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ABSTRACT OF THE DISCLOSURE 

This invention relates to adherent copper ?lms formed 
by immersion, or electrolytically on metallic objects from 
an aqueous solution of (l) a nonoxidizing acid, (2) a 
copper salt of a nonoxidizing acid, and (3) a polyether 
exhibiting at least 5 ether oxygen atoms per molecule; 
to processes for coating said ?lms; and to compositions 
for the deposition of said adherent copper ?lms. 

METHOD OF PREPARING SURFACES FOR 
ELECTROPLATING 

This application is a divisional application of cor-pend 
ing application Ser. No. 173,645, ?led Aug. 20, 1971, now 
U.S. Pat. 3,751,289. 

This invention relates to a method of treating metal 
prior to copper plating. More speci?cally, this invention 
relates to the application of thin adherent copper de 
posits or ?lm prior to the electrodeposition of relatively 
thick copper deposits from plating solutions. 

Because loose, nonadherent, displacement ?lms of 
copper are formed on iron, steel, and Zinc when these 
basis metals are immersed in acid copper baths, a cyanide 
copper or a nickel strike plate has, according to the 
prior art, been required before plating from an acid copper 
bath. 
For example, when acid copper baths are used for plat 

ing steel or ferrous articles such as automobile bumper 
bars, hubcaps, printing rolls, etc., a preliminary copper 
strike from a cyanide bath or a nickel strike from an acidic 
nickel plating bath is ?rst used to avoid poorly adherent 
immersion deposits before acid copper plating. 

After strike deposition from a cyanide bath, the work 
must be thoroughly rinsed, dipped in a dilute solution of 
hydrochloric or sulfuric acid to neutralize any undis 
solved alkaline material, and rinsed again before plating 
in the acid bath. After nickel strike or nickel chloride im 
mersion dip, thorough rinsing is required to prevent the 
drag-in of chloride into the acid copper bath. Neither 
the cyanide copper strike nor the nickel strike produce 
deposits in deeply recessed areas such as the inside of 
tubes; consequently a loosely adherent copper deposit 
forms in these areas on subsequent plating from an acid 
copper bath. 7 

It is an object of this invention to provide an adherent 
copper ?lm on metallic objects which effects good adhesion 
of subsequent copper deposits from copper plating baths, 
even in deeply recessed areas such as the inside of tubes. 
It is another object of this invention to provide an ad~ 
herent copper ?lm such that the work does not have to 
be rinsed between the strike or immersion dip and the 
acid copper plating baths, as is necessary after conven— 
tional strikes. It is an object of this invention to prevent 
formation of badly adherent copper electrodeposits. Other 
objects of this invention will be apparent from the fol 
lowing description. 

This invention is directed to a process for coating metal 
surfaces with a copper ?lm prior to the electrodeposition 
of copper from copper plating baths comprising treating 
said metal surface in a solution containing 0.01 to 10 
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grams per liter of a copper salt of a nonoxidizing acid; 
0.1 grams per liter to 500 grams per liter of a nonoxidiz 
ing acid; and 0.1 to 100 grams per liter of a polyether 
containing at least 5 ether oxygen atoms per molecule, 
thereby obtaining a copper ?lm effecting good copper plate 
adherence on basis metals from copper plating baths. 
Copper salts operable in the practice of this invention in 
clude copper sulfate, copper ?uoborate, and copper 
phosphate. 

Copper pretreatment baths of this invention are dis 
tinguished from aqueous acidic copper plating baths by 
their de?ciency of copper. Typical amounts of copper 
include about 0.025 to 2.5 grams per liter as metallic 
copper (preferably 0.025 to 0.625 grams per liter); or 0.1 to 
10 grams per liter as CuSO4-5H2O or Cu(BF4)2 (prefer 
ably 0.1 to 2.5 grams per liter). 

