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ABSTRACT OF THE DISCLOSURE 
Relates to acidi?ed hydrogen peroxide solutions and 

method for dissolving metals, particularly useful in the 
manufacture of printed circuit ‘boards, wherein said acidi 
?ed hydrogen peroxide solutions contain an additive se 
lected from the group consisting of phenylurea, diphenyl 
urea, benzoic acid, hydroxy benzoic acid and salts and 
mixtures thereof. 

Dissolution or etching of metals for a constructive pur 
pose as in the manufacture of printed circuits is not a 
simple matter and involves several considerations if it is 
to be a practical success. Among the more important 
considerations are rate of attack of the etchant, control 
of the etchant, stability and efficiency of the etchant, 
time and temperature conditions, effect of the etchant on 
the materials forming the printed circuit board, and 
effect on the equipment and masking material employed 
in the etching process. In order to be practical a chemi 
cal etchant must have capacity to etch a relatively large 
amount of metal before the etch rate is slowed to an 
impractical level by the effective exhaustion of the etchant. 
Each increment in the amount of metal etched represents 
a signi?cant increase in efficiency and a substantial re 
duction in the cost per weight unit of metal etched. Etch 
ing of metals such as copper has been carried out with an 
aqueous ferric chloride solution which has been satis 
factory at least in its ability to efficiently etch copper 
without material adverse side effects. However, in more 
recent times, the disposition of the spent ferric chloride 
etchant solution containing both iron and copper has 
become a problem, largely because of the disposal of 
the waste liquor and difficulty in recovering copper there 
from which is of course desirable from a cost standpoint. 
Other copper etchants have therefore been sought with 
the result that aqueous solutions of ammonium persul 
fate have been adopted by some users. This etchant per 
mits electrolytic recovery of copper from the spent etchant 
solution and eliminates the problem of disposing of metal 
containing waste liquors. However, ammonium persulfate 
as an etchant is a premium material because of its low 
etching capacity and is subject to other drawbacks which 
have left considerable room for improvement in the pro 
vision of an etchant for copper. 
As an etchant for copper, aqueous hydrogen peroxide 

is very attractive because of its relatively low cost and 
ability to recover copper electrolytically from a spent 
peroxide etchant solution. However, the utilization of 
hydrogen peroxide for a constructive purpose in metal 
etching is subject to numerous problems and pitfalls. 
Basically, potentially useful solutions combining hydro 
gen peroxide and acid were found subject to great de? 
ciencies by way of etch rates and capacity. Recently, our 
selves and our associates have participated in the devel 
opment of acidi?ed hydrogen peroxide solutions and con 
ditions of use thereof whereby metal may be dissolved or 
etched for constructive purposes in a practical manner 
and at considerable savings over conventional etching 
solutions. Such solutions may contain additives such as 
phenacetin, sulfathioazole and silver ions and satisfy all 
requirements necessary to constitute new and improved 
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etchants for even copper metal, including unexpectedly 
fast etch rates and high capacity. In practical use these 
etchants are designed to be prepared from concentrates 
and after preparation are subject to a loss of maximum 
effectiveness with the passage of time, typically a depre 
ciation of 10% over a period of 12-36 hours. Etchants of 
improved capability of storage without substantial de 
preciation are desirable for convenience of the user in 
permitting greater ?exibility in preparation of the solu 
tions and avoiding loss of effectiveness during extended 
periods of shutdown of operations. 
An object of the present invention is to provide a new 

and improved etchant based on hydrogen Peroxide. 
Another object is to provide new acidi?ed peroxide 

etchants especially having improved capacity for stand 
ing for extended periods of time after preparation without 
substantial loss of effectiveness. 

Another object is to provide new and improved hydro 
gen peroxide etchants capable of dissolving large amounts 
of metal at fast rates. 
A further object is to provide new and improved acid 

peroxide solutions for etching copper for a constructive 
purpose as in the manufacture of printed circuits. 
A still further object is to provide hydrogen peroxide 

etchants adapted for e?icient practical use in various con 
ventional etching apparatus and procedures including both 
immersion and spray etching operations. 

Other objects and advantages will be evident from the 
following description of‘ the invention. 

