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SOLLT| % Field of the |nventi opcrRsosinisosThi S

i nvent | q@%hcerns a nmethod for recovering netals from sol utions.
Background of the Invention ' T™e toxicity of netals has been wel |

docunent ed, and 10 releas[ng effluents containing netals into the
METEOD FOR RECOVERING METALS8 FROM SOLUTIONS
Pield of the Invention

This invention concerns a method for recovering

metals from solutions.
5 Background of the Invention

The toxicity of metals has been well documented,
and releasing effluents containing metals into the
environment is now strictly controlled by environmental
protection laws. For instance, the effluent limitations

10 on copper are as low as about 0.0017 pounds of copper
per 1,000 pounds of effluent (about 1.7 ppm). 40 C.F.R.
§ 421.52. The electronics industry generates large
volumes of used circuit-board etching solution
containing high levels of copper ions. This effluent

is cannot be discharged directly into the environment
without first being subjected to expensive procedures to
reduce the effluent copper concentration.

Some processes are known for removing metal ions
from solution. For instance, Spedden et al.’s U.S.

20 Patent No. 3,634,071 is directed to a process for
accelerating the precipitation of copper from solution.
According to Spedden’s process, a solution containing
copper ions must be treated with sulfur dioxide. The
purpose of the sulfur dioxide is to produce hydronium

25 ions (H') by reacting with water to form sulfurous acid
(H,S0,). This compensates for the consumption of
hydronium ions that occurs during the reduction of
copper ions. Spedden teaches that using sulfuric acid
as the sole source of hydronium ions is unacceptable in

30 a process for recovering copper ions from solution.

Guess’ U.S. Patent No. 5,122,279 also describes
a process for removing dissolved metals from water. The
process comprises treating solutions containing heavy
metals with ferrous dithionate to form a complex which

35 precipitates from solution. Guess attempted a number of
copper recovery trials to compare his process to other
processes for recovering copper. Example I of Guess
discusses treating a feed solution with steel wool.
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solution having a pH of about 9 and containing copper

10 ions was treated with an equimolar quantity of iron
particles. A sample of this solution was withdrawn for
filtration after a coating of metallic copper was
deposited on the surface of the iron particles.
Analysis of the sample determined that approximately 87%

.18 of the copper remained in solution. Hence, Example VI
of the Guess patent teaches that only about 15% of the
copper ions in sclution can be recovered as copper
metal by treating the solution with iron powders. A 15%
conversion is obviously unacceptable. when the copper

20 concentration in an effluent can be no greater than
about 2 parts-per-million.

Guess also discusses U.K. Patent Application GB

125828 A. This application describes a process
involving contacting a solution containing copper ions

25 with steel wool. According to Guess, the problems
associated with this method include: (1) an
uneconomically low conversion of copper ion to copper
metal; (2) a high cost associated with steel wool; and
(3) a high labor cost associated with handling the

~

30 materials.

Despite ongoing investigations, a process for
efficiently and inexpensively recovering metals from
solutions containing ions of the metal still has not
been developed. Although it is known to treat solutions

35 with iron to precipitate low levels of copper, this
reaction has not been effectively tailored for
recovering copper ions from used circuit-board etching
sblutions. Moreover,ﬂthg pgtents discussed above teach
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copper jons. Spedden teaches that using sulfuric acid as the sole

sour ce ‘gé E%?isgni umions is unacceptable in a procesgctrososnesdveri ng
copper A22PP8m sol uti on. GQuess' U.S. Patent No. 5,122,279 al so
describes a 35 process for renoving d8ssolved netals fromwater. The
process conprises treating solutions containing heavy metals with
ferrous dithionate to forma conpl ex which preci pitates from sol ution.
Guess attenpt &ha% simpdy ysing iron to recover copper metal is an_,_

inefficient and unacceptable method for recovering
copper from solutions containing copper ions.
summary of the Invention

. s The present invention provides a process for

. recovering metals from agueous solutions. The method
comprises treating aqueous solutions containing ions of
a first metal, such as copper (II), with a finely-
divided reducing metal within a controlled pH range to

10 precipitate the first metal from solution. The
invention addresses the problems identified in the
Background of the Invention for prior related processes.
A preferred process according to the present invention
accomplishes at least two goals: (1) The metal ions in

15 solution are reduced to the zero oxidation state to
produce reusable metals. For instance, copper (II) is
reduced to copper (0). The recovered copper metal
preferably should have a sufficient purity to allow for
subsequent use, such as greater than about 60% pure.

20 (2) The concentration of copper (II) ions remaining in
solution is reduced to be within applicable
envirommental regulations, such as from about 2 ppm to
about 3 ppm, prior to disposal or discharge into the
environment.

25 One embodiment of the method comprises treating
an agqueous solution containing metal ions with a
sufficient amount of an inorganic acid to obtain a pH of
less than about 2.5. Thereafter, a finely-divided metal
reducing agent is added to the solution in an amount

30 sufficient to reduce substantially completely the
dissolved metal ions to metals (i.e., a metal in the
zero oxidation state). The reducing metal added to the
solution has an oxidation potential greater than the ,
metal ions in solution. Without limitation, a preferred

35 inorganic acid is sulfuric acid, and a preferred
reducing metal is iron.

The size of the metal particles also appears to
influence the efficiency of the reaction. When iron is
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copper recovery triELs tF conpare his process to other processes for -
regovering copper. anple | of Cuess di scusses tregtd ed
solutiaﬂogﬂ?ﬂggteel wool . Guess i ndicates that sonegggﬁ§3al&§f copper
was visually 5 evident as the steel=4wol mass gradually turned from

steel color to copper-colored fibers. Atom c absorption spectronmetry of
the treated solution indicated that only 28% of the copper in the

sol uti on was ueeticasetthenrefiucing agewt, wbhe igen pref SRR Guess
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sol ution was wmahdr asnaboutf #bor meshn 1Bheairen powderimayopendded | c
copper wa deggz Sdsgiuggsﬁ Patéﬂ&i@&eon BﬁﬁihﬁQGsﬂgftiﬁ&eéheAma|ySiS of
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t he sanpl elterm ne pr oxi mat e 8/% of copper remai ned
in sol ution. noAs@;OExunwlbevpgégatﬁé @B€§§épﬁpén?dd J‘?"L’Baches that only

ab?u} %59@0f the coppar pagticula2Oembodiiment ofnthe inventitord as copper
retal by trea%b&grises treating a solution containing copper ions
with a sufficient amount of an inorganic acid to obtain
10 a pH of less than about 2.5. A finely-divided metal
powder is then added to the solution in an amount
sufficient to substantially completely reduce the copper
ions to copper metal. The metal preferably has a mesh
size of at least as small as about 350 mesh and an
15 oxidation potential greater than copper. The copper
metal is then recovered, such as by filtration, with the
solution thereafter having a copper ion concentration of
less than about 5 ppm, preferably from about 2 ppm to
about 3 ppm, and even more preferably less than about 2
20 ppm.

A preferred embodiment of the method comprises
first diluting an agueous solution containing copper
ions with water. Without limitation, a preferred
dilution is about a five-fold volume dilution. The

25 diluted solution is then treated with a sufficient
amount of sulfuric acid to obtain a solution pH of from
about 1.0 to less than about 2.5. A sufficient amount
of iron powder is then added to the solution to
precipitate the copper ions as copper metal. The amount

30 of iron to be added to the solution may be determined
empirically, or by measuring the oxidation-reduction
potential of the solution using techniques known in the
art. The iron powder has a preferred mesh size of at
least as small as about 400 mesh. The copper metal that

35 precipitates is recovered using a filter press, and the
solution thereafter has a copper ion concentration of
.less than about 5 ppm, preferably less than about 2 ppm.
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the solution with iron powders. A 15% conversion is obvi ously
unacceptﬁﬁlgﬁzgggn t he copper concentration in an ef f | geampgsosdisobe NO

greater ut 2 parts-per- mllion. 25 Guess al so di scusses

U K. Patent Application GB 125828 #8=Thi s application describes a
process I nvol ving contacting a solution containing copper ions wth
steel wool. According to Guess, the probl ens associated wth this

met hod i ncl udeTh¢1reaaveped aeppeprmetal yhagyacBRYAEE| ©ff greatppekhaBn to
copper met ghout2502pBir88nePst associated with steel wool; and (3) a
hi gh | abor cost associ ?ed W th ite
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recovering netal prébcess forstreating cincuibibgardnetohingesotutionsi|| has
not begn IGYEnORFEn pobGRL el bietlpteatl b2skbedbasebpbbf ions ak! th
i‘on to préciprtate’Tow Tevels o opge . Lthis ] . )
copper metal, thereby obtaining an etching solution that
is substantially completely free of copper ions.
Still another object of the present invention is
to provide a process whereby a substantially pure copper
10 metal can be obtained from used circuit-board etching
solutions by treating such solutions with iron powder
wherein the copper ion concentration in the treated
etching solution is decreased to about 2 parts per
million.
is Brief Description of the Drawing
FIG. 1 is a flow chart showing certain process
steps for a particular embodiment of the present
invention.
etaile e tion of the Preferred da ts
20 In accordance with one embodiment of the present
invention, finely-divided metal powders are used as
reducing agents to precipitate from agqueous solutions
metals having a lower oxidation poténtial. The process
steps for one particular embodiment of the invention
25 include: (1) obtaining an etching solution containing
dissolved metal ions; (2) diluting the solution with
water; (3) acidifying the diluted solution with an
inorganic acid to a pH of below about 2.5, and
preferably from about 1.0 to about 2.0; (4) adding a
30 reducing metal, having a particle size of 350 mesh or
smaller, preferably at least as small as about 400 mesh,
to the solution. Without limiting the present invention
to one theory of operation, it appears that an
oxidation/reduction reaction (redox reaction) occurs
35 upon the addition of the reducing metal to the solution.
For instance, iron may be used as a reducing metal if
copper ions are dissolved in solution. 1Iron (0) reduces
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- 3- , reaction has not been effectively tailored for recovering

copper ions fromused circuit-board etching sol utions. Mbreover, the
pat ent wolss218sed above teach that sinply using i r SHTUSOVUER, o copper
netal is an 5 inefficient and unacggptable nethod for recovering

copper from sol utions containing copper ions.

Summary of the Invention The present invention provides a process
for copper (II) to copper (0) metal; and (5) recovering the

precipitated metals.
Each of the reagents used to practice this
invention, as well as each of the process steps
5 summarized above, will be discussed in more detail
below.
L. REAGENTS
A.Circuit-Board Etching Solution
One embodiment of the present invention is
10 particularly useful for treating ammoniacal etching
solutions to precipitate copper ions. "Ammoniacal®
refers to a solution containing ammonia or ammonium
salts. Such solutions also may contain a number of
other inorganic species, such as cupric chloride.
15 Ammoniacal etching solutions are basic, having a pH of
typically greater than about 9.

