st , are not us d inc mm rcial latin • 

~h cobalt and nick 1 sulphat s us d in thes x rim nts , 

t·~ refer , r f th c rcial vari ty, p rtially 

urifi d by r orystallizati n . ha b st succ s as 

s cur d ti.th a straight s lution f the sul h t s o.nd 

additi n ag nts , such as s dium r magnesium chl ri es d 

potassium chl rat Th xaot comp siti n f t 1 bat 

will b included in th data f the xp rim nts . 

The first attempts et plating c balt d nic 1 er 

unsucc ssful , but s rv d as a guid in d t rmining the 

difficulties to be v re me and the b st m ans t s • 

Lach r bl m and its s luti n ·11 b treat a artl . 

-----==-- 0 I HYDROG~ :-

tt mpts r mad t plat fr m dif r nt mixtures 

f c b lt d nick 1 sul hat s , b t the ep sits . r 

invariably dark and disc lor d ,- n r as thi c nditi n 

alt r d by changing the current d nsi , c nc ntrati na 

of 1 ctr lyt , r t mp ratura . 

t nnalyz thes first d p sits . 

att mpt as a • 
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s sus ct d th t h r g n , 

t ls , caus d the ~rk c 1 r , 

p it 

d thi 

su p rt d by the f ct th t the diti n f c1 ( 

ion~} t th 1 ctr lyte , r atly incr a th 

of th lat • his is in c n:f rmity th t 

of th r investigat r • 

In an rticl n Occlusi n f 

c.nd Oth r t ls " , G. • Baxt r und t 

~bs rbs up t f rty ight v lumes f h r 

and c 1 d in an tm s here f th t 

t n t l v n v lum s. H states th t t 

is sl at 1 t mp ratur s , d al l b t 

hundr d and fiv hundr r es (t 

f r ducti n f r the res) , but n c 

. igh r tam ratures , th m tals c nt in n 

f hydr gen. He c nclud. s th t t 

imum s m h re b t n z r d iv d 

Ra ult f und , th l SS pur tal , nic 

abs rb n hundr d an sixt fiv 

Curling u f th lat i ft en • t • 

de Si i n f hydr g n th th m tal6 

c. • ds n 7 giv s th d f r v 1 ing th 

ni 

r lt 

r 

n 

er 

th• 

1 

r • 

1 ll 

n6 . 

1 fioul 

fr hydr gen . In th d aiti n c b t , nic 1 , er 

all ya c ntaining n r b t • the oath d 1 

xp s d to air f r fr m ne t t s c nds , t 

ri ically 

1 "'"h• 



hydro n to scape . Ex sur i m d v r one or t o 

minutes . en the exposures re over six to sixteen 

oeconds , laminated plates are produced . 

THE USE OF ---
.ith the idea that the blackening effect of hydro en 

could be reduced by the addition of an oxi izi agent , t~e 

following materials ere tried: - (1) hydrogen peroxi e , ( ) 

potassium dichromate , B.!ld (3)pot ssium chlor te . 

1 . 

electrolyte of cobalt and nickel ul tea , 

hydrogen peroxi e as an addition agent s trie • ile 

not exhaustively tudied, the addi ion of eroxide a 

to have no a reci ble effect on the color o the 1 te . 

~he dark color as unchange • e use o h ro en er-

oxi e s abandoned . 

In this e~eriment , .otassium die o te as de to 

a solution of cobal and nickel sulp tee in the ho e o 

oxidizing the hy rogen s·soon as it s isc e • 

he following electrolyte s chosen , because 1 ro o 

a saturated solution, hioh is the best con ition or r pi 

1 ting of these metals . 
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Llectrolyte:- Cob~lt sul hate (3 O gr s er li er) - 50 cc. 

-ickel sulphate (3 0 grams er li er) - 50 cc. 

Potassium dichromate 

Current density:- 2 amperes er square decimeter . 

Voltage :- o.s volt . 

Temperature :- 2200 . 

Cathode: - ~olished i on , one square centimeter . 