In accordance with the present invention it has been 
found that acid-hydrogen peroxide solutions having high 
capacity and capable of etching metals at fast rates are 
provided by incorporating in such solutions a small 
amount of one or more additives selected from the group 
consisting of phenylurea, diphenylurea, benzoic acid and 
hydroxy benzoic acid. Solutions containing such additives 
not only etch metals including copper at high rates and 
with high capacity but also exhibit exceptionally good 
storage life without substantial depreciation after prepar 
ation over periods of 4-10 days, or even greater. It has 
been also found that acidi?ed hydrogen peroxide solu 
tions having further and markedly improved etch rates 
and capacity are provided by incorporating therein a com 
bination of one or more Of the above-indicated additives 
with a small amount of at least one additive selected from 
the group consisting of sulfathioazole, phenacetin and 
silver ions. The particularly preferred solutions provided 
by the present invention contain a combination of phenyl 
urea and sulfathiazole and are characterized by ability 
to etch large amount of metal at very fast rates and also 
ability to be stored or permitted to stand over extended 
time periods after preparation without substantial loss 
of maximum effectiveness. All the acidi?ed peroxide so 
lutions provided by the invention are effective in dissolv 
ing copper metal and may be employed in accurate, con‘ 
trolled and highly efficient etching of copper-clad lami 

' nates as in the manufacture of printed circuit boards. 
Phenylurea, diphenylurea, benzoic acid and hydroxy 

benzoic acid are all highly effective in improving the etch 
rate and capacity of acid-peroxide solutions. Salts yielding 
these additives in the acid-peroxide solution may also be 
employed. For example, the sodium salt of benzoic acid 
and hydroxy benzoic acid may be added to the solution. 
The preferred additive is phenylurea. In preparation of 
the acidi?ed peroxide solutions of the invention, only a 
small amount of the above additives is required to have 
the desired catalytic affect on etch rate and capacity. The 
phenylurea and benzoic acid compounds may be added in 
an amount as little as 30 parts per million to provide 
an etchant of improved capacity etch rate. Increasing 
the amount of additive will further increase etch rate and 
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capacity. About 100-1000 parts per million of the phenyl 
urea and benzoic acid additives is preferred. The upper 
limit of the amount of additive is not critical and mostly 
a matter of economics. Generally, an amount of additive 
in excess of about 5,000 parts per million offers no added 
advantage and is less desirable from a process and eco 
nomic standpoint. 

Acid-hydrogen peroxide solutions of exceptionally fast 
etch rates are also provided by the invention by in 
corporating in the solutions a combination of additives in 
volving one or more of phenylurea and benzoic acid 
compounds with one or more additives from the group 
of sulfathiazole, phenacetin and silver ions. In the solu 
tions containing such combinations as little as 20 parts 
per million of each additive may be employed. Some 
what lesser amounts of free silver ion may be employed, 
particularly in immersion etching procedures where as 
little as about 10 parts per million would be effective. The 
particularly preferred additive combination is phenylurea 
and sulfathiazole with the phenylurea preferred over di 
phenylurea in such combination by reason of difference 
between cost of the compounds. Silver ions may also be 
incorporated in the phenylurea-sulfathiazole combination 
to further improve the etch rate performance of the solu 
tion. Combination of benzoic acid compounds and silver 
ions are also effective in producing etchants having fast 
etch rates and high capacity substantially improved over 
benzoic acid alone. The preferred total amount of addi 
tives in the combination systems is between about 150 
1500 parts per million with between about 50-500 parts 
per million of each being employed. Hence, the particu 
larly preferred solutions have incorporated therein be 
tween about 50-500 parts per million phenylurea and 
between 50-500 parts per million sulfathiazole. Another 
preferred solution contains benzoic acid and sulfathiazole . 
each in an amount of 50-500 parts per million. 

