
United States Patent 0 
1 

3,257,294 
ACID METAL ELECTROPLATING PROCESS 

. AND BATHS 
Gregor Michael, Dusseldorf, Germany, assignor to De 
hydag Deutsche I'Iydrierwerke G.m.b.H., Dusseldorf, 
Germany, a corporation of Germany 
No Drawing. Filed Aug. 3, 1962, Ser. No. 214,490 
Claims priority, applic?tior; $e7rmany, Aug. 10, 1961, 

3 
5 Claims. (61. 204-45) 

This invention relates to a method and bath for pro 
ducing uniform electrodeposits of metals. It also re 
lates to a method for maintaining uniformity of electro 
plating bath compositions. It has been found that by 
using di?icultly-soluble, electroplating-active organic ad 
ditives which form a heterogeneous phase in acid metal 
electroplating baths it is possible to achieve a self-regula- ‘ 
tion of the brightening elfect and other bath properties 
which may be in?uenced by the addition of organic agents. 

Heretofore, electroplating-active additives, such as 
brightening agents, leveling agents, grain-reducing agents, 
porosity-prevention agents, equalizing agents and wetting 
agents,'have been added to the electroplating baths in the 
form of aqueous solutions having a certain concentration. 
During the operation of the electroplating baths a more 
or less pronounced consumption of these additives occurs. 
Therefore, if the consumed agents were not continuously 
replenished, the critical concentration, that is the con 
centration below which acceptable electrodeposits are no 
longer achieved, would soon be reached in the bath. The 
satisfactory operation of such electroplating bath, there 
fore, requires continuous analytical surveillance in order 
to maintain the concentration of the additives within the 
range necessary for achievement of satisfactory electro 
deposits. In practice, however, this addition is in most 
cases accomplished on a purely empirical basis, that is 
after the lapse of certain time intervals and often only 

' when the undesirable e?ects become visible, which leads 
to products that must be rejected. Moreover, the periodic 
replenishment of electroplating additive agents may also 
lead to excessive concentrations in the cathode space 
because of insu?icient admixture, and this excessive con~ 
centration has an unfavorable effect upon the metal 
electrodeposit. In addition, there exists quite generally 
the danger of inadequate or excessive concentration of 
additives in the electrolyte solution, which may give rise 
to troubles of manifold types. 

In contrast thereto, electroplating-active organic ad 
ditives are used in accordance with the present invention 
which are dif?cultly soluble in the bath and form a hetero 
geneous phase. The electroplating bath is thereby con 
tinuously and in a-self-adjusting manner maintained near 
the saturation concentration of the additive component. 
If theconcentration of additives in the bath is reduced by 
normal consumption, the saturation concentration is again 
restored by the dii?cultly soluble substance lying on the 
bottom, so that further additions for the purpose of cor 
recting the bath composition are not required during 
operation. Since the concentration of additives in the 
electrolyte remains constant, the bath does not require a 
continuous analytical surveillance. Consequently, in the 
baths compounded in accordance withthe present in 
vention, the danger of an insutlicient or- of an excessive, 
concentration of additives does not exist. Furthermore, 
the constant additive concentration of the electrolyte as 
sures a completely uniform consumption, whereby not 
only an improvement in the quality of the electrodeposits 
is achieved, but also the economy of the process is im 
proved. Of course, if the electrodeposits are deposited 
from an electrolyte which has always a uniform composi 
tion, their quality will remain completely constant, which 
is of considerable practical importance for the deposition 
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of thick metal deposits such as those that are required 
in the production of rolled copper coatings and in the 
production of phonograph record matrices. The di?icultly 
soluble additives of the heterogeneous bath phase may be 
liquid or solid and in the latter case ordinarily form a 
bottom deposit. The solid agents may also be employed 
in electroplating baths which are continuously or period 
ically cycled with the aid of a pump. Under these cir 
cumstances, for example, they may be introduced by 
means of solution ?lters into the cycling pump line. 
The substances employed as electroplating additives in 

