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[5 7] ABSTRACT 

The present invention relates to solutions used for 
chemical dissolution treatment such as, pickling, etch 
ing, chemical polishing, etc., of metallic materials. In 
such a treatment, however, where hydrogen peroxide 
is used as an oxidizing agent, a considerable excess of 
the agent is required due to low e?iciency. On the 
other hand, when chloride ions are contained in the 
solution, the dissolution rate of metallic materials is 
remarkably decreased. The present invention has 
overcome the above difficulties by using a solution for 
chemical dissolution treatment of metallic materials 
containing hydrogen peroxide, an acid and at least one 
of an alcohol polyoxyethylene ether, an alkylsulfonic 
acid, an alkyl hydrogen phosphate, an alkyl hydrogen 
phosphite, an alkyl hydrogen sulfate and their salts. 

15 Claims, No Drawings 
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SOLUTIONS FOR CHEMICAL DISSOLUTION 
TREATMENT OF METAL MATERIALS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention _ . 

The present invention relates to solutions used for 
dissolution treatment of metallic materials, more par 
ticularly, to solutions ‘which comprise acid solutions 
containing hydrogen peroxide and a small amount of 
such organic compounds that no only inhibit decompo~ 
sition of hydrogen peroxide but also exhibit useful 
?inctions pro?table to the chemical treatment. 
The term “chemical dissolution treatment” used 

herein refers to the treatments in general for chemi 
cally dissolving metals or metallic compounds such as 
oxide scale adhering to the surface of the metals, in 
cluding from the technical standpoint, pickling, etch 
ing, chemical milling and‘ chemical polishing. Pickling 
is a process in which oxide scales produced‘ in high tem 
perature processing ‘ of metallic materials or during 
their storage are removed. Etching and chemical mill 
ing are processes to give a desired shape to a metallic 
material by dissolving unnecessary parts of the mate 
rial. Chemical polishing is a treatment to produce a 
smooth and bright surface on metallic materials by dis 
solving the surface layer under a speci?ed condition. 

2. Description of the Prior Art: 
So far, a variety of aqueous solutions were used for 

these treatments, employing as major constituents 
strong acids such as sulfuric and hydrochloric acids and 
oxidizing agents such as chromic acid and nitric acid. 
Special metals such as titanium, niobium and stainless 
steel require use of hydro?uoric acid in solutions for 
their chemical dissolution treatment, but those acids 
which are relatively harmless in the environmental pol 
lution such as sulfuric, sulfamic and hydrochloric acids 
may be used'for ordinary metals. On the other hand, 
there exists a dif?culty with the oxidizing agent. Chro 
mic acid produces hexavalent chromium ions and nitric 
acid produces nitrogen oxide gas, both being harmful. 
Therefore, the processes employing these oxidizing 
agents require a large scale plant and a high cost to pre 
vent pollution and to maintain good working environ~ 
ment. These processes are not desired because of the 
economical drawbacks in economy and environmental 
policy. Problems arise with copper and alloys thereof 
which have ionization tendency lower than that of hy 
drogen, since these metals need an oxidizing agent to 
dissolve in an acid. The same problem concerning 
harmful materials from oxidizing agents is common 
when hydro?uoric acid is used as acid. 
To overcome the dif?culty, an attempt has been 

made to employ hydrogen peroxide as oxidizing agent. 
For example, an aqueous solution containing 0.1 to 300 
g/l of hydrogen peroxide and 0. l to 10 g/] in hydrogen 
ion concentration of acid components (hereinafter the 
solution will be designated as hydrogen peroxide acid 
solution) was used. But the solution proved to have dif 
?culties in the technical sense as speci?ed in the fol 
lowing: . I 

1. Hydrogen peroxide is decomposed catalytically by 
the action of metallic ions dissolved in the solution. 
This means not only economical loss but also difficulty 
of stable treatment in uniformly dissolving metallic ma 
terials in the technical scale. Hydrogen peroxide is 
known to be unstable in itself and to be acceleratingly 
decomposed by the catalytic action of heavy or noble 
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metals. For instance, in an aqueous solution containing 
10 g/l of hydrogen peroxide and 100 g/l of sulfuricacid 
at 60°C the, rate of decomposition of hydrogen perox 
ide in the presence of 0.5 g-mole/l of various metal ions 
is as follows: 

Table: 1 

Metal ion Rate of Decomposition 
(g-Hz‘oz/l mind 

Fe+++ >3 
Cu++ 1.7 X 10“1 ‘ 
Mn++ 3.8 X 10-2 
Cr+++ 2.2 X 10'2 
Ni++ 5.0 X 10"‘ 

None 3.3 X 10‘3 

2. Hydrogen peroxide is decomposed on‘ the surface 
of heavy metals by contact catalysis. Even if the above 
decomposition could be prevented, mist of acid will in 
evitably be generated, which will result in deterioration 
of working conditions. 

3. Generally lustrous ?nished surfaces are required in 
the chemical dissolution treatment of metallic materi 
als. But the treatment with the hydrogen peroxide acid 
solution gives a non-lustous surface. Further even when 
the treatment solution is contaminated with chloride 
ions having such a low concentration as encountered in 
city water, the rate of dissolution is decreased by sev 
eral tens of percents. 

4. If brass materials in the form of tubes, wires, bars, 
plates and strips are treated in a bundle, red strains ap 
pear at the contact area on the materials. 

