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[5 7] ABSTRACT 

A hard and wear-resistant coating is imparted to a ?n 
ished article of copper or copper base alloy, by elec 
tro-depositing on the surface of the ?nished article a 
layer 8-15 microns thick of an alloy which is tin con 
taining 5-10 percent by weight of antimony, and then 
heating the coated article to diffuse the base and coat 
ing metals into each other. The alloying metals with 
the copper of the substrate may be a minor proportion 
of at least one of tin 5-15 percent, zinc 15-40 per 
cent, aluminum 6-15 percent, lead 2-18 percent, 
nickel 12-18 percent, beryllium 0.5-2 percent and 
iron 0.5-5 percent. Electrodeposition is conducted 
from a bath having an antimonyztin ionic ratio of 1.7:1 
to 19:1, a pH of 2.5 to 2.8, and a cathodic current 
density of 2-8 A/dm2. In the case of a substrate in 
which the alloying metal is tin or lead, the subsequent 
heating is 3 hours at 200°C, 2 hours at 300°C and 1 
hour at 400°C, followed by slow cooling. If the alloy 
ing metal for the copper substrate is zinc, aluminum, 
nickel and/or beryllium, subsequent heating is 3 hours 
at 200°C, 2 hours at 300°C, 1 hour at 400°C and 1 
hour at 450°C, followed by slow cooling. 

5 Claims, N0 Drawings 
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METHOD OF TREATMENT OF METAL SURFACES 

This application is a continuation-in-part of copend 
ing application Ser. No. 297,798, ?led Aug. 10, 1972, 
and now abandoned, which in turn was a continuation 
in-part of application Ser. No. 15,871, ?led Mar. 2, 
1970 and now abandoned. 
The present invention relates to the surface treat 

ment of finished articles of copper or copper-base al 
loy, and has for its object the provision of super?cial 
surface layers on such ?nished articles, which will im 
part to the articles good sliding frictional properties 
with resistance to seizure, high wear resistance, high 
hardness, and good corrosion resistance. 

In general, the metals of the substrate or ?nished arti 
cle which the process of the present invention is appli 
cable are pure copper, for example for electrical uses; 
alloys of copper principally with tin, as in the case of 
bronzes used for general mechanical applications; al 
loys of copper principally with zinc, that is, brasses, for 
mechanical uses such as in valves; alloys of copper 
principally with aluminum, for anticorrosive and par 
ticularly maritime uses; and alloys of copper with vari 
ous other metals such as lead, nickel, beryllium and 
iron. More particularly, the metals of the substrate may 
be copper or copper alloyed with a minor proportion 
in total of at least one member selected from the group 
consisting of, in weight percentages, 5-15 percent tin, 
15-40 percent zinc, 6-15 percent aluminum, 2-18 per 
cent lead, 12-18 percent nickel, 0.5-2 percent beryl 
lium, and 0.5-5 percent iron. In other words, more than 
one such non-copper metal may be alloyed with cop 
per, but the copper will in any case be 50-100 percent 
by weight. 
The surface of the ?nished article is prepared for 

treatment, in the case of most of the substrates such as 
those whose alloying metal is tin or zinc, by conven 
tional procedures, such as degreasing in a conventional 
bath of soda, sodium cyanide, sodium carbonate, triso 
dium phosphate and sodium alkylarlysulphonate, fol 
lowed by rinsing and depassivation in aqueous 10 per 
cent sulphuric acid. If the alloying metal is principally 
aluminum, then degreasing and rinsing is conducted as 
above but the finished article is electrolytically pol 
ished in a bath of pure phosphoric acid. These prepara 
tory techniques are conventional and need not be de 
scribed in greater detail. 
Then the article is electroplated with a coating 8-15 

microns thick of a tin-antimony alloy containing 5—10 
percent by weight antimony, balance essentially tin. 
The electroplating bath preferably has a pH between 
2.5 and 2.8. Electroplating may be conducted at ambi 
ent temperature, e.g., 20°C. The bath is preferably agi 
tated, and agitation may be combined with ?ltration in 
a conventional manner. The ratio of antimony to tin 
ions in the plating bath is preferably between about 
1.7:1 and 1.9:1. The cathodic current density is prefer 
ably about 2 to about 8 amperes per square decimeter. 
Electrodeposition proceeds at a rate of about 1 to 2 mi 
crons of coating thickness per minute, and a brilliant 
coating is obtained. The thickness of the deposited 
coating, within the range of 8 to 15 microns, is prefera 
bly 8 to 12 microns for alloys of copper with tin and/or 
zinc, and 10 to 15 microns for alloys of copper with alu 
minum. The electroplating bath is aqueous and may for 
example have the following composition: 
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SnCl2 8 to 22 g/l 