accordance with the present invention are dif?cultly 
soluble organic compounds which are characterized by 
known groupings that bring about brightening, leveling, 
grain-improving or porosity-preventing effects. Such 
groups are, for example, nitrogen and/ or sulfur-contain 
ing groups, such as thiourea groups, dithiocarbamic acid 
groups, thioxanthogenic acid groups, trithiocarbonic acid 
groups, xanthogenic acid groups‘, thioimidazole or thio 
benzimidazole groups, mercaptothiazole or mercapto 
benzthiazole groups and other groups which contain a 
carbon atom attached only to hetero atoms, as well as 
azido groups, alkylene-diamine groups, polyamide groups 
and the like. These compounds may also contain water 
solubilizing radicals, such as carboxyl groups and sulfonic 
acid groups, which form dif?cultly soluble metal salts with 
the heavy metal ions of the baths. Furthermore, the 
additives may contain the activating groups several times 
and in combination with each other, such as dii?cultly 
soluble compounds which contain simultaneously one or 
more thiourea groups and one or more dithiocarbamic 
acid groups. ‘ 

Therefore, quite generally, di?cultly soluble compounds 
with known electroplating-active groups may be employed 
for the baths according to‘ the present invention. In 
many instances, therefore, it is possible to start from 
known brightening, ‘leveling and other such substances 
which have been made di?icultly soluble by introduction 
of suitable substituents, such as aryl radicals. However, 
it is also possible to start from insoluble products with 
the above-mentioned active groups, and to render them 
soluble, for instance by an increase in the acid concentra 
tion of the bath electrolyte, or, in other instances, by ad 
dition of organic solvents, such as ethanol, isopropanol 
and the like. 

It is advantageous if the saturation concentration of 
the di?icultly soluble agents amounts, as a rule, to at 
least twice the critical concentration of the agents. The 
saturation concentration of the additives employed in 
accordance with the present invention lies at about 0.5 
5‘00 mg./l., especially 2-300 m=g./l., for the particular 

The maxi 
mum content of the additive in the electrolyte is deter 
mined by the upper limit of the saturation concentra 
tion, and an excess concentration is thereby avoided with 
certainty. As a rule, the critical concentrations amount 
to from one-half to one-eighth of the saturation con 
centration, so that even those baths which comprise only 
a saturation concentration of 50 or l2*1/2% of additive 
still produce satisfactory metal electroplates. At a bath 
load of about 1 amp/l. the hourly consumption of ad 
ditives amounts to about 3 to 16% of the differential 
quantities between saturation concentration and critical 
concentration (concentration tolerance range), whereby 
a certain operation reserve against unforseen incidents 
is provided and local inadequate dosing is excluded. 
An advantageous embodiment of the process according 

to the present invention comprises placing the dif?cultly 
soluble agents into a solution ?lter which is inserted 
into the circulation pump line for a continuous bath 
?ltration device. In order to avoid clogging of the so 
lution ?lter by bath impurities, a contamination trap 
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?lter is inserted before the solution ?lter. The dif?cultly 
soluble additive may 'be admixed with kieselguhr, acti 
vated charcoal, special purpose ?re clay and other porous 
masses, or in the case of liquid additive agents the 
porous materials may be saturated therewith. The per 
meability and incompressibility of the ?lter layer is 
thereby assured. The wetta‘bility of the solid dif?cultly 
soluble agent by the bath ?uid may be improved by 
the addition. of wetting agents. In order to maintain 
the saturation concentration in the electroplating bath, 
it is in all cases su?icient to circulate the bath at the 
customary bath circulation rate of about one totwo 
bath volumes per hour, that is at the rate su?icient 
to achieve an adequate continuous ?ltration. 