As a countermeasure to the ?rst probelm (1), US. 
Pat. No. 2,154,455 describes use of lower alcohols, so 
dium pyrophosphate, sodium stannate and glycerine as 
a stabilizing agent for hydrogen peroxide. Further, car 
boxylic acids and chelating agents (such as amino 
carboxylic acids and 8-oxyquinoline) are suggested to 
be useful as stabilizing agents for hydrogen peroxide. 
However, these substances are rather poor in their abil 
ity as stabilizing agent and they should be applied in a 
fairly high concentration which is not acceptable in 
most cases. Glycerine and some alcohols cause a de 
crease in the rate of dissolution of metals. Lower alco 
hols and carboxylic acids that are volatile produce bad 
smell. Sodium stannate may often‘ become colloidal 
and sticks to and stains materials under treatment. Py 
rophosphoric acid is apt to be [hydrolyzed in an acid so 
lution. Chelating agents have to be used in a large ex 
cess over the amount of metal ions dissolved, and only 
poor effect could be expected. 
US. Pat. No. 3,293,093 describes, as a countermea 

sure to the third problem (3), addition of mercury salts, 
silver salts, phenacetine and swlfathiazole, the additives 
all being toxic and expensive. Salts of mercury and sil 
ver have only limited application because they may de 
posit on the materials being treated. 
The second and fourth problems described above re 

main still unsolved. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide solu 
tions for chemical dissolution treatment of metallic ma 
terials which can be applied to metallic materials con 
stantly and uniformly for a su?‘iciently long period, sup 
pressing wasteful decomposition of hydrogen peroxide, 
by adding a small amount of stabilizing agent. 
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Further object of this invention is to provide solu 
tions for‘chemical dissolution treatment of metallic ma 
terials with which, even when the treatment solutions 
are contaminated by chloride ions, lustrous ?nished 
surfaces of metallic materials could be produced with 
out decreasing the rate of dissolution of metals. 

Still further object of this invention is to provide solu— 
tions for dissolution treatment of metallic materials 
which do not produce mist of acid on dissolving metal 
lic materials. 
Another object of this invention is to provide solu 

tions for chemical dissolution treatment of metallic ma 
terials with which red strains, that are otherwise likely 
to form on brass materials, could be prevented from 
forming. 
According to the present invention there is provided 

a solution for the chemical dissolution treatment of me 
tallic materials comprising a mixed aqueous solution of 
0.1 to‘ 10 g/l in hydrogen-ion concentration of an acid, 
0.1 to 300 g/l of hydrogen peroxide, and 0.001 to 20 g/l 
of at least one compound to prevent the decomposition 
of the hydrogen peroxide selected from the group con 
sisting of; . 

a. an alcohol polyoxyethylene ether represented 
the formula 

. R10(C2H40),.H, 

b. an alkylsulfonic acid represented by the formula 

X—R2—SO3H or its salts, 

c. an alkyl hydrogen phosphate represented by the 
formula 

R o ' 
5 \ 

‘ R40 - P = o 

/ 
or its salts, 

HO 

d. an alkyl hydrogen phosphite represented by the 
formula , . 

(5 
R5 \ 
HA0 - P 6r its salts, and I 

/ 

e. an alkyl hydrogen sulfate represented by the for 
mula 

R3OSO3H or its salts 

wherein R, is an aliphatic hydrocarbon residue having 
4 to 20 carbon atoms n is an integer of 2 to 20, R2 is 
an alkyl group having 1 to 18 carbon atoms X is hydro 
gen or sulfonic group, R3 is an alkyl group or hydroxy 
alkyl group, each having 1 to 12 carbon atoms and R4 
is hydrogen, or an alkyl group or hydroxyalkyl group, 
each having 1 to 12 carbon atoms. 

DETAILED DESCRIPTION OF THE INVENTION: 

The solution for the chemical dissolution treatment 
of metallic materials of the presentinvention will be ex 
plained with respect to its components. 
The concentration of the ?rst component, hydrogen 

peroxide,‘ is 0.1 to 300 g/l, preferably 1 to 200 g/l. The ’ 
accelerated dissolution of metals cannot be practically 
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4 
expected at a concentration below 0.1 g/l, while for a 
high concentration exceeding 300 g/l metals are dis 
solved too vigorously, or sometimes the oxide of the 
metal is not dissolved, depending on the redox poten 
tial of the system. Therefore the range of concentration 
referred to above should be maintained. Within the 
range of concentration, however, metals are dissolved 
more quickly at a higher concentration of hydrogen 
peroxide. A lower concentration (0.1 to 100 g/l) is uti 
lized for pickling, and a higher concentration (5 to 300 
g/l) for etching and polishing. 
The second component, an acid, includes sulfuric, 

sulfamic, phosphoric, hydrochloric, acetic, hydro?uric, 
hydroboro?uoric, and hexa?uorohydrosilicic acids. 
Among them, sulfuric acid is generally used because it 
is cheap. Acetic acid is suitable for the dissolution 
treatment of lead metal and alloys thereof. For such 
metals as niobium, titanium, stainless steel and other 
special alloys, hydro?uoric acid should be used either 
alone or in the form of a mixture with another acid. 
Thus, acids to be used should be chosen depending on 
the metals to be treated. The acid concentration in the 
solutions for chemical treatment of this invention is 0.1 
to 10 g/] in terms of hydrogen-ion concentration. If the 
concentration is below 0.1 g/l, the solution is practi 
cally too weak to dissolve metals. On the other hand, 
however, a solution having an excessive acid concen 
tration, that is over 10 g/l for example, does not exhibit 
suf?cient dissolution power. Solutions having exces 
sively high or low acid concentration should be ex 
cluded. 
The third component, the compounds which serve to 

suppress the decomposition of hydrogen peroxide, are 
(a) alcohol polyoxyethylene ether, (b) alkylsulfonic 
acid, (c) alkyl hydrogen phosphate, (cl) alkyl hydrogen 
phosphite, (e) alkyl hydrogen sulfate and their salts, 
and they are represented by the formulae as follows. 