Sbz 03 g/l 
Ammonium citrate 125-135 g/l 

Hydrochloric acid 78-85 ml/l 

Gelatin 2 g/l 

Salicylic acid 4 g/l 

Following electrodeposition of the tin-antimony alloy 
layer, the substrate and coating are diffused into each 
other by heat treatment. Heat treatment may be con 
ducted in conventional equipment, in ambient air or in 
a protective atmosphere such as nitrogen, and in the 
case of copper alloys containing principally tin or lead 
as the alloying constituent, is conducted for about 3 
hours at about 200°C, about 2 hours at about 300°C 
and about 1 hour at about 400°C,'followed by slow 
cooling, that is, cooling in the ambient air. In the case 
of copper alloys whose alloying metal is zinc, alumi 
num, nickel or beryllium, the same heat treatment is 
followed by 1 hour at 450°C, and then slow cooling. 

In the case of copper and copper-tin alloys, the su 
per?cial layer after heat treatment has a thickness be 
tween 10 and 15 microns, a hardness between 400 and 
500 Vickers 15 (that is, measured under-a load of 15 
grams), and consists essentially of the two phases 6 and 
8 with e predominating at the exposed surface and 3 
predominating at the interface, with reference to ‘the 
equilibrium phase diagram, with traces of antimony 
throughout. The super?cial layer thus is essentially 
two-phase. 

In the case of copper-zinc alloys, the super?cial layer 
after heat treatment will have a thickness of 10-15 mi 
crons, a hardness of about 550-650 Vickers 15, and 
will be a single phase layer of copper-zinc-tin-antimony 
alloy. 

In the case of copper-aluminum alloys, the super?cial 
layer after heat treatment will have a thickness of 
15-30 microns, a hardness of 780-880 Vickers 15 and 
will be in the form of strata of a phase rich in copper 
and tin and poor in antimony and aluminum, and B 
phase rich in copper and aluminum and poor in tin and 
antimony. 
To enable those having ordinary skill in this ?eld to 

practice the invention, the following illustrative but 
non-limitative examples are given: 

Example 1 

A bronze gear containing 12 percent tin, a trace of 
phosphorus, balance essentially copper, is subjected to 
conventional degreasing in an aqueous solution of 
soda, sodium cyanide, sodium carbonate, trisodium 
phosphate and sodium arylalkylsulphonate, rinsing and 
depassivation in aqueous 10 percent sulphuric acid. It 
is then electroplated in an aqueous electroplating solu 
tion containing 20 g/l SnClS,,C2, 32 g/l of Sbz O3, 130 
g/l of ammonium citrate, 80 ml/l of hydrochloric acid, 
2 g/l of gelatin and 4 g/l of salicylic acid, having a pH 
of 2.6, and a temperature of 20°C, with agitation, at a 
cathodic current density of 5A/dm2, for 6 minutes, until 
a brilliant layer of tin alloy containing 7 percent anti 
mony, balance essentially tin, is deposited thereon to a 
thickness of 10 microns. The plated article is then 
heated for 3 hours at 200°C, 2 hours at 300°C and 1 
hour at 400°C, in ambient air, after which heatiag is 
discontinued and the article slowly cools in aif at 20°C: 
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The superficial layer after heat treatment has a thick 
ness of 15 microns and an average hardness of 480 
Vickers l5. The gear is then run in contact with a steel 
worm for thirteen months of regular use but no sub 
stantial wear is noted at the end of that time. For com 
parison purposes, a same gear which has not been 
treated as above is run under the same conditions in 
contact with a same steel worm; and after three months 
of regular usage the untreated gear is so worn as to be 
unusable. 