The'process according to the present invention may 
be applied in conjunction with acid electroplating baths 
for copper, zinc, nickel, lead, tin and cadmium. The 
baths may be modi?ed with customary wetting agents, 
such as the known ethylene oxide addition products to 
high molecular organic compounds with exchangeable 
hydrogen atoms, alkyl sulfates and the like. These wet 
ting agents are soluble, but they are effective over a 
broad range of concentrations and therefore do not re 
quire close surveillance. vIf the di?icultly soluble ad 
ditive is a brightening agent, whose leveling effect is 
insuf?cient, the leveling effect may be improved by 
simultaneously employing a leveling additive which is 
either in the form of a di?i‘c-ultly soluble compound or 
also in soluble form. Of course, in the last-mentioned 
instance, the content of leveling agent- in the bath re 
quires surveillance. The agent must from time to time 
be replenished in accordance with its consumption. 
Accordingly, particularly advantageous are di?icultly 
soluble additives which perform several functions, that 
is, which simultaneously produce full brightness, a level 
ing effect and also possess a temperature tolerance which 
is suf?cient for practical requirements. However, there 
are an entire series of technical electroplating processes 
in which a full brightening effect is not required and 
merely an increase in the ?neness of the grain meets 
the technical requirements. 

In those cases where the bath additive consists solely 
of the dif?cultly soluble additives according to the pres 
ent invention and possibly also wetting agents, these 
baths canvbe operated completely without surveillance 
provided care is‘ taken that the circulating pump ?ltra 
tion operates satisfactorily and the additives in the solu 
tion ?lter- are replenished when necessary. Thus, it is 
not only possible to operate the baths in a considerably 
simpler manner but also in a more economical manner. 
By virtue of the self-regulation of the baths the pro 
duction of imperfect products which must be rejected 
is practically completely eliminated. . 

. The following examples are given to illustrate the in 
vention more clearly and to enable persons skilled in 
the art to better understand and practice the invention. 
The examples ‘are not intended to be limitative. 

Example I 

A bath having the following composition was used 
for acid copper electroplating: ' l 

210 g./l. of copper sulfate, CuS‘O4-5H2O 
120 g./l. of sulfuric acid 
8 g./l. of the addition product of 8 mols of ethylene 

oxide to 1 mol of a coconut fatty alcohol mixture 
, 0124318v 

The bath was recycled and continuously ?ltered with 
the aid of a pump. A solution ?lter was inserted after 
the customary contamination trap ?lter; the solution ?l— 
ter contained, as the di?icultly soluble brightening agent, 
N,-N" - di - benzylthiocarbamyl-diethylene-triamine-N'-di 
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4 
thiocarbonyl-S-propane-w-copper sulfonate of the formula 

s 

®orn-Nn-<|i-NH—<1H2—<3 H; s - \ H—S(CH2)3—SO3%CU 

At a recycling rate of one bath volume per hour, the - 
bath produced bright, smooth, bud-free and pore-free 
copper electrodeposits in a current density range of 0.5 
to 8 amps/dm.2 at a temperature tolerance of 17 to 
30° C. The leveling effect of the bath was suf?cient 

, to meet the requirements of many practical uses, so that 
the concurrent employment of other additives was not 
necessary. The saturation concentration of the bright 
ening agent lies in the- vicinity of 10 mg./l., and the 
critical concentration amounts to about 50% of the sat 
uration concentration and therefore lies at about 5 mg./l. 
The consumption of brightening agent per ampere hour 
amounted to 0.8 mg, so that satisfactory operation of 
the bath was assured for up to 6 ampere hours per liter, 
even upon failure of the solution ?lter.' 