a. Alcohol polyoxyethylene ether, 

wherein R1 is an aliphatic hydrocarbon residue having 
4 to 20 carbon atoms and n is an integer of 2 to 20; 

b. Alkylsulfonic acid, 

wherein R2 is an alkyl group having 2 to 18 carbon 
atoms, and X is hydrogen or an alkyl group having 1 to 
18 carbon atoms. 

c. Alkyl hydrogen phosphate, 

wherein R3 is an alkyl group or an alkyl hydroxyalkyl 
group, each group having carbon atoms of l to 12, and 
R, is hydrogen, or a group or an alkyl hydroxyalkyl 
group, each group having 1 to 12 carbon atoms. 

d. Alkyl hydrogen phosphite, 

$530 
4 / 
HO 

P 
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wherein R3 and R4 are the same as R3 and R4 respec— 
tively in the above alkyl hydrogen phosphate; 

e. Alkyl hydrogen sulfate, 

R3OSO3I-l wherein R3 is the same as R3 in the above 
alkyl hydrogen phosphate. 

The concentration of above alcohol polyoxyethylene 
ether to be added is preferably 0.01 to 20 g/l, and if the 
concentration is within this range, the following effects 
that have been already mentioned could be achieved; 
(1) stabilization of hydrogen peroxide, (2) prevention 
of mist of the acid from spraying, (3) accelerated rate 
of dissolution of metals and producing luster on the fin 
ished surface. The most preferred concentration is 0.1 
to 15 g/l. These effects are particularly predominant 
when the aliphatic hydrocarbon residue R1 in the above 
formula in (a) is cetyl, oleyl, octadecyl, dodecyl or oc 
tyl. If the number of carbon atoms in the aliphatic hy 
drocarbon residue R1 and/or the integer n are/is be 
yond the speci?ed range, at least one of the effects de 
scribed in (1), (2) and (3) above is lost. Stabilization 
of hydrogen peroxide and the rate of dissolution of 
metals will be explained hereinafter. Ethers (a) are fea 
tured by their high surface activity. Since they are non 
ionic, they form a stable and dense layer of foam on the 
surface of solutions for dissolution treatment even in 

20 

25 

the presence of acids and metal salts, serving to prevent > 
mist of acid from spraying. 

In the next place, the concentration of alkylsulfonic 
acid (b) to be added is preferably 0.01 to 20 g/l, more 
preferably 0.1 to 15 g/l. 
The concentrations of alkyl hydrogen phosphate (c), 

alkyl hydrogen phosphite (d) and alkyl hydrogen sul 
fate (e) to be added are preferably 0.001 to 20'g/l, 
more preferably 0.01 to 5 g/l. The alkyl hydrogen'phos 
phate (c), alkyl hydrogen phosphite (d) and alkyl hy 
drogen sulfate (e) are chemically more stable when 
alkyl groups are composed of more carbon atoms. But 
these compounds having too many carbon atoms show 
less solubility. For this reason the number of carbon 
atoms is restricted to l to 12. 

Compounds belonging to the three categories (c), 
(d) and (e) have the effect of stabilizing hydrogen per 
oxide and preventing chloride from interfering with the 
dissolution of metals, even when the compounds exist 
in a minute quantity. These two kinds of effects will be 
explained in the following with reference to experimen 
tal results. 

First, the following experiment was carried out to ex 
amine the stabilizing effect on hydrogen peroxide: to a 
mixed aqueous solution containing 30 g—Cu/l of copper 
sulfate, 100 g/l of sulfuric acid and 10 g/l of hydrogen 
peroxide, the compounds (a), (b), (c), (d) and (e) to 
be used in this invention and conventional stabilizing 
agents were separately added and the rate of decompo 
sition of hydrogen peroxide was measured at a bath 
temperature of 60°C. The results are shown in Tables I 
2 and 3. 
Alcohol polyoxyethylene ethers in (a) appear in Nos. 