In preparation of acid-hydrogen peroxide solutions for 
treatment of copper metal special consideration must be 
given to provide solutions which contain less than 2 parts 
per million total free chloride and bromide ions, prefer 
ably less than 1 part per million. For example, deionized 
water may be used to make up an etchant containing less 
than 2 parts per million of chloride and bromide ions. 
Or, if desired, ordinary water may be employed in make 
up of the etchant solution if accompanied by additions of 
suitable material capable of removing free chloride and 
bromide ions. For example, a small amount of water-solu 
ble silver salt, preferably silver nitrate, may be added to 
effect the removal of chloride and bromide ion. The pre 
cipitated silver halide matter is allowed to remain in the 
acid-peroxide solution and does not interfere with the etch 
ing process. The addition of excess soluble silver salt will 
furnish free silver ions in the etchant and have a highly 
bene?cial and catalytic effect upon each rate and capacity. 
When sulfathiazole is employed in the etchant it has been 
found that special consideration may be dispensed with. 
While the explanation for this result is uncertain, it is 
evident that sulfathiazole functions not only to increase 
the etching capacity of peroxide solutions but also to 
negate the adverse repressive e?ect of the chloride and 
bromide ion concentration on etch rate and capacity. 
Hence, the addition of sulfathiazole may permit use of 
ordinary tap water in preparation of the etchants. Salts 
yielding sulfathiazole may also be employed and are gen 
erally preferred because such compounds are more easily 
dissolved in the acid-peroxide solutions. The sodium salt 
of sulfathiazole is an example of preferred salt which 
may be added to the solutions. When employing sulfathi 
azole for this purpose in etchants prepared from ordinary 
tap water between about 150 to 250 parts per million 
is usually required to negate the adverse effects of the 
free chloride and bromide ions in the water. The capacity 
of sulfathiazole in overcoming the adverse effect of chlo 
ride and bromide ion is apparently not unlimited. Solu 
tions containing the higher concentrations of these ions, 
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4 
say above about 20-30 parts per million, will require 
additional treatment to negate this effect of such ions, 
e.g. deionization or addition of a soluble silver salt. 

In the dissolution of metal by the invention the hy 
drogen peroxide concentration may vary over a fairly wide 
range. Etching of metal is desirably carried out in acidi 
?ed solutions having a hydrogen peroxide concentration 
between about 2-l2%. At solution concentrations less 
than about 2% by weight etch rates are impractically low 
and etching unsatisfactory. At concentrations about above 
12% by weight, it has been found that copper metal 
may be etched but the dissolution of the etched copper 
ions in the etchant causes decomposition of the per 
oxide with the result that etching at such high concen 
trations is less economical. The best results are obtained 
in solutions having a peroxide concentration between 
about 2—10%. During the etching process, hydrogen per 
oxide is consumed as more and more amounts of metal 
are treated. In order to be practical it is necessary that 
a single etchant dissolve a substantial amount of metal 
before the solution becomes exhausted to the extent that 
a particular workpiece cannot be etched within a reason 
able time, e.g. 1-2 hours. The hydrogen peroxide solu 
tions employed in the invention must therefore have an 
initial hydrogen peroxide concentration of at least about 
4% in order to dissolve sufficient metal to be practical 
from an economic standpoint. Desirably, the etchant solu 
tion has initially a hydrogen peroxide concentration with 
in the range of about 5-10% by weight. The hydrogen 
peroxide solutions having the indicated initial hydrogen 
peroxide concentrations are useful in etching a single 
large metal piece or a series of workpieces containing lim 
ited amounts of metal. The etchant is capable of oper 
ating effectively at good etch rates after partial exhaustion 
and at high dissolved concentrations of metals including 
copper in amounts equivalent to at least 8 ounces of 
copper per gallon and even substantially higher. 
The acid concentration may also vary considerably. In 

