


and also the total lx)larizatioii c!ectroiiioti\.e forcc of the liatli. In 
the calculatioiis. tlie \-slue of tlie caloiiicl electrode n x s  taken 
as -3.56 volt. t-iiless otlivnvise stateJ, tlie electrodes were 
103 sq. ciii. area oii oiie sitlc. Iroii cntliotles were tried iii each 
bath in  order to o l ~ r \ - e  tlie tlii:ilit!- of tlie copper deposited iipoii 
iron, but coplici- catliodei \\-ere i i w l  iii iiinkiiig measure- 
inelits for tlie tables aiicl for ciuniitit:iti\-e esperiiiieiits. T h e  
electrodes were placet1 5 ciii. apart, uii1c.s~ otlirrwise stated, aiid 
the  solution was i io t  stirred diii-iiig elcctrol>.sis. 

1 lie lxxiitifiil aiitl firiii deposit olitniiictl iii the aminonia 
in et hod f o r t 11 e '1 ii :II i t i  t ;i t i \.e d e  t e 1- i i  i i i i  a t  i o 11 o 1' c o 11 per, suggested 
that  a siiiiilnr soliltioil iiiiglit iliakc :i ;pod 1>l:itiiig h t l i  for tlie 
clepositioii of c( 11)per iipoii iroii. -1 liatli of tlie follon.iii,o 
coiiipositioii \vas trietl : 

I \  

100 gr'lnls copper , l l lpllJtc,  
1 2 0  (:c a:iiiiio:iiiiiii li! drntil, 
I 0 0 0  cc \\,ntcr. 

This liatli attacked iroii catliotles, and tlie aiiode was a1n.aj.s 
coT-ered \vith a lxisic co1)l)ei- -1iiiie cliiriiig elcctrol!.sis, which 
iii ad e cl iiaii t i t a t i \-e JT-o 1-k i 111 1x3 i i 1 ) 1 e .  P3 s 11 e r i 111 en t s n-e re also 
iiiade n-itli ai1 niiiinoiiia-bntli coiitainiiig 

Go grniiir copp:i- su:phnte,  
6G cc n i i i t i i o i i i n t i i  h y d r a t e ,  
IOOC, cc water 

Tliis lmtli ga1.c eqii:ill!. p : ) r  xsi i l ts  e\'cii n i t l i  as loxv a ciirrerit 
deiis;i t?. ai; 0 . 2  niii1we l x r  b(iii:ire clcciiiieter. Hon.e\-er! liotli of these 
solu ti o 11.5 ga1.e e sce  1 le ii  t tl e 11 [I .i t i  ( f co 11 11 : r ii 1x1 11 co 11 11 :I- c n t li o (1 e s . 
T h e  additioii of iiioi-e aiiiiiioiiin niitl aiiiiiioiiiiiiii salts did iiot 
iiiipi-ovc tlie \<-c)rl< i 112- of tlie 1 nt l is .  

'l'lic i L  TI-eil '' lxitli. tlescrilietl i i i  I.;iiixlxiiis's ( r  Electrode- 
positioii of IIetals<' '  page 2 2 0 .  \\-a; n e s t  tried. This bath coii- 
taiiis 

r j c )  grniii.; ;odiuiii potassiuiii tnl-trnte, 
31.5 ' I  cop1xr sulphate. 
9 . 4  
T O 0 0  cc n.nter. 

cnusti: s o d a ,  < :  



This  gives good anoc!e corrosion aiid fiiie cathode deposits as 
long as the currelit (leiisit!- is iiot abo1-e 0.2 j aiiipere per square 
deciii?eter. T h e  clepwit iipon ai1 iroii cathode was as firiii, smooth 
aiid 'briglit as up011 copper. "lie esperiiiieiital data with this 
bath are as fo l lo \~s  : 

0 . 2 j  0.6 
0.4 0.8 

Iii tlie secoiicl esperiiiieiit tlie catliocle deposit Ira.; so spongy 
that  it conld iiot b e  accurately \\-eigliecl. T o  get a bath that  
n-ould 1voi-k at a higher currelit delisit!- aiid also give a better 
cathode efficieiicj., the folloniiig \\.as nes t  tried : 

r,g granir: ~odiuiii potassium tartrate, 
61 " copper sulphate, 
jo sotliuiii lij-clroside, 
jo " sodiuiii chloride, 

1000 cc. water. 

