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ABSTRACT OF THE DISCLOSURE 
Fine particles of many non-conducting materials do 

not codeposit readily from aqueous acidic copper elec 
troplating baths, unless there is present in the bath aliphatic 
amines, especially polyamines or imines, or amino acids 
such as alanine or EDTA. These amino compounds are 
especially effective in acidic copper sulfate plating baths 
for the codeposition of dispersed ?ne, bath-insoluble, non 
conducting particles. These Z-phase composite copper 
plates have engineering use possibilities for anti-friction 
and anti-seizing problems. 

This invention relates to the cathodic codeposition of 
multitudinous ?ne particles of bath-insoluble, non-con 
ducting,‘inorganic and organic powders dispersed in aque 
ous acidic copper plating baths. More particularly this 
invention provides a means to improve and uniformly 
increase-the degree of codeposition of bath-dispersed in 
organic and organic particles throughout the electro 
deposited copper plate. 
The densely codeposited inorganic ?ne particles in the 

matrix of the electrodeposited copper can increase the 
tensile strength of the copper and its resistance to high 
temperature creep, and the inorganic and organic particles 
can'greatly decrease the tendency for copper surfaces to 
stick and seize, yet without causing any appreciable loss 
in electrical or heat conductivity. 

Thus,._these copper depositsrcan be used for various 
engineering purposes either as a composite copper plate 
on top of a basis metal, including wire or strip, or as an 
electroform. ’ 

‘It has now been found that amines, especially aliphatic 
amines, promote the codeposition of bath-insoluble, non 
conducting particles dispersed (for example, by air agita 
tion) in the acidlcopper electroplating baths. The most 
effective aliphatic amines for promoting the codeposition 
are'polyamines and'polyimines such as ethylene diamine, 
diethylene .triamine, tetraethylenepentamine, polyethyl 
ene' imine, etc. These ‘amines when present in the stand 
ard acidic 'coppe'r plating baths of either low or high con 
centrations of copper ions make possible extensive co 
deposition of dispersed ?ne bath-insoluble particles such 
as barium sulfate, strontium sulfate, aluminum oxide, 
titanium’ oxide, zirconium' oxide, kaolin (a hydrous alumi 
num silicate’), rare’earth ?uorides, stannic oxide, ?nely‘ 
powdered glass, lead sulfate, PVC, nylon, saran, poly 
ethylene," polycarbonate, acetal; polystyrene, ABS, lead 
phosphate," ceric oxide, boron nitride, graphite, molyb 
den'um-‘sul?de, iron silicide, silicon carbide, boron car 
bide, boron, silicon, silicon dioxide, etc. 
The most effective aliphatic amines, as mentioned, are 

the polyamines. ‘For example, 0.1 g./l. of ethylene diamine 
is at least as effective as 50 g./l. of ethyl amine in pro~ 
moting the codeposition of the ?ne, insoluble particles on 
vertical surfaces. With 'tetraethylene pentamine, a con 
centration as low as 1 mg./l.~ will make possible the co 
deposition of. about 3.5 wt. percent of ?ne barium sulfate 
particles dispersed in the acid copper sulfate plating bath. 
Without the amines present in the‘bath, practically no 
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particles of the type shown above are codeposited on a 
vertical surface from acid copper plating baths. This is 
very unlike codeposition of these ?ne particles dispersed 
in acidic nickel baths where codeposition on vertical 
cathode surfaces occurs without the need of special or 
ganic additives. 

Besides the aliphatic amines mentioned, amino acids 
such as alanine, N,N-diethyl glycine, asparagine, N 
methyl taurine, ethylene diamine tetra-acetic acid 
(-EDTA), and other amino acid and sequesterin agents, 
especially those with more than one amino group, give 
excellent results in promoting codeposition of ?ne, bath 
insoluble, non-conducting particles in the acid copper 
plating baths. 
The bath-insoluble, ?ne powders are kept suspended 

and dispersed in the acid copper plating baths by means 
of mechanical or air agitation. In general, air agitation is 
preferred, and of course, the air must not be contaminated 
with oil. Optimum codeposition results are usually reached 
with concentrations of particles of about 25 to 150 g./l., 
though higher concentration produce no troubles, and 
with some particles such as barium sulfate and strontium 
sulfate, concentrations of 500 g./l. can be used. It is im 
portant that the ?ne particles are clean. For example, 
some commercial grades of talc (a hydrous magnesium 
silicate) had to be washed with alcohol or acetone before 
the best codeposition results could be obtained. In gen 
eral, the particle sizes may be from about 10 microns 
down to 0.01 micron for the inorganic particles with the 
preferred range of about 5 microns down to 0.01 micron. 
With particles much greater than about 10 microns, 
roughness from the inorganic particles is obtained on 
areas on which settling can occur. Some agglomerated 
powders may have apparent larger particle size than the 
preferred size, but with agitation in the copper bath, the 
larger agglomerates are usually broken down and particles 
of about 5 microns diameter and under may then be the 
predominant size. With organic resin powders the particle 
size may be as high as 50 microns size and still codeposit 
smoothly on vertical surfaces. 
The pH of the acid copper plating baths unlike with 