A discussion of ammoniacal etching solutions is
provided in Lee’s U.S. Patent No. 4,915,776, entitled
"process for Etching Copper with Ammoniacal Etchant

20 Solution and Reconditioning the Used Etchant Solution.”
Lee’s patent is incorporated herein by reference.
According to Lee’s patent, the reactions between copper
and the ammoniacal etching solution can be summarized as
follows:

25 1. Reactions of Copper with Ammoniacal Btching

Solutions
Reaction 1: cCu® + Cu?'(NH;)Cl, ——» 2Cu*(NH,;).,Cl

30 Reaction 2: 2Cu*(NH;).Cl + 2NH,OH + 2NH,Cl +
1/20, —» 2Cu?*(NH;),Cl, + 3H,0

The overall reaction can be determined by adding
reactions 1 and 2. The result is:
35
Reaction 3: Cu’ + 2NH,OH + 2NH,Cl + 1/20,
S ——» Cu(NH,;),Cl, + 3H,0
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10 recovering nmetals from aqueous solutions. The nethod conpri ses

treatinqyﬁ 5? sol utions containing ions of a fir sictndogbisosuch as
copper ; h a finely- di vided reducing nmetal within a controlled
pH range to precipitate the first=fetal from solution. The 15

i nvention addresses the problens identified in the Background of the

I nvention for prior related processes referr rocess according
to the present pAGEAPRoA sho saEEBFpFP%hE?aSFlggaéPV?iﬁegoﬁPﬁ (1) The

netgl i ons i n reductdbnt bfncar netaliu¢indicated asrcudxiils.orcoppere iro 20
produce reusab S e | S uced to
copper (0). tﬁfgggggrgﬁiggEééﬁ %ggggj egeﬁp%g#éﬁég#yhgﬁguféggave a

suf ficient pur i(NH.QR) .alamnmm chlonide c(NEG1l)uand oxygens gfbeter than :
about 60% gure 8ct(§§ HeoﬁﬁaﬁﬁgariﬁhaﬂlﬁfcBBBQ?rcéhbiek00§tﬁe”a'”'”9 in

25 solutlon |§r envi ronment al
regul ati ons, sGERP&¥ PF&ﬁF&SGuF°2¢Epn1to about 3 ppm prior to

di sposal or discharge pft@okli@ation gedctiBfiPntefers to anphgessboehnent of
the method congalagichrgi ct2ofS are transferred. "oxidation®

specifically refers to a chemical species which loses

10 electrons. "Reduction" refers to a chemical species
that gains electrons. The compound or element which
gains electrons is referred to as the "oxidizing
reagent"; the agent that loses electrons is referred to
as the "reducing agent." By way of example, if copper

15 (II) ions are present in an etching solution, then the .
oxidation reaction would refer to the transfer of
electrons from Fe (0) to copper (II). Iron loses two
electrons and becomes positively charged, i.e., is
oxidized. Copper (II) gains two electrons and becomes

20 neutral, i.e., is reduced. Copper (II) is referred to
as the "oxidizing agent.”®

The terms "reduction potential" and woxidation

potential™ also are used in this application.
noxidation potential" refers to the potential of a

as chemical species to lose or donate electrons.
"Reduction potential" refers to the potential of a
chemical species to gain electrons. A discussion of
these concepts can be found in a number of standard
chemistry texts, including, for example, Cotton and

30 Wilkinson’s "advanced Inorganic Chemistry," published by
John Wiley & Sons.

et Powder
One aspect of the present invention involves

treating an etching solution with a finely-dividead

35 metal. "Finely divided" is defined below in terms of
mesh size. The metal is selected to have an oxidation
potential sufficient to reduce the metal ions in
solution to the zero oxidation state. The selection of
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30 aqueous solution containing netal ions with a sufficient anount of

an.inorganic acid to obtain a pH of Iess than about eafter, a
fi nel y-#oAs@d¥2net al reduci ng agent is added to thepéré'?sugtsiggﬁgi n an

anount sufficient to reduce substgatially conpletely the dissolved
metal 35 ions to netals (i.e., a netal in the zero oxidation state).
The reducing netal added to the solution has an oxi dati on potenti al
greater than e Ritall will idepend npom aomumberhofit fhctbrati on, a

preferred ino&i%¥&ﬁing the oxidation potentials of the metais in
question. It will be appreciated by one skilled in the
art that a number of metals have a sufficient oxidation
5 potential to reduce a particular ion, such as copper
(II). Whether a particular metal has a sufficient
oxidation potential can be determined either
empirically, or by examining the electrochemical series
and calculating the free energy associated with a
10 particular reaction. This procedure is known to those
of skill in the art. And, the electrochemical series is
published in a number of standard references, including
The Handbook of Chemistry and Physics,'which is
published by CRC Press.
is By way of example, if the dissolved ion of
interest is copper (II), then a number of metals
potentially can be used to reduce the copper (II) to
copper (0). This can be determined by knowing the
following potential data for-copper and comparing such
20 data to the potential of the reducing agent:

cut + e = Cu’ E° = 0.522 V
cu®* + e = Cu' E° = 0.153 V
cu®t + 2e- =’ E° = 0.340 V

a5
By way of example and without limitation, metals
that can be used to reduce copper (II) to copper (0)
include: (1) magnesium (Mg®* + 2e- = Mg; E’ = -2.375 V);
(2) manganese (Mn** + 2e= = Mn; E° = -1.029 V); ‘and (3)

30 iron (Fe?* + 2~ = Fe; E° = -.409 V). For the present
invention, applicant has determined that iron is a
preferred metal useful for reducing copper (II) ions in
solution to copper (0). One reason for this, other than
the fact that iron has a sufficient oxidation potential,

35 . is because iron is readily available and relatively
iﬁexpensive.

As stated in the Background of the Invention,
steel wool and iron particles previously have been tried
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acid is sulfuric acid, and a preferred reducing netal is I ron.

The si Zﬁo%n@ﬁ? metal particles also appears to I N p&ROSR 01600
efficiency of the reaction. Wien iron is 5 used as the reducing agent, the

iron preferably should have a nes®=size smaller than about 350 nesh,
and even nore preferably should have a nesh size of at |east as

smal | -as about 400 nesh. The iron powder nmay be_added to the solution
bat chwi se or @GhPFﬁGH&éF?teaﬁGPPﬁ€ 3onssSFel §R1NEJOBe adPeReed during the

addi tion. prev;buaaptrbeubabseﬁhodl peovenf uhBatisraetopy.conprises

treating a solgut| I niyl 1.0 th uf i n unt of
an inorganic HE? qb§§§? in aa Eggggary Q?e?% tﬁ%ﬁ°§583? QE Eh% pride
finel y-di vi dedri®et appadmaat hQS1§etsnmnna§d§aatoatpcogesetnonoiniag anmount
sufficienlg toyging ANOSFARA P%bhErCQKHEGT(QinQGQ%CthQQ ﬁ%ﬁ%r 7bgns to

e e R, rhndegh Ly b Lafet” abos: 894 grrgecAve. (o

copper. The chasca saiifhbly skall mesh size, produces an efficient
reduction of copper ions to copper metal in acidic
agqueous solutions. Currently, a mesh size smaller than

i0 about 350 mesh is preferred, and is even more preferably
at least as small as about 400 mesh. Thus, as used
herein, the phrase "finely-divided metal" describes a
metal having a sufficient purity and a sufficiently
small mesh size to efficiently carry out the desired

15 reaction, namely the reduction of dissolved metals ions
to the zero oxidation state.

One skilled in the art will realize that iron
powders meeting the requirements stated herein can be
obtained from a number of sources. One source of an

20 iron powder suitable for the present invention is
Hoeganaes Company, ¢€f Rivenoganidiacifersey.

Etching solutions, particularly ammoniacal
etching solutions, are basic and therefore have a pH
greater than about 7. More typically, ammoniacal

25 etching solutions have a pH of greater than about 9. A
surprising increase in reaction efficiency, in terms of
the recovery of copper metal and the decontamination of
etching solutions, can be achieved by treating etching
solutions with finely-divided iron powders at a pH of

30 less than about 2.5, and even more preferably at a pH of
from about 1.0 to about 2.0.

Thus, the process of the present invention
includes the step of acidifying the solution prior to
treating the solution with the finely-divided metal

35  powder. Acidification typically is accomplished using
an inorganic acid. Suitable inorganic acids include,
without limitation, hydrochloric acid, nitric acid,
sulfuric acid and phosphoric acid. A presently
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20 recovered, such as by filtration, with the solution thereafter
havi ng a.co I on concentration of |ess t han about ef erably
from abOft b’ﬁmto about 3 ppm and even nore pref e?‘grdﬁgdg{ e&sbé t han
about 2 ppm A preferred embadigwent of the nethod conprises first
25 diluting an aqueous sol ution containing copper ions with wat er .
Wthout |imtation, a preferred dilution is about a five-fold vol une

di I ution. The paieferredsdnorganic aciid tikesulfezicdawidh assLféri¢ent amount
of sulfuric aciﬁpﬁg ?%aﬁﬁﬁ viliﬁbﬂh'ggoﬁH 053%58913P083mﬁ%9ci91|ess 30

t han about 2. anount of 1ron en added to
the sol ution Fﬁuﬁﬁﬁﬁ'pPPQtéstHéléGQHEQY 1ne¥Bﬁ§s§¥ecopB%Fth%¥%?reWhe anount

of iron to be anddadalin withole aahatuﬁg the hﬁvdﬁtﬁam t60doRéPthiésry ! y, or

b al .of the 3 sol ution
uglng tec P;ng°%%§hﬁﬁ°ﬂ hgg&}ggg 'rfggﬁi be%ﬁﬁﬁ% §éag$ﬁeferred
mesh size of tngasdiasesﬁarmaaéon Ofaboppetoeuhﬁahe ahdsctheer netal that
precipitates gabsequento¥aafdtish"orableblE Bbppar fPf) LiEnsSebution

copper (0) metal.

iI. Process 8teps

10 Using the reagents discussed above, the present
invention provides a process whereby metal ions are
reduced and precipitated from solution. Certain of the
process steps of the invention will now be discussed in
more detail. .

5 A. _Dijution

A used industrial solution, such as ammoniacal
etching solution, generally is diluted with water as a
first process step. One purpose of this dilution is to
decrease the heat of neutralization that occurs upon the

20 addition of an inorganic acid to the etching solution.
One skilled in the art will realize that the amount of
dilution required for a particular reaction will depend
upon the amount of heat of neutralization that is
generated. To provide a guideline, the solution should

25 Dbe maintained at a temperature below about 100°C so that
the water, and any compounds less volatile than water,
is not vaporized during the process. Even more
preferably, the dilution should be sufficient so that
the heat of neutralization does not increase the

30 temperature of the solution to much greater than about
50°C.