etching it is desirable that the etchant solution have a hy 
drogen ion concentration from about 0.45 to about 5.5 
grams per liter, preferably between about 0.65-4.5 grams 
per liter. Below a hydrogen ion concentration of about 
0.45 grams per liter the etch rate is slow and peroxide de 
composition high, particularly after partial exhaustion of 
the peroxide bath. The desired upper limit of the hydro 
gen ion concentration may depend on several factors in 
cluding the particular acid employed. A hydrogen ion 
concentration above about 5.5 grams per liter is gen 
erally less economical and tends to slow down rather 
than increase the etch rate. Inorganic acids and even 
the stronger organic acids such as acetic acid may be 
used to supply the hydrogen ion concentration in the 
etchant solution. Examples of the acids whch are the 
more suitable include sulfuric acid, nitric acid, and ?uo 
boric acid, preferably sulfuric acid. The amount of sul 
furic acid in the hydrogen peroxide etchant is between 
about 2-23% by weight, preferably between about 3-20% 
by weight. Sulfuric acid concentrations above about 23% 
are less desirable in copper etching as tendency to result 
in less uniform dissolution. This effect is apparently caused 
by the formation of a protective coating on substantial 
portions of the exposed copper surface which is thereby 
made resistant to etching. The influence of the acid con 
centration on the copper etch rate has been found of 
interest. When the acidi?ed hydrogen peroxide etchant 
solution contains only minor amounts of dissolved copper 
and the effect of acid concentration on etch rate is negli 
gible and the full range of hydrogen ion concentrations 
between about 0.45 to 5.5 grams per liter results in 
little variance in etch rate. As the peroxide bath becomes 
more exhausted and dissolved copper concentration in 
creases, the in?uence of the acid concentration increases 
markedly. At the higher dissolved copper concentrations 
both the lower and higher acid concentrations results in 
longer etch times. An optimum etch rate has been found 
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to be reached at an intermediate hydrogen ion concentra 
tionv between about 0.9 to 1.4 grams per liter (about 4-6% 
by weight sulfuric acid). In the etching of metals such 
as copper the hydrogen peroxide and acid are theoreti 
cally consumed at a rate equivalent to a mol ratio of 
hydrogen peroxide. Thus, according to the etching reac 
tion one mol of sulfuric acid is consumed for each mol 
of peroxide and the acid concentration slowly decreases 
as the dissolved copper concentration increases. As the 
acid concentration does not have a substantial effect on 
etch rate at low dissolved copper concentrations, it will 
be noted that the hydrogen peroxide etchant may con 
tain initially a high hydrogen ion concentration with rela 
tively little sacri?ce of etch rate after partial exhaustion 
and increase of the dissolved copper concentration. In sit 
uations where it is desired to optimize etch rates and em 
ploy lower acid concentrations the etchant solution may be 
advantageously made up to contain initially a low or in 
termediate hydrogen ion concentration, of the order of 
about OAS-3.4 grams per liter (about 2-15% by weight 
sulfuric acid), preferably between about 1.1-2.6 grams 
per liter (about 5—12% by weight sulfuric acid). Then, 
as the etchant is consumed causing reduction of the hy 
drogen ion concentration additional acid is added to regu 
late the hydrogen ion concentration within the optimum 
range of about 0.9-1.4 grams per liter (about 4-6% by 
weight sulfuric acid). Addition of the acid may take place 
either continuously or intermittently and either immedi 
ately after the start of the etching or after signi?cant 
exhaustion of the etchant solution. When the initial hy 
drogen ion concentration is low, say of the order of 
about 0.45-l.l grams per liter (and 2-5% by weight 
sulfuric acid), the addition of the acid preferably takes 
place substantially immediately after etching commences 
and is desirably more or less continuous until the hydro 
gen ion concentration is increased to well within the range 
of about 0.9-1.4 grams per liter. When the initial hy 
drogen ion concentration is greater than about 1.1 grams 
per liter the addition of acid to maintain the optimum 
concentration preferably takes place from time to time 
and after the etchant solution has been exhausted to the 
extent that the hydrogen ion concentration is below about 
1.1 grams per liter, usually just after the concentration 
is reduced below about 0.9 gram per liter. 

In the etchant solution the ratio of hydrogen per 
oxide to acid is less important than the concentration 
of the acid. As the chemical reaction or mechanism 
by which copper is etched consumes one mol of per 
oxide and 2 mols of acid hydrogen a mol ratio of 
1 to 2 is indicated, i.e. a H2O2/H+ ratio of 1 to 2. 
Peroxide to hydrogen ion mol ratios less than 1 to 2 are 
therefore generally unnecessary and may tend to slow 
the etch rate, particularly at the higher reagent concen 
trations. In practice, the amount of hydrogen peroxide 
actually consumed seldom will exceed about 75% so 
that the inclusion of just slightly more than about 1.5 
mols of hydrogen ion per mol of peroxide will be ade 
quate to supply sut?cient acid for complete utilization 
of the particular etchant solution. As some peroxide is 
also not utilized because of decomposition, the etchants 
made up to include sufficient acid for complete utilization 
without addition of more acid preferably have a hy 
drogen peroxide to hydrogen ion mol ratio of not less than 
about 1.0 to 1.6, and desirably in the range of about 
1.0:1.6 to 1.0 to 1.0. When acid is to be later added 
and the etchant solution contains initially a low or in 
termediate acid concentration, the mol ratio of peroxide 
to acid hydrogen may of course be initially somewhat 
greater, preferably between about 1.0202 to 10:10 As 
hydrogen peroxide is consumed and more acid added, 
the mol ratio of peroxide to acid will be reduced and 
eventually become similar to the mol ratios preferably 
employed in the solutions made up to contain the com 
plete acid requirement. Again, because peroxide utiliza 
tion seldom exceeds 75%, it is desirable from a practical 
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viewpoint not to add an amount of acid su?icient to re 
duce the mol ratio of peroxide to acid hydrogen below 
about 1.0 to 1.6. 
Temperature of the acidi?ed-hydrogen peroxide solu~ 