Polyethers which may be used according to process 
of the invention have at least 5 ether oxygen atoms and 
include polyethers of the formulae: 

(i ) R” NZ to 

where R’ is a monovalent radical such as H, alkyl, alkenyl, 
alkyuyl, alkylaryl, arylalkyl or a heterocyclic radical; and 
R" is a m-valent aliphatic, aromatic or heterocyclic 
radical; m=2 to 100; and 

where u and v=0 to 4, but at least one of u or v must be 
greater than zero; r+s=6 to 1000; and T=H, alkyl, 
benzyl, ~SO3M, —CuH2uSO3M, '—'PO3H2, or 

Suitable polyethers which may be used according to 
the invention include polyethers set forth in Table I. The 
polyether additives may be employed in effective amounts, 
typically 0.1 to 100 grams per liter and preferably 1 to 
25 grams per liter to give good adhesion properties. 
The polyethers of this invention may be derived from 

1,2 ole?n oxides such as ethylene oxide, propylene oxide, 
1,2 butylene oxide, etc.; from 4- and 5-membered ring 
cyclic ethers such as oxetane, 2,3-dichloromethyloxetane, 
etc.; from glycidyl esters and ethers such as allyl glycidyl 
ether, glycidyl acetate, and phenyl glycidyl ether and mix 
tures of the foregoing. 

TABLE I 

CH3 CH3 CH3 CH3 

EH3 éI-Ig 
[31th] (I) m J) .. 

| 
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wherein m+n=30, wherein m+n=15 , or wherein 
m+n=10; ‘ 

CH3 

wherein x=9‘-10, or wherein x=30, or wherein 36:40; 

CyHn-Q-O (cnzcniomg . 

11-0 1aH250(CHiCHz O ) 25H 

H 

H—C:H2x+1~é-CH3 
N-(cI-noHimyH 

( HECHZO)IH 

wherein x=9—-12, and y+z= 15; 
Hwmimywmtoh (oaHtoMotHiOnH 

NCHgCHgN 

H(C2H4O)y(03H5O>g ' (oin?onwiniogn 

wherein x is about 3 and y is about 3-4; 

HO(C2H4O)XH 
wherein x is about 13; 

HO(C2H4O)xH 
wherein x is about 33; 

HO(C3HGO)XH v 

wherein at is about 12; 
CH3 CH3 

crnom?b-om-om-é-cmom 
(‘3H1 (‘3H1 

[a is (I, m a. . 
(IJHCHa (IJHCHa 
a... l a. 
A . 2. . 

l 
H H 

wherein mi=about 12-25 and n=about 1-2; 
cm CH: 

CHsCHzé-CI-BCHz-é-CHKH‘L 
<5 A 

Forum; (IJHCHa 

[a ] <5 .. 6 . 
(EH. 6H, 

in in c‘, .. 6 . 
1'1 1‘1 

m=about 12-25 and n=1-2; 

C12H2sS(CH2CH20)2oH 
CHa(CH3)5CHCH3 
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wherein p=about 5-6 or 16. 
The basis metals which are treated by the pretreatment 

process of this invention are preferably ferrous metals 
such as steel, iron, etc., although most common metals 
and their alloys can be pretreated with Applicant’s copper 
?lms for subsequent copper plating. 

Advantages obtained by the practice of this invention 
include: 

1. Excellent adhesion of subsequent copper deposits over 
a wide concentration range of the constituents of the 
invented solution used as an immersion dip prior to 
copper plating. 

2. The concentration ranges and the reliability were great 
ly increased by making the work cathodic and using 
the invented solution as to strike bath. 

3. In contrast to cyanide or nickel strikes one can get good 
adhesion even if current is not used. Therefore, we 
can get good adhesion even in very deeply recessed 
areas such as the inside of a tube. 

4. Work does not have to be rinsed between the strike or 
immersion dip of this invention and the acid copper 
plating bath, as it does after conventional strikes. It 
may be cycled directly from the coating solution of 
this invention to the plating bath. 

The nonoxidizing acids of this invention are preferably 
sulfuric acid H280; and ?uoboric acid HBF4. The im 
mersion baths of this invention should be at a temperature 
of 10° C. to 60° C., (preferably 20° C. to 40° C.). While 
this invention is completely operable without the use of 
current as shown by examples hereinafter, this invention 
may also be practiced with current for instance a cathode 
current density of 0.1 to 60 amperes per square decimeter. 
While agitation is not necessary for the practice of the 
invention, air agitation, volume agitation, and mechanical 
agitation may be used with no deleterious effect. 