2 through 15 in Table 2. These ethers are not single 
pure compounds, but the degree of polymerization n of 
each ether is distributed to some extent; therefore mo 
lecular formulae of the major components are ‘shown in 
the table. Examination of the influencevof molecular 
weight proves that the, magnitude of molecular weight 
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6 
exhibits some difference in the effect of stabilization 
(NOS. 2 to v7). The ethers slhow remarkable effect on 
stabilization when added in a concentration exceeding 
0.01 g/l (Nos. 8 to 14). Addition of the ether in a con 
centration of over 20 g/l is too expensive and wasteful. 
In No. 15 where R1 is oleyl group, which is an unsatu 
rated aliphatic hydrocarbon residue, a better effect on 
stabilization can be seen in comparison with that when 
lower alkyl alcohol, carboxylic acids, glycerine, sodium 
pyrophosphate and 8-oxyquinoline, which have been 
previously used, are added in the same concentration. 
Nos. 16 through 29 show results when alkyl sulfonic 
acids (b) are used. In these cases, the effect on stabili 
zation depends on the molecular structure of the com 
pounds and the concentration of the compounds, the 
situation being just the same as in the case of alcohol 
polyoxyethylene ether (a). The best result was ob 
served with ethan sulfonic acid. Alkyl sulfonic acids (b) 
generally exhibit better effect on stabilization‘than al 
cohol polyoxyethylene ethers (a) above. The results 
obtained from the use of alkyl hydrogen phosphate (c) 
and alkyl hydrogen phosphite (d) are shown in NOS. 
30 through 43. The stabilizing effect depends on the 
concentration of compounds added, number of carbon 
atoms in the respective alkyl groups and the molecular 
structure, but the number of alkyl groups has almost 
nothing to do with such effect. The best stabilizing ef 
fect was observed with dibutyl hydrogen ‘phosphate 
(No. 38) and butyl dihydrogen phosphite (No. 42). In 
respect to the effect of the concentration of diethyl hy 
drogen phosphate on the stabilization (Nos. 31 through 
36), no signi?cant stabilization effect was seen when 
the concentration was below 0.0001 g/l, but the rate of 
decomposition was reduced to l/10 or less of No. l, 
where no compound was added, for the concentration 
of 0.001 g/l; about 1/30 for 0.01 g/l; less than l/l00 for 
0.1 g/l; and about 1/300 for 1 g/l. The stabilizing'agents 
to be used in this invention reduce the rate of decom 
position of hydrogen peroxide to less than l/lO of the 
decomposition rate attained by the use of conventional 
agents having the same concentration. This leads to the 
conclusion that the required amount of alkyl hydrogen 
phosphate (c) and alkyl hydrogen phosphite (cl) is 1/50 
to H100 of that of conventional stabilizing agents if the 
same degree of effect is desired. 
Nos. 44 through 54 are examples, where alkyl hydro 

gen sulfates (e) are used. The compounds of this cate 
gory have somewhat less stabilizing effect than phos 
phate (c) and phosphite (d), but larger effect than 
ethers (a) and sulfonic acids (b) when used in lower 
concentrations. As for the in?uence of molecular struc 
ture, a compound having a straight chain exhibits bet 
ter effect than a compound having a branched chain 
(Nos. 49 and 51 ). Needless to say, even the latter com 
pound having a branched chain is much more useful 
than conventional stabilizing agents. In comparison 
with conventional stabilizing agents containing an alkyl 
group, alkyl hydrogen sulfates of the present invention 
having the same alkyl group are much better with re 
spect to stabilizing effect. This is apparent from com 
parisons of No. 44 with No. 55, No. 45 with No. 62, No. 
49 with No. 58, and No. 51 with No. 59; 

It is concluded from the above that the stabilizing 
agents to be used in the present invention exhibit better 
effect of stabilizing hydrogen peroxide when added in 
a lower concentration than conventional stabilizing 
agents. 
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Table 2 

No. Compound added Concentration Rate of 
of added comp. decomposi 

(g/l) tion ' 
(g—H2O2/l hr) 

1 none — 10.3 

2 CxH|7O(C3H.|O)(iH 2 0.33 
3 C,,H,7O(C2H,O)H,H 2 0.21 

. 4 C,2H2_-,O(CzH4O)",H 2 0.15 
5 Cl2H25O(C2H_,O)6H 2 0.17 
6 C“,-H;,_-,O(C,H4O)GH 2 0.14 
7 C,GH;L-,O(C2H4O)l,,H 2 0.27 
8 C,“H_r,N-,O(C2H4O),;H 0.001 9.9 
9 " 0.01 2.9 
10 " 0.1 0.44 
l l " l 0. I6 
12 " 10 0.14 
13 " 20 0.14 

' 14 ” 50 0.17 

Stabilizing 15 C,,;HQ5O(C2H 40),.H 1 0.23 
' agents to ' l6 CHHSOHH 5 0.1 1 
be used _ l7 C2H5SO3H 5 0.05 
in the 18 n—C_r,H7SO-,H 0.001 0.77 
present " l9 " 0.01 0.63 

invention 20 ” 0.1 0.19 
' ' ' 21 ” 1 0.09 

22 " 5 0.061 
23 ” 20 0.069 
24 " 50 0.066 

25 iso-—-C;,H,SO;,H 5 0.090 
26 CKHHSO3H 1 0.1 1 
27 C,,H2,,+,SO;,Na 1 0.11 

i (n = 12 — 18) 

28 HOQS(CH2);,SO:,H 5 0.13 
29 HO_-,S(CH2)“SO;,H S 0.07 

Table 3 

Concentration Rate of De‘ 
No. Compound added of added comp. composition 

(g/l) (g-Hzop? hr) 

30 (CH_-,O)2P(O)OH 1 0.078 
31 (C2l-l5O )2P(O)OH 0.0001 5.3 
32 ” 0.001 0.76 

- 33 " 0.01 ‘ 0.36 

34 " - t ' 0.1 0.098 

35 " 1 0.039 
' 36 ” 10 0.043 

Stabilizing 37 (C2H,,O)P(O)(OH)2 1 0.044 
agents to 38 (n--C4H,,OZ)P(O)OH 0.5 0.024 
be used 39 (HO—C2H_,O)PO(OH)2 0.5 0.030 
in the 40 (C2H5O),POH 0.5 0.040 
present 41 (is0-—-C;,H,O)2POH 0.5 0.059 

invention 42 (n---C.,H,,O)P(Ol~l)2 0.5 0.020 
43 (HO—-(CH2)2O)2POH 0.5 0.029 
44 (CH3O)SO=,H v 1 0.29 
45 (C2H5O)SO;,H 1 0.1 1 
46 (n~--C,,H7 O)SO2H 0.001 2.1 
47 " 0.01 0.38 
48 ” 0.1 0.098 
49 " 1 0.059 
50 " 10 0.055 