tion is another important factor in etching copper. As a 
practical matter, copper metal is not etched at room tem 
peratures or below. The nature of the attack of the acid 
hydrogen peroxide solution on copper at such tempera 
tures is more of a polishing, oxidizing or brightening ef 
fect. In order to efficiently etch copper the hydrogen per 
oxide solution must have a temperature of at least about 
40° C. at time of contact with the metal. Solution tem 
perature has a strong effect on etch rates and increasing 
the temperature to a preferred range between about 50 
62° C. will substantially increase the rate of etching to a 
level signi?cantly greater than heretofore realized with 
ammonium persulfate etchants at recommended optimum 
temperatures. At hydrogen peroxide solution temperatures 
above about 65° C. little further increase in etch rate is 
realized and such temperatures have been found partic 
ularly undesirable as resulting in an impractically high 
rate of peroxide decomposition. As is the case with acid 
concentration the in?uence of temperature on etch rate 
has been found to be greatest after partial exhaustion of 
the etchant and increase of the dissolved copper concen 
tration. If desired, etching may be commenced at the 
lower temperatures, for example, between about 40° C. 
to 55° C., and temperature of the solution then gradually 
increased up to a higher temperature of approximately 
55-62° C. as the solution is further exhausted. Increasing 
the temperature of the etchant solution is aided by the 
etching reaction itself which is moderately exothermic. in 
creasing the temperature of the etchant may be used to 
advantage to regulate etch rates at a more or less constant 
value when a number of pieces are to be etched in the 
same solution such as, for example, when employing auto» 
matic systems used in the manufacture of printed circuits. 

Generally, the etchant compositions of the invention 
may be prepared by simple mixing of the required com 
ponents. The etchants are most conveniently and readily 
prepared from an aqueous hydrogen peroxide concentrate 
containing between about 20-70%, preferably between 
30-60%, by weight hydrogen peroxide and between about 
ZOO-20,000 parts per million, preferably between 500 
5,000 parts per million of phenylurea, diphenylurea, ben 
zoic acid, hydroxy benzoic acid, or mixtures thereof, de 
sirably phenylurea. Such concentrates may also contain 
silver ions in an amount between about ZOO-5,000 parts 
per million, preferably between about 500—2,S00 parts 
per million silver ions. The silver ions are preferably 
furnished by addition of silver nitrate in an amount be 
tween about 300—7,000 parts per million, more usually 
between 750-3,500 parts per million. The etchant solu 
tions are readily prepared from the concentrates by addi 
tion of acid and water and, preferably, other desired addi-. 
tives such as sulfathiazole. The hydrogen peroxide con 
centrate may be easily and safely shipped and has the fur 
ther advantage of being storable for extended periods of 
time at room temperatures and above without deprecia 
tion. 
The acid-hydrogen peroxide solutions of the present 

invention are eminently suited for etching of copper in a 
highly e?icient and practical manner. In addition to etch 
ing of copper the invention may be applied generally in 
other conventional chemical dissolving operations such as 
chemical milling, graining and bright dipping or polishing. 
In such applications the temperature of the acid-peroxide 
solution may be varied, if desired, outside of the range 
prescribed for the etching of copper. For example, bright 
dipping operations may be carried out effectively at room 
temperature or slightly above. The additives provided by 
the invention are bene?cially effective not only in the 
presence of copper but also other metal ions. Thus, the 
acid solutions containing the additives may be employed 
in the dissolution of other metals such as iron, nickel. 
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cadium, zinc, germanium, lead, steel, aluminum and alloys 
containing a major portion of such metals. Aluminum 
metal is more effectively dissolved when the acid employed 
is nitric acid or ?uoboric acid, particularly ?uoboric acid. 
The solutions are, however, less effective on certain other 
metals such as gold, tin, chromium, stainless steel and 
titanium. 
The following examples in which parts and percentages 

are by weight unless otherwise noted demonstrate the 
practice and advantages of the present invention. 