nickel, does not have a profound effect on the percentage 
of the powder codeposited in the copper matrix. An acid 
copper sulfate bath having 100 or 200 g./l. of sulfuric acid 
and low or high concentrations of copper sulfate, yields 
in general very similar percentages of codeposition as does 
a copper bath with only 1 g./l. of sulfuric acid. This is 
also true for acidic copper plating such as copper sulfa 
mate, copper methane sulfonate, and copper ?uoborate. 
Large variation in the temperature of the acid copper 
plating baths does exert a pronounced in?uence on the 
percentage of particles codeposited with the copper plate. 
At room temperatures or slightly lower there is maximum 
codeposition of the particles on vertical surfaces in the 
presence of the aliphatic amine “promoters.” As the tem 
perature of the bath is increased, less eo-deposits, and 
temperatures higher than 60° C. are not desirable. Below 
are listed some speci?c examples illustrating the codeposi 
tion of particles with copper according to this invention. 

EXAMPLE I 

Concentration in grams per liter 
CuSO4.5H2O ___________ __ 75-250. ' 

H2504 _________________ _. '0-150. 

Tetraethylene pentamine ___ 0.001-1. 
BaSO, ?ne powder ______ __ 10-150. 

' Temperature—60°—120° F. . Agitation—air or 

mechanical. 
Current density ______ __'__. 10-100 amps/sq. ft. 

70 
The maximum codeposition was about 5.5 wt. percent 

on vertical surfaces with higher concentrations on settling 



3,666,636 
surfaces. In Example I, if ?ne zirconium oxide powder 
is used in concentrations of about 1-30() g./l. instead of 
the barium sulfate powder, a maximum of about 6 wt. 
percent was obtained on vertical surfaces. With ?ne titania 
powder the maximum codeposition on vertical surfaces 
was about 4%. 

EXAMPLE ]1 

Concentration in grams per liter 
CuSO4.5H2,O ___________ _. 100-250. 

H2804 _________________ __ 0-100. 

EDTA ________________ .. 1-15. 

Cerium oxide ?ne powder __ 10-150. 
Temperature—60°—l20° F. . Agitation—air or 

mechanical. 
Current density _________ _- 10-100 amps/sq. ft. 

The maximum codeposition was about 3.5 wt. percent 
on vertical surfaces. If ?ne silicon carbide powder (0.1 
to 7 microns) is used instead of the cerium oxide in 
Example II, the maximum codeposition on vertical sur 
faces was around 4 Wt. percent, but on settling surfaces 
it was much higher. 

EXAMPLE III 

The procedure of Example I is repeated with the ex 
ception that ?nely divided polyvinyl chloride (PVC), of 
a particle size Within the range of about l-20 microns, is 
substituted for the barium sulfate. Using this procedure, 
comparable results are obtained. 

In acidic copper ?uoborate baths, the codeposition of 
the same dispersed inorganic particles in general pro 
ceeds very well, however, the addition of the amines or 
amino acids maximizes the codeposition rate. In the 
case of conducting and semi-conducting particles such as 
‘graphite and molybdenum sul?de, the codeposition pro 
ceeds very readily in the acidic copper plating baths, and 
it would seem that there is no need to use the amines 
or amino acid “promoters.” Nevertheless with these pro 
moters present, lower concentrations of these ?ne particles 
may be used which in these cases tend to minimize rough 
ness troubles. That is, with these powders it is difficult to 
get smooth plate with their codeposition, though with the 
use of the promoters and with the use of the ?nest par 
ticles, the plate is them much smoother. With ?ne particles 
of such powders as barium sulfate, titania, alumina, sili 
con carbide, the plates are very smooth. 

In some cases mixtures of particles for codeposition 
are desirable, for example, barium sulfate with strontium 
sulfate, mica with barium sulfate, graphite or molybdenum 
sul?de with barium sulfate, or strontium sulfate. 