By way of example only, a five-fold volume -
dilution of ammoniacal etching solution sufficiently
controls the temperature increase that results from the

3s evolution of heat during addition of the inorganic acid.
One of ordinary skill in the art will realize that there
is nothing critical about a five-fold volume dilution.
Smaller and larger volume dilutions also may suffice.
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- 5- i thereafter has a copper ion concentration of |ess than

about 5wBB§buBfeferably | ess than about 2 ppm The FEPU8HS0R5U9 copper
nmetal has a purity of greater than about 60 percent. 5 An obj ect
of the present invention is to provi déia process for treating
circuit-board etching solutions with iron powder to precipitate

di ssol ved conger lond as;y ;, SOPPSTed e ORLEDYa PRIAHAL%A e £5E N0
about a two-fold volume dilution to about a ten-folad
volume dilution, preferably from about a three-fold
volume dilution to about a six-fold volume dilution, and

S even more preferably about a five-fold volume dilution,
will suffice for the present invention. '
B. Acidification
Following dilution, the solution then is treated
with an inorganic acid. pH has a surprising influence
10 on the efficiency of the reaction. The influence of pH
on the reaction is considered further in the examples
provided below. However, when a solution having a pH of
greater than about 3.0 is treated with a finely-divided
iron powder, the recovery of copper metal from the
15 solution is unacceptably low. Specifically, when the pH
of the solution is greater than about 3, atomic
absorption spectrometry shows that the recovery of
copper metal from the ammoniacal etching solution is
less than about 20%. However, if the pH is less than
20 about 3, then a specific pH need not be achieved in -
order to provide a satisfactory reaction. In other
words, although pH is important, a range of pH values
below about a pH of 2.5 still provides satisfactory
results.
25 _ t £ nely-Divided Metal Powde
Following the step of acidification, the
solution is ready for treatment with a reducing metal.
The finely- divided metal powder may be added to the
etching solution either batchwise or continuously.
30 Currently, the continuous addition of metal powder is
considered preferable to batchwise addition.
Presumably, continuous addition prevents agglomeration
of the metal powders in solution, thereby providing more
surface area for reaction with the metal ions in

} 35 solution.

The amount of metal powder added to the solution
depends on the amount of oxidized metal ions in
solution. If the total amount of dissolved ionms in
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I's substantially conpletely free of copper ions. 10 Still another

object of the present invention is to provi de a process whereby a
suLstah?*ﬁ?P&mgure copper metal can be obtained frSfF{ySEP1609
circuit-board etching sol uti onsapy=-treating such solutions with iron
powder wherein the copper ion concentration in the treated 15 etching
solution is decreased to about 2 parts per mllion.

Bri ef Descri psolutidntie ¥nawmngpr if the daﬂaeﬁirhxi&nf?awthbambtahowﬁng
certain proc t lL.cul i of gt resent

I nventi oP\. “fons ﬁpsstfgeftlgiée}é %ﬁ‘%l ‘i oérii{eo %eag?g%‘gr rogdggﬁgodi ment s

I n accor dancPMIer Jhate #hrRId ke Addeask tq dhensolutionnadsei san be o
finely-divi dateteiingdderdr arstaRit 29 2% hd aé¥ai1Ndnagenheiba RLeCi pitate
(1O 23URUS g *hen adBileah " iiidy WRunt P 4roR BROGTA Be T

added to the solution. This is because the reaction

appears to involve a 1:1 molar ratio of iron and copper.

This can be seen by comparing the half reactions for

copper and iron as shown below:

10
cu® + 2e° » cu’
Fe® ——» Fe* + 2¢°
cu®* + Fe’ ——» Cu’ + Fe?
.15

This reaction shows that an equimolar amount of iron (0)
should be added to reduce the copper (II) ion to copper
metal. However, in practice it is generally preferred
to add a slight molar excess of the iron powder to the
20 copper-containing solution. Currently, from about a 1.1
to about a 1.5 molar excess of iron is added to the
solution to ensure complete reduction of the copper (II)
ion to copper metal.
An alternative method for determining the amount
25 of reducing metal that should be added to the solution
containing metal ions involves determining the
oxidation-reduction potential (ORP) of the solution.
ORP involves measuring the voltage capacity of the
solution. The method for determining the amount of iron
30 powder to be added to a solution comprises first forming
a solution having a known concentration of ions in
solution.
For instance, if the solution is an ammoniacal
solution containing copper (II) ions, a standard
3as solution can be formed having about the same
concentration of copper (II) ions. The potential of the
solution is then measured using standard devices known
in the art. Thereafter, iron powder is added to the
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steps for one particular enbodi ment of the invention i ncl ude: (1)

oht ai ni‘gggglgugi chi ng sol ution contai ni ng di ssol ved iqadsos0ised (2)
diluting the Solution with 30 water; (3) acidifying the diluted solution
with an i norganic acid to a pH of1Bel ow about 2.5, and preferably
fromabout 1.0 to about 2.0; (4) adding a reduci ng netal, having a
particle size of 350 nmesh, or smal ler, preferably at |least as small as
about 400 mes®olul °?o“?ﬁ§lsﬁpﬁt?BﬂgrnVV?ﬂgu?a?i?ﬁ?gkgﬁfhéIB}e%%ﬂt

i nvention concentrabionyodf abpetali ppm. i t Thepeatential af the o
o daL ol eRER P08 08" 1GR1A" RkyR"! | BAL VKR Sor endBBeinesgfl i or
is then used as a reference point for determining how
$§ much iron should be added to larger, industrial
quantities of etching solution.

The reaction also is facilitated by agitating
the reaction during, and perhaps subsequent to, the
addition of the finely-divided iron powder. Agitation

10 can be accomplished in a number of ways. For instance,
the etching solution can be continuously stirred with
devices known in the art, such as mechanical stirrers.
It will be apparent that magnetic stirrers are not
preferred because if magnetic metals, such as iron

.15 particles, are added to the solution such particles will
be attracted to the magnetic stir bar. Moreover, one
skilled in the art also will understand that agitation
methods other than mechanical stirring can be employed.
One example would be to sonically agitate the solution.

20 e ec £ _Redu etals

The finely-divided metal apparently reduces
metal ions in the solution that have a lower oxidation
potential than does iron. Once the etchant solution is
treated with a reducing metal, the dissolved metal ions

25 having a lower oxidation potential are reduced and may
precipitate from solution. Sometimes the pH of the
solution may require adjustment upwards in order to
cause the reduced metals to precipitate. The
composition containing the precipitated metal is then

30 passed to a press filter to reduce the amount of water
present in the precipitated solids. Although press
filters are known in the art, a presently useful press
filter is a J-press filter by JWI Inc., having a 630 mm
plate size. Once the water content of the precipitated

35 solids is reduced, the dehydrated solids are recovered.

When the metal in solution is copper ion, the
product from the press filter is both copper metal and
in etching solution that has had the copper ions

This Sheet Has Been Replaced - - THIS SIHEET HAS BEEN




- 6- . For instance, iron nmay be used as a reducing netal if

copper ions are dissolved in solution. Iron (0) reduces COB@GF (rr) to
copper W9IIA| ;. and (5) recovering the preci pi t atR&d

Each of the reagents used to practicegtdds invention, as well as each
of the process steps sunmari zed above, will be di scussed in nore

det ai | bel ow. 10 1. REAGENTS

A Circuit- BoancbsEhnhh._ag1§0buin'pméte1y strippae emﬁdffwi q&sl tdifecﬁresent
invention is ar u u fcal et ching
solutions to BFES%%.t%@g ég%%éF §§§g5t£§éﬁ%%f%c%? fé?%??% % solution

cont ai ni ng anf#oAngion ghatnham a metaitrion snnﬂestramlquOQJhgssm@hcmntaln
a nunber of apout s parts-per-million (ppm), preferably less than

5 about 3 ppm, and even more preferably from about 1 ppm
to about 2 ppm.

The purity of the copper metal and the level of
copper ion in the treated etchant solution was
determined using atomic absorption. Atomic absorption

10 is an analytic process known to those of ordinary skill
in the art. For the present invention, a Perkin/Elmer
Atomic Absorption Spectrometer, Model No. 2280, was used
to determine both the purity of the copper metal
obtained using the process and the level of copper ions

15 still remaining in solution once the etching solution is
treated according to the present invention.

An atomic absorption spectra of a copper sample
obtained according to the process of the present
invention showed that a copper purity of greater than

20 about 70% can be obtained. Perhaps more important, and
in contrast to the teachings of the prior art, the
concentration of copper ions in solution following
treatment according to the present invention is less
than about 3 ppm.

as III. Examples

The following examples are provided for
illustrative purposes only. These examples are in no
way intended to limit the scope of the invention to the
particular aspects illustrated by such examples.

30 Example 1

This example describes treating a solution
containing copper ion with iron powder without
acidifying the solution prior to the addition of iron
powder. A 250 ml aliquot of an etchant was obtained

35 having a copper concentration of about 135 g/1. Thus,
the 250 ml aliquot had a total copper content of about
33.75 grams, or about 0.53 moles. To this aliquot was
.added 33.75 grams (0.60 mole) of iron having a mesh size
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ot her inorgani c species, such as cupric chloride. Ammoni acal et ching
sol utions are basic, having a pH of typically grea out 9. 20
A di scPQ?¥1B ammoni acal etching solutions is %&Eﬁ)&%&i“s@{ee, s U S

Patent No. 4,915,776, entitled -fyocess for Etchlng Copper with
Ammoni acal Et chant Sol ution and Reconditioning the Used Etchant
Sol ution.™ Lee's patent is incorporated herein by reference. 25

Accor di ng t o dfe@boutatdi. (Thausecakouina Betlleaelagpescess ofaddarhe
anmoni acal eV%E (&gd%a Wd Yheé AbRfJH Cpﬁﬁlpndti‘é additidn ¥ iron,

1. Reactions er wth AnnDnlaca
Solutions  the 3°1uQQ9RnF%ﬂF QJHQQHQ“GP APPEIECS) Cl [err] ->
2Cu[ err] ( NH dmdidatiinifCithat the amount of copper in solution

s remained relatively unchanged. Thus, treating a
solution with iron powder without first acidifying the
solution is an unacceptable method of recovering copper
metal.

-

Example 2
10 This example considers what affect acidifying

the solution has on the efficiency of the reaction. An
etchant solution having the concentration discussed in
Example 1 was obtained. Sulfuric acid was added to this
solution. The pH target value was about 2.5. However,

15 as the addition of sulfuric acid continued, the
viscosity of the solution slowly increased. At a pH of
about 7.6, the solution turned unmanageably viscous.
This may be the result of the formation of copper
hydroxide. This experiment was discontinued when.the

20 solution no longer could be stirred.

Example 3
This example illustrates what affect diluting

and acidifying the solution has on the efficiency of the
reaction. A 250 ml aliquot of an etching solution was

25 obtained as described in Example 1. The aliquot was
then diluted with water in a 1:5 volume ratio, i.e., a
five~fold volume excess of water was added to the
solution. The addition of sulfuric acid was then begun.
As the pH approached 7.5, the solution became

30 increasingly turbid. As the pH continued to decrease as
more sulfuric acid was added, the solution remained
turbid until a pH of about 2.5 was obtained. At this
PH, the turbidity disappeared and the solution became
blue, apparently indicating the formation of aqueous

35 copper sulfate. 33.75 grams of iron powder, having a

particle size of about 400 mesh, were then added to the

solution. An immediate reaction occurred, and metallic

copper began to precipitate. The solution was then
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Reaction 2: 2Cu[err](NH err])[err]d + 2NH err]OH + 2NH err]C1L + 35

1/20[err] -> 2Cu[err](NH err])[err]C[err] + 3Herr]O0 e over al
reacti oﬁl'?:%ﬁﬁnw determ ned by addi ng reactions 1 andpgﬂ%sém-rﬁe}sul t is:

Reaction 3: Cu[err] + 2NH err]OH + 2MN§err]d + 1/202
-> Cu(NHerr])[err]C[err] + 3Herr]0
filtered to remove the precipitated copper metal. An
aliquot of the filtered supernatant was submitted for
atomic absorption analysis. The results of the atomic
absorption showed that the copper concentration in the
L] supernatant was about 2.67 ppm.