The sulphates were dissolved in water an lating 

1 gm . 

started before tho dichromate s added . ithin three 

minutes after the addition of the oxidizing a0e~t , the 

plate had assumed a pure white color . In an hour, ho -

ever, the plate became covered llith a yello -grean .aste . 

This product was not analyzed, but strongly resembled 

com ounds of chromium. This corres ends to the thin ~ilm 

of chromium chromate hich forms around the cathode during 

the manufacture of hypochlorites , when potassium dichro ta 

is added to the electrolyte8 • 

The use of potassium chlarate , then, hould be more 

successful since ~here is no reason for expecti the 

formation of a metallic compound similar to that formed 

filth chromium. 
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~he following conditions were observed:-

Electrolyte :- Cobalt sulphate (300 grams per liter} - 50 cc . 

ickel sulphate (300 0 rams per liter) - 50 cc . 

Potassium chlorate:- - 0.5 gram . 

Current Qensity:- 2 amperes per square decimeter. 

Voltage:- 0 . 9 volt . 

Cathode:- PolisheC iron , one square centimeter . 

Distance between electrodes:w six centimeters . 

Temperature :- 22°0. 

~t the end of an hour's run , there was a coal-blacz 

de osit one-eighth of an inch thick on the c thode. 

It resembled the oxide of cobalt. ~issolved in dilute 

hydrochloric acid , it gave a pink solution. Cobel t h s 

bee~ known , at low potentials , to plate as an oxide on the 

anode9 • But its appearance as oxide on the cathode led 

to the conclusion that it must have been de osited first , 

and subsequently oxidized because of the chlorate resent. 

lower concentration of depolarizer , then, should 

give the desired results . 

case in the follo'Wing runs . 

This s found to be the 
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Electrolyte :- Cobalt sulphate (300 rams per liter) - 60 cc . 

ickel sulphate (300 grams per liter) 40 00 . 

Potassium chlorate (10 gr per liter) - 3 cc . 

Cathode:- Polished iron , one square centimeter • 

.tillodes :- Cobalt . five square centimeters ; 

ickel , five square ce~timeters . 

Distance between electrodes :- Six centimeter • 

Temperature :- 2 °c. 

Log of run :-

Time p . Volt. Rem rks 

10:20 . 02 0 .9 

10:50 . 02 0.9 late d rk and s otted. ita rin s h 

location of bubblos . dad hroe cubic 

centimeters of ot ssi c or te ol-

ution (ten roms r liter). 

11 : 00 .52 1 .0 Plate had. turned ure hite. here 

no visible evolution of h ro en. 

11 : 20 .04 1.0 late dark in patches • de our cubic 

centimeters of the oxi solu on ,-

otassium chlorata , ten g er 11 er . 

11 : 30 . 04 o.a late im roved, but still ho a 

traces . 
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_.§. . 

It iG a ell 0 ... act th_t ic l 0 to 

become passive ,- a condition t b 0 roo b t 

d. ition to the electrol e of a ll Olmt 0 0 ori 

In this e eriment one of o i'om o 

v.clded to he electrolyte , an the c t 0 h be n r 

t oroughly cleaned . he other con 1 ion er t 

as in the receding ex erime • 

lectrolyte :- Used electrolyte ro x n b 0 

adding one gr of so di • 

C t' o e :- Iron , one s u a ce:it et r · , c ol ic l 

cleaned in so h 0 1 e . 

Other con"'itions re in constant . 

Log of run :-

:.dme • Volt . e 

11 :15 . 04 0 . 1 

11: 0 . 03 0 6 e 1 ta h t t t 0 t r , 

d r 8 ,- r or 0 r 

d n it s out 0 • 

11:30 . 03 o . 6 l ... te ti • cc . 

of 0 Si c 0 (t n r 1 

11:40 . 03 0 . 6 ... 1 ta er eot i • 1 r 

aele • 

4he tendency o eel rob bl u to ic 

cleaning of the ca~hode . s it still s o e r oe o e 

o:xi e scale . he 1 te as of oo co or r • 8 
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uac~ aurface of he elect ode sho ad good la a th no 

tendency to peel . mhis rould in i cate too 1 h a current 

uensi y on the face . 