Surfactants and brightening agents may be present in 
the acid copper plating baths which do not appreciably 
affect the ductility and adhesion of the deposits. When 
air agitation is used, the surfactants should not cause over 
foaming, and preferably an eight carbon chain length 
should ‘be used, such as sodium Z-ethyl hexyl sulfate, 
and sodium n-oetyl sulfonate. 
As mentioned, the most effective amine compounds 

for promoting codeposition of particles are those where 
the amino group is attached to an aliphatic group, that 
is, the aliphatic amino compounds, and this designation 
would apply even if an aromatic ring is in the molecule, 
as in benzyl amine. The most elfective amino compounds 
are the polyamino or polyimine compounds such as ethyl 
ene diamine, diethylene triamine, tetraethylene pentarnine, 
etc. The aliphatic amino acids may have carboxyl groups 
as in alanine and EDTA, sulfonic groups as in N-methyl 
taurine and phosphonic groups as in N(CH2PO (OH)2)3. 

It is to be appreciated that as used herein, the term 
Saran is intended to refer to polyvinylidene chlorides; 
the term nylon is intended to refer to polyamides; and 
the terms Te?on and Kel-‘F are intended to refer to ?uoro 
carbon resins, such as the polytetra?uoroethylenes. 
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What is claimed is: 
1. A method of electroplating which comprises coelec 

trodepositing with copper ?ne bath-insoluble, substantially 
non-conducting particles dispersed in aqueous acidic cop 
per electroplating baths which contain dissolved therein 
additionally at least one organic compound which con~ 
tains at least one aliphatic amino group‘. 7 

2. A method in accordance with claim '1 wherein said 
amino compound is tetraethylene peutamine ‘in a‘ con 
oentIation greater than about 1 milligram per liter. _' 1 

13. A method in accordance with claim 1 wherein said 
amino compound is an amino acid in a‘ concentration 
greater than about 0.1 gram per liter. 

4. A method in accordance with claim 1 wherein said 
bath-insoluble particles are barium sulfate particles in 
concentrations of at least about 1 gram/liter and of par 
ticle size less than about 5 microns. , _ ' 

5. A method in accordance with claim 

tions of at least about 1 gram per literand particle size 
less than about 5 microns. ' 

6. A method in accordance with claim 1 wherein ‘said’ 
bath-insoluble particles ‘are silicon carbide particles in_ 
concentrations of at least about 1 gram/liter and par-,_ 
ticle size less than about 7 microns. 

7. -A method in accordance with claim 11 whereinisaidw 
bath-insoluble particles are aluminum oxide particles in 
concentrations of at least about 1 gram/liter and particle 
size less than about 5 microns. ' I “ ' 

8. A method in accordance with claim 1 wherein‘ ‘said 
bath-insoluble particles are polyvinylchloride (PVC) "par-: 
ticles in concentrations of at least about 1 gram/liter and 
particle size less than about 50 microns. 

9. An electroplating bath comprising anaqueous acidic 
copper electroplating bath containing dispersed therein 
?ne bath-insoluble, non-conducting particles and said cop?v 
per bath containing dissolved therein additionally atleast 
one organic compound which contains at least one ali-__ 
phatic amino group. 

10. A bath in accordance with claim“ 9 wherein said 
amino compound is tetraethylene pentarnine in a con-y 
centration greater than about 1 milligram per liter. 

11. A bath in accordance ‘with claim 9 wherein saidv 
concentration; amino compound is an amino acid in a 

greater than about 0.1 gram/liter. " 
12._ A bath in accordance with claim'9 wherein said: 

bath-insoluble particles are barium sulfate particles fin‘ 
concentrations of at least about 1 gram/liter and of ar 
ticle size less than about 5 microns. ’ ‘ ‘ ' ‘ ‘H' 

13. A bath in accordance with claim, 9 whereinsaid, 
bath-insoluble particles are boron particles in concentra? 
tions of at least about 1 gram per liter and vpaifticleasiziep less: 
than about 5 microns. 

'14. A bath in accordance‘with claim _9 wherieiafsaiti‘ 
bath-insoluble particles arevsil‘icon carbide particles 
concentrations of at leastvabout :1 gram/liter a'ridfpaf-v 
ticle size less than about 7 microns; j " ‘ “ ’ 

1s. A bath in accordance with 'claim 9,'_ wherein. sa'igi' 
bath-insoluble particles are aluminum oxide particles, in. 
concentrations of at least about 1 gram/literand particle‘. 
size less than about 5 microns. 

16.. A bath in accordance withjclaim ,9, iwhereinlsaidl 
' bath-insoluble particles _ are polyvinylchloride {Pl/C‘),v 
particles in concentrations of at least about 1.;gram/liter. 
and particle size less than about 50 microns. - 
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