ITitli a catliode area of p scl. ciii. tlie following results v e r e  
obtained : 

_- 

111 the above esperiiiieiits the deposited copper \vas l-er). briglit, 
deiise and coherent, aiid \vas just as good wlieii deposited upoil 
iroti as up011 copper. A s  the cathode used had ai1 area of jo sq. CIII., 



the current delisit! per square deciiiieter is eqiial to twice the 
current strength. The probable caiibe of the current efficiencies 
going above IOO percent i i  the pre3eiice of 5oiiie ciiproiis salts 
in the bath. As the bath reselilbies Feliliug.’s iolution, it is 
easy to see how it might  lie reduced perhaps b! the current it- 
self in any experiment 111 which the efficient! \ta5 below roo 
percent or b! the introduction of some organic iiiipurit! , 

IYheii the abo\ e bath \\‘as diluted \vitli an equal 1 oluine oi 
water, the following results \vere obtained . 

~~ ~ - ~~ 
~ 

Total Current efficiencq Discharge poteii- 
tial 

Ba th  ‘iar17at.1011 
‘ I t  I-, 31 1 d t  d t  ~ 1 1 1 p  t t l l 5 l U i l  , t  

Cdtllode . I l l O t l t  o f  cell Catl1otlr 111otlr 
\.OIL volt volt ~ ’ e r i e l i t  ~ e r c e u t  

0 . 2 2 < j  0 . 8  0.204 - 0.174 0.366 I O O . ( ) I  Ioo.c),j 
0.3 j 1 . 7 1  0.635 0 . 7 ~ j  1.44 too.81 1 5 . 5  

“.\34 I .6 c ) , ~  I 6 o.hq,; 1 .  I ( >  1 0  I .h8 , i4, I 

In the third experiment, jo graiii,- of salt \Yere added to e x l i  
1000 cc. of solution. I n  tlie first of these experiiiients, the pre- 
cipitate was bright aiid firin, hut i l l  the last t \ v o  tlie cathode tie- 
posit was black aiicl spoiig:.. 

tTiider certain conditiolis the anode assiitiies the passive 
state and then it does not dissolve lint mei-el!- kconies  covered 
with a thiii coating, pi-obahl\. of ciiproiis oxide. This  is clearl!. 
sli ow 11 i 11 t 11 e f 01 lon-i iig ex per i 111 eii t .s< \ vh  i ch a1 xo i 11 11 s t I-a t e t 11 c 
ease aiid accurac!- li!. \vliicli oiie call tell \v l ia t  is liappeiiiiig- i t i  

tlie bath from tlie discharge potential renc1iiig.s. 

.After cleaning the aiiode iii tiitric acid aiicl rvabliitig in water, 
the discharge potential reading \ r a i  -[I. I 3 2  volt. . i t  the be- 



ginning of the first experiiiieiit tlie aiiode \\-as dissol1-ing yuaii- 
titativel!. as slio~t-ii l)!. tlic discliarxe but the high dis- 
charge poteiitial at tlie end of the esperiiiient indicates tliat tlie 
corrosioii had ceased. Tlie \-er!. lo\{. anode efficieiicj- of 39.5 per- 
ceiit pro\.es this. ?'lie saiiie aiiode. xvitliont ail!. cleaiiing, was used 
iii tlie secoiicl experiment in the a h \ - e  tahle, at n current densit!. 
a t  n-liicli it slioiiltl Iia\.t. tlissol\.etl, hiit the aiiode discharge 
potential, Loth :it the start aiid at tlie eiitl, iiitlicates tliat i t  \\-as 
not dissolviiig arid tlie anode curreiit cfficieiic!. of oiil!. 0. I 2 per- 
ceiit pro\.es this fact. ;1fter cleaiiiiig tlie anode iii nitric w id ,  
the discharge reading of -0.132 I-olt slio~\-s tliat tlie passi\.e 
state of tlie electrode is reiiio\-ed 11)- the acid treatment. 