EX:P.ER~T -6 . 

This experiment s run under the s e conditions s 

Experiment #5 . except that a lo er current density s 

used and still greater c re as ta.ken in clean.in the 

cathode . 

Electrolyte :- used electrolyte remaining om e eriment 5. 

Cathode: Iron.- ground., polished . very thoroughl cleaned 

as cathode in sodium hydroxide . 

.ill'aa . one square centimeter . 

d shed • 

Other conditions :- Same as for experiment 5 . 

Log of run:-

Time Amp . Volt . emar 

1 : 35 .030 o.s 

2: 0 . 032 o.75 late still hite . 

5:20 . 032 0.75 1 te very slightly di colored . 

dad 3 cc . of otassium c lorate . 

5 : 35 032 o . 75 ... late good .- brig velvet • 

dherent . . · t!i no te c c to eel. 
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~o 1 ecermine t .. e effect o_ ryi u t.e et 1 io~ , 

~ e uce :lS sh 11. 

belo • 48 a::11no11ium sulphate is often used in nickel 

o ~= .... , i c .J effect . s al ..... o tried in ·.;he mixe beth 

: .:c :i "" .., ix .:;r, ~'1S is the t:C.eoreti c 1 amount of 

c.;.rr1or:iw11 :;ul_r>hat e requil ed t o form the double sul ' tes • 

... tot· 1 of Jhirty rams ,m.s added to insure com.1: lete 

con Torsion . 

=ioctrJlyce : -Cob~lt ~ul h~te (: 0 er 1 i er) - 4 cc • 

Nic~el sul hrte (3 v r s er liter) cc . 

otassium chlorate (1 rQ s .er liter) -3 cc . 

Sodium chloi:i' e - 1 gm . 

Cathode :- Iron , ground and polished .Dlectrolytic cle er • 

.A:re~ , one sq~re centimeter . 

- odes :- Cobalt , ~ive squ re c timeters; 

Jic~el , ~ive squ~~e centimete=s . 

Jist~ ce betTI~en electrodes: - 'ix cen-i eters . 

10 0 of i .. un: -

~ime p . Volt . Ren a::.s 

lv : .... s . oi~ 1 . 0 

1 -,.. 
: v..J . 04 0 . 85 late very sli htly - k . ~d"e· ~cc . 

of chlorate Qolution d 10 r s o 

, r.· .oni um sul .o. e . 

11 : 1 . 04 0 .8 

d'ed 3cc . of the chlo- a Qol tion 

and 1 0 .;re...: s of 1 nium sul he;'·e . 
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~ . .., . 4 • ~ 5 1 e ..,tr~ e uncvc o..,i t, 'J... in 
t 

color . d.cled 3cc . 0.1. the cl :or ... so-

l· tion c..nd 1 gr ns of oniUD1 .. ml .r?ha ta • 

l..L :40 . 04 0 .75 Io im_?roveme t in pl te . 

dded 3 cc . of the chlor te solution . 

ll:.c;6 . 04 o .75 Ho visible change • 

..!1rOm thi ex eriment t it . oul seem t' at t .e d.ouble 

..:;ul.:ihe-t.. es do not give as s tisf!:.ctory results or t a 

corn1ined • la ting of cobcl t ..... nd ic' el 3 do t e str ight 

..:iUl)h tes . 

~ven if ood lates ~re to be obtained fr m t"ese on-

iur:i com ou.~ds , it i~ doubtful i-'- tha·r use oul be vis­

ble becau..,e of the lo 7 solubility of t e nickel c lex . 

~melin-~rautl2 gives , for solubility in ~r ~ per liter 

Cob~lt sulph te 

Nickel sulphate -

Cobalt onium sul h te 

ickel ammonium sulphate 

- 3 llTB 

- 37 _, gr s . 

171 ""rums . 

~· iJ decre sed solubility ,ould pro"uce 

6 gr ms . 

electrolyte 

\.hich h s a muc lo.rnr conductivity n 1hich ould 

be ~uch ~io~er in its _lating . 
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~hi3 . s run .nth the ~ me electrolyte ~d un er the s me 

conditions as the roced·ng e erimcnt . 