This invention according to one of its aspects, is the 
deposition of a ?lm of copper from a solution comprising 
0.01 grams per liter to 10 grams per liter of a copper salt 
selected from the group consisting of copper sulfate, 
copper phosphate and copper :lluoborate, 0.1 grams per 
liter to 500 grams per liter of a nonoxidizing acid, and 0.1 
grams per liter to 100 grams per liter of a polyether con 
taining at least 5 ether oxygen atoms per molecule; and 
after deposition of said strike coating of copper, electro 
depositing copper thereon from an aqueous copper plating 
bath. 

Optionally, the copper “strike” of this invention may he 
deosited electrolytically at a temperature of 10° C. to 
60° C., with the use of a current density of 1 a.s.d. to 20 
a.s.d. The ?st step, the essence of the invention, is to 
form a thin, dense, strongly adherent layer or strike coat 
ing. Under the above conditions, the strike coating is 
formed in from 20 seconds to 3 minutes depending upon 
the current density, the copper ion concentration, and 
various additives of the strike solution. 

For electrodeposition of bright, strongly leveled, ductile 
copper, the article is transferred from the strike bath of 
this invention to an aqueous acidic copper plating bath 
containing chloride ions and organic additives without 
permitting the article to dry and without rinsing it. 

In accordance with certain of its aspects this invention 
provides a process for electrodepositing bright copper 
from aqueous acidic baths comprising buffing the metal 
surface, cleaning by immersing the pretreated metal sur 
face in an organic solvent; electrolytically degreasing 
said surface electrolytically in alkaline solution; rinsing, 
immersing in an acid bath thereby obtaining a bright, 
clean metal surface; depositing on said surface a strike 
coating of copper from a solution containing 0.01 grams 
per liter to 10 grams per liter of a copper salt; 0.1 grams 
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per liter to 500 grams per liter of nonoxidizing acid; and 
0.1 gram per liter to 100 grams per liter of a polyether 
containing at least 5 ether oxygen atoms per molecule; 
and electrodepositing on said copper ?lm a relatively 
thicker layer of bright, strongly leveled, ductile copper 
from a copper plating bath containing suitable combina~ 
tions of addition agents. 

Typical copper plating baths which may be employed 
to electrodeposit adherent thicker copper over the copper 
?lm of this invention include the following: 

TABLE II 

Grams 
Grams (preferable) 

Compound per liter per liter 

Sulfate bath ____________ __ CuSo4~5H2O 150-300 220 
2S0; l0-ll0 60 

Cl- 1 5-100 1 20-40 

Fluoborate bath ________ __ C11(BF4)2 100-600 224 
HBF4 1-60 3. 5 
HaBOs 0-30 15 
Cl- 1 5-100 1 20-40 

1 Mg./l. 

The basis metals which may be pretreated with the proc 
ess of this invention include ferrous metals, such as steel, 
iron, etc.; zinc and its alloys including zinc-base die-cast 
articles; nickel, including nickel alloys with other metals 
such as cobalt, iron, chromium, aluminum, including its 
alloys. 
For the purpose of providing those skilled in the art 

with a better understanding of this invention, the follow 
ing examples are set forth. 

Example 1 
After thoroughly pickling and cleaning a steel panel, 

2.5 cm. wide and 20 cm. long, half of it was immersed 
into an aqueous solution containing 1 gram per liter of 
cupric sulfate pentahydrate (CuSO4-5H2O) and 100 
grams per liter of sulfuric acid (H2504) and 16 grams 
per liter of an ethoxylated propoxylated lauryl alcohol 
(MW 1020), having the following structure 

at 24° C., with an applied cathodic potential su?icient to 
produce an average current density of 8.0‘ a.s.d. after the 
panel was half immersed. After 30 seconds the panel was 
transferred to an acid copper plating bath where it was 
plated with copper to an average thickness of 75 microns. 
The edges of the panel were ground down to the steel. 

The copper was easily pulled off the top of the panel but 
could not be pulled off the bottom half, which had been 
treated in the above solution, indicating excellent ad 
hesion. 

Other panels were done without current in the above 
treatment solution and/or with water rinsing between 
the treatment solution and the plating bath and the plated 
deposits still had excellent adhesion to the panel. How- 5 
ever, under some conditions it is advantageous to use cur 
rent in the treatment solution and water rinse. 