In  using the tartrate-plating solutions, it  was iioticed that 
after a certain lapse of tiiiie, the!, failed to gi1.e as good results 
as when ne\\., that is, the  anode efficieiicj- was not as  good at the 
liiglier current densities. T h e  cathode deposit v,xs as bright 
and firiii as ever. I t  n-as first thought that the tartrate was 
beiiig used up. However, the additioii of more of this salt did 
iiot improve the aiiode corrosion. I t  was iiest thonglit that  tlie 
carboii dioside of the air was ~ r a d i i a l l ~ ~  changing tlie caustic 
soda of tlie bath to socliuiii carbonate. thus iiijuriiig the plating 
solution. To test this, a r-igorous current of carboii dioxide 
gas vas passed for teii minutes through a bath, which was in 
perfect working order. This  solutioii then gaye a black, spang!' 
cathode deposit aiid the m o d e  \\-as coi.ered with a green, slimy 
precipitate and was deeply pitted. I t  n-as itiipossible to accii- 
ratel!. weigh the electrodes. S o  \\-a!- of precipitating out tlie 
carboii dioside by the additioii of such reagents as inilk of liiiie 
or barium li!-drate was foiuid as these substances precipitate 
calcium or barium tartrate. Later esperiiiieiits show that  the 
additioii of as iiiucli as 15 grams of caustic soda per liter will 
completely restore one of these baths. .is ail esample, the fol- 
lowing data is froiii a bath, wliicli was workin!g badly, to which 
was added 15 grams of caustic soda per liter. T h e  cathode siir- 
face vas j o  sq. ciii. IYitli a current of 0 . 2  aiiipere atid a vol- 
tage of 0.9, tlie catliocle discharge potential was 0.266 yolt, the 
aiiode discharge potential l r as  -0.133 a i d  tlie total polarization 



electromotive force n-as 0.459. T h e  catliotlc efficiency \\-as 
100.12 percent and the aiiode efficieiic!. \\-as i 0 2 . 4 2  percent. 
T h e  cathode deposit v a s  111-iglit aiid firin. 

In order to get a platiiig solution ~vliicli noulcl iiot change 
coiiipositioii on contact with air, several baths \\-ere iiiade coii- 
taiiiiiig sodiuin carbonate iiisteatl of caustic hods. Iii all  of 
these the cathode deposit was sinoot!i and aclliereiit, but tlie 
aiiode did not dissolve. Salt ,  sodiuiii carlmiinte, potassinni 
chlorate, aiid tartrates n-ere added. teiiiperntui-cs froiii 30 to S," 
C, and high aiid low current densities \\-ere tried but i n  110 case 
did tlie aiiode appreciablj. corrode. 

X bath of tlie folloJ\-iiix conipositioii lins g-ilwi good 1-esults, 
when platiiig copper upoii iron : 

60 
50 " caostic b o t l n ,  
50 sodinill cliloridc, 

I 59 grmis  sodium potns>iutii ta r t ra te .  
' '  c 0 p I-'Y r 5 Li 1 111: 3 t e ,  

1003 cc water. 