Log of run :-

Time • Volt . Remarks 

10:45 . 03 0 .92 

10 : 55 . 03 

1 : 30 . 03 

5 : 00 • 03 

he gradual 

e ec s and 

covered over 

0 .85 

0 . 85 

o.7o 

dro in 

late good . d ed 3 cc . o potas ium chlor­

ate solution (10 rams e liter) . 

lightly dark . ~dded 3 cc . 0 otas ium 

cblor ... te solution . 

late good ,- bright and herent • 

volt e m y be due rtl to ol riz tio 

rtly to the fact that the iron c ""hode becomes 

th an alloy of cob lt and nicAel . 

In this experiment the cobalt content o~ the electrolyte 

h s been still further reduced . 

Electrolyte :- Cobalt sul tc ( 300 gr s er liter) - 2 cc 

ickel sul ·~ta (300 gr s per liter) - 75 co . 

Potassium chl rate (10 grams per liter) - 4 cc . 

odium chloride gra 

Other conditions still rem.nine constanf . 
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Log of run :-

~ime lDlP . Volt , ema.rks 

: 40 . 03 1 .10 

2:50 . 03 . 90 lete good but slig tly ull . 

3 : 10 002 . 70 lightly d rk . dded 3 co . of ot ssium 

ohlor te solution. . 

5 : 4 02 . 70 late good,- . hite , velvety, adherent. 

_ ino.1 ight of cathode:- 2 .9425 grams. 

Initial weight of catho e :- 2.8762 a.ms . 

eight of deposit: - • 663 0 rams • 

..wnpere- hours: - 0 . 063 

.i:heoreticc.l de osit , assuming 100 per cent io el:- . 0687 • 

~heoretical de osit , assuming 1 O er cent cobalt:- .o 93 ms . 

ssuming a 50 per cent alloy, uhis oul 

ur day's lav, give a current efficie cy o 

96 per cant . 

coording to 
63 , or 

·069 
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... he ork thuo 'a1· ' s been _ a urely • 1 · t ti ve 

n~tu ·e . It ·ia..,, ub.o • , hol evcr , th .... t it i ossible o uce 

JCJOJit o" cob~lt ad n~c el olloy, and u li t·ve tes s 

o ... ' "t~1e d.cposi to s: o .1ed the prese.1ce of both et ls . 

~he next step qs directed he control of t:e 

~u,~t~ties of .etals going into solutio , and the q ti ties 

de.os iting . If the electrolyte is to ve sa · f ac ory 

se _· 'ice , it .... com1)Qsi tio mu:::t _em in ve ·y e rly const it; 

th~t is , the ~moun o~ nickel di sol in the uno e us 

el:tu[...l t·1e amount depo.;:iitL ... t t .e c thode , a the mo 

of cob'lt dissolving at the anode must equcl t e a~o t 

le_ositi 2 at t.e catho e . This probl mis best tre ted 

in t .. o parts: -

1 . ro)er diotribution of c r_ent bet sen cobalt and 

, ic~el anodes . 

2 . _he determin~ ion of the rel uionshi bet1ee t e 

r,~ tio of cob 1 t an nickel i the e ectrol te , an~ t ir 

r ·io in the de_osit . 

1·he .i$ 1,ribution O- cur_ ent at t .e a.no es . · 11 e 

t · .. en u_ irst . 
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In the -ollowin.g set of ex ... eriments t e current hich 

flowed t".rou6 h the cobalt u.;_1odes a.i""ld. throu h l o nicltel 

anodes ~as recordea separately . ~he er cant of total 

current flo ing through the cobalt anodes . s calculated . 

RZP:i:.:Ril!Efil T ,f 10 • 

Electrolyte :- Cobalt sulphate (30 grams pe:r liter) 

Nickel sulphate (300 gram er liter) 

Cathoda: - Iron • 

....Jlodes :- Cobalt . 5 square centimoters . 

ickel . 5 square ce imeter • 

~istance between electrodes: - ix cen imetars . 

em~e ture :- 22°c . 

