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This invention relates to the electrodeposition 
of zinc, and provides improvements therein. 
The invention provides a new andi improved 

process for electrodepositing zinc,- and novel 
baths and compositions foruse in such process. 

It is desirable and advantageous (l) to electro 
plate smooth zinc deposits, (2) to electroplate 
bright deposits of zinc, (3) to electroplate such 
deposits with high current e?iciency, (4) to make 
use of noncyanide alkaline baths which are free 
from cyanide fumes, (5) to make use of baths 
less alkaline than cyanide-zinc baths, yet of such 
alkalinity that iron is not soluble in the bath, 
(6) to have baths in which the pH remains fairly 
stable, (7) to have an alkaline bath with which 
air or mechanical agitation can be used without 
building up carbonates or other objectionable re 
action ‘products therein, (8) to electrodeposit 
zinc at greater speed than by other processes 
making use of alkaline baths, (9) to avoid as 
much as possible hydrogen embrittlement of the 
base metal in the process of electrodepositing 
the zinc, (10) to obtain brighter deposits than are 
obtained by processes heretofore used, (11) to 
electrodeposit zinc on cast iron without special 
preliminary'steps, (12) to have a process of elec 
trodepositing zinc which works well in barrel 
plating, (13) to make use of baths which are not 
corrosive to equipment and which do not give off 
poisonous fumes; the foregoing advantages are 
obtained by the use of the process and baths of 
the present invention. » 
According to the present invention a bath is 

used which contains the complex compound po 
tassium zinc pyrophosphate KeZn(P2O'1)2, hav 
ing a controlled pH, and containing a substance 
which acts as a brightener and a throwing power 
promotor. The pyrophosphate radicals and zinc 
content are in the molecular ratio of 2 to 1 plus 
an excess of pyrophosphate radicals; with said 
excess the molecular weight ratio range is from 
2.3 to 1 to 4.6 to 1. 
Compositions of water soluble zinc and pyro 

phosphate compounds may be made up .for pre 
paring baths with zinc and pyrophosphate radi 
cal contents as given above. 
The bath may contain other substances which 

give known effects, such as wetting agents, anti 
feamants, buffering agents, anode depolarizers, 
e c. 

‘For making up the bath, (and also thecom 
position of matter) a zinc compound such as zinc 
sulphate or zinc chloride or zinc pyrophosphate 
soluble in an aqueous solution of potassium or 
sodium pyrophosphate, and potassium or sodium 
pyrophosphate, may be used. The sodium pyro 
phosphate is less soluble than the potassium 
pyrophosphate. As the commercial chemicals 
vary somewhat in composition, they should be 
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used on the basis of the ascertained pyrophos 
phate and zinc content. 

Examples of baths 

. G./l. 

I. ' Zn2P20'L3H2O ________ __ 68 

‘ K4P2O7 _______________ __ 360 

corresponding to 
Zn _____ ...‘_ ____________ __ 25 

P207 _________ __>__g_____ 225 . 

II. ZnSO4.7H2O ___________ __ 110 

K4P207 _______________ __ 375 

corresponding to 
Zn ___________________ __ 25 

P207 _________________ __ 225 

can be greater or less than those given in the ex 
amples above; the concentrations given are'good 
working concentrations. ‘ p p 

A brightener is added to the bath, and is a 
solution soluble carbocyclic compound having hy 
droxy and methoxy groups ortho to one an 
other, speci?c examples of which are curcumin, 
phenol sulphonate condensation products of 
vanillin, and ortho-hydroxy meta-methoxy ben 
zaldehyde, the last of which we have foundto be 
the most satisfactory to use. Vanillin is also in 
cluded in the above class, its usefulness, how 
ever, appearing to beinbaths having a pH of 
about 9.5.. Brighteners of this type, when added 
to the bath, act .as very eilicient hydrogen in 
hibitors during plating, especially on ferrous base 
metals. Besides. producing a brightening action, 
the addition of brighteners will also markedly in 
crease the operating current density range. Oxi 
dation products of thebrightener, as produced by 
electrolysis or the addition of an oxidizing agent 
as for, example potassium permanganate, act'as 
promotors of_ throwing power. . 
j Thequantity of brightener used is small as re 
gards the other bath constituents, and in the 
baths accordingto the examples given above, the 
concentration is generally maintained at ‘one 
half .to three .gramsper liter depending on the 
brightener used and its solubility. The bright 
ener'should be added to the bath in amounts to 
produce brightness under optimum working con 
dition's. . The. brightness of the Zinc deposit equals 
that or, mirror-likechornium deposits with which 
the art is familiar. I I I 