Example 4
This example further considers the affects of pH

on the reaction efficiency. An etching sample was
formed having a copper (II) ion concentration of about

10 180 g/l copper. The etching first was diluted with a
five~fold volume of water. The pH of the solution was
then adjusted to be about 3.2. A 250 ml aliquot of the
etching solution (containing about 45 grams, .71 moles
of copper) was then treated with about 45 grams (0.805

15 moles; a 1.1 molar excess) of iron powder having a mesh
size of about 400. A reaction was observed and the
solution turned a lighter shade of green. Copper metal
also was seen to precipitate. However, the reaction did
not continue to completion. It was clear that

20 acidifying the solution to a pH of only about 3.2 did
not achieve the desired result. As a result, acidifying
to a pH of at least as low as about 2.5 as stated above
in Example 3 is preferred and results in a much more
efficient reduction of copper ion to copper metal.

25 Example 5

This example describes the treatment of a cupric

chloride solution with iron powder according to the
present invention. The solution was diluted as
described above in Example 4, and then sulfuric acid was

30 added until a pH of about 2.5 was obtained. A slight
excess (about 1.1 molar excess) of iron powder was then
added to the solution. The solution turned clear, with
metallic copper particles settling to the bottom of the
container. - Thereafter, the filtrate was analyzed by

35 atomic absorption spectrometry, which indicated that the
filtrate contained about 100 ppm of copper.
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Reaction 3 shows that the reaction involves the 5 reducti on of Cu netal

[.i ndi cated as Cu[err], i.e., copper in the zero oxidation state] with
anmoni UWOSEa1aRI de (NH err]OH), anmoni um chl ori de (BGHEIMBPHP and
oxygen. The product is an oxidi;gﬁ_annnnia copper conplex with

copper oxidized to Cu[err]. 10 n "oxidation reaction"” refers to any
reaction in whi ch el ectrons are transferred. "Oxidation"
specifically refers to a chem cal spgaisapydieh | oses el ectrons.

"Reduction"” refers t . chenj c SPeci es t hat qai ns, el ectrqns. The
conpound or el ement \?\ﬁ?’é% %gamgig%i s%l%‘éﬂ‘lﬁﬁe‘?s‘"} eﬁ'frsféﬁfft c?lgl e
"oxidizing on thegeeactioncefficiendyi |Theswxperiments vasreferred to
as the "redUCégghﬁ@Egﬁ.§x§ytﬁ§yagfi§x§*?&§ae|§ t that (¢dd i0ONs are

present in an,ejching solution, then the ‘oxi dat'i on reaction woul d
refer to ¥he *?LWH%rP%f"% adjusted tR 3B B Jo)inskeadhRE 2489, Iron
| oses two Thel £11 txute ardls bExONeEndDF2éd i ing @it absorption

spectrometry. The copper concentration of this sample
was less than 1.0 ppm. Thus, the examples discussed
herein show that the pH should be less than about 3,

10 preferably less than about 2.5, and even more preferably
from about 1.5 to about 2.5, in order to obtain a
supernatant that is substantially completely free of
copper ion.

Example 7
is The procedure of Example 5 was repeated with the

addition of a final ph adjustment step. This was done
in order to obtain a solution having a pH acceptable for
introduction into the sewer system. The final pH of the
solution was raised to 5.5 with the addition of 50%

20 agqueous sodium hydroxide.  The production of iron
hydroxide was observed, in addition to the metallic
coﬁper produced after the earlier process steps.

" Thereafter, the filtrate was analyzed by atomic
absorption spectrometry, which indicated that the

25 filtrate contained less than 1 ppm copper.

Additionally, the precipitated material was analyzed by
atomic absorption spectrometry for metallic composition.
This indicated that the composition of the product as
approximately 50% copper and 50% iron.

30 Example 8

The procedure of Example 7 was repeated.
However, a 50% agueous solution of magnesium hydroxide
was used instead of sodium hydroxide for the final pH
adjustment step. A greatly lessened formation of iron

35 hydroxide was observed, possibly due to the slower rate
of neutralization that occurs when using magnesium
hydroxide. The precipitated material was then analyzed
by atomic absorption spectrometry for metallic

This Sheet Has Been Replaced THIS SHEET HAS BEEN

(L S




oxi di zed. Copper (Il) gains two el ectrons and becones neutral, i.e.,

I s'reduced. Copper (Il1) is referred to as the "oxidizing agent." 25
The ter YOIHAti on potential” and "oxidation pot eRCTAISISY6Ms ar e
used in this application. "Oxi dafjgd potential” refers to the
potential of a chem cal species to | ose or donate el ectrons.

"Reduction potential" refers to the potential of a 30 chem cal species to
gai n el ect r onscomposhi SLo15S| Orhié analyd i SEhGiRa THaD dife found in a

T son: 3 bt tof S SE GG, I LG (S PP Sty o1 20
Sons. 35 and less than 30% irdh. Metal Powder One aspect of
the present [nvention siVhy ol lustrdteihdrtd dibcH{BUd & gl pied 2

' nety-d vg € of the present invention in many preferred embodiments,
it should be apparent to those skilled in the art that
the invention can be modified in arrangement and detail
without departing from such principles. I claim all
modifications coming within the spirit and scope of the

10 following claims.
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metal. "Finely divided" is defined belowin terns of mesh size. The
nmetal is selected to have an oxidation potential sufficient to reduce
t he met WO 9583132i n solutlon to the zero oxidation stBEEUSSHH6Me| ecti on

of 5 the metal” will iﬁﬂ. ponua gg er of factors, i ncl udi ng the

oxi dati on potenti ﬂlﬂm I“tl question. It will be appreciated
by one skilled | t a nunber of nmetals have a sufficient

oxi dati on potential t0 reduce a pg;giﬁglar ion, such as copper 10
(I'1). \Wether a part CU|£I on potentla

can be det er ni ned e|t mg&é‘ﬁ% ? ’Eaf?ﬁg"%’f"“fffi ‘Lé?%‘?ﬁﬁl’ﬁﬁtﬁt rom

e|ectrochen\ogquggusesolutlon containing copper ions, comprising the
steps of:
. 5 adding to the solution a sufficient amount of an
' inorganic acid to obtain a solution pH of less than
about 2.5; and
adding a finely-divided reducing metal to the
solution in an amount sufficient to reduce substantially
10 completely the copper ions in solution, the reducing
metal having an oxidation potential greater than copper.
2. The method according to claim 1 wherein the
inorganic acid is sulfuric acid.
3. The method according to claim 2 wherein the
15 PH of the solution after the addition of sulfuric acid
is from about 1.5 to about 2.0.
4. The method according to claim 1 wherein the
reducing metal is iron.
5. The method according to claim 4 wherein the
20 iron has a mesh size smaller than about 350 mesh.
6. The method according to claim 5 wherein the
iron has a mesh size at least as small as about 400
mesh.
7. The method according to claim 1 wherein the
25 step of adding metal to the solution comprises adding
the metal continuocusly.
8. A method for recovering copper metal from an
agqueous solution containing copper ions, comprising:
treating the solution with a sufficient amount
30 of an inorganic acid to obtain a pH of less than about
2.5;
adding to the solution a sufficient amount of a
! reducing metal to substantially completely reduce the
copper ions in soluticn, thereby forming precipitated
35 _copper metal, the reducing metal having a mesh size of
at least as small as about 350 mesh, the metal also
having an oxidation potential greater than copper; and
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and cal cul ati ng t-he-free-energy-associated with a particul ar reaction.

This procedure is of skill in the art. And, the
el ect r ¥@EHMYA se nlnlllﬂn)ln Imnln |shed |n a nunber of PSTAISAUIE0

references, including ¢ t Chem stry and Physics, which is
publ i shed by CRC Press. By may of exanple, if the dissolved ion of
I nterest 20 i's copper (l1), then a number of netals potentially can

be used to reduce theréﬁﬁﬁﬁilﬁ |ﬁhé(bﬁ€8¥§ﬁtdﬂad c r metaqa&rbﬁ

det erm ned by knomn he f pote‘:r}1 at.a for gger and
conparing suc %Ia?% ?rh'e %b? f‘g‘r ion %ﬁeﬁ% rmmg 2§ 8

Cu[err] + e[ ekon cﬁh@ent#atlon of Heass [thar) a3mty/5.

Cuferr] + elerr] O.gerr.j. e meth [ﬂder‘dﬁz}?\?\iaLg 8 whereén the

Culerr] + 2e[er err y way of
exanpl e & d\&qqgﬁﬂn4?rﬂ? ypic acid«hat can be used to reduce
copper (1) to copperigd) The method according to claim 8 wherein the

reducing metal is iron.
11. The method according to claim 10 wherein
the iron has a mesh size at least as small as about 400
10 mesh.

12. The method according to claim 8 wherein the
the solution has a copper ion concentration of less than
about 2 ppm following the step of recovering the copper
metal.

15 13. A method for recovering copper metal from
an aqueous solution containing copper ions, comprising:

adding to the solution a sufficient amount of
sulfuric acid to obtain a solution pH of from about 1.0
to about 2.0;

20 adding a sufficient amount of iron powder to the
solution to precipitate the copper ions as copper metal,
the iron powder having a mesh size of at least as small
as about 400;

recovering the precipitated copper metal from

25 the solution, the solution thereafter having a copper
ion concentration of less than about 5 parts per
million, the recovered copper metal having a purity of
greafer than about 70 percent.

14. The method according to claim 13 wherein

30 the solution is an ammoniacal circuit-board etching
solution.

15. The method according to claim 13 and
including the step of diluting the solution prior to the
step of treating the solution with sulfuric acid.

3s 16. The method according to claim 13 wherein
the iron powder is added to the solution continuously.
T 17. The method according to claim 16 and
further including the step of agitating the solution
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I nclude: (1) nagmgsLunl(Ng;erp}~+¥2e[err] My; Elerr] = -2.375 V);

(2) manganese (Mn
(Fe[ er rvo9s2e32r r |
appl i cant has det
reduci ng copper (Il) ions in

this, other than the fact that iron has a sufficient oxidation

potential,
relatively

10

15

during the contifiub@§2a8@itidon ¢6 ir¥enipowdesri takdme and
solution.

18. A method for recovering copper metal from a
circuit-board etching solution containing copper ions,
comprising:

diluting the solution with at least about a two-
fold volume excess of water;

treating the solution with a sufficient amount
of sulfuric acid to obtain a solution pH of from about
1.5 to about 2.5;

adding a sufficient amount of an iron powder to
the solution to precipitate substantially completely the
copper ions in solution as copper metal, the iron powder
having a mesh size of at least as small as about 400
mesh; and

recovering the precipitated copper metal, the
solution thereafter having a copper ion concentration of
less than about 3 parts per million, the recovered
copper metal having a purity of greater than about 60
percent.

19. The method according to claim 18 wherein
the step of treating the sclution with sulfuric acid
includes adding a sufficient amount of sulfuric acid to
obtain a pH of less than about 2.0, the solution having
a copper ion concentration of about 2 ppm following the
step of recovering the precipitated copper metal.

20. The method according to claim 18 and
further including the steps of:

increasing the pH to greater than about 5.5
after the step of recovering the metal; and

discharging the solution into the environment.