-After 136 hours electi-ol!-sis 113th 0.2  aiiipere and a catliocle of 
jo sq. ciii. surface aiid ai1 aiiode of IOO ~ ( 1 .  ciii., tlie liatli \\-as still 
giving escelleiit 1-esults. 'l'lieii after tliis I 36 hours' electrol!.sis, 
a current of 0.3 aiiipere per sqxire  deciiiietei- g a ~ - e  ai1 aiiode dis- 
charge of -0.074 I-olt wliicli iiiiiiiediatel!- cliaiixed to -0.s8 
volt, showing that  at  tliis place the aiiode ceaml  to corrode. 
Tlie addition of I j xraiiis of caiistic soda per liter 111-ought the 
aiiode discharge to -0.133 I-olt n i t l i  a current cleiisit!. as liigli as 
0.47 aiiipere per sqiiai-e deciiiieter. 'l'liis i.er!. cleai-l!- s1ion.s that  
tlie addition of caustic soda prc\.eiits tlie foriiiatioii of slime aiid 
restores a high efficieiic!. iii aiiode corrosioii. 

Esperiiiieiits wei-e iiest tried to tleteriiiiiie tlie effect of so- 
dinin chloride! socliuiii potazsiuiii tartrate, co;ipei- sd i a t e ,  aiid so- 
dium hydroxide upoii the copper depobit aiitl nlho iipoii tlie effi- 
cieiic!, of aiiode corrosion. I n  all  of t h e e  czperiineiits:, one 
cathode aiici t\\-o anodes of copper, I O  li!. I O  ciii. 1vei-e iisccl. Tlie 
two anodes were placed 5 ciii. apart :uid tlie cathode \vas liuiig- 
between tlieiii. This  gal-e ai1 actil-e surface of 2 sei. dciii. for 



liotli tlie cathode niitl tlie anode. 
2 0  iiiiiiutes' electrol!.si>. 

All 1-eacliiigs lvere takeii after 

TABLE; I 

The platiiig 
soliitioii cciiitaiiietl. copper siilplinte 60 grams. soditini li).drosidc j0  

,q:ranis, sodiiiiii potassium tnrti'nte 159 graiiis, water 1000 cc, aiid 
vary ing  niiiouiits of .;I diu111 chloride. 

Effect o f  varying aiiioiiiiti of sodium clilorid?. 

I 

Kesiilts in tlie almvc table s110\v that  with no salt in  the 
pht i i ig  bath, ;I ciirreiit cleiisit:. oi  0.1 to 0.5 ampere per square 
deciiiieter g-Li1.e a lirig-lit) cleiise ni id  adlierelit deposit, which was as 
good iipoii iroii as tip011 coppei-. K i t h  ,jo gr:uiis of salt per 
litcr, g-ood cntliode t leps i t s  were gotten Ivith currents of 0. I to 
o.,i aiiipere per ,scliiare tleciiiieter, wliile with IOO grams of salt per 
liter. the  cathode deposits oljtained at all deiisities ne re  tiarl;. 
The  aiiode discliargc potentials slio\v that  the iiiaxiiiiiiiii cur- 
rent densit!. per square deciiiieter, n-liicli n-ill gir-e tlieoretical 



efficient!. in aiiode corrosioii, is 1.04 aiiiperes lvitli 110 salt, (-1.7~5 
ampere with j o  g-raiii.; of salt. aiicl (1.5 ninpere nit l i  100 graiiia 
of salt per liter. Hence the addition of sodiuin chloride is hariii- 
ful to the cathode tlepohit aiid decreasvs the efficieiic!. of anode 
corrosion, in all cases. 

TABLE 2 

?'he plating solu- 
tion contaitiedsodiuiii hydroxide 60 grams, sotliuni potassium tartrate 
I j g  grams, n.ater 1000 cc. and  varyiiig niiioiiiits of conL>er sulfate. 

Effect of varying amounts of copper sulfate. 