Data:-

Volt . .ilDlperas 
Ni Co 

.2 ""'" . 001 

• • 4 . 002 

. 6 5 

.8 . 010 

1.o . 017 

1 . 2 l . 026 

1 . 6 . 003 .042 

2 . 0 . 011 .056 

2 . 5 . 023 .070 

3.o ·036 .085 

total 

• 01 

. 002 

.c 5 

. 010 

. 017 

• 27 

.045-

• 67 

.093 

.121 

~ am s • 
thrU Co. 

9" . 

3 .4 

83 . 6 

75 . 3 

70 .1 

- 50 

- 5 

oc . 

cc . 



elcct.olyte f om e cri 
. .... 

W1u e ual vol e o . .,e , 

centi a ~rs t~ en fo t e un . 

i C CO G • 

... 
u 1 s dilu e 

d o e hun ea cubic 

e ot er con i n .J. -

Vol • e a ,runs . 
i Co tot 1 u o . 

C) 1 1 . .... • • 

• 4 • 04 . 004 

• • . 009 • 09 

.s • 14 • 14 

1 . . 021 • 21 

1 . • 01 . 02 .029 9 . 5 

1 . . 005 • 4 • 47 8 . 4 

2 . • 0 • 52 • 61 5 . 

. 5 . 017 • 66 . 083 7 . 5 

.. o • 7 . 077 • 104 74 • 



In t 0 00 0 ol 

b n e e 0 • 

le ct ol :- Cob lt 1 ) - 7 oo . 

ic 1 { 0 1 ) - oo . 

:-

ol • 
1 to 0 • 

• • ... 

·' .o 8 

• • 15 • 15 

• a • • 

1 . • 7 • 7 

• • 1 • ? . 

• • 1 • 7 

• • ... 7 • • 7 • 

• • .... • 

• • 5 • • 
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,·13 • 

.Jlectrolyte :- Co 'ba.l :3 ( t7.QO B er li e - 25 cc . 

llic .... el sulp e ( c lite - 7 cc . 

lo Ovher conditions ere Cl~68 • 

Data: -

Volt . :per s ~ am s . 
i Co to 1 hru Co • 

• 2 . 002 • 02 

• 4 • 06 • 

. 6 • 13 • 13 

• • ..,3 • 3 

.o .... • 35 . 035 

1 . . 044 . 044 

1 . . 005 . 063 . 068 9 • 

"' •o . 017 . 080 • .,7 1 . 5 

• 5 • 33 . 1 . 133 74 . 5 

• . 04 . 130 . 17 '" 7 • 

It is 0 be ote ·:. t lo er r tio 0 cob lt 

in t e alee rol ·11e , 1ore c f 0 
.... rou h t e co ~ lt v 

nodes . Thie i in 
. t e:-n~t ' s solut on the or rmon • 
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0 r i.t1a 

01 .a ra io o cu ant p 8sin 

.:..:..ll0L..6S • 

....notes: - Cob lt , 5 square centi cters , 

Tickal , 10 square centimete~s . 

lecurOlJue an' m 'er conditions corres o 

e eri a u ;1 . 

Jcta:-

ol u . ares ..... J,; s . 
:;Ji Co tot .... l t ru "o . 

• N .. 2 .o 

. 4 • 04 .o 4 

• • .o 6 

• • 1 • lo 

• oU 1 • .o 9 96 . 5 

1 . 2 4 . 03 • 4 . 5 

1 . 6 • 17 055 • 7 76 .4 

2 . 0 . 031 • 70 . 101 69 . l 

. 5 . 051 • 90 .141 63 .8 

3 . 0 . 070 .120 .190 64 .1 

e 0 e i.>Ul' -CC 

o those in 
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15 . 

o ~ete in the e .act o a dition agents on the 

di ribu ion of c rent . 

Electrolyte :- ded one r m oI sodium c ori e to the 

electrolyte remaini 

Other conditions re.!laine constant . 

:>ata :-

-01 • _per es s . 
i Co total th...~ Co . 