21. The method according to claim 18 and
including the step of measuring changes in solution
potential during the step of adding a sufficient amount
of an iron powder to the solution.
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i nexpensi ve. As stated in the Background of the | nvention, stee
wool and iron particles previously haye been tried to gﬁkﬁkgate
copper Wﬁ{ﬁm solution. These pr&\ious processe% Vé proven
unsati sfactory. Surprisingly, and contrary to the teachings of the
prior art, applicant has determ ned thgfga process involving using an
I ron powder that (1) is at |east about /0% pure, and 10 preferably at
| east about 90% pure, and (2) has a suitably small. mesh size, produces
an efficient duction.of YaYaTalal=1z oRS—t-0 hpn.pe,h_m_a.l_.'_ﬁ areteht-e
aqueous sol utiong.a.Curortdining anmxmma emlthe.m.nlgamxid:.ze@busﬁ:a35¢on§sh
Is preferred, an s

Pttt arst—as—sTer—as—about
400 nesh. Thus, as used herein, the phrase "finely-divided netal"
descri bes a metal having a sufficient pugity and a sufficiently

smal | mesh size to efficiently carry out the desired reaction, nanely
t‘he reduction of dissolved nmetals ions 20 t he zero oxidation state.
One skilled in the art will realize that iron

2. Diluting the solution with water.

3. Acidifying the solution with an inorganic acid to a
pH of from about 1.0 to less than about 2.5.

!

4. Adding to the acidified solution a finely divided

reducing metal.

5. Agitating the solution (not necessary).

6. Recovering the precipitated metal.
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powders neeting the requirenents stated herein can be obtained froma
nunmber of sources. One source of an I ron powder suitable for the
present invention is 25 Hoeganaes Conpany, of Riverton, New Jefsey-

C. Inorganic Acid

Et chi ng sol uti ogs, particularly amohi RERACEMENT S

F‘f

-

-

et chi ng solutions, are basic and therefore have a pH great ¢r [0 THan
about 7. More typically, anmmoni acal etching sol uti ons haveja pngNg
greater than about 9. A RBETHODSFOR RBECOVERENG rMETRLS | TROMNT { i

ternms of the recovery of copper net e decont am nat

etching solutions, can be achieved by treéilng etching 35 SO|JtI0nS W th
finely-divided iron powders at a pH of | ess than about 2.5™amdeven

nore preferably at a pH of fr eeaalkoWes £nd ravabedbn?. O.

5

10

15

20

25

30

35

This invention concerns a method for recovering

metals from solutions.

Background of the Invention
The toxicity of metals has been well documented, and

releasing effluents containing metals into the
environmment is now strictly controlled by environmental
protection laws. For instance, the effluent limitations
on copper are as low as about 0.0017 pounds of copper
per 1,000 pounds of effluent (about 1.7 ppm). 40 C.F.R.
§ 421.52. The electronics industry generates large
volumes of used circuit-board etching solution
containing high levels of copper ions. This effluent
cannot be discharged directly into the environment
without first being subjected to expensive procedures to
reduce the effluent copper concentration.

Some processes are known for removing metal ions
from solution. For instance, Spedden et al.’s U.S.
Patent No. 3,634,071 is directed to a process for
accelerating the precipitétion of copper from solution.
According to Spedden’s process, a solution containing
copper ions must be treated with sulfur dioxide. The
purpose of the sulfur dioxide is to produce hydronium
ions (H') by reacting with water to form sulfurous acid
(H,SO0;) . This compensates for the consumption of
hydronium ions that occurs during the reduction of
copper. ions. Spedden teaches that using sulfuric acid
as the sole source of hydronium'ioﬁs-is unacceptable in
a process for recoverlng copper 1ons from solutlon.

Guess’ U.S. Pgtenm No‘?S 122 279 also describes a
process for removing dlssolved metals“from water. The
process comprises treating solutions containing heavy
metals with ferrous dithionate to form a complex which
precipitates from solution. Guess attempted a number of




-

- 10- Thus, the process of the present invention in Iﬁﬁ@kﬁCEMENT SHEET
the step of acidifying the solution prior to treating th ol ution
with the finely-divided netal powder. Acidification typig¢alll y2 7sNOV 199¢
acconplished using an 5 i norgani ¢ acid. Suitable inorgani cids

I ncl ude, = wi thout limtation, hydrochl8ric acid, nitric acid,
sul furic acid and phosphoric acid. A presently preferred ifnorgani c acid

is sulfuric acid. _Sul furic G a a b. I oY of
comercial 10 soTTRRET léeﬁoverf ‘lrntail\felt% %ne ag%s%l\!‘ig ﬁﬁ%%éﬁnet?’ nor e, =

and again wit houtproaessag fome TRRNATIOT COPBRE - t hESRPPLe I off G&SSati on,
applicant currentgysbetieyesréding e feed solution with steel wool.

Guess indicates that some removal of copper was visually

S evident as the steel-wool mass gradually turned from
steel color to copper-colored fibers. Atomic absorption
spectrometry of the treated solution indicated that only
28% of the copper in the solution was collected on the
steel wool.

10 Example VI of Guess discusses removing copper from
solution using iron particles. A litre of a solution

‘having a pH of about 9 and containing copper ions was
treated with an equimolar guantity of iron particles. A
sample of this solution was withdrawn for filtration

15 after a coating of metallic copper was deposited on the
surface of the iron particles. 2nalysis of the sample
determined that approximately 87% of the copper remained
in solution. Hence, Example VI of the Guess patent
teaches that only about 15% of the copper ions in

20 solution can be recovered as copper metal by treating
the solution with iron powders. A 15% conversion is
obviously unacceptable when the copper concentration in
an effluent can be no greater than about 2 parts-per-
million.

25 Guess also discusses U.K. Patent Application GB
125828 A. This application describes a process
involving contacting a solution containing copper ions
with steel wool. According to Guess, the problems
associated with this method include: (1) an

30 uneconomically low conversion of copper ion to copper
metal; (2) a high cost associated with steel wool; and
(3) a high labor cost associated with handling the
materials. _ '

Despite ong01ng 1nvest1gatlons,,a process for

35 eff1c1entIY'and 1nexpen51vely recovérlng metals from
solutions containing ions of the metal Stlll has not
been developed. Although itgiszknown to treat solutions
with iron to precipitate low levels of copper, this



i nternmedi ate formati on of copper sulfate aids the subseqggert—reduction

of aqueous copper (I1) ion to 15 copper (0) netal. REPLAGEMENT SHEET
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amount  of that simply using iron to recover copper metal is an
5 inefficient and unacceptable method for recovering
copper from solutions containing copper ions.

Summary of the Invention

The present invention provides a process for

10 recovering metals from aqueous solutions. The method
comprises treating aqueous solutions containing ions of
a first metal, such as copper (II), with a finely-
divided reducing metal within a controlled pH range to
precipitate the first metal from solution. The

15 invention addresses the problems identified in the
Background of the Invention for prior related processes.
A preferred process according to the present invention
accomplishes at least two gocals: (1) The metal ions in
solution are reduced to the zero oxidation state to

20 produce reusable metals. For instance, copper (II) is
reduced to copper (0). The recovered copper metal
preferably should have a sufficient purity to allow for
subsequent use, such as greater than about 60% pure.
(2) The concentration of copper (II) ions remaining in

25 solution is reduced to be within applicable
environmental regulations, such as from about 2 ppm to
about 3 ppm, prior to disposal or discharge into the
environment.

One embodiment of the method comprises treating an

30 agueous solution containing metal ions with a sufficient
amount of an inorganic acid to obtain a pH of less than
about 2.5. Thereafter, a finely-divided metal reducing
agent is added to the solution in an amount sufficient
to reduce substantially completely the dissolved metal

35 ions to metals (i.e., a metal in the zero oxidation
state). The reducing metal added to the solution has an
oxidation potential greater than the metal ions in
solution. Without limitation, a preferred inorganic
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iron.

The size of the metal particles also appears to
influence the efficiency of the reaction. When iron is
used as the reducing agent, the iron preferably should
have a mesh size smaller than about 350 mesh, and even
more preferably should have a mesh size of at least as
small as about 400 mesh. The iron powder may be added
to the solution batchwise or continuously, and the
solution may be agitated during the addition.

A particular embodiment of the invention comprises
treating a solution containing copper ions with a
sufficient amount of an inorganic acid to obtain a pH of
less than about 2.5. A finely-divided metal powder is
then added to the solution in an amount sufficient to
substantially completely reduce the copper ions to
copper metal. The metal preferably has a mesh size of
at least as small as about 350 mesh and an oxidation
potential greater than copper. The copper metal is then
recovered, such as by filtration, with the solution
thereafter having a copper ion concentration of less
than about 5 ppm, preferably from about 2 ppm to about 3
ppm, and even more preferably less than about 2 ppm.

A preferred embodiment of the method comprises first
diluting an agqueous solution containing copper ions with
water. Without limitation, a preferred dilution is
about a five-fold volume dilution. The diluted solution
is then treated with a sufficient amount of sulfuric
acid to obtain a solution pH of from about 1.0 to less
than about 2.5. A sufficient amount of iron powder is
then added to the solution to precipitate the copper
ions as copper metal. The amount of iron to be added to
the solution may be determined empirically, or by
measuring the oxidation-reduction potential of the
solution using techniques known in the art. The iron
powder has a preferred mesh size of at least as small as
about 400 mesh. The copper metal that precipitates is
recovered using a filter press, and the solution
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acid. pH has a 3BPPti §OngerseNtence 20 on the efficiency of the reaction.
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exanpl es process for treating circuit-board etching solutions
with iron powder to precipitate dissolved copper ions as
copper metal, thereby obtaining an etching solution that
is substantially completely free of copper ions. _

10 " 8till another object of the present invention is to
provide a process whereby a substantially pure copper
metal can be obtained from used circuit-board etching
solutions by treating such solutions with iron powder
wherein the copper ion concentration in the treated

i5 etching solution is decreased to about 2 parts per

million.

Brief Description of the Drawing

FIG. 1 is a flow chart showing certain process steps
20 for a particular embodiment of the present invention.

Detailed Description of the Preferred Embodiments

In accordance with one embodiment of the present

invention, finely-divided metal powders are used as

25 reducing agents to precipitate from aqueous solutions
metals having a lower oxidation potential. The process
steps for one particular embodiment of the invention
include: (1) obtaining an etching solution containing
dissolved metal ions; (2) diluting the solution with

30 water; (3) acidifying the diluted solution with an
inorganic acid to a pH of below about 2.5, and
preferably from about 1.0 to about 2.0; (4) adding a
reducing metal, having a particle size of 350 mesh or
smaller, preferably at least as small as about 400 mesh,

35 to the solution. Without limiting the present invention
to one theory of operation, it appears that an
oxidation/reduction reaction (redox reaction) occurs
upon the addition of the reducing metal to the solution.
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of copper netal fromthe 25 solution is unacceptably low. SpecifiZZIN
when t he pH of the solution is greater than about 3, atom
absorption spectronetry shows that the T&tovery of copper
t he anmoni acal etching solution is | ess than about 20%
the pHis Iessd%han.SO about.3b t hen % sgec&fic gH Qggg.not bg ?ch'eve
order to providth EUPFEP&Er ofTOPHRY | BR. UFRG 0P Ref T woP 0 -4t t hbugh pH
is inportant, aceppgr bbngHavel déssolvedbihoscibbicna pFrof P0p seduces
provi des sati sf S 3 . : L
Fi nel y- Di vi ded ﬁg%gf¥P6§5%r£8 Ebﬁﬁer E%?I%ﬁf%é'tﬁgéggégd%%égg?gi??c%??on,
the sol ution isPrecipPikafedsBetai®atnent with a reducing metal. The finely-
5 Each of the reagents used to practice this

invention, as well as each of the process steps
summarized above, will be discussed in more detail

below.