I I 

.~ I I- 1 I 

40 

40 
40 
40 
6 i) 
60 
60 
6 o 
60 
80 

80 
8 c) 
80 
80 
80 

I .oo 

I . ,;5 
1 . 1 2  

2 . 2  
0.:,8 
0.9 
1 

I . 2  

I . 9 2  

0.4 

C) .6 
0.82 

0.95 

1.9 
I .oo 

0. I 

0 . ~ 7  
r) .4 

0. 
0.6 
0.7 
0. I 
0 . 5  
0.6  
I .Of 

I .o; 
0. I 

0 . 2  
0. ,7 
0.4 

0.6 
0. j 

I'otal 110. 
arifatioi 
I, 31. 1:. 
of cell 

S a t u r e  of 
c:i 11 I o( I e 
deposit 

Bright 

Slight 1 y 

Ru rii ed 

1 .  

buriied 

5 .  

€3)-ig 11 t 

R 11 r I i t d 
. .  

, ,  

Pi: rple 

Dark 
Rr igh  t 

deposit 

Burned 

T h e  resnlts in the aho1.e table sho\v tlint n.itli 40 grams of 
copper sulfate per liter in the platiiig lxitli, a current densit!. per 
square deciineter of froin 0. I to 0.3 aiiip. gii.es good cathode de- 
posits : ~ i t h  60 grains, 0. I to O.  j aiiili. ~ i ia \ -  be used, n-liile i v i t h  80 
grains a densit\. of froin 0.3 to 0.5 giI.es good deposits. I\-lieii 
using 80 grains of copper sulfate per liter, a current cleiisitj. lie- 
low 0.3 ampere per square cleciinetet' gave a deposit which liad 
a purple, velvet!. appearance. T h e  tiinxiiiiiiiii current densit!. 



a t  the  aiiode ivliicli noii ld give theoretical aiiode corrosion was 
0.6 aiiipere for +I grams, 1.04 for 60 grams, aiid 0.5 for 80 grams 
o f  copper sulfate per liter. T h e  lxst  results at both the anode 
and  tlie cathode \\-ere E-otteii when 60 grains of copper sulfate 
per liter \\.ere used. 

T.IBLE 3 
The 

piatiiig soliitioii coiitaiiied copper sulphate ho grams, sodium 
Ii!~droxide 50 grams, Ivater 1000 cc, and varying amounts of 
sodium potassium tartrate 

Effect of varying amounts of sodiuiii potassiuni tartrate. 

1-1- 
100 

I 0 0  
I 0 0  
I 0 0  
100 

I 0 0  

1\79 
159 
209 
209 
209 
209 
209 

I .o 
1 . 2  

I .92 
0.68 
0.80 
0.90 
0.80 
I 2 y  

e\ 1 liese results slio\\. that  the liiiiits foi- tlie current densities 
\\.liicli \vi11 Xi1.e good cathode d e p 4 t s  are 0.3 aiid 0 .5  ampere 
\\-it11 I O O  graiiis\ o. I ant1 0. j Lvitli 159 g-rams, a i i d  0.1 and 0.3 
lvitli 209 grams of sodiuiii potas4uiii tartrate per liter. The 
inaxiiiiiiiii delisit!-, \\-liich yi\-ei  tlieciretical aiiode corrosioii is 
0.4 aiiipere v.itli 100 p i i i i b \  r .04  aiiiperes n-itli I 59 g-ranis, and 
o, 7 with mc) graiiis of sodiiiiii potassiuiii tartrate per liter. 



35 
35 
35 
35 

35 
35 

40 
40 
40 
40 
40 
45 
45 
45 
45 
45 
45 
50 
5 0 
50 
5 0 
5 0  
5 5 
55 
55 

55 
55 
55 

401 

0.4 
0 .7  
0.92 
1.60 

1.80 

0 . 2 8  

0.9 
0.95 

2 . 1 2  

0. j 

I .oo 
2 . 0 0  

0.4 

- 0. I 8 
--0,18i 
-0. IS4  
- 

-0.799 
--o.S jLj 

0.40; 
-0.366 
-0.025 

O . O I +  
-0 . j19 
-0.6 i <j 
-- 0.%3.j 

0.169 
-~ 0.09s 
0.0Q 

-0.028 
-0.616 
-0.291 
-(I. 09 8 

0.09s 

0 .6S4 
-O.<;S;  
- 0.244 

0.126 

-0, I I 2  

-0. I I 2  

I JIr. Xeiiry B. \Vilsoii, J r .  did the expei-irrieiital work upon the  solutions 
containing 40,  45, aiid 5 j  grams of sodium hytlrosiile per l i ter .  