51 (iso—CuH,O )SO3H 1 0.21 
52 (n-—C4H.,O)SO;,H 1 0.041 
53 (C,,H,7O)SO;,H 1 0.066 

g 54 (HO—(CH2)4O)SO=,H 1 0.071 
Conventional 55 CH3OH l l.[ 
Stabilizing ' 56 CZHEOH 1 0.71 ‘ 
agents 57 " 10 0.25 

58 nC;,H,OH 2 0.28 
59 is0—C;|H1OH 5 0.64 
60 CMHHOH l 1.2 
61 (HO)CH2-—CH(OH- 5 2.0 

)—CH2(0H) 
62 C2H,,COOH 1 0.27 
63 Na.,P2O7 10 1 .5 
64 8-oxyquinoline 1 9.8 

Subsequently, the effect of the stabilizing agents to 
be used in the present invention was investigated on ac-l 
celerating the rate of dissolution of metals and reducing 

5 . . . . . . 

the interference of chloride ions with the dissolution. 
Thus, a variety of the stabilizing agents referred to 
above, the third component to be used in this inven 
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tion, together with chloride ions were each added sepa 
rately to an aqueous solution containing 100 g/l of sul 
furic acid and 45 g/l of hydrogen peroxide, and the rate 
of dissolution of yellow brass plates (Cu : Zn = 65 : 35 
by weight percent) was measured at a bath temperature 
of 20°C. The rate of dissolution is shown in Table 4 in 
relative values against the basic ?gure of 100 for the 
rate obtained when neither stabilizing agent nor chlo 
ride ion was added. Alcohol polyoxyethyleneether (a) 
accelerates the dissolution more than twice as much as 
when no additives are used, as seen in No. 4 and No. 

5 

10 

10 
above, that is alcohol polyoxyethylene ethers (a), alkyl 
sulfonic acids (b), alkyl hydrogen phosphates (c), alkyl 
hydrogen phosphites (d) and alkyl hydrogen sulfates 
(e). Particularly when alcohol polyoxyethylene ethers 
(a) are used in combination with acompound selected 
from the four groups of compounds (b), (c), (d) and 
(e), three major drawbacks inherent in conventional 
solutions for chemical dissolution treatment of metals 
could be readily avoided; that is (l) decomposition of 
hydrogen peroxide, (2) spraying of mist of acid and (3) 
decrease in dissolution rate of metals. 

Table 4 

I Concentration Concentration Relative 
No. Compound added of added comp. of Cl- (ppm) dissolu— 

(g/l) ‘ tion rate 

1 none — 0 ‘ 100 

2 " — l0 67 

3 " — 300 48 

4 C,2H25O(C2H,O)1UH 5 0 220 
5 " ” 10 I29 

6 Cl6-H33O(C2H4O),,H 2 O 205 
7 CzHsSonH 2 0 111 
8 . " g " 300 I08 

9 (n—C4H9O )2P(O)OH l O 137 
10 " " 10‘ 129 
ll " ” 300 l33 

l2 CzH5OSO-3H l ‘ 0 85 
I3 " " 300 86 

I4 C,2H25O(C2H.,O)“,H 2 
{ g } 0 205 (N—C4H9O)2P( O)OH 0.5 

l5 " ' . 300 l7l 

16 C12HZ5O(C2H4O)1UH 2 
{ ‘ ' 0 201 
C2l-l50SO3H 0.5 

l7 " " l0 166 

6‘, but the accelerating effect is remarkably lost when 35 
only 10 ppm of chloride ions are present,'though the 
rate of dissolution (129) is still about twice as much as 
the rate of dissolution (67) obtained when no stabiliz 
ing agent was added (No. 2). 
As is apparent in Nos. 7 through 11, alkyl sulfonic 

acids (b) and alkyl hydrogen phosphates (c) show little 
accelerating action toward dissolution of metals, but 
exhibit considerably large effect in reducing the inter 
ference of chloride ions with dissolution rate. 
As can be seen in Nos. 14 and 15, the dissolution rate 

is considerably accelerated with the interference of 
chloride ions being suppressed, when the ethers (a) 
above are used together with the phosphates (c) or the 
sulfonic acids (b). Alkyl hydrogen sulfates (e), on the 
other hand, tend somewhat to supress the rate of disso~ 
lution, but they are entirely free from in?uence of chlo— 
ride ions even if the quantity of the latter is large, as is 
evident in Nos. 12 and 13. Therefore, it is readily un 
derstood from Nos. 16 and 17 that a sufficiently high 
level of acceleration of dissolution rate could be 
achieved when sulfates (e) and ethers (a) both men 
tioned above are used in combination. 
As is evident from the foregoing descriptions, the 

third component of this invention not only accelerates 
dissolution of metals, but also eliminates ‘the interfer 
ence of chloride ions, present in city water and other 
water, with dissolution of metals, which has been the 
fatal drawback of solutions for chemical dissolution 
which has been the. ‘ 