10 « REAGENTS
A. Circuit-Board Etching Sclution

One embodiment of the present invention is
particularly useful for treating ammoniacal etching
solutions to precipitate copper ions. "“Ammoniacal"

15 refers to a solution containing ammonia or ammonium
salts. Such solutions also may contain a number of
other inorganic species, such as cupric chloride.
Ammoniacal etching solutions are basic, having a pH of
typically greater than about 9.

20 A discussion of ammoniacal etching solutions is
provided in Lee’s U.S. Patent No. 4,915,776, entitled
"process for Etching Copper with Ammoniacal ‘Etchant
Solution and Reconditioning the Used Etchant Solution."
Lee’s patent is incorporated herein by reference.

25 According to Lee’s patent, the reactions between copper
and the ammoniacal etching solution can be summarized as

follows:

1; Reactions of Copper with Ammoniacal Etching
30 Solutions

Reaction 1: cu’ + Cu®(NH;)Cl, —— 2Cu*(NH;),Cl

Reaction 2: 2Cu*(NH,),Cl + 2NH,OH + 2NH,Cl +
35 1/20, ——» 2Cu?*(NH;),Cl, + 3H,0

The overall reaction can be determined by adding

reactions 1 and 2. The result is:
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ei ther batchwi se or continuously. Currently, the continuous addition

of metal powder is considered preferable to batchw se addigdebPfocs =t cier
Presumably, 5 continuous addition prevents aggl oneration of jt ha wafaf-~! SHeET
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Reaction 3 shows that the reaction involves the

5 reduction of Cu metal [indicated as cu’, i.e., copper in
the zero oxidation state] with ammonium hydroxide
(NH,OH) , ammonium chloride (NH,Cl) and oxygen. The
product is an oxidized ammonia copper complex with
copper oxidized to cu?®.

10 An "oxidation reaction” refers to any reaction in
which electrons are transferred. "Oxidation®
specifically refers to a chemical species which loses
electrons. "Reduction" refers to a chemical species
that gains electrons. The compound or element which

15 gains electrons is referred to as the Yoxidizing
reagent"; the agent that loses electrons is referred to
as the "reducing agent." By way of example, if copper
(II) ions are present in an etching solution, then the
oxidation reaction would refer to the transfer of

20 electrons from Fe (0) to copper (II). Iron loses two
electrons and becomes positively charged, i.e., is
oxidized. Copper (II) gains two electrons and becomes
neutral, i.e., is reduced. Copper (II) is referred to
as the "oxidizing agent."

25 The terms "reduction potential” and "oxidation
potential"” also are used in this application.
"Oxidation potential" refers to the potential of a
chemical species to lose or donate electrons.

. "Reduction potential® refers to the potential of a

30 chemical species to gain electrons. A discussion of
these concepts can be found in a number of standard
chemistry texts, including, for example, Cotton and
Wilkinson’s “"Advanced Inorganic Chemistry," published by
John Wiley & Sons.

35 _
B. Metal Powder

One aspect of the present invention involves
treating an etching solution with a finely-divided
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including the oxidation potentials of the metals in

question. It will be appreciated by one skilled in the
art that a number of metals have a sufficient oxidation
potential to reduce a particular ion, such as copper

10 (II). Whether a particular metal has a sufficient
oxidation potential can be determined either
empirically, or by examining the electrochemical seriés
and calculating the free energy associated with a
particular reaction. This procedure is known to those

15 of skill in the art. And, the electrochemical series is
published in a number of standard references, including
The Handbook of Chemistry and Physics, which is
published by CRC Press.

By way of example, if the dissolved ion of interest

20 is copper (II), then a number of metals potentially can
be used to reduce the copper (II) to copper (0). This
can be determined by knowing the following potential
data for copper and comparing such data to the potential
of the reducing agent:

25
cut + e = cu’ E' = 0.522 V
cu** + e- = cu' E' = 0.153 V
cu?* + 2~ = cu’ E' = 0.340 V
30 By way of example and without limitation, metals
that can be used to reduce copper (II) to copper (0)
include: (1) magnesium (Mg* + 2~ = Mg; E° = -2.375 V);
(2) manganese (Mn?** + 2e- = Mn; E° = -1.029 V); and (3)
iron (Fe?" + 2e- = Fe; E° = -.409 V). For the present

35 invention, applicant has determined that iron is a
preferred metal useful for reducing copper (II) ions in
solution to copper (0). One reason for this, other than
the fact that iron has a sufficient oxidation potential,
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is because iron is readily available and relatively
inexpensive.

As stated in the Background of the Invention, steel
wool and iron particles previously have been tried to
precipitate copper ions from solution. These previous
processes have proven unsatisfactory. Surprisingly, and
contrary to the teachings of the prior art, applicant
has determined that a process involving using an iron
'powder that (1) is at least about 70% pure, and
preferably at least about 90% pure, and (2) has a
suitably small mesh size, produces an efficient
reduction of copper ions to copper metal in acidic
agqueous solutions. Currently, a mesh size smaller than
about 350 mesh is preferred, and is even more preferably
at least as small as about 400 mesh. Thus, as used
herein, the phrase "finely~divided metal" describes a
metal having a sufficient purity and a sufficiently
small mesh size to efficiently carry out the desired
reaction, namely the reduction of dissolved metals ions
to the zero oxidation state.

One skilled in the art will realize that iron
powders meeting the requirements stated herein can be
obtained from a number of sources. One source of an
iron powder suitable for the present invention is
Hoeganaes Company, of Riverton, New Jersey.

C. Inorganic Acid
Etching solutions, particularly ammoniacal etching

solutions, are basic and therefore have a pH greater
than about 7.  More typically, ammoniacal etching
‘'solutions have a pH of greater than about 9. A
surprising increase in reaction efficiency, in terms of
the recovery of copper metal and the decontamination of
etching solutions, can be achieved by treating etching
soclutions with finely-divided iron powders at a pH of
less than about 2.5, and even more preferably at a pH of
from about 1.0 to about 2.0.
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art, such as nech ﬁ%§E E rrgﬁa'phosphoric acid. A presently

preferred inorganic acid is sulfuric acid. Sulfuric
acid is readily available from a number of commercial

10 sources, and is relatively inexpensive. Furthermore,
and again without limiting the invention to one theory
of operation, applicant currently believes that the
intermediate formation of copper sulfate aids the
subsequent reduction of aqueous copper (II) ion to

15 copper (0) metal.

II. Process Steps
Using the reagents discussed above, the present

invention provides a process whereby metal ions are
20 reduced and precipitated from solution. Certain of the
process steps of the invention will now be discussed in

more detail.

A. Dilution

25 A used industrial solution, such as ammoniacal
etching solution, generally is diluted with water as a
first process step. One purpose of this dilution is to
decrease the heat of neutralization that occurs upon the
addition of an inorganic acid to the etching solution.

30 One skilled in the art will realize that the amount of
dilution required for a particular reaction will depend
upon the amount of heat of neutralization that is
generated. To provide a guideline, the solution should
be maintained at a temperature below about 100°C so that

35 the water, and any compounds less volatile than water,
is not vaporized during the process. Even more
preferably, the dilution should be sufficient so that
the heat of neutralization does not increase the
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heat during addition of the inorganic acid. One of
ordinary skill in the art will realize that there is
nothing critical about a five-fold volume dilution.
Smaller and larger volume dilutions also may suffice.

10 Presently, it is believed that volume dilutions of from
about a two-fold volume dilution to about a ten-fold
volume dilution, preferably from about a three-fold
volume dilution to about a six-fold volume dilution, and
even more preferably about a five-fold volume dilution,

15 will suffice for the present invention. '

B. Acidification
Following dilution, the solution then is treated

with an inorganic acid. pH has a surprising influence

20 on the efficiency of the reaction. The influence of pH
on the reaction is considered further in the examples
provided below. However, when a solution having a pH of
greater than about 3.0 is treated with a finely-divided
iron powder, the recovery of copper metal from the

25 solution is unacceptably low. Specifically, when the pH
of the solution is greater than about 3, atomic
absorption spectrometry shows that the recovery of
copper metal from the ammoniacal etching solution is
less than about 20%. However, if the pH is less than

30 about 3, then a specific pH need not be achieved in
order to provide a satisfactory reaction. In other
words, although pH is important, a range of pH values
below about a pH of 2.5 still provides satisfactory
results.

35

C. Addition of Finely-Divided Metal Powder
Following the step of acidification, the solution is

ready for treatment with a reducing metal. The finely-
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solution either batchwise or continuocusly. Currently,
the continuous addition of metal powder is considered
preferable to batchwise addition. Presumably,
continuous addition prevents agglomeration of the.metal
powders in solution, thereby providing more surface area
for reaction with the metal ions in solution.

The amount of metal powder added to the solution
depends on the amount of oxidized metal ions in
solution. If the total amount of dissolved ions in
solution is known, or if the concentration of the metal
ions in solution is known, then the amount of iron
powder that should be added to the solution also can be
determined. For instance, if the metal in solution is
copper, then about an equimolar amount of iron should be
added to the solution. This is because the reaction
appears to involve a 1:1 molar ratio of iron and copper.
This can be seen by comparing the half reactions for

copper and iron as shown below:

» Cul
> Fe? + 2e°

cu?t + 2e°
Fe

cu®** + Fe° » Cu’ + Fe?*

This reaction shows that an eguimolar amount of iron (0)
should be added to reduce the copper (II) ion to copper
metal. However, in practice it is generally preferred
to add a slight molar excess of the iron powder to the
copper-containing solution. Currently, from about a 1.1
to about a 1.5 molar excess of iron is added to the
solution to ensure complete reduction of the copper (II)
ion to copper metal.

An alternative method for determining the amount of
reducing metal that should be added to the solution
containing metal ions involves determining the
oxidation-reduction potential (ORP) of the solution.

ORP involves measuring the voltage qapacity of the
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However, solution containing copper (II) ions, a standard

solution can be formed having about the same
concentration of copper (II) ions. The potential of the
solution is then measured using standard devices known

10 in the art. Thereafter, iron powder is added to the
solution until the supernatant has a copper (II) ion
concentration of about 2 ppm. The potential of the
solution is again measured. The value of the potential
is then used as a reference point for determining how

15 much iron should be added to larger, industrial
guantities of etching solution.

The reaction also is facilitated by agitating the
reaction during, and perhaps subsequent to, the addition
of the finely~-divided iron powder. Agitation can be

20 accomplished in a number of ways. For instance, the
etching solution can be continuously stirred with
devices known in the art, such as mechanical stirrers.
It will be apparent that magnetic stirrers are not
preferred because if magnetic metals, such as iron

25 particles, are added to the solution such particles will
be attracted to the magnetic stir bar. Moreover, one
skilled in the art also will understand that agitation
methods other than mechanical stirring can be employed.