• • o- • 5 

• • 1 • 1 

. 6 • 17 . 017 

• .o 4 . 024 

1 . 0 • 1 • 3_ . 035 7 . 2 

1 . 2 • 4 . 045 . 049 2 .0 

1 . 6 021 • 66 . 087 7 • 

2 . 0 • 40 • 8 .128 6 • 7 

2 . 5 .o 0 .130 .19 68 . 5 

3 . 0 .oa .16 . 242 6 . 0 

rom e eri ant 14 . 
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In this experiment , ~otassiur:i chlor te mis ~ddad to 

the electrolyte remaining from experiment Ll5 . he 

electrolyte now con ains all ·he addition a ants necessar 

c.nd is of the ro er composition for roducin tho 

cobalt~nic~el alloy . 

Electrolyte: - dded 5 cc . of potassium chlonate solu ion 

(10 grams er liter) to the electrolyte 

remaining from ex eri ent rl5. 

Other conditions remained constant . 

:nata:-

Volt . ..:impere4 
Ni Co tot 1 

• 

. 4 

. 6 

• 

1 .0 

1 . 2 

1.6 

2.0 

3 .0 

.oos 

.01 

. 030 

. 041 

. 066 

.094 

. 005 . 005 

. 013 . 013 

. 024 . 024 

. 037 . 037 

. 048 . 056 

. 060 . 07 

. 081 .111 

.110 .151 

. 135 . 2 1 

• 1 ... 5 9 ... . .... ::>.-

~ :ps • 
thru Co 

So . 7 

83 . 4 

73 0 

7 .o 
7 .0 

. 5 
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.o d ormi o the eff eot o ,till urt er ucin t 

rat·o bet aen t e s ~faces of cob lt d nickel in t o o a , 

the· ollo't7ing test , s e . 

~lectrolyto :- Used electrolyte re inin 

odes: - Cob lt . . 5 squ re ce1timeters . 

ickel , 10 ~ u~re oenti etera . 

o e eri ent 16 . 

Other con itions constant . 

D tc :-

Volt . _eras :> • 
i Co tot Co . 

.s .o 8 . 028 

l . O • 06 . 038 0 4 86 .3 

1 . 2 • 018 .o .. . 064 71 .8 

1 . 4 . 035 . 056 . 091 61 5 

1 . 6 .oso . 06 .114 5'" . l 

1 . 8 . 064 . 071 .135 5 .5 

2 .0 .oao . 079 • 15~ _9 • 

. 5 .130 .089 • 219 o • 

3 . 0 .170 . 115 . 285 40 



0 0 

c c u 1 : -

1 . ri .. i l e c 0 r 

o .... c e e 

e r 1o 

l - 1-- - 17 . c 

e .., e 1 0 1 

i le co it 

... ... i ... . ... .o tio o c r 

0 

0 

0 c 

( 0 1 

c c c 

1 

c 

re 

0 0 

c 

c i tic lo 
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.i:" c r io o ... t ... ior. · 1 ct · y e i ... l . ve 

• e _ec oi tne djstribu io curr t . lhi . o 1e-v r , 

..., o .... litt e io or anoe , si ce the r tic o ... t e et 1 

etcnni es "' .e r io o e" 1 ion .:.n 

"' o elect ... ·oly e • 

... he nex co id.er .... t·o i-.) .... 
u e re io i et ee 

.c - ui 0 ct _.., i h , t ...... ei r io in t e 

e - s G. B ... uni dori ubli-.) ed n 
" 

on the II _ orma.t ... on 0 ::et llic le ...,lee rol Si ,l'l . 
... e u h r ex_ e i en to lit "co el , 1 0 - ic el , 

iro -cobalt , n . c . el- cob ......... t , m ctur s f t e t 0 

lllet .i. o n e c . case ·ere obt ine b electrol is. 