Example 2 

After thoroughly pickling and cleaning a steel panel, 
2.5 cm. wide and 20 cm. long, half of it was immersed 
into an aqueous solution containing 1 gram per liter 
cupric sulfate pentahydrate (CuSO4-5H2O) and 60 grams 
per liter of sulfuric acid (H2804) and 1 gram per liter 
of ethoxylated propoxylated lauryl alcohol (MW 1020), 
having the following structure 

at 24° C., with an applied cathodic potential sufficient to 
produce an average current density of 8.0 a.s.d. after the 
panel was half immersed. After 30 seconds the panel was 
transferred to an acid copper plating bath where it was 
plated with copper to an average thickness of 75 microns. 
The edges of the panel were ground down to the steel. 
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6 
The copper was easily pulled off the top of the panel but 
could not be pulled off the bottom half, which had been 
treated in the above solution, indicating excellent adhe 
sion. 

Example 3 

After thoroughly pickling and cleaning a steel panel, 
2.5 cm. Wide and 20 cm. long, half of it was immersed 
into an aqueous solution containing 0.1 grams per liter 
of cupric sulfate pentahydrate (CuSO4-5H2O). and 60 
grams per liter of sulfuric acid (H2804) and 10 grams 
per liter of ethoxylated propoxylated lauryl alcohol (MW 
1020), having the following structure 

CH3 (CH2) 11 (OC2H4)15 (0C3He)sOH, 
at 24° C., with an applied cathodic potential su?icient 
to produce an average current density of 8.0 a.s.d. after 
the panel was half immersed. After 30‘ seconds the panel 
was transferred to an acid copper plating bath where it 
was plated with copper to an average thickness of 75 
microns. 
The edges of the panel were ground ‘down to the steel. 

The copper was easily pulled off the top of the panel 
but could not be pulled off the bottom half, which had 
been treated in the above solution, indicating excellent 
adhesion. 

Example 4 

After thoroughly pickling and cleaning a steel panel, 
2.5 cm. wide and 20 cm. long, half of it was immersed 
into an aqueous solution containing 1 gram per liter of 
cupric sulfate pentahydrate (CuSO4-5H2O) and 100 
grams per liter of phosphoric acid (H3PO4) and 16 grams 
per liter of an ethoxylated propoxylated lauryl alcohol 
(MW 1020), having the following structure 

at 24° C., with an applied cathodic potential su?icient to 
produce an average current density of 8.0 a.s.d. after the 
panel was half immersed. After 30 seconds the panel 
was transferred to an acid copper plating bath where it 
was plated with copper to an average thickness of 75 
microns. 
The edges of the panel were ground down to the steel. 

The copper was easily pulled off the top of the panel but 
could not be pulled off the bottom half, which had been 
treated in the above solution, indicating excellent adhe 
sion. 

Example 5 

After thoroughly pickling and cleaning a steel panel, 
2.5 cm. wide and 20» cm. long, half of it was immersed 
into an aqueous solution containing 1 gram per liter of 
cupric sulfate pentahydrate (CuSO4-5H2O) and 100 
grams per liter of ?uoboric acid (HBF4) and 16 grams 
per liter of ethoxylated propoxylated lauryl alcohol (MW 
1020), having the following structure 

at 24° C., with an applied cathodic potential sufficient to 
produce an average current density of 8.0 a.s.d. after the 
panel was half immersed. After 30 seconds the panel was 
transferred to an acid copper plating bath where it was 
plated with copper to an average thickness of 75 microns. 

' The edges of the panel were ground down to the steel. 
The copper was easily pulled off the top of the panel but 
could not be pulled off the bottom half, which had been 
treated in the above solution, indicating excellent adhe 
sion. 

Example 6 

After thoroughly pickling and cleaning a steel panel, 
2.5 cm. wide and 20 cm. long, half of it was immersed 
into an aqueous solution containing 0.5 grams per liter 
of CuSO4-5H2O and 100 grams per liter of H2804 and 
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10 grams per liter of ethoxylated propoxylated lauryl 
alcohol (MW 1020), having the following structure 

at 24° C., without current. After 20 seconds the panel 
was dipped into an acid copper plating bath for approxi 
mately one second and quickly rinsed in water. Then the 
panel was dried and a strip of Scotch brand pressure 
sensitive masking tape 202 was ?rmly applied to half 
the width of the panel along its entire length. 
The tape was then peeled off the panel. The panel was 

then examined for bare steel and the tape was examined 
for copper ?akes. 
The “tape test” revealed excellent adhesion. 