- One example would be to sonically agitate the solution.
30

53

D. Recover of Reduced Metals
The finely-divided metal apparently reduces metal

ions in the solution that have a lower oxidation

potential than does iron. Once the etchant solution is
35 treated with a reducing metal, the dissolved metal ions

having a lower oxidation potential are reduced and may

precipitate from solution. Sometimes the pH of the

solution may reguire adjustment upwards in order to
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The following examples are provided for illustrative
purposes only. These examples are in no way intended to
limit the scope of the invention to the particular
aspects illustrated by such examples.

Example 1

This example describes treating a solution
containing copper ion with iron powder without
acidifying the solution prior to the addition of iron
powder. A 250 ml aliquot of an etchant was obtained
having a copper concentration of about 135 g/l. Thus,
the 250 ml aliquot had a total copper content of about
33.75 grams, or about 0.53 moles. To this aliquot was
added 33.75 grams (0.60 mole) of iron having a mesh size
of about 400. Thus, about a 1.12 molar excess of iron
was added to the solution. Upon the addition of iron,
the solution remained unchanged in appearance,
indicating that the amount of copper in solution
remained relatively unchanged. Thus; treating a
solution with iron powder without first acidifying the
solution is an unacceptable method of recovering copper
metal.

: Example 2

This example considers what affect acidifying the
solution has on the efficiency of the reaction. an
etchant solution having the concentration discussed in
Example 1 was obtained. Sulfuric acid was added to this
solution. The pH target value was about 2.5. However,
as the addition of sulfuric acid continued, the
viscosity of the solution slowly increased. At a pH of
about 7.6, the solution turned unmanageably viscous.
This may be the result of the formation of copper
hydroxide. This experiment was discontinued when the
solution no longer could be stirred.
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plate size. Once the water content of the prec1p1tated
solids is reduced, the dehydrated solids are recovered.

When the metal in solution is copper ion, the
product from the press filter is both copper metal and
an etching solution that has had the copper ions
substantially completely stripped therefrom. As used
herein, the phrase "substantially completely" means a
solution that has a metal-ion concentration of less than
about 5 parts-per-million (ppm), preferably less than
about 3 bpm, and even more preferably from about 1 ppm
to about 2 ppm.

The purity of the copper metal and the level of
copper ion in the treated etchant solution was
determined using atomic absorption. Atomic absorption
is an analytic process known to those of ordinary skill
in the art. For the present invention, a Perkin/Elmer
Atomic Absorption Spectrometer, Model No. 2280, was used
to determine both the purity of the copper metal
obtained using the process and the level of copper ions
still remaining in solution once the etching solution is
treated according to the present invention.

An atomic absorption spectra of a copper sample
obtained according to the process of the present
invention showed that a copper purity of greater than
about 70% can be ocbtained. Perhaps more important, and
in contrast to the teachings of the prior art, the
concentration of copper ions in solution following
treatment according to the present invention is less
than about 3 ppmn.
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copper ions in solution follow ng t Bxampdet 3according to

t he present

invention is less 3%hi%h%&&ﬂ§¥g A MYPrates what affect diluting and
acidifying the solution has on the efficiency of the

reaction. A 250 ml aliquot of an etching sol

ution was

5 obtained as described in Example 1. The aliquot was

then diluted with water in a 1:5 volume ratio
. five-fold volume excess of water was added to
solution. The addition of sulfuric acid was
As the pH approached 7.5, the solution became
10 increasingly turbid. As the pH continued to

, i.e., a
the
then bequn.

decrease as

more sulfuric acid was added, the solution remained

turbid until a pH of about 2.5 was obtained.

At this

pH, the turbidity disappeared and the solution became

blue, apparently indicating the formation of
15 copper sulfate. 33.75 grams of iron powder,

aqueous
having a

particle size of about 400 mesh, were then added to the
solution. An immediate reaction occurred, and metallic
copper began to precipitate. The solution was then
filtered to reﬁove the precipitated copper metal. An
20 aliquot of the filtered supernatant was submitted for
atomic absorption analysis. The results of the atomic
absorption showed that the copper concentration in the

supernatant was about 2.67 ppmn.

) 25 Example 4

This example further considers the affects of pH on
the reaction efficiency. An etching sample was formed
having a copper (II) ion concentration of about 180 g/l
copper. The etching first was diluted with a five-fold

30 volume of water. The pH of the solution was

then

adjusted to be about 3.2. A 250 ml aliquot of the

etching solution (containing about 45 grams,

.71 moles

of copper) was then treated with about 45 grams (0.805
moles; a 1.1 molar excess) of iron powder having a mesh

35 size of about 400. A reaction was observed and the
solution turned a lighter shade of green. Copper metal
also was seen to precipitate. However, the reaction did

not continue to completion. It was clear that




-16- Exampl e 3 This. exanple

il lustrates what affect diluting and aci di fyi pepitalgement BHEET has on the
efficiency of the reaction. A 250 ml aliquo ' 50{ uti on was
5 obtained as described in Exanple 1. The ali qu¢t eh filuted
with water in a 1:5 volunme ratio, i.e.,-gp- fiyv f%?éa%lﬁé pxgess of
wat er was added to the solution. The additi¢npof sulfuric was then
begun. As the pH approached 7.5, the soluti®n beca asingly
turbid. As theaplidi@ptinguethd Goleiensecas pH Gfeoads didas

added, the solutign_r e tyrhid hi a f »2 : .
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33.75 grams of hHLORRGRASr 3 RaVigierdrred BaW! rek@1tsZzen0h abeht mdPE nesh,

were then added tao,the . .
5 efficient reduction of copper ion to copper metal.

Example S
This example describes the treatment of a cupric

chloride solution with iron powder according to the

10 present invention. The solution was diluted as
described above in Example 4, and then sulfuric acid was
added until a pH of about 2.5 was obtained. A slight
excess (about 1.1 molar excess) of iron powder was then
added to the solution. The solution turned clear, with

15 metallic copper particles settling to the bottom of the
container. Thereafter, the filtrate was analyzed by
atomic absorption spectrometry, which indicated that the
filtrate contained about 100 ppm of copper.

20 Example 6
This example also evaluated what affect pH has on

the reaction efficiency. The experiment was conducted
exactly as in Example 5, except that the initial pH was
adjusted to about 1.5, instead of 2.5. The filtrate was

25 then analyzed using atomic absorption spectrometry. The
copper concentration of this sample was less than 1.0
ppm. Thus, the examples discussed herein show that the
pH should be less than about 3, preferably less than
about 2.5, and even more preferably from about 1.5 to

30 about 2.5, in order to obtain a supernatant that is
substantially completely free of copper ion.

Example 7
The procedure of' Example 5 was repeated with the

35 addition of a final ph adjustment step. This was done
in order to obtain a solution having a pH acceptable for
introduction intoc the sewer system. The final pH of the
solution was raised to 5.5 with the addition of 50%



solution. An inmediate reaction occurred, and netallic co began to

preC|p|tate The solution was then f||tered to remove the|ppes e tha—.,
copper netal. An 20 aliquot of the filtered supernatant was staa WB&%EET
atom c absorption analysis. The results of the atomc abspr

t hat the copper concentration in the super nat ant was abo

25 Exanpl e 4 This exanple f

considers the affects of pH on the repgtion efficiency.

sanpl e was forned having a copper (Il) ion concentration

o/l copper. The etching first was diluted with a five-fold 30

of water. The pRd¥eomse snsivm hydrexideen The pxedustdent efbdrapbout 3.2. A

250 m aliquot ohyh@xide wﬁéﬂaﬂﬂér%%huthﬁnaﬁﬁ&%&%hnthtﬁQOHEtéilﬂéa”B 71
nol es of copper) was then treated ‘'with 45 grans -

mol es; a 1.1 nol SPPRETeSTPANced Gftesdde ﬁéF#&&raPFE #S§5S §P§e of about
400. . A reacti onTherealft®recdhendilt®ate was analyzed by atomic

5 absorption spectrometry, which 1nd1cated that the
filtrate contained less than 1 ppm copper.
Additionally, the precipitated material was analyzed by
atomic absorption spectrometry for metallic composition.

. This indicated that the composition of the product was

10 approximately 50% copper and 50% iron.

Example 8
The procedure of Example 7 was repeated. However, a
50% agueous solution of magnesium hydroxide was used
15 instead of sodium hydroxide for the final pH adjustment
step. A greatly lessened formation of iron hydroxide -
was observed, possibly due to the slower rate of
neutralization that occurs when using magnesium
hydroxide. The precipitated material was then analyzed
20 Dby atomic absorption spectrometry for metallic
composition. This analysis indicated that the
composition of the product was greater than 70% copper,
and less than 30% iron. '
Having illustrated and described the principles of
) 25 the present invention in many preferred embodiments, it
J should be apparent to those skilled in the art that the
invention can be modified in arrangement and detail
without departing from such principles. I claim all
modifications coming within the spirit and scope of the
30 following claims.
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1. A method for recovering copper metal from an
aqueous solution containing copper ions, comprising the
steps of:

adding to the solution a sufficient amount of an
inorganic acid to obtain a solution pH of less than
about 2.5; and

adding a finely-divided reducing metal to the
solution in an amount sufficient to reduce substantially
completely the copper ions in solution, the reducing
metal having an oxidation potential greater than copper.

2. The method according to claim 1 wherein the
inorganic acid is sulfuric acid.

3. The method according to claim 2 wherein the pH
of the solution after the addition of sulfuric acid is
from about 1.5 to about 2.0.

4. The method according to claim 1 wherein the
reducing metal is iron.

5. The method according to claim 4 wherein the iron
has a mesh size smaller than about 350 mesh.

6. The method according to claim 5 wherein the iron
has a mesh size at least as small as about 400 mesh.

7. The method according to claim 1 wherein the step
of adding metal to the solution comprises adding the
metal continuously.

8. A method for'recovering copper metal from an
aqueous solution containing copper ions, comprising:

treating the solution with a sufficient amount of an
inorganic acid to obtain a pH of less than about 2.5;

adding to the solution a sufficient amount of a
reducing metal to substantially completely reduce the
copper ions in solution, thereby forming precipitated
copper metal, the reducing metal having a mesh size of
at least as small as about 350 mesh, the metal also
having an oxidation potential greater than copper; and

" recovering the precipitated copper'metal from the
solution, the solution thereafter having a copper ion

concentration of less than about 5.
This Sheet Has Been Replaced
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excess (about 1.1 nDIar excess) of I ron powder- was then added to
solution. The solution turned clear, wt+edb netallic copper—partietes
settling to the bottom of the container. Thereafter, the filtrate was
anal yzed by atom c absorption spectronetry, which |nd|cated that the
filtrate contai ned aSout Theo mgihast aseeyeing tppclaim 8 wherein the

Exanpl e 6 mBlﬁg&x@caranl@ dlss guarairdat a¢iaghat af f ect pH has on the
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2.5. The filtrat ceducidy metal dsaligoad using atomic absorptlon
spectronetryg The 13 ghe method according to claim 10 wherein the
iron has a mesh size at least as small as about 400
mesh.
12. The method according to claim 8 wherein the
the solution has a copper ion concentration of less than
10 about 2 ppm following the step of recovering the copper
metal. '
13. A method for recovering copper metal from an
aqueous solution containing copper ions, comprising:
adding to the solution a sufficient amount of
15 sulfuric acid to obtain a solution pH of from about 1.0
to about 2.0;
adding a sufficient amount of iron powder to the
solution to precipitate the copper ions as copper metal,
the iron powder having a mesh size of at least as small
20 as about 400;
recovering the precipitated copper metal from the
solution, the solution thereafter having a copper ion
concentration of less than about 5 parts per million,
the recovered copper metal having a purity of greater
25 than about 70 percent.
14. The method according to claim 13 wherein the
solution is an ammoniacal circuit-board etching
- solution. '
15. The method according to claim 13 and including
30 the step of diluting the solution prior to the step of
treating the solution with sulfuric acid.
16. The method according to claim 13 wherein the
iron powder is added to the solution continuously.
17. The method according to claim 16 and further
35 including the step of agitating the solution during the
continuous addition of iron powder to the solution.
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Exanpl e 7 The procedure of Exanple 5 was repeate¢ Wth the 35
addition of a final ph adjustnent step._ ThIS was done In order to
obtain a solution having a pH acceptable %or i ntroductlion into the
sewer system The final pH of the solution was raised to 5.5 with the

addi tion of 50% 18. A method for recovering copper metal from a

circuit-board etching solution containing copper ions,
comprising:
diluting the solution with at least about a two-fold
5 volume excess of water; '
treating the solution with a sufficient amount of
sulfuric acid to obtain a solution pH of from about 1.5
to about 2.5; _
adding a sufficient amount of an iron powder to the

10 solution to precipitate substantially completely-the
copper ions in solution as’ copper metal, the iron powder
having a mesh size of at least as small as about 400
mesh; and

recovering the precipitated copper metal, the

15 solution thereafter having a copper ion concentration of
less than about 3 parts per million, the recovered
copper metal having a purity of greater than about 60
percent.