Therefore, the third component to be used in the 
present invention may be at least one compound se* 
lected from the ?ve groups of compounds mentioned 

40 

45 
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When bars or tubes of yellow brass material in a bun 
dle are immersed in a solution for chemical dissolution 
treatment consisting of the three components (acids, 
hydrogen peroxide and stabilizing agent) mentioned 
above, so-called “red stain” may often be generated at 
the contact area of the materials. “Red stain” is a result 
of dezincfication peculiar to yellow brass materials by 
which the surface partly assumes copper color. This 
phenomenon may very often happen when the materi 
als are kept immersed for a long time in an unstirred 
bath which is lacking in hydrogen peroxide. This is the 
fourth drawback occurring in conventional solutions 
for chemical dissolution treatment. ’ 

The fourth drawback of conventional solutions could 
be eliminated, according to the investigation of this in 
vention, by adding 0.1 to 5,000 ppm, preferably 1 to 
500 ppm, of glue or gelatine as the fourth component. 
Since glue and gelatine are subject to hydrolysis to 
some extent while in use, it may be possible to use 
partly hydrolyzed glue or gelatine (hydrolyzates). The 
theory of the function of these added matters is not evi 
dent. But, if the “red stain” is generated following the 
“dissolution-deposition theory”. it is considered that 
they function to suppress the deposition reaction of 
copper. 

As has been explained above, the solutions for chem 
ical treatment of metallic materials can be utilized for 
treatments of various metallic materials: pickling, etch 
ing, chemical milling and chemical polishing. There is 
no speci?c limitation to metals to which the treatment 
solutions of this invention can be applied. The metals 
include copper, silver, nickel, iron, zinc, aluminum, ti 
tanium and the alloys thereof, such as brass, nickelsil 
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ver, cupronickel and copper-titanium alloys. When ap- 
plied to copper and the alloys thereof, the present in 
vention exhibits the best results. ' 

Among the chemical dissolution treatments referred 
to above, pickling is suited to a relatively low concen 
tration (0.1 to 100 g/l) of hydrogen peroxide, while 
etching and chemical milling are suited to a relatively 
high concentration (5 to 200 g/l) of hydrogen peroxide. 
Chemical polishing is performed by immersing materi 
als to be treated in a specially concentrated solution 
( 10 to 300 g/l) for a short time, where the following 
procedure is particularly desired for copper and copper 
alloys: in a solution of this invention in which the con 
centration of hydrogen peroxide exceeds 5 g/l and the 
ratio .by weight of hydrogen peroxide to hydrogen ion 
concentration, H2O2/[HJ’], is over 30, copper or a cop 
per alloy is immersed to form a colored coating ?lm of 
oxide, and then immersed in a solution which dissolves 
the copper oxide such as solutions of dilute acids, am 
monia, aminocarboxylic acid and sodium cyanide, to 
dissolve the colored coating ?lm of oxide. Since hydro 
gen peroxide is stabilized by the action of the third 
component used in this invention, a uniformly colored 
coating ?lm of oxide is formed without being disturbed 
by bubbles of gas evolving as a result of decomposition, 
and therefore a uniformly lustrous surface is provided. 
Further, as the range of solution composition in which 
the colored coating ?lm of oxide is formed can be ex 
panded by adding the third component, the treatment 
can be performed in a stable manner and on a large 
scale. 
The present invention will be more clearly under 

stood from the following examples. 

EXAMPLE 1 

' ' A hot rolled copper wire rod (8 mm diameter) having 
00.3 percent by weight of black oxide scale was im 
mersed for 5 min. in a solution of the following compo 
sition: . ' 

Bath temperature about 40°C 

The oxide scale completely disappeared, and a semi 
lustrous clean surface was obtained with no deposition 
of tiny powder of copper. 

Comparison 1 

The same wire rod as in Example 1 was immersed in 
a solution containing 50 g/l of sulfuric acid at 40°C. In 
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5 min. half of the scale remained but the scale was com- 5 
pletely removed only in 30 min. Tiny powder of copper 
which deposited on the surface was expelled by a water 
jet, leaving a mat surface. 

Comparison 2 

The same wire rod as in Example 1 was immersed in 
a solution which was the same as in Example 1 except 
that alcohol polyoxyethylene ether containing 
C|2H25O(C2H4O)6H as main constituent was not con 

60 

tained in the solution. The oxide scale remained in 5 65 
min., but disappeared in 10 min. Although deposition 
of tiny powder of copper was not observed, the surface 
was not lustrous. 

l2 

EXAMPLE 2 

The same wire rod as in Example 1 was immersed in 
a solution prepared with city water and having the fol 
lowing composition: 

M202 2 g/l 
H280, 50 g/l 
C12H25O(C2H~iO)csH 5 g/l 
(main constituent) 
Cl- ppm 
Bath temperature about 40°C 

The black scale that was observed in 5 min. disap~ 
peared in 10 min. The surface with no deposition of 
tiny powder of copper was semi-lustrous and clean. 

Comparison 3 

The same wire rod was immersed in the same solu 

tion as in Example 2 except that C12H25O(C2H4O)6H as 
main constituent was not contained in the solution. The 
black scale remained in 10 min. but disappeared in 20 
min. Although no tiny powder of copper was observed 
on the surface, the surface was not lustrous. 