Example 7 

After thoroughly pickling and cleaning a steel panel, 
2.5 cm. wide and 20 cm. long, half of it was immersed 
into an aqueous solution containing 0.5 grams per liter 
of CuSO4-5H2O and 100‘ grams per liter of H2804 and 
10 grams per liter of polyethylene glycol (MW 1000) 
having the following structure H(OC2H4)22OH, at 24° C., 
without current. After 20 seconds the panel was dipped 
into an acid copper plating bath for approximately one 
second and quickly rinsed in water. Then the panel was 
dried and a strip of Scotch brand pressure sensitive mask 
ing tape 202 was ?rmly applied to half the width of the 
panel along its entire length. 
The tape was then peeled oi? the panel. The panel was 

then examined for bare steel and the tape was examined 
for copper ?akes. 
The “tape test” revealed excellent adhesion. 

Example 8 

After thoroughly pickling and cleaning a steel panel, 
2.5 cm. wide and 20 cm. long, half of it was immersed 
into an aqueous solution containing 0.5 grams per liter 
of CuSO4-5H2O and 100 grams per liter of H2804 and 
10 grams per liter of polyethylene glycol (6000) having 
thefollowing structure H(OC2H4)136O'H, at 24° C., ‘with 
an applied cathodic potential su?icient to produce an 
average current ‘density of 2.7 a.s.d. after the panel was 
half immersed. After '20 seconds the panel was dipped 
into an acid copper plating bath for approximately one 
second and quickly rinsed in water. Then the panel was 
dried and a strip of Scotch brand pressure sensitive mask 
ing tape 202 was ?rmly applied to half the width of the 
vpanel along its entire length. 

The tape was peeled off the panel. The panel was then 
examined for bare steel and the tape was examined for 
copper ?akes. . 

The “tape test” revealed excellent adhesion. 

Example 9 

After thoroughly pickling and cleaning a steel panel, 
2.5 cm. wide and 20 cm. long, half of it was immersed 
into an aqueous solution containing 0.5 grams per liter 
of CuSO4-5H2O and 100 grams per liter of H2304 and 
10 grams per liter of ethoxylated lauryl alcohol (MW 
1286, having the following structure ‘ 

at 24° C., with an applied cathodic potential su?icient 
to produce an average current density of 2.7 a.s.d. after 
the panel was half immersed. After 20 seconds the panel 
was dipped into an acid copper plating bath for approxi 
mately one second and quickly rinsed in water. Then 
the panel was dried and a strip of Scotch brand pressure 
sensitive masking tape 202 was ?rmly applied to half the 
width of the panel along its entire length. 
The tape was then peeled off the panel. The panel was 

then examined for bare steel and the tape was examined 
for copper ?akes. 

The “tape test” revealed excellent adhesion. 
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Example 10 

After thoroughly pickling and cleaning a steel panel, 
2.5 cm. wide and 20 cm. long, half of it was immersed 
into an aqueous solution containing 0.5 grams per liter of 
CuSO4-5H2O and 100 grams per liter H2804 and 10 grams 
per liter nonyl phenoxy polyoxyethylene ethanol (MW 
1540), having the following structure 

CvHn—®-(0 (3211930011 
at 24° C., without current. After 20 seconds the panel 
was dipped into an acid copper plating bath for approxi 
mately one second and quickly rinsed in water. Then the 
panel was dried and a strip of Scotch brand pressure sensi— 
tive masking tape 202 was ?rmly applied to half the width 
of the panel along its entire length. 
The tape was then peeled off the panel. The panel was 

then examined for bare steel and the tape was examined 
for copper ?akes. 
The “tape test” revealed excellent adhesion. 