T.LBI.I: ~ - - - ( C ' O ~ Z ~ Z ' ~ Z  ~rcci)  
Effect of varying aiiiouiits of sotliriiii h!~droxitle. The plating 

solution coiitaiiied copper sulphate 60 grams, sotli~ini potassium 
tartrate I j9 grams, water  IO:^ cc ,  and ~ar!.iiig aiiiouiits of hydroxide. 

~~ 

6o ' 0 . 4  
60 0.7 
60 0 . 8 2  
60 I .oo 



I I 



These results show that  a liatli ~vi t l i  50 g-railis of sodiuiii 
hydroxide per liter admits of the largest range of current tleiisi- 
ties, n-liicli will gir-e theoretical current efficiencies at  both the 
aiiode and the cathode and also a briglit, adlierelit deposit of 
copper. 

T h e  above tables 511on- that tlie best bath is as follo~vs : 

60 grams copper sulfate,  
j o  " sodium hydroxide, 

159 " rodirim potassium tartrate, 

T h e  liest working conditiolis for the  above hat11 are a ciirreiit 
densit!- at  tlie cathode of 0. I to 0.5 aiiipere per scliiax deciiiietel- 
and a iiiasiiiiiiiii densit!- per sciiiare decimeter at  the aiiode of iiot 
over 1.04 amperes. If at an!- t ime a green precipitate sliould lie- 
giii to form on tlie aiiode, :L little caiiAtic soda-three or four 
grams per liter-slioiiltl be added. T h e  bubstitiitioii of potas- 
sium li?droside for sodium li!-tlrosicle and the \\-arming of tlie 
liatli \\-ere detrinieiital to its 11-orkiug. Rolled, electrol!.tic, and 
cast copper anodes worked equall!- n.ell. 1-iider the coiiditioii? 
of tlie above esperiiiients, tlie anode ceases to g-i\-e theoretical 
corrosion n-lieneT-er tlie electrode tensioii reached a \ .due  iiiucli 
above 1.3 \-olts. In  all of oiir quantitative esperiiiients, the ciir- 
rent efficiencj. for aiiode corrosion  as theoretical if tlie anode 
discharge poteiitial h : ~ l  a \ d u e  of -0.3 or less, hilt n.hene\.er 
tlie value cliaiiged to -0.6 x-olt or greater, tlie aiiode corrosion 
became l-ery poor. 

T h e  tartrate baths are superior to tlie c!.aiiitIe baths, in  that  
they are iioii-poisoiioiis, do not gi1.e off aii offeiiyil-e gas cliiriiix 
electrol\-sis, will rvork at a higher anode densit!., Si\-e as good 
cathode deposits, require a lo~ver  \-oltage, aiicl !.ield a ciirreiit ef- 
ficiency of IOO perceiit a t  lmtli electi-odes. 

T h e  bath requires the addition of siiiall aniounts of caustic 
soda from time to time. Hon-e\-er, it is iiot iiiferior to tlie c!~ii- 
ide bath in this respect as the latter reqiiires the  additioii of 
potassium cyanide. 

1000 cc lyater. 

EZcrt)-orheiii ii.0 Z L (ZbllJ-0 /Ol . j '  ?f flit/i(/ 7in c.Ji iZ'f'J..iiiJ,, 
S ~ p t ~ ~ i i b t  ?e3 1 9 0 j .  