CA 

8 
of phenylurea and sulfathiazole results in exceptionally 
fast etch rates and high capacity markedly superior to 
Baths A and C containing respectively phenacetin and 
phenylurea, and to Bath B in which there was incorporated 
a combination of both phenacetin and sulfathiazole. Bath 
E shows similarly excellent results when combining phenyl 
urea and silver ions. Bath F demonstrates that diphenyl 
urea is substantially as equally as e?ective phenylurea. 
Bath G shows that 500 parts per million sodium benzoate 
(benzoic acid) is highly effective in providing solutions 

The copper-clad laminates employed in the following 10 of fast etch rate and high capacity superiod to Bath C 
examples were supplied by General Electric Company containing phenylurea alone. Bath H shows further im 
under trademark “Textolite” (No. 11571). In the exam- provement in the benzoic acid system upon combination 
ples the copper laminates were cut into board specimens with sulfathiazole although the resulting bath fall short 
having dimensions of 9 x 9 x 1A6 inch. Each specimen had 15 of achieving of unusually excellent etch rates and capacity 
2.7 mil thick copper (2 ounces per square foot) laminated exhibited by Bath D containing less total amounts of the 
to a plastic base. Each of these specimens was spray etched preferred combination of phenylurea and sulfathiazole. 
using a Model 600 Spray Etcher manufactured by the Exam yes 9_10 
Chemcut Division of Centre Circuits Company (U.S.A.). p 
The reservoir of the spray etcher was charged with about 20 TWO additional elcham Solutions were Prepared and 
3 gallons of etchant solution and the spray etcher set to ?valllated in spray Etching of copper the Same as in the 
apply about 5 gallons per minute to ¢a¢h specimen, Etch preceding examples. Bath I contained as additives the 
time was determined with a stopwatch and etch rate cal- combination of 100 parts per million diphenylurea and 
culated after weighing each specimen before and after 250 parts per million sodium sulfathiazole. Bath J con 
treatment. 25 tained 2,000 parts per million para hydroxy benzoic acid 

Examples l—8 and 200 parts per million silver nitrate. Results are sum 
Employing the spray etching apparatus referred to mauled below m Table 2' 

above eight different etchant solutions were evaluated by 
etching a series of the copper-clad specimens with each TABLE 2 
solution. All solutions tested (Baths A-H) contained 6% 30 Etch Rate, Minutes 
by weight hydrogen peroxide and 13.0% by weight sul~ 35ml Bath J 
furic acid such that the mol ratio of peroxide to acid was Concentration~0unces Copper 
about 1 to 0.75. _All etchants were prepared with deionized Dlssmwjdmg?gncganm "I mlgi'gggiglrg, ?fwi-gg; 
water and contained not more than 1 part per million total 250 p.p-m- Benzoic Acid. 
free chloride and bromide ions. Baths A and B were eva- 35 s°dtlgfgzjg"a' 200 Pi§i-{§‘.;.§i“'" 
luated for purposes of comparison. Bath A contained 300 I _ 

parts per million phenacetin while Bath B contained a $1,133? """"""""""" " combination of 400 parts per million phenacetin and 400 mum-e51" _ 2:0 212 

parts per million sulfathiazole. Bath C contained 150 parts per million of phenylurea and Bath D contained both 150 40 _ ' ' 

parts per million phenylurea and sulfathiazole in an 
amount Of 250 Parts per million- T0 Bath B there was Table 2 shows that Bath I containing the combination 
added 150 parts per million phenylurea and about 150 of diphenylurea and sodium sulfathiazole exhibits sub 
parts per million silver nitrate. Bath F contained 150 parts stantially the same high capacity and fast etch rates as 
per million of diphenylurea while Bath G contained 500 45 the combination of phenylurea with sulfathiazole as em 
parts per million sodium benzoate. Bath H had incor- ployed in Bath D, as reported in Table l. The results 
porated therein a combination of 500 parts per million obtained with Bath J demonstrate that the combination 
sodrumbenzoate and 250.parts per million sulfathiazole. of hydroxy benzoic acid and silver ions results in excep» 
The acid-hydrogen peroxide baths were regulated at a tionally fast rates and high capacity almost equivalent 
temperature of about 60° C. during etching. Results sum- 50 to preferred combination of phenylurea and sulfathiazole 
manzing Examples l-8 are given in Table 1. in Bath D of Table 1. 