Example 11 

When an acid copper electroplating bath of the fol— 
lowing composition 
210 g./l. of copper sulfate, CuSO4-5H2O 
120 g./l. of sulfuric acid - 
8 g./l. of the addition product of 8 mols of ethylene 

oxide to 1 mol of a coconut fatty alcohol mixture 
C12_C18 

was used and, analogous to Example 1, the solution ?lter 
was charged with pipera-zine-N,N’abis-dithiocarbonyLS 
propane-w-sodium sulfonate oft-he formula 

as the di?icultly soluble brightening agent, and the bath 
was recycled at a rate of one bath volume per hour, 
this bath produced bright, smooth, budafree and pore 
free copper electroplates within a current density range 
of 0.5 to 8 amps/dm.2 at a temperature tolerance of 
17 to 30° C. The leveling effect of the bath was ade 
quate for many areas of application even without the 
addition of special leveling agents. The saturation con 
centration of the dif?cultly soluble additive lies around 
40 mg./l. and the critical concentration is about 25% 
of the saturation concentration and therefore lies at about 
10 mg./l. At a‘brightening agent consumption rate of 
1.2 mg./ampere hour, therefore, an operation reserve 
of 25 ampere hours per liter of the bath was assured. 

Example III 

In conjunction with an acid copper electroplating bath 
having the same composition as that in Example 2, N 
stearyl-dithiocarbamylS-propane-w-sodium sulfonate of 
the formula . ' 

‘which had been produced by known processes, was in 
troduced as the di?icultly soluble brightening agent into 
the solution ?lter. At a recycling rate of one bath vol— 
ume per hour, this bath produced bright, smooth, bud 
free and pore-free electroplates in a current density range 
of 0.5 to 8 amps/dm.2 within a temperature tolerance 
of 17 to 30° C., which were marked by a very uniform 
brightness range. The saturation concentration of the 
di?icultly soluble additive lies at about 30 mg./l. and 
the critical concentration amounted to about 13% of 
the saturation concentration and therefore lies at about 
4 mg./l. The consumption of brightening agent per 
ampere hour amounted to about 1.5 ‘mg, so that the bath 
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could remain operative for 17 ampere hours per liter 
even after failure of the circulating apparatus. 

Example IV 

In conjunction with an acid copper electroplating bath 
composed of 

210 g./l. of copper sulfate, CuSO4'5I-I2O 
60 g./l. of sulfuric acid and 
8 g./l. of the addition product of 8 mols of ethylene ox 

ide to 1 mol of a coconut fatty alcohol mixture Cm-Cm. 

piperazine-N,N'Abis-dithiocarbonyl-S-propionic acid so 
dium of the formula 

?x GET-CH2 S 

was charged as the di?icultly soluble brightening agent 
into a solution ?lter located downstream from a cus 
tomary contamination trap ‘?lter. At a recycling rate 
of one bath volume per hour, the bath produced bright, 
smooth, bud-‘free and pore-free copper electroplates in 
a current density range of 0.5 to ‘8 arnps/dm.2 with a 
temperature tolerance of 17 to 30° C. At a saturation 
concentration of the di?‘icultly soluble additive of 30 
mg./l., a critical concentration of about 12 mg./l. which 
amounts to 40% of the saturation concentration and a 
brightening agent consumption of 1.5 mg./ ampere hour, 
an operating reserve of 12 ampere hours per liter results 
for this bath. - . 

Example V 

In conjunction with an acid copperplating bath having 
the same composition as the bath described in Example 
4, thiazole-pyrazolone, which is known to be useful as a 
dye, was used as the solid brightening agent phase. At 
a recycling rate of one bath volume per hour, this bath 
produced uniform, clean, smooth, hard, but not brittle, 
pore-free and very ?ne-grain copper electroplates in a 
current density range of 0.5 to 8 amps/drn.2 with a tem 
perature tolerance of 17 to 30° C. This bath was very 
highly suitable for galvano-plastic purposes. The satura 
tion concentration of the difficulty soluble additive lies at 
about 96 mg./l., the critical concentration lies at about 
12.5% of the saturation concentration and is therefore 
about 12 mg./l. At a consumption of 4 mg. of brighten 
ing agent per ampere hour, an operating reserve of 21 
ampere hours per liter results for this bath. 