Example 11 

After thoroughly pickling and cleaning a steel panel, 
10 cm. wide and 20 cm. long, half of it was immersed 
into an aqueous solution containing 0.5 grams per liter 
CuSO4-5H2O and 100 grams per liter H2804 and 20 grams 
per liter ethoxylated propoxylated lauryl alcohol (MW 
1020), having the following structure . 

at 24° C., with an applied cathodic potential suf?cient to 
produce an average current density of 8.0 a.s.d. after the 
panel was half immersed. After 15 seconds the panel was 
rinsed with water and transferred to a pyrophosphate cop 
per plating bath and 25 microns of copper was plated 
on it. 
The edges of the panel were ground down to the steel. 

The copper was easily pulled off the top of the panel but 
could not be pulled off the bottom half, which had been 
treated in the above solution, indicating excellent adhe 
sion. 

Example 12 

After thoroughly pickling and cleaning a steel tube, ap 
proximately 2.5 cm. in diameter and 30 cm. long, the 
tube was immersed into an aqueous solution containing 
0.5 grams per liter CuSO4-5H2O and 100 grams per liter 
H2804 and 20 grams per liter ethoxylated propoxylated 
lauryl alcohol (MW 1020), having the following struc 

tlll‘C CH3(CH2)11(OCgH4)15(OC3HG)3OH at 24° C., out current. After 20 seconds the tube was transferred to 

an acid copper plating bath and plated so that there was 
an average thickness of 25 microns of copper on the out 
side of the tube. 
The tube was longitudinally cut in half and examined. 

The copper on the outside of the tube had excellent ad 
hesion to the tube. And further, the inside of the tube 
also had a uniform adherent coating of copper in it. 

Example 13 

(Control) 
After thoroughly pickling and cleaning a steel tube ap 

proximately 2.5 cm. in diameter and 30 cm. long, the 
tube was given a strike from a typical cyanide copper 
strike solution for approximately 5 minutes at about 5.4 
a.s.d. The tube was then rinsed with water, dipped in a 
2% (by volume) sulfuric acid solution, again rinsed with 
water and transferred to an acid copper plating bath and 
plated so that there was an average thickness of 25 
microns of copper on the outside of the tube. 
The tube was longitudinally cut in half and examined. 

The copper on the outside of the tube had excellent ad 
hesion to the tube. But the copper on the inside of the tube 
was loose and ?aky. ' 



3,841,979 
9 

If one wanted to process this tube through other plat 
ing baths, e.g. a nickel plating bath, it would be very 
probable that the copper would ?ake oif from the inside 
of the tube thereby contaminating the plating solution. 

Example 14 

After thoroughly cleaning a zinc die cast automobile 
handle, it was immersed into an aqueous solution con 
taining 1 gram per liter CuSO4-5H2‘O and 60 grams per 
liter H2804 and 20 grams per liter of an ethoxylated pro 
poxylated lauryl alcohol (MW 1020), having the follow 
ing structure CH3(CH2)11(OC2H4)15(OC3HG)3OH, at 24° 
C., with an applied cathodic potential sufficient to pro 
duce an average current density of 8.0 a.s.d. after the han 
dle was immersed. After 1 minute the handle was rinsed 
with water and transferred to a pyrophosphate copper 
plating bath where it was plated with copper to an aver 
age thickness of 7.5 microns. The handle was again rinsed 
with water and then transferred to an acid copper plating 
solution where an average thickness of 25 microns of 
copper was plated on it. 

Both the appearance of the plated deposit and its ad 
hesion to the basis metal were excellent. 

Although this invention has been illustrated by refer 
ence to speci?c embodiments, modi?cations thereof which 
are clearly within the scope of the invention will be 
apparent to those skilled in the art. 
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I claim: 
1. A process for electrodepositing bright copper from 

aqueous acidic baths comprising bu?ing a metal surface; 
immersing said pretreated metal surface in organic sol 
vent; then electrolytically cleaning said surface in an alka 
line solution, rising said surface, immersing said surface 
in acid, rinsing said surface thereby obtaining a bright, 
clean metal surface; depositing on said surface a coating 
of copper from a solution containing: 0.01 grams per liter 
to 10 grams per liter of CuSO4-5H2O; 0.1 grams per liter 
to 500 grams per liter of nonoxidizing acid; and 0.1 grams 
per liter to 100 grams per liter of a polyether containing 
at least 5 ether oxygen atoms per molecule; and electro 
depositing on said strike coating a relatively thicker layer 
of bright, strongly leveled, ductile copper from a copper 
plating bath. 
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