, e t .o eposit v rie r tio 0 

the oet , i o::. ion . ... e r r c ... ic 11 e u 0 . 

t i e osi he t" 0 c re t 

"'-. i.1 t t e electrodes re en rent 

e. on .... e i e e 0 i co t in 

et ot 1 i cr·er ro hie i 

elect ·o 0 i e ..,e e..., . 1 te.,.,d 

to C!'e se .... e de 0 it 0 ic el i t• icke_ 

lloy . _he or ce t 0.L. ickel i ini 13 0 .... 

ret c ... ho e . 0 u e ultc e obt .it 

co ... er-cobalt . - e - nic e ..., 0 s ore co _lex 

0 c . CU! e t e v.:.t ( . 5 ere e..r. 
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..; 
" 
u... •• ecimetar) . oluti 0 • ., _ ... in~ 4 - 75 ... oc c ~ t 

0 i""lC ::.c ... o ..... it ..... . c on , . i . ab ut ........ .J~ .... 

v'-' )ur ce. i:c .:;11 , hi~e .:: 0 .,: 0 other c mi"osi ti .u. ' 

t. a .. a... ....its v .... 17 in com osi "'.;ion ~. i 1 v ·iat.:.on in 

c0rn..l:'osi ,;icn o the ..,olution . Cob l t - iron , ixtures believe 

i & .Ji,. ila.r man .c • olution .... c t ining 3Z . 3- 5 er cent 

iron ._;ivc de osits of a const~ ... t composition11 • 

10 definite .e tion is made oft e nickel- cobalt m·xture . 
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I thio e·~ ... . .... 
... 1 en 1.1 , ag e i ch or 

i .... ce o · chlo~i e , i ce it 

corrosion of the anodes . 

lcctrJl e :-·cob lt .... ul h te ( 3 0 r 

ic.rnl sulph te ( 300 r 

o 3o · um c lor te (1 

~ gne ium c lori e - 2 r 

odes: - Cob~lt , 0.5 ~ re cen i eter; 

Iic·el , 15 v uero centi ters. 

e 0 

ve be er 

per liter)- 100 cc . 

per liter)- 1 0 cc . 

er liter)-1 cc . 

e.thode :- Ir e· ht s u~rc cent· etor • 

• e r u_e ;- 22 c. 
Log of ~un:-

~i e 

.... : 3 

3 : .... 

4 : 

-:35 

5 : 3 

i 

. 04 
,... 

. 4 

.o 
• 6 

5 : .04 

eras 
Co 

. 4 

. 03 

• 

. 4 

.06 

. . 
to 1 olt. 

. 8 2 • 

. 06 1 .5 

• 08 1 • 

. OS 1 .7 

• 1 5 

.12 l.Q 

• 08 1 • 

• late good,- hi e , velvety, h r 

1 si sho,e 2 er cent c e • 

. 

hercnt • 
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In hi ex eri ant the r~tio of cabal o nic 1 h s 

been de creased , so as to docre e the percentage of cobalt 

int e de.a it . 

~1ect~olyta :-Cob~lt sul.h te (3 O gr s per liter) - 6i cc . 

ic~e1 sul.hate (3 0 grams per liter) - 150 cc . 

ssium chlo ta (1 r 

gnesium c ori e 

odes:- Cobalt , 0 . 5 s uare centimeters , 

ickel , 15 . 0 squ re c ntimeters . 

Cathode :- Iron , eight s uare can i eters . 

~em er ture: - ~2oc . 

Log 0 run :-

Volt . ere 
i 0 ot 1 

3:30 .1 • 6 • 6 .1 

3. I! . . • • 4 . 04 .os 

: 00 2 . • 6 . 06. . 1 

. 5 .o • 6 . 064 1 .. 
:3 2 . 0 • 6 . 064 .1 8 

.otassium c lor t olution ... s . .. 
rev en i color tio O- the e osit . 

er lier) - 10 cc . 

2 om . 

n e a r t 

inal late as o. good color ~ 

ly~i ho e 37 er cent n1c~a1 . 

e ... ent . 
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In thi3 e e i. ent the rio o cob 1 t nic el 

been s ill f th er e uce • 

Electrolyte :- Cobalt sul ... ha.te (3 0 r s er liter) - co . 

ickel sul h te (3 0 r • er liter) - 1 0 cc . 

ot~ssium chlor ta (1 r s er liter) - 1 cc . 

esium c'loride - gr • 

Other conditions rem ined he B a . 