Example VI 
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Example VII 

In conjunction with an acid copper electroplating bath 
of the same composition as the bath described in Example 
IV, the solution ?lter located downstream from a cus 
tomary contamination trap ?lter was charged with a mix 
ture consisting of the solid, di?iculty soluble brightening 
agent used in Example I and the di?iculty soluble level 
ing agent 1-benzyl-thiocarbamyl-Z-mercaptoimidazoline 
of the formula ' 

At a recycling rate of one bath volume per hour, this 
bath produced uniformly bright copper electrodeposits 
with good leveling characteristics in a current density 
range of 0.5 to 8 amps/dm.2 with a temperature toler 
ance ‘of 17 to 30° C. The saturation concentration of the 
dit?culty soluble leveling agent amounts to 6 mg./l. and 
the critical concentration lies at about 1.5 mg./l., which I 
corresponds to about 25% of the saturation concentra 
tion. .From these values and based on a consumption of 
about 0.4 mg./l. per ampere hour, this bath has an op 
erating reserve of 11 ampere hours per liter. 

Example VIII 

In conjunction with an acid copper electroplating bath 
having the same composition as the bath described in EX— 
ample 4, the condensation product of l\ mol of phenyl 
thiourea and 1 mol of formaldehyde was used as the dif 
?cultly soluble leveling agent in addition to 40 mg./l. of a 
soluble brightening agent, namely N,N-diethyl-dithio 
carbamyl-S-propane-w-sodium sulfonate. In this bath 
only the leveling agent had a self-regulating effect, where 
as the soluble brightening agent required continuous sur 
veillance. The advantage over customary processes re 

' sides in that the continuous surveillance is limited to the 

50 

In‘conjunction with an acid copper electroplating bath ' 
having the same composition as the bath described in EX 
ample 4, the solution ?lter was charged with the dif?cultly 
soluble piperazine-N,N’-bis-thiocarbonyl-thiopropane-w 
sodium sulfonate, which was used as the di?iculty. soluble 
brightening agent in Example 2, together with the di?i 
cutly soluble 5,5-diphenyl-thiohydantoin of the formula, 

(CuHa)2=C C=0 - 

H111’ IiIN 
\C/ 

H 
s 

which is an effective leveling agent. At a recycling rate 
of one bath volume per hour, this bath produced bright, 
smooth, bud-free and pore-free copper electroplates with 
good leveling characteristics in a current density range 
of 0.25 to 8 amps/dm.2 with a temperature tolerance of 
17 to 30° C. The saturation concentration of the di?'i-‘ 
cutly soluble leveling agent amounts to about 5 mg./l., 
the critical concentration to about 1 mg./l. which corre 
sponds to 20% of the saturation concentration. At a 
consumption of about 0.4 mg. of leveling agent per am~ 
pere hour, this results in an operating reserve of 10 am 
pere hours per liter for this bath. 
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brightening agent which is effective over a broad con 
centration range, whereas the di?icult control of small 
amounts of the levelling agent is eliminated. At a re 
cycling rate of one bat-h volume per hour, this bath pro 
duced bright and pore-free copper electrodeposits with 
good leveling properties in a current density range of 1 
to' 8 amps/drn.2 with a temperature tolerance of 17 to 30°, 
C. With a saturation concentration of the leveling agent 
of about 4 mg./l., a critical concentration of about 0.5 
mg./l. (corresponding to 12.5% of the saturation con 
centration) and a consumption of about 0.2 mg. per am 
pere hour, an operating reserve of about 17 ampere hours 
per liter results for this bath. 