EXAMPLE 3 

The same wire rod was immersed in the same solu— 

tion as in Example 2 except that 0.5 cc/l of ethyl hydro 
gen sulfate was further contained in the solution. The 
black scale disappeared in 5 min. and the surface ob 
tained was semi-lustrous without deposition of tiny 
powder of copper. 

EXAMPLE 4 

A copper-titanium alloy strip containing 4 percent by 
weight of titanium was heated for 7 min. in the air at 
850°C and quickly cooled to make it soft, when a pri 
mary scale of black copper oxide as major constituent 
and an approximately 4p. thick light brown sub-scale 
which resulted from internal oxidation of titanium were 
formed. The former scale was removed when cooled 
quickly. I . 

The copper strip having the sub-scale was immersed 
for 2 min. in the solution having the following composi 
tion: 

Bath temperature about 20°C 

The light brown sub-scale disappeared and silvercol 
ored surface of the alloy came out. 
The metal was conventionally treated using a mixed 

aqueous solution containing sulfuric acid and sodium 
dichromate, where treatments of the waste solution 
containing harmful hexavalent chromium ions caused 
a serious problem with respect to pollution. Further the 
dissolved copper could not be recovered because a 
large amount of chromium coexisted in the solution. 

In the process of this invention, however, the waste 
solution was easily cleaned by neutralization with al 
kali, and then copper in the solution could be recov 
ered by means of electrolysis from the waste solution. 

EXAMPLE 5 

A yellow brass strip (Zn : 35 wt. percent) was heat 
treated at 550°C in an atmosphere of Kerosene decom 
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position gas for 1 hour and yellow brown oxide scale 
was formed. Almost all of the scale consisted of zinc 
oxide and there existed a thin layer caused by dezinc? 
cation ( <1 p.) on the surface of alloy in contact with the 
scale. 
The strip was immersed for 15 sec. in the solution of 

the following composition and’ a bright surface of yel 
low brass was obtained. 

Bath temperature about 20°C 

The surface analysis by an electron probe micro 
analyzer showed 35 wt. percent of zinc, agreeing with 
the initial. alloy composition. 

EXAMPLE 6 

Twenty cartridge brass tubes (Zn 30 percent) of 1 
inch in outer diameter, that had been treated in the 
same atmosphere as in Example ‘5, were made into a 
bundle and hung with a copper wire in the solution hav 
ing the following composition for 5 min,: 

Bath temperature about 25°C 

A bright surface of yellow brass was obtained. No 
problem was observed at the contact parts of the tubes. 

Comparison 4 

The same bundle ‘of pipes was immersed for 5 min. 
in a solution of the same composition as in Example 6 
except that the solution did not contain glue. Lustrous 
pipe surfaces without any fault were obtained. 
However,‘ when the procedure was repeated until the 

hydrogen peroxide content decreased below 5 g/l, 
stripes of copper color, that is “red stain,” were devel 
oped along the contact area of the pipes. Addition to 
this treating solution of glue in an amount of 25 ppm 
was successful in eliminating the red strains. 

EXAMPLE 7 

A silver-plated oxygen-free copper sheet which had 
been processed for a lead frame for integrated circuits, 
was immersed for 40 sec. in a solution of the following 
composition: ' 

Bath temperature about 20°C 

The sheet, plated with silver to a thickness of 3 u, was 
heat treated at 290°C for an hour, but no blister was ob 
served on the plated surface. 
Conventionally, a mixture of acids, i.e., 1 part of ni 

tric acid with 3 parts of phosphoric acid, has been used 
and evolution of harmful nitrogen oxide gas has been 
a serious problem. 
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EXAMPLE 8 

The same sheet as in Example 7 was immersed for 30 
sec. in a solution of the following composition: 

Bath temperature about 20°C 

The sheet was then plated with silver in the same 
manner and tested for thermal resistance, but no prob 
lem was observed in the regard. 

EXAMPLE 9 

A yellow brass sheet (Zn : 35 wt. percent) was im 
mersed for 3 min. in an aqueous solution at room tem 

perature (20°C) containing 5 g/l of alcohol polyoxyeth 
ylene ether, where C18H33O(C2H4O)8H was the main 
constituent, and hydrogen peroxide and sulfuric acid 
were adjusted as shown in Table 5 (first stage of opera 
tion). The sheet was then immersed for 5 sec. in a di 
lute solution of sulfuric acid (3 percent) (second stage 
of operation), and dried after being washed with water. 
When a gold coating ?lm was formed in ‘the first stage 

of operation, a mirror-like bright surface was produced 
in the second stage of operation; these cases are indi 
cated by “O” in the table. If a coating film was not de 
veloped in the ?rst stage of operation, no change oc: 
curred in the second stage of operation and a non 
lustrous surface resulted; these cases are shown by x in 
the table. 

in conclusion, a mirror-like bright surface could be 
obtained when the ratio by weight of hydrogen perox 
ide to the hydrogen ion concentration in the sulfuric 
acid exceeded 30. 

Table 5 

Concentration Concentration of H2O2(g/l) 
of H,s0,(g/1) ' 10 20 30 50 75 100 

25 .r O O O O 0 
50 x .r O ' 0 O O 

75 x x .r O O O 

100 x x x x O 0 

EXAMPLE 10 

A pure copper sheet was immersed for l min. in a so 
lution of the following composition: 

H202 60 g/l 

When a brown coating ?lm was removed by dissolu 
tion by immersion in an ammoniacal water (2 percent) 
for 30 see, a mirror-like bright surface was obtained. 