19. The method according to claim 18 wherein the.

20 step of treating the solution with sulfuric acid
includes adding a sufficient amount of sulfuric acid to
obtain a pH of less than about 2.0, the solution having
a copper ion concentration of about 2 ppm following the
step of recovering the precipitated copper metal.

25 20. The method according to claim 18 and further
including the steps of:

increasing the pH to greater than about 5.5 after
the step of recovering the metal; and
discharging the solution into the environment.

30 21. The method according to claim 18 and including
the step of .measuring changes in solution potential
during the step of adding a sufficient amount of an iron
powder to the solution.
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Abstract of the Disclosure

tﬁ

A method for recovering metals from solutions is
described. A particular embodiment of the method
concerns recoverlng copper metal. The method comprises

5 first treating a solution containing copper ions with a

sufficient amount of an inorganic acid to

obtain a

solution pH of from about 1.5 to less than about 2.5. A
reducing metal, such as iron, is then added to the
solution to precipitate metal ions, such as copper ions,

10 as metals. The reducing metal has a mesh

size

preferably smaller than about 350, and even more

preferably at least as small as about 400

This Sheet Has Been Repla
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mesh. The

metal precipitate is recovered from solution.
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rate of n that occurs when using nmagnesi um

hydr oxi de. The precipi d materi al V\@_.&G'[ hg.n anal yzed 20 by &tontrc
absorption spectronmetry for netallic ‘conposition. This analysis

I ndi cated that the conposition of the product was greater Than 70%
copper, and less than 30%.iraon Having illustrated and

(described the, pri gstRhRngf 2801 B0 €6RE 1h ING Nbx I 26d wnrﬁﬁxjsl

enbodi nent s, shoil e _apparent to those—skitl-edintho—art—th t he
i nvention can be nodified in arrangerrent nd detail wi t hout departing
fromsuch principles. | claimall nod| fications comng wthin the
spirit and scope of the 30 follow ng clalns

2. Diluting the solution with water.

l

3. Acidifying the solution with an inorganic acid to a
PH of from about 1.0 to less than about 2.5.

!

4. Adding to the acidified solution a finely divided

reducing metal.

5. 'Agitating the solution (not necessary).

w

6. Recovering the precipitated metal.
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--19 - dains 1. A nethod for recovering copper netal from
an adueous sol ution containi ng copper ions, conprising: (a)
addjng to the solution a sufficient anount of an acid to obtain a solution
pH of | ess than about 2.5; (b) adding iron particles to

the solution in an anmount sufficient to re@dce the
copper ions in solution, the iron particles having a nesh size of from

about METHOB(FOBr REGOYERENG MEFALS FROM SOLUTIONS

-

Abstract of the Disclosure

A method for recovering metals from solutions is
described. A particular embodiment of the method
concerns recovering copper metal. The method comprises
first treating a solution containing copper ions with a
sufficient amount of an inorganic acid to obtain a
solution pH of from about 1.5 to less than about 2.5. A
reducing metal, such as iron, is then added to the
solution to precipitate metal ions, such as copper ions,
as metals. The reducing metal has a mesh size
preferably smaller than about 350, and even more
preferably at least as small as about 400 mesh. The
metal precipitate is recévered from solution.

FIGURE 1 THIS SHEET HAS BEEN
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(c) adjusting the pH of the solution to greater than about 5 by the
addi tion of s g fli ci ent amounts of magnesium

‘hydr oxi de, “or- conpoun@SISwH it , - |
2rsatuion | I RN
c L M s % 3.

hydroxi de i n an aquelpus
met hod of claim1l wherein the acid is an inorganic
The nmethod of claim1l wherein the re gi netal is added to the sol ution

continuously. . 4. A nethod for recovering copper nmetal from

a solution coptaining ¢ er_ions, conprising: a
diluting a copper %oﬁgggﬁgaiﬁFnﬁgﬁﬂﬁﬁﬂiﬂg\ﬁéb?ﬁﬁﬁ@ﬁ?al from an(aAueouFb)
tr eat i ngS@Het 10N (€PRHa kNLRJ aCOPPEY cLiORE - 2RBNRT 1§ANngn thE §tEPSoREdi n a
sol ution adding to the solupid¢nmfa|ssEfitientbamountsef an inorganic
(c) adgeig 86 obbaipoadsoltvidbhepHobSt Lesst thpheabputalke Sthandbpper ions
in . adding a fin®QyUbi®ided FRRRAViNEREtaDite €RO1s6VaUSbY in
rm\r/ujtorlhglg o eﬁﬁfi‘&c‘igpiheto reduce_ substantiallyOlddngdetdfif khen
powder gc\)/f)p?& 4dne i 'foru iéﬂ,or%l'?e Of’édl% 1n8 rméggi ﬁéving an oxidation
potential greater than copper, the metal having a mesh size of
at least as small as about 350; and adjusting the pH of the
solution to greater than about 5 by the addition of sufficient

amounts of a base.

2. The methdd according to claim 1 wherein the inorganic
acid is sulfuric acid. : : -

: 3. The method according to claim 2 wherein the pH of the
.solution after. the addition of sulfuric acid is.from about 1.5
to about 2.0.

4. - The method according to claim 1 wherein the reducing
metal is iron. '

5. The method according to claim 4 wherein the iron has
a mesh size smaller than about 350 mesh.

6. The method according to claim 5 wherein the iron has
a mesh size at least as small as about 400 mesh.

7. The method according to claim 1 wherein the step of
adding metal to the solution comprises adding the metal
continuously.

8. A method for recovering copper metal from an aqueous

solution containing copper ions, comprising:

treating the solution with a sufficient amount of an
inorganic acid to obtain a pH of less than about 2.5;

adding to the solution a sufficient amount of a reducing
metal to substantially completely reduce the copper ions in
solution, thereby forming precipitated copper metal, the reducing
metal having a mesh size of at least as small as about 350 mesh,
the metal also having an oxidation potential greater than copper;
and

recovering the precipitated copper metal from the solution,
the solution thereafter having a copper ion concentration of less
than about 5. ————————" REPLAGEMENT SHEET
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\Ig%}?ﬁ,rA\SéEl\/El\ﬂ' SHEET | 5._,%\grr-1-9t hod for recovering copper

met al from@@A1M§moni acal circuit-board

1. A method for recovering copper metal from an aqueous solution contalmng
copper ions, comprising: :

(a)  adding to the solution a sufficient amount of an acid to obtaxn a solution
pH of less than about 2.5;

- (b)  adding iron particles to the solution in an amount sufficient to reduce the
copper ions in solution, the iron particles having a mesh size of from about
350 or smaller; and
(c) adjusting the pH of the solution to greater than about 5 by the addition of
sufficient amounts of magnesium hydroxide, or compounds which form
magnesium hydroxide in an aqueous system, to the solution.
N\ ~ 2. The method of claim 1 wherein the acid is an inorganic acid.

3. The method of claim 1 wherein the reducing metal is added to the solution
continuously.

4. A method for recovering copper metal from a solution containing copper ions,

comprising:

(a) diluting a copper ion-containing solution with water;

(b)  treating the solution with a sufficient amount of an acid to obtain a solution
PH of less than about 2.5;

()  adding an iron powder to the solution to precipitate the copper ions in
solution as copper metal while contmuously monitoring the potential of the
solution, the i iron powder having a mesh size of from about 350 or smaller;

e d N mcreasmg the pH of the solution to greater than about 5 by the addition of

magnesium hydroxide after precipitating the copper metal;
(o) recovering the precipitated copper metal; and

® discharging the solution into public waste waters.

-~ .
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fsolutlon vmth Water (b) treatlngthe solution with a
in a sol ut ' pH

of from abot"ll!ll Il mt (c) addi ng an iron powder to
the solutio he copper_ions in :

sol ution as copper net al , the iron pcﬁﬂdér havi ng a nesh size of from about
350 or smaller; (d) i ncreasing the pH of the solution to
at least 5 by the addition of nagnesium hydroxi de;

and 5. I, methSE Y Shdolétina/tBp B ekl o & hefRBIE! dFthAlboar
6. Th th tent th | ut
duri nS Fﬁ%&gﬂ%%mﬁb 3 ﬁ%ﬂh irgnl ngder tor!tﬂg soFu'ItD?oﬁn e © SO ution

(a) diluting the etching solution with water;

Ion

(b) treating the solution with a sufficient amount of an acid to obtain a solution
pH of from about 1 to about 2.5;

(©)  adding an iron powder to the solution to precipitate the copper ions in
solution as copper metal, the iron powder having a mesh size of from about

350 or smaller;
(d) increasing the pH of the solution to at least 5 by the addition of magnesium
hydroxide; and
o = -
' (¢)  recovering the precipitated copper metal.
. 6. The method of claim S including monitoring the potential of the solution during
the addition of the iron powder to the solution.
l\__/'
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METHOD FOR RECOVERING METALS FROM SOLUTIONS

_ Abstract of the Disclosure

A method for recovering metals from solutions is
described. A particular embodiment of the method
concerns recovering copper metal. The method comprises
first treating a solution cohtaining copper ions with a
sufficient amount of an inorganic acid to obtain a
solution pH of from about 1.5 to less than about 2.5. A
reducing metal, such as iron, is then added to the
solution to precipitate metal ions, such as copper ions,
as metals. The reducing metal has a mesh size
preferably smaller than about 350, and even more
preferably at least as small as about 400 mesh. The
metal precipitate is recovered from solution.

FIGURE 1
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FIG. 1

1. Obtaining a solution containing oxidized metal ions.

2. Diluting the solution with water.

3. Acidifying the solution with an inorganic acid to a
PH of from about 1.0 to less than about 2.5.

!

4. Adding to the acidified solutlon a finely divided

reducing metal.

5. Agitating the solution (not necessary).

|

6. Recovering the precipitated metal.
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