:The alkalinity, or pH, of the bath is main 
tained between 9.5 and 12.5,.with the optimum 
between 11.2 and 12.0. The effect of maintain 
ing the bath in the aforesaid pH range is to 
eliminate roughness of the deposit and to give 
completecoverage, with the ‘brightener present; 
high current efficiencies are also obtained. It is 
an important and concomitant advantage of the 
invention that the range of pH or alkalinity of 



,3. 
the bath ‘is above the pH value at which iron dis-V‘ 
solves in the bath. Potassium hydroxide may be 
used to raise the pH and pyrophosphoric acid to 
lower it. The pH of baths according to the pres 
ent invention remain stable in operation, which 
is an advantage of the invention. 
Bath temperature may vary over a consider 

able range; for reasonable speed of deposition 
and brightness of the zinc deposit, temperatures 
from room temperature to 140° F. may be used. 10 

The average current density may also vary con- , 
siderably; with baths of the composition given 
in the above examples, current densities ‘up to 80 
amperes per square foot may be used with good 
results. With the aforesaid baths, current densi 
ties of 20 to 70 amperes per square foot are opti 
mum. The current e?iciency is nearly 100%, and 
the process of the. present invention, over other 
alkaline processes for electrodepositing zinc, has 
the advantage of causing much less hydrogen em 
brittlement. Moreover, ‘the speed of deposition is 
considerably ‘higher than with other alkaline 
baths heretofore in use. The throwing power is 
good, being better than that of acid-zinc proc 
esses, and generally better than that obtained 
from cyanide-zinc processes. ' 

It is desirableto agitate the baths in operation, 
and this may be done either by air or mechani 
cal means. Neither carbonates nor other objec 
tionable reaction products accumulate by air agi- " 
tation. Ii foaming occurs this can be eliminated 
by means of adding a suitable antifoaming agent. 

' We have discovered a novel and very ~advanta~ 
geous antifoaming agent for use in our baths in 
the substance tri-octylphosphate. 
Foranodes, electrolytic zinc or cast zinc of high 

parity is recommended. Citrate radical in the 
bath, in quantity of about 15 g./l., may be used-as 
a depolarizer. 

Care should be taken to exclude metallic im 
‘purities, especially lead, hexavalent chromium, 
copper, cadmium and arsenic. In general, the 
bath should‘be kept pure. 

It is ‘desirable to electrolyze the baths before 
using for plating operations, or to add a small 
quantity of potassium permanganate to build up 
or promote the throwing power of the bath. 
A mode of procedure followed in the plating 

of steelcartridge cases is as follows: 

Bath composition 
Zn ______________________________ __g./l__ 23 
P207 ___1 _________________________ .._g./1__ 210 
Citrate __________________________ __g./l__ 15 
Brightener (ortho hydroxy meta methoxy 
'benzaldehyde) -1 ________________ __g./l__ 1 

Wetting agent (penta octyl sodium 'tri poly 
phosphate) ____________________ __g./l__ 1/2 

Antifoamant (tri octyl phosphate) ___g./l__ 0;01 
pH ___________________________ __' _______ .__ 11.5 