Example 2 

The cylinder of a high pressure oil pump for lubricant 
distribution has a composition of 39 percent zinc, 2 
percent lead, balance essentially copper. It is treated as 
in Example 1, except that during the heat treatment, 
after the heating at 400°C and before the slow cooling, 
it is heated for 1 hour at 450°C. After heat treatment, 
the super?cial layer has a thickness of 15 microns and 
a hardness of 650 Vickers 15. It is run in frictional 
contact with a steel piston for 5,000 hours and the 
pump is disassembled and examined and the brass cyl 
inder is found to have no appreciable wear on its fric 
tional surface. For purposes of comparison, the same 
cylinder which has not been given the above treatment 
is run in contact with a same piston and seizes after sev 
eral hundred operations, that is, after substantially less 
operation than was successfully withstood by the 
treated cylinder. 

Example 3 

A ?nished article comprising a journal bearing for 
the rolls of a metal rolling mill has the composition 9 
percent aluminum, 4 percent nickel, 2.5 percent iron, 
balance essentially copper. It is subjected to the treat 
ment of Example 1, except that the preparation for 

i electroplating includes the step of electrolytic polishing 
in a phosphoric acid bath instead of depassivation in 
sulphuric acid solution. Also, electrodeposition is con 
ducted for 9 minutes until the deposited coating has a 
thickness of 15 microns. Heat treatment is as in Exam~ 
ple 2. The thickness of the super?cial layer after heat 
treatment is 20 microns and this layer has a hardness 
of 850 Vickers 15. The treated journal bearing is 
placed inregular use in a rolling mill for 21/2 years and 
undergoes some wear but not enough to take it out of 
service. By contrast, a same journal bearing which has 
not been subjected to the above treatment is subjected 
to the same usage and after 2% months is very severely 
worn, more so even than the treated journal bearing 
after 2% years. 
From a consideration of the foregoing disclosure, 

therefore, it will be evident that the initially recited ob 
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‘4 
jects of the present invention have been achieved. 

Although the present invention has been described 
and illustrated in connection with preferred ‘embodi 
ment, it is to be understood that modifications and vari 
ations may be resorted to without departing from the 
spirit of the invention, as those skilled in this art will 
readily understand. Such modi?cations and variations 
are considered to be within the purview and .scope of 
the present invention as de?ned by the appended 
claims. ’ ‘ 

Having described my invention, I claim: 
1. A method of forming‘ a hard and wear- resistant 

coating on a finished article made of a copper-based 
alloy, comprising electrodepositing on the surface of a 
said article a layer 8-15 microns thick of an alloy con 
sisting essentially of' tin containing 5-10 percent 'by 
weight antimony, said electrodeposition being con 
ducted in an aqueous bath having a pH of about 2.5 to 
about 2.8, having a proportion of antimony ions to tin 
ions in the range from about 1.7:1 to 1.9: l , and having 
a cathodic current density of about 2 to about 8 am 
peres per square decimeter, and then heating said arti 
cle to diffuse the metals of'said layer and surface into 
each other. 

' 2. A method as claimed in claim 1, in which said bath 
contains about 18 to’ about 22 grams per liter of SnClZ, 
about 30 to about 34 grams per liter of Sb2 03, about 
125 to about 135 grams per liter of ammonium citrate, 
about 78 to about 85 milliliters per liter of hydrochloric 
acid, about 2 grams per liter of gelatin and about 4 
grams per liter of salicylic acid. 

3. A method as claimed in claim‘ 1, the metal of said 
article consisting essentially of at least one member se 
lected from the group consisting in weight percentages 
of 5-15 percent tin, 15-40 percent zinc, 6—l5 percent 
aluminum, 2-18 percent lead, 12-18 percent nickel, 
0.5-2 percent beryllium, 0.5-5 percent iron, and at 
least 50 percent copper.‘ ‘ 3' 

4. A method as claimed in claim 3, in which said at 
least one member is selected from the group consisting 
of tin and lead and said heating is conducted for about 
3 hours at about 200°C, then for about 2 hours at about 
300°C, and then for about 1 hour at about 400°C, fol? 
lowed by slow cooling. _ ' I " 

5. A method as claimed in claim 3, in which said at 
least one member is selected from the group consisting 
of zinc, aluminum, nickel and beryllium, and said heat 
ing is conducted for about 3 hours at about 200°C, then 
for about 2 hours at about 300°C, then for about 1 hour 
at about 400°C, and then‘ for about 1 hour at about 
450°C, followed by slow cooling. 
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