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ABSTRACT OF THE DISCLOSURE

Chromium and copper are recovered, as oxides, from
spent chrome etching solutions by means of a process
comprising the steps of: (1) addition of a reducing sugar
to reduce Cr(VI) to Cr(IfI) and to complex Cr(IIl) and
Cu wvalues in solution, (2) addition of base to raise the
pH to"a value-of about 10 to 12, to reduce the copper
and precipitate it as Cuy0, (3) separating the precipitated
Cuy0, (4) heating the remaining solution at a tempera-
ture of about 50 to 70° |C. for a period sufficient to break
the Cr(III) complex, and (5) adjusting the pH of the
solution to a value of about 6 to 9 to precipitate the
chromium as hydrous chromium oxide.

Chrome etching solutions are extensively used in proc-
essing copper or copper alloys, such as brass. These solu-
tions, the active ingredient of which is chromic acid, usual-
ly consist essentially of an aqueous' solution of sodium
dichromate and sulfuric acid, and generally have a pH of
about zero to 1.

Spent chrome etching solutions, from treatment of cop-
per or copper alloys, contain Cr(VI) (hexavalent chro-
mium), Cr(JII) (trivalent chromium) and Cu(II) (cupric
copper), typically in concentrations of about 50 to 70
g./1. of chromium and about 20 to 40 g./l. of copper.
These spent solutions are usually discarded by injection
into disused oil wells or by pumping into municipal dump-
ing areas, and are in an active form for severe ground
water pollution. Small amounts of the solution are used in
tanning leather, but this utilization is negligible compared
to the supply.

It has now been found that chromium and copper may
be recovered, in the form of oxides, from the spent etch-
ing solutions by means of a process in which the spent
solution is initially treated with a reducing sugar to re-
duce Cr(VI) to Cr(1II), to complex Cr(III) and copper
in solution, and to provide an excess of reducing agent.
Copper is then precipitated as CuyQ by addition of suffi-
cient base to raise the pH of the solution to about 10 to
12. After separation of the precipitated Cu,O, the solution
is heated to eliminate the reducing agent, and chromium
is then precipitated as the hydrous oxide by adjustment of
the pH to about 6 to 9. By means of this procedure, both
chromium and copper values are salvaged. from the spent
etching solution, which can then be disposed of without
presenting a pollution problem. In addition, the process
provides an efficient separation of the chromium and cop-
per values from each other.

The sugar may be any reducing sugar that is soluble in
the spent etching solution, such as sucrose, glucose, mal-
tose, etc. As discussed above, the function of the sugar
is to effect initial reduction of the Cr(VI) to Cr(III), and,
in a subsequent step, reduction of cupric copper to
cuprous. In addition, it is believed that the process of the
invention involves formation of a complex with the
Cr(IIl) and the cupric copper, thus permitting separate
precipitation of the metals when the pH is adjusted to
the appropriate value. The complexing agent is believed to
be a degradation product of the reducing sugar and is
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formed by oxidation of the sugar by the Cr(VI). This

degradation product-complexing agent serves to keep the

gr(gl) in solution when the copper is precipitated as
uzO.

The reducing sugar is added in an amount sufficient for
initial reduction of the Cr(VI) to Cr(III) and for subse-
quent reduction of cupric copper to cuprous copper. These
reactions are essentially stoichiometric and the amount of
sugar will, therefore, depend on the amounts of Cr(VI),
Cr(IIT) and copper in the spent etching solution. For most
efficient results, however, it is usually desirable to use
about 2 to 4 times the stoichiometric amount required
for the total metal values present. This will usually re-
quire the use of about 3 to 5 moles of sugar per liter of
spent etching solution.

Temperature, pressure, and reaction time are not criti-
cal in the treatment of the spent etching solution with the
sugar, ambient conditions of temperature and pressure
usually being satisfactory. A reaction time of about 20
to 30 minutes is generally sufficient.

Base is then added to raise the pH of the solution to a
value of about 10 to 12, preferably about 11.5. Sodium
hydroxide is the preferred base, but other strong bases
may also be used. Again, ambient conditions of tempera-
ture and pressure and usually satisfactory. This results in
precipitation of the copper as Cu,O, which is then re-
moved from the solution by any conventional means
such as filtration.