TABLE 1 

Spray Etch Rate,v Minutes 

gglllxccglslté?ggzg: Bath A Bath B Bath C Bath D Bath E Bath F Bath G Bath H 

Diész?llggsoper Aggl) Pei-(glide: Peroxide: Peroxide: Ag?) Peroxice: Acid Peroxide: Acid Peroxide: Acid Peroxide: Acid Peroxide: 
Etchant militate sutiatiil’a'i‘éie, M53325 suuat’tli'i‘éie, si‘ié’tpiiit’r‘éte, $355513‘... 5%’..3i3?' sZ‘é‘tl’s"i¥é;. 

400 ppm. 150 p.p.m. 150 p.p.m. Benzoate zoate, 250 
Phenacetin Phenylurea Phenylurea ppm. Sulta~ 

thiazole 

l't‘t‘?téiff‘" 1212 ii‘; ii iii ‘21% ‘21% ‘11% iii; 
4oun0es-- 4.8 2.1 3.5 2.0 2.4 3.5 2.3 2.3 

283333.... ioig 2.3 leg 2.3 2.8 5.7 as 3.3 
. 10ounees::::-..--:: .............. .. 14:0 ...... ..'. ..... __ 7:6 ..... .fl’ .......... .331? ............ .11‘.’ ........... f1? .... .. 

'At7ounees of copper. 

Table 1 shows the etch rate and capacity of the acid 
hydrogen peroxide baths of the invention to be generally 
very high and at least approximately equivalent or sup 
perior to those of the previously developed additive sys 
terns based on phenacetin. Bath C shows that solutions 
containing only 150 parts per million of phenylurea are 
clearly superior in both etch rate and capacity to solu 
tions containing 300 parts per million of phenacetin, as 
employed in Bath A. Bath D shows that the combination 

Examples 11-16 

A series of storage and etching tests were made to de 
termine ability of the various bath solutions of Examples 
l—9 to retain maximum effectiveness during periods of 
non-use after preparation. In these tests solutions having 
the composition of Baths A, B, C, D, F, and G were 
stored in sealed containers immediately after preparation 
and portions withdrawn periodically for use in spray etch-y 
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ing of copper according to the procedures and conditions 
described in the preceding examples. Results given below 
in Table 3 are measured in terms of loss or reduction of 
etch rate of the stored solutions compared with the 
freshly prepared solution as determined at 6 ounces of dis 
solved copper. 

TABLE 3 

Percent of 
Storage Period Maximum 

Beth and Additives in weeks E?ectiveness 
After Storage 

Period 

Bath A—-Phenacetin_________._ . _._.. 1 <90 
Bath B-Phenacetin sulfathiazole..- 1 <90 
Bath C—Phenylurea ______________ .. 4 100 
Both D-Phe iylurea sultathiazol. 4 100 
Bath F-Diphenylurea ____________ . . 4 100 

Bath G——Sodium benzoate. _ _ . .. 4 100 

Table 3 shows that Baths A and B containing phena 
cetin with or without sulfathiazole are less than 90% of 
maximum effectiveness after 1 week storage while Baths 
C, D and F containing benzoic acid and the phenylureas 
with or without sulfathiazole surprisingly retain substan 
tially 100% of maximum effectiveness after storage for 
as much as 4 weeks time. 

Examples 17-19 
Three bath-holding tests were made employing Baths 

B, D and H. In these tests the freshly prepared solutions 
were employed in spray etching as in the preceding ex 
amples up to the point where the baths contained 6 ounces 
per gallon of dissolved copper. Etching was then stopped 
and the solutions held in the etcher over various periods 
of time after which etching was again commenced and 
loss or reduction of maximum effectiveness after the 
holding period was determined. In these tests Baths B 
and H containing phenacetin and benzoic acid, respec 
tively, showed a reduction to less than 90% of maximum 
effectiveness after 48 hours while the preferred Bath D 
containing phcnylurea showed remarkable superiority with 
a retention of better than 90% of maximum effectiveness 
on resumption of etching after a 1 week holding period. 