Log of run :-

... ime Volt o eras 
i Oo tot 1 

Q . 0 1 . 8 . 06 . 06 . 12 . . 
10:00 1 .7 • 5 • 6 .1 

11 : 30 1 . 6 • 6 . 06 .12 

T e irst d • osit s 0 ad slig t di color tion , hi ch 

soon d. sa pe red . ...i 1 1 te 00 . 

alysi s o ed 71 . 2 er cent nic el . 

~---------------------............ - .. 



1 . 

r o r 1t1 • 0 0 

0 it oul l 0 0 0 h 

ctrol e . 

otrolyte:- u l ct ol r t • 

0 :- Cob lt . o. r c 

io 1 , 0 c 1 • 
0 :- Iron , 1 0 

:- 0 
• 

0 run:-

1 ol • 
1 to 

:0 "" . . l .o .17 

l .l .o . 16 

:10 .1 • 18 

3: 5 ... . o . l .o .16 

1 , 1 c 0 

c • 

1 0 • 1 r c 0 



- 34-

_rom the above e c ime t ,e dr t e f ollo in 

CO lC s :-

1 . It is ... osoible o produce de ... osi con i i both 

sli htl nic.rel d co cl u, h · ch is hard d cd.herent • 

blui h cast (much less than is the c se h ure co lt) 

is notice ble hen the la e is .:.st made . his tend ... to 

disap.._Je _. after several months . 

2 . It is .ovsible , oy v riatio of• o im.· e ed volto e 

and of the relative s ~aces of cobalt d nic ol in t e 

ode , to control the a:irou..~t of current entering t rou h 

e ch 0 his· .ece s r · f •he com_o ition o e 

b • is to re in co st t . 

3 o It is ossible, by var n t e r tio of e 1 n 

solut .:on , to o uce oo late o 

~uryin ~rom t el e to sevent si 

erent co o it·o , 

e ce t n · c el . 

4 . The most Sui able lee r 1 e i a olutio 0 t e 

...> i· h te ... of cob lt nic ~el, tot li 3 ... per 

liter , t e ro. 0 0 t e r e i t e 

de osit . e to r er lite 0 

chlori e ai i i i a b 0 uni.o cone tr tio t 

ce be .. te- t e ic e ecur 

5 . imult OU e o"'it"on of y e e by 

ding ..... olut.:. n o ot oJoiUin C _or te . c e c ro1 ·• 

oul rece.:ve a out 5 er cent by vol e , 0 solutio on-

t ini ten T s er liter 
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• Cur e t e i mu t t excee er "' er 

s u eci ete • 

7 . rnhe i 

tl e icke 

l volt ge ~houl be l . ~5 or bo~e , 

dee o ot ·unct·on muc belo t.is 

s 

oin • 
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1 . "~lectro~lat g ith Cob lt Its loys" • H • :.i.: • lmus , 

Can_ ia.n De rtmcnt o es , Bulletin 334 . 

2 . ~r sactions of the erican lectrochemiosl ociety, 

volume 40 , page 287 . 

3 . The Br~ss orl ; volume 5 , pa e 208 . 

Chemical bstr cts; vol e 3 , e 668 . 

'1 . 1 he Occlunion of Hy ogen by et l lic Cob lt d 

Other etaJ. ' by G. • B ter . eric C e ic 1 Journal , 
t 

volume 2 ' a.ge 351 ( ·or the e 18 9) 

5 . Co tes Rendus de l' c 
1 ciencea· volume 6 , e ie des ' 

p e 8 6 . 

erican Che c 1 Jo e.l ; ol e 41 , p e oa. 

6 . lectroche . c 1 Industry; vol e l , p gea 1 • 323 , 348 • 

eric c emic JOU..."'"'ll l; VO e 41 , 6 20 • 

7 . ritis tent 14 . 432 ~ c. en . 

Chemic 1 bstr cts; volume e 586 (_or mhe year 19 O) . 

s . llmond 1 II plie lect.1.oc e stry' e 522 . 

eitsc~i t Ur lektrochemie; volume 5 , p e 46 

volume 7 , e 398; volume 6 , pa. e O • 
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