Example IX 

In conjunction with an-acid copper electroplating bath 
composed basically of 

210 g./l. of copper sulfate, CuSO4-5H2O 
60 g./l. of sulfuric acid 

the solution ?lter located downstream from the contami 
nation trap ?lter was charged with copper albuminate as 
the di?icutly soluble agent for the purpose of increasing 
the ?neness of the grain and the hardness of the copper 
electrodeposits. This bath could be operated without 
wetting agents or other additives, and at a recylcling rate 
of one bath volume per hourproduced virtually clean, 
smooth, bud-free and pore-free, very ?ne-grained and 
bright copper electroplates in a current density range of 
1 to 8 amps/dm.2 with a temperature tolerance of 17 to 
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35° C. This bath is very highly suited for the production 
of phonograph record matrices and other galvano-plastic 
purposes. The saturation concentration of the additive 
lies at about 70 mg./l. and its critical concentration 
amounts to about 6% of the saturation concentration, and 
therefore lies at about 4 mg./l. Based on a consumption 
of about 2 mg. per ampere hour, an operating reserve of 
32 ampere hours per liter results for this bath. 

Example X 

‘In Conjunction with an acid copper-electroplating bath 
composed of 

210 g./l. of copper sulfate, CuSO4-5H2O 
120 g./l. of sulfuric acid and 
8 g./l. of the addition product of 8 mols of ethylene oxide 

to 1 mol of coconut fatty alcohol mixture C12—C18 

the di?iculty soluble brightening agent N-phenyl-thio 
carbamyl-piperazine - N’ - dithiocarbonyl - S - propane-w 

copper sulfonate of the formula 

4 was used. At a recycling rate of one bath volume per 
hour, this bath produced bright, smooth, bud-free and 
pore-free copper electrodeposits with good leveling prop 
erties in a current density range of 1 to 8 amps/dm.2 
with a temperature tolerance of 17 to 30° C. The satu 
ration concentration of the copper salt lies at about 8 
mg./l., the critical concentration amounts to about 38% 
of the saturation concentration and therefore lies at about 
3 mg./l. Based on a brightening agent consumption of 
0.6 mg. per ampere hour, an operating reserve of 8 am 
pere hours per liter is therefore assured for this bath. 

Example XI 

An acid Zinc electroplating bath composed of 

240 g./l. of zinc sulfate, ZnSO4-7H2O 
2O g./l. of boric acid 
10 g./l. of aluminum sulfate, Al2(SO4)3- l8H2O 
5 \g./l. of sodium chloride and 
1 g./l. of the sodium salt of the sulfate of an addition 
product of 4 mols of ethylene oxide to 1 mol of octyl 
alcohol > 

was modi?ed with N,N"-di-benzyl-thiocarbamyl¥diethyl 
ene-triamine-N’-dithiocarbonyl - S~propane-w-sodium sul 
fonate of the formula 

S 

as the di?icultly soluble brightening agent lying at the bot 
tom of the electroplating vessel. At a recycling rate of 
one bath volume per hour, this bath produced clean, 
pore-free and soft zinc electrodeposits in a current density 
range of L to 8 amps/dm.2 with a temperature tolerance 
of 17 to 30° C. and at a pH-value of the bath of 1.5 to 
3.0. The saturation concentration of the dif?cultly soluble 

' additive lies at about 18 mg./l., the critical concentration 
at about 7 mg./l., which therefore corresponds to about 
39% of the saturation concentration. Based on a con 
sumption of brightening agent of about 1.2 mg. per am 
pere hour, an operating reserve of 9 ampere hours per 
liter results for this bath. 4 
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Example XII - 

An acid nicket electroplating bath composed of 

270 g./l. of nickel sulfate NiSO4-7H2O' 
60 g./l.rof nickel chloride, NiCl2~6H2O 
3O g./l. of boric acid 
1 g./l. of vdecylsulfate as a wetting agent and 
2.5 g./l. ‘,of N-(benzenes'ulfonyl):benzoic acid amide of 

the formula C6H5~CO—NH—SO2——C6H5 as a soluble 
brightening agent 

was modified with 4-butyl-5,6-benzocumarin of the for 
mula ~ 
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as the di?icultly soluble leveling agent lying at the bottom 
of the electroplating vessel. In this bath only the level 
ing agent is self-regulating, whereas the dissolved bright 
ening agent requires constant surveillance which, how 
ever, in view of its broad effective range, is without sub 
stantial importance. At a recycling rate of one bath 
volume per hour, this bath produced pore-free, ductile 
nickel electrodeposits with uniform brightness and level 
ing properties in a current density range of 1 to 8 amps/ 
dm.2 with a temperature tolerance of 45 to. 60° C. The 
saturation concentration of the dif?cultly soluble leveling 