The remaining solution is then heated to a temperature
of about 50 to 80° C., and is held at this temperature for

" a period of about 5 to 10 minutes in order to destroy the
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complexing agent holding the chromium in solution. The
solution is then cooled to ambient temperature and the
pH adjusted to about 6 to 9, preferably about 7, by addi-
tion of acid. The preferred acid is sulfuric, but other acids
such as hydrochloric or nitric may also be used. This re-
sults in precipitation of the chromium as the hydrous
oxide. Again, the precipitate is removed by filtration or
other conventional means.

Recovery of chromium and copper from the respective
oxides may be readily accomplished by means of conven-
tional processes such as hydrogen reduction of the Cu,O
and conversion of chromium oxide to ferro-chrome. Or,
the metals may be utilized directly in the form of their
oxides for a variety of conventional uses such as pigments,
ceramics, catalysts, glasses, electroplating, fungicides, etc.

The invention will be more specifically illustrated by
means of the following examples.

EXAMPLE 1

Twenty-five grams of a spent etching solution contain-
ing copper (30 g./1.), chromium(VT) (30 g./1.), and chro-
mium(III) (30 g./1.) was treated with 5 grams of sucrose
and stirred at ambient temperature for 24 hours. The pH
was then adjusted to 11.5 (from about 1.2) by the addi-
tion of NaOH. Cuprous oxide precipitated and was fil-
tered from the solution. The copper oxide product ana-
lyzed less than 0.1 percent chromium, and the filtrate
contained only 5 p.p.m. copper. The chromium in solu-
tion was then precipitated by heating the solution to a
temperature of 60° C. for a period of 10 minutes to de-
stroy the complexing agent, and adjusting the pH to 7
with HySO,4. The precipitate analyzed greater than 99.9
percent hydrous chromium oxide and the solution con-
tained about 100 p.p.m. chromium (IIT).

EXAMPLES 2-8

The procedure of Example 1 was repeated except that
the amount of sucrose was varied. Results are shown in
Table 1.



] 3,784,669

TABLE 1
Sucrose Cr(VI) in Cr(III) in Crin Cu
added, g. solution,g/l. solution,g./l ppt., percent

Example:

2 0.0 30.0 30 ceeieaea
.4 .10.0 L1 ¢ R,
.6 0.1 60 oo
.8 <0.1 60 32.0
2.0 <01 60 0.6
4.0 <0.1 60 <0.2
5.0 <0.1 €0 <0.1

Although 0.6 g. of sucrose was sufficient to reduce all
of the chromium (VI) to chromijum(I1I), this amount was
not sufficient to insure separation of chromium from cop-
per. A greater amount of sucrose (2-5 grams) was re-
quired for a 99+ percent copper oxide product.

EXAMPLE 9

The procedure of Example 1 was repeated except that
the amount of base added to precipitate the Cu,O was
varied. Adding 5 grams of NaOH precipitated all but 280
p.p.m. of copper from the solution, whereas 7 grams of
NaOH precipitated all but 60 p.p.m. The optimum amount
of base, therefore, depends on the degree of copper pre-
cipitation required as well as the initial acid content of
the etching solution.

We claim:

1. A method for recovery of chromium and copper, as
oxides, from a spent chrome etching sclution comprising
the steps of: (1) treating the spent solution with a re-
ducing sugar to reduce hexavalent chromium to the tri-
valent state, and to complex chromium and copper val-
ues in the solution, (2) adding base to raise the pH of
the solution to about 10 to 12, thereby precipitating cop-
per as cuprous oxide, (3) scparating the precipitated

10

15

20

25

30

4

cuprous oxide, (4) heating the remaining solution to a
temperature of about 50 to 70° C. for a period of about
5 to 10 minutes, in order to break the chromium com-
plex and (5) adjusting the pH of the solution to about
6 to 9, to precipitate the chromium as hydrous chromium
oxide.

2. The method of claim 1 in which the reducing sugar
is sucrose.

3. The method of claim 2 in which the sucrose is em-
ployed in an amount of about 3 to 5 moles per liter of
the spent etching solution.

4. The method of claim 1 in which the pH of the solu-
tion is adjusted to about 11.5 by addition of sodium hy-
droxide to precipitate the cuprous oxide.

5. The method of claim 1 in which the solution is
heated to a temperature of about 50 to 70° C. prior to
precipitation of the hydrous chromium oxide.
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