‘The steel cartridge cases were put on a rack, im 
mersed in the bath, and connected to the cathode 
bus-‘bar. Current was passed for three minutes 
r'ata current density of 60 amperes per square foot, 
at ‘the end of which time there was obtained a 
uniform, smooth, mirror-bright deposit 0.0002 
inch thick. The temperature of the bath was 
‘115° F‘. and air agitation was used. The anodes 
were cast electrolytic zinc. 
The baths and process of this invention can be 

satisfactorily used for barrel-plating. 
'The zinc deposits obtained by the use of the 
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present invention are smooth, and smooth and 
bright under optimum operating conditions, the 
brightness being like that of mirror-like chromi 
um deposits. The deposits have a ?ne grained 
crystalline structure typical of truly bright metal 
lic deposits. 
What is claimed is: 
1. An aqueous bath for electroplating zinc, con-. 

sisting essentially of pyrophosphate radicals and 
.zinc in the molecular ratio of approximately 2.3 
to-l to 4.6 to 1, and optimum amounts of approxi 
mately 1/2 to 3 g./l. of ortho-hydroxy meta meth 
oxy benzaldehyde, acting as a brightener, and 
having a pH between 9.5.and 12.5. 

2. An aqueous bath for electroplating zinc, ac 
cording to claim -1, wherein the pH is between 
11.2 and;12.0. ' ' 

, 3. A'p'rocess of electrodepositing smooth zinc 
plate, which comprises passing an electric cur 
rent from an outside source'from an anode to-a 
cathode-article immersed in an aqueous bath 
solution at room temperature to 140° F. and at 
1 to 80 amperes per square foot consisting essen 
tially ol’ pyrophosphate radicals and zinc in the 

‘ molecular ratio of approximately 2.3 to 1 to 4.6 to 
1, and optimum amounts of approximately 1/2 to 3 
grams per liter of ortho-hydroxy meta methoxy 
benzaldehyde, acting as a brightener,.and having 
a pH between 9.5 and 12.5. - 

4. A composition of matter, consisting essen 
tially of an alkali-metal pyrophosphate, zinc 
pyrophosphate which is soluble in a water-solw 
vtion of the alkali-metal pyrophosphate, and 
ortho-hydroxy meta methoxy benzaldehyde as a 
brightener, the ratio of the pyrophosphate radi 
.cals ‘to the zinc in the aforesaid ingredients be 
ing in the molecular weight ratio range.2.3 tolto 
4.6 to 1, and the amount of the brightener being 
,1/2 to 3 parts brightener for 250 parts zincv and 
pyrophosphate radicals in the composition. 

JESSE E. STARECK. - 

FRANK PASSALACQUA. 

REFERENCES CITED 
The following references are of record in the 

?le .of this patent: - 

UNITED STATES PATENTS, 
Number Name Date ‘ 

744,170 Darlay __________ __ Nov. 17, 1903 
809,492 Classen __________ __ Jan. 9, 1906 

1,681,509 Westbrook _______ __ Aug. 21, 1928 
.1 1,791,082 Bianco ___________ __ Feb. 3, 1931 

2,080,479 Hoff ____________ __ May 18, 1937 
2,250,556 Stareck _________ __ July 29, 1941 
2,315,607 Ferm et al. ________ __ Apr; 6, 1943 
2,318,592 Cupery __________ __ May 11, 1943 

_2,360,135 Hull’ _______ __,_____ Oct. 10, 1944 
2,393,517 Burns ___________ __ Jan. 22, 1946 
2,447,297 Wegst et a1 _______ .._ Aug. 17, 1948 

OTHER REFERENCES 

' ,Ser. No. 355,522, Howaldtet al. (A. P. C.) pub, 
May18, 1943. _ ’ , , _- . , , 

Journal of American Chemical Society (18) 
654. . . ' 

Electrodeposition of Metals, by Langbein and 
‘Braunt, 9th edition, 1924, page 567. » 
Wood Chemistry, by Wise, 1944 edition, pages 

272-360. -» . 

Transactions of the Electrochemical Society, 
vol. 88 (1945), page 272. . . 


	Page 1 - Bibliography/Abstract/Description
	Page 2 - Description/Claims