EXAMPLE 1 1 

To etch a pure nickel sheet, the sheet was kept im 
mersed in a solution of the following composition 
under stirring and the rate of dissolution was measured. 
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11,02 60 g/l 
H280, 150 g/l 
cause,” 2.? g/l 
Bath temperature about 60°C 

The rate‘of etching was 15 mg.cm2 >< min. The rate 
of etching in an aqueous sulfuric acid solution (150 g/l) 
at 60°C was as small as 0.003 mg/cm2 >< min. 

EXAMPLE 12 
A low-carbon steel sheet produced a bright surface 

when it was immersed for 30 sec. in a solution of the 
following composition: 

I‘. Bath temperature about 20°C 

Hitherto, a mixed aqueous solution of sulfuric, phos 
phoric and nitric acids was used at a temperature over 
60°C, where evolution of nitrogen oxide gas and treat 
ment of waste solution were a serious problem of envi~ 
ronmental pollution. 

EXAMPLE 1 3 

In preparing a titanium wire to be used as electrode‘ 
for electrolysis, a'titanium wire carrying oxide scale 
was drawn to 2.0 mm diameter, then immersed for 30 
min. in a‘ molten caustic soda bath at 420°C, and ?nally 
cooled quickly in water to remove the thick scale. The 
wire with a thin oxide ?lm on the surface was immersed 
for 30 sec, in a solution of the following composition: 

Bath temperature about 20°C 

The product had a coarse surface, which was desir 
able for use as electrode material. 

EXAMPLE 14 
In preparing a titanium wire for corrosion-resistant 

networks the same raw material titanium metal as in 
Example 13 was drawn to 1.5 mm diameter, and 
treated in_ a molten caustic soda bath to remove the 

> thick scale.‘ Subsequently, the wire was immersed for 3 
min. in a solution having the following composition. 
The surface of the wire became smooth and lustrous. 

Bath temperature about 20°C 

EXAMPLE 1 5 

A high speed steel sheet, when immersed for 15‘ sec. 
in a solution having the following composition, gave a 
bright surface. 
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Bath temperature about 60°C 

What is claimed is: 

1. A solution for the chemical dissolution treatment 
of metal materials comprising water, 0.1 to 10 g/l in by 
drogen-ion concentration of an acid, 0.1 — 300 g/l of 
hydrogen peroxide and 0.001 — 20 g/l of at least one 
compound selected from the group consisting of 

a. an alcohol polyoxyethylene ether represented by 
the formula 

R.0<C2H.0>.H. 
b. an alkyl hydrogen phosphate represented by the 
formula 

R30 
R40 - P = O, and salts thereof, and 

HO 

0. an alkyl hydrogen phosphite represented by the 
formula 

R30 
R40 — P, 

HO 

and salts thereof, 

wherein R1 is an aliphatic hydrocarbon residue having 
4 to 20 carbon atoms, n is an integer of 2 to 20, R3 is 
an alkyl or hydroxyalkyl group, each having 1 to 12 
carbon atoms, and R1 is hydrogen, or an alkyl or hy 
droxyalkyl group, each having 1 to 12. carbon atoms. 

2. A solution according to claim 1, in which the con 
centration of the alcohol polyoxyethylene ether is 0.1 
to 15 g/l. 

3. A solution according to claim 1, in which the con 
centration of the alkyl hydrogen phosphate, the alkyl 
hydrogen phosphite or their salts is 0.01 to 5 g/l. 

4. A solution according to claim 1, in which R1 of the 
alcohol polyoxyethylene ether is an aliphatic hydrocar 
bon residue having 8 to 18 carbon atoms. 

5. A solution according to claim 1, in which R1 of the 
alcohol polyoxyethylene ether is an aliphatic hydrocar— 
bon residue having 12 to 16 carbon atoms, and n is 6 
to 12. 

6. A solution according to claim 1, in which R3 and 
R4 are normal chain alkyl groups, each having 2 to 8 
carbon atoms. 

7. A solution used for the pickling of metal materials 
according to claim 1, in which the concentration of the 
hydrogen peroxide is 0.1 to 100 g/l. 

8. A solution used for the etching or chemical milling 
of metal materials according to claim 1, in which the 
concentration of the hydrogen peroxide is 5 to 200 g/l. 

9. A solution used for the chemical polishing of metal 
materials according to claim 1, in which the concentra 
tion of the hydrogen peroxide is 10 to 300 g/l. 
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10. A solution according to claim 1, in which the acid 
is sulfuric acid, sulfamic acid, acetic acid, hydrochloric 
acid, phosphoric acid, hydro?uoric acid, ?uoroboric 
acid, or hydro?uosilicic acid. 

11. A solution for the chemical dissolution treatment 
of metal materials according to claim 1, in which the 
acid is sulfuric acid. 

12. A solution for the chemical dissolution treatment 
of metal materials according to claim 1, in which the 
solution contains at least hydro?uoric acid as the acid. 

13. A solution for the chemical dissolution treatment 
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18 
of metal material according to claim 1, which further 
contains 0.1 .to 5,000 ppm of glue, gelatine or hydrolyz 
ates thereof. 

14. A solution for the chemical dissolution treatment 
of metal materials according to claim 1, which further 
contains 1 to 500 ppm of glue, gelatine or hydrolyzates 
thereof. 

15. A solution according to claim 1, containing the 
alcohol polyoxyethylene ether. 

>|< * * a: * 