Although certain preferred embodiments of the inven 
tion have been disclosed for purpose of illustration, it 
will be evident that various changes and modi?cations 
may be made therein without departing from the scope 
and spirit of the invention. 
We claim: 
1. The method for dissolution of a metal selected from 

the group consisting of copper, iron, nickel, cadmium, 
zinc, steel, aluminum and alloys thereof which comprises 
contacting the metal at a temperature within the range 
from about 40° C. up to about 65° C. with an acidi?ed 
aqueous hydrogen peroxide solution having incorporated 
therein about 0.45 to 5.5 grams per liter hydrogen ion 
and a catalytic amount of an additive selected from the 
group consisting of phenylurea, diphenylurea, benzoic 
acid, hydroxy benzoic acid and salts and mixtures thereof, 
said aqueous solution having a total free chloride and 
bromide ion content of not more than 2 p.p.m. 

2. The method of claim 1 in which the amount of addi 
tive incorporated in the solution is between about 100 to 
1,000 parts per million. 

3. The method of claim 1 which the solution also 
has been incorporated therein as catalyst an additive se 
lected from the group consisting of sulfathiazole phen 
acetin, silver ions and water-soluble salts and mixtures 
thereof. 

4. The method of claim 1 wherein the additive is 
phenylurea. 

5. The method according to claim 1 in which the solu 
tion has incorporated therein about 2 to 12% by weight 
hydrogen peroxide. 
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6. The method according to claim 1 in which the solu 

tion has incorporated therein about 2 to 23% by weight 
sulfuric acid. 

7. The method of claim 1 wherein the additive is pres 
ent in an amount between 20 to 5000 p.p.m. 

8. A composition for metal dissolution consisting es 
sentially of an acidi?ed aqueous hydrogen peroxide solu 
tion having incorporated therein a catalytic amount of 
an additive selected from the group consisting of phenyl 
urea, diphenylurea, benzoic acid, hydroxy benzoic acid, 
and salts and mixtures thereof. 

9. The composition of claim 8 in which the amount of 
additive incorporated therein is between about 100 to 
1,000 parts per million. ’ 

10. The composition of claim 8 in which there is also 
incorporated as catalyst an additive selected from the 
group consisting of sulfathiazole phenacetin, silver ions 
and water-soluble salts and mixtures thereof. 

11. The composition of claim 8 having incorporated 
therein between about 50 to 1500 parts per million phenyl 
urea or diphenylurea and between about 20 to 1500 parts 
per million sulfathiazole or salt thereof. 

12. The composition of claim 8 having incorporated 
therein between about 50 to 1500 parts per million phen 
ylurea or diphenylurea and between about 10 to 1500 
parts per million silver ions. 

13. The composition according to claim 8 in which 
the solution has incorporated therein about 2 to 12% by 
weight hydrogen peroxide and about 0.45 to 5.5 grams per 
liter hydrogen ion. 

14. The composition according to claim 8 in which the 
solution has incorporated therein between about 2 to 23% 
by weight sulfuric acid. 

15. A composition according to claim 8 in which the 
total chloride and bromide ion content does not exceed 
2 p.p.m. 

16. The composition of claim 8 wherein the additive 
is present in an amount between 20 and 5000 p.p.m. 

17. The composition of claim 8 in which the additive 
is phenylurea. 

18. A composition suitable for conversion to an acidi 
?ed-hydrogen peroxide etchant containing 2-12% by 
weight hydrogen peroxide and a catalytic amount of ad 
ditive selected from the group consisting of phenylurea, 
diphenylurea, benzoic acid, and salts and mixtures there 
of, said composition consisting essentially of a concen 
trated aqueous solution containing 20-70% hydrogen 
peroxide and at least one of said additives in a total 
amount between about 200-20,000 parts per million. 

19. A composition in accordance with claim 18 in 
which said concentrated aqueous solution has incorporated 
therein 30-60% hydrogen peroxide and between about 
500-5000 parts per million phenylurea. 

20. The composition-of claim 18 which additionally 
has incorporated therein a compound selected from the 
group consisting of sulfathiazole, phenacetin, silver ions, 
and water-soluble salts and mixtures thereof. 

21. The composition of claim 18 which additionally 
has incorporated therein about 200 to 5000 p.p.m. silver 
ions. 
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