. agent lies at 55° C. in the neighborhood of about 150 
mg./l. and the critical concentration at the same tempera 
ture is about 50 mg./l. Based on a consumption of about 
10 mg. per ampere hour, an operating reserve of 10 am 
pere hours per- liter results for this bath. 
While I have set forth certain speci?c embodiments 

and preferred modes of practice of my invention, these 
are solely for purposes of illustration. It will be under 
stood that the invention is not limited thereto and that 
various changes and modi?cations may be made in the 
invention without departing from the spirit of the dis 
closure and the scope of the appended claims. 

I claim: ‘ 

1. A self-regulating electroplating 'bath for the elec 
trodeposition of metals capable of being electrodeposited 
from acid solution, said bath comprising 

(1) an acid solution of an inorganic salt of the metal 
_ to be electrodeposited, and 
‘(2) a heterogeneous phase consisting solely of an 

auxiliary electroplate-improving Vorganic addition 
agent which 

(a) is sparsely soluble in said acid electroplating 
bath, 

(b). has a saturation concentration of 0.5 to 500 
mgm. per liter of electroplating bath liquid, and 

(c) has a critical concentration of about half of 
said saturation concentration, _ 

said addition agent being present in said bath in multiple 
quantities of said saturation concentration. 

2. A self-regulating electroplating bath as in claim 1, 
which also contains a readily soluble auxiliary electro 
plate-improving addition agent. _ 

3. The improved method of electrodepositing a metal 
capable of being electrodeposited from an acid electro 
plating bath in the presence of an auxiliary electroplate 
irnproving organic addition agent, which comprises elec 
trodepositing said metal from a self-regulating electro 
plating bath comprising ‘ _ 

(1) an acid solution of an inorganic salt of the metal 
to be electrodeposited, and i 

(2) a heterogeneous phase consisting solely of an 
auxiliary electroplate-improving organic addition 
agent which 
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(a) is sparsely soluble in said acid electroplating 
bath, 

(b) has a saturation concentration of 0.5 to 500 
mgm. per liter of electroplating ‘bath liquid, and 

(c) has a critical concentration of about half of 
said - saturation concentration, 

said addition agent being present in said bath in multiple 
quantities of said saturation concentration. 

4. In a method of electrodepositing a metal capable of 
being electrodeposited from an acid electroplating bath 
in the presence of an auxiliary electroplate-impr-oving 
organic addition agent while continuously circulating said 
bath, the improvement which comprises contacting the 
circulating bath with a heterogeneous phase consisting 
solely of an auxiliary electroplate-improving organic ad 
dition agent which 

(a) is sparsely soluble in said circulating electroplat 
ing bath, 

(b) has a saturation concentration of 0.5 to 500 mgm. 
per liter of bath liquid, and - 

(c)vhas a critical cocnentration of about half of said 
saturation concentration, 

in multiple quantities of said saturation concentration. 
5. In a method of electrodepositing a metal capable of 

being electrodeposited from an acid electroplating bath 
in the presence of an auxiliary electroplate-improving 
organic addition agent while continuously circulating said 
bath, the improvement which comprises circulating said 
bath through a solution ?lter containing a heterogeneous 
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phase consisting solely of an auxiliary electroplate-im 
proving organic addition agent which 

(a) is sparsely soluble in said ‘circulating electroplat 
ing bath, 

(b) has a saturation concentration of 0.5 to 500 mgm. 
per liter of bath liquid, and 

(c) has a critical cocnentration of about half of said 
saturation concentration, 

in multiple quantities of said saturation concentration. 
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