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IMPROVED PROCESS AND APPARATUS FOR
ELECTROWINNING OF HEAVY METALS FROM WASTE BATHS

ABSTRACT OF THE DISCLOSURE
——efis e 224 MiobLUoURa

A novel bipolar cell is described together with a
method for employing the same in the electrowinning of
heavy metals (copper, nickel, cobalt and the like) from
baths such as etchants, electroless plating baths and the
like. In a particular application, the bipolar cell is
used to regenerate a chloride-based ammoniacal copper
etching bath by electrowinning a portion of the copper
therein. The regeneration is accompllshed without
generating any significant amount of gaseous chlorine.
The regeneration of the copper etching bath in this
manner is used in a closed loop system for maintaining at
a substantially constant level the amount of copper

present in an operating ammoniacal chloride copper
etchant bath.



10

15

20

25

30

inclusive of a process for the direct regeneration of
chloride-based ammoniacal copper etchant baths.

Background Of The Invention

Baths containing heavy metals such as copper,
nickel, cobalt and the like in soluble form are widely
used commercially in plating, etching and other pro-
cesses. The disposal of waste from such baths in an
environmentally safe manner presents a challenge. The
first step of many disposal processes generally involves
electrolytic deposition of at least a major portion of
the heavy metal content, followed by treatment of the
remaining bath liquid to remove other constituents. The

removal of heavy metals from waste baths by electrolytic

deposition in this manner is referred to hereinafter as
electrowinning of the metal.

The treatment of etchant baths containing copper
forms a special instance of such an electrowinning pro-
cess since, in many cases, such baths can be regenerated
for further use as etchants by electrowinning of a
portion of the copper content therefrom. The etching of
copper 1s a step carried out in a variety of production
prbcesses. A particular example is found in the manu-
facture of circuit boards which generally begins with a
non-conducting substrate such as a phenolic or glass

‘reinforced epoxy sheet laminated on one or both sides
- with a layer of copper foil. An etch resist image in the
shape of a desired circuit pattern is applied to the
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copper foll and the foil so imaged is subjected to the
action of an etchant, by spraying or immersion, to remove
the copper not covered by the etch resist. The resist-
Covered copper circuit pattern is thereby caused to stand
out in vertical relief.

The etchants most widely used commercially are cupric
chloride alkaline ammoniacal solutions because they provide
high etch rates. A major drawback of this typé of etchant
lies in the difficulty of treating and disposing of the
waste therefrom. Electrolytic attempts to recycle or
regenerate such baths directly hitherto been largely
unsuccessful due to the corrosive nature of the etchant and
the large amounts of chlorine gas which are generated.

Efforts have been made to employ cupric sulfate
alkaline ammoniacal etchants since these can be regenerated
by electrolytic means without generating chlorine gas.
However, these su'lfate-based baths suffer from low etch
rates. Cordani et al U.S. Patent No. 4,784,785 reviews
prior attempts to increase the etch rate of these baths and
describes the use of organic thio compounds to accelerate
the etch rate. However, the accelerated rate sO0 achieved
1s still significantly less than that of chloride-based
etchants.

Attempts to regenerate chloride-based etchants using
processes which do not generate chlorine gas are reviewed
in Lee U.S. Patent No. 4,915,776. These various attempts
include electrolytic recovery of the copper content by
indirect techniques. The ’77s6 patent is also directed to

'a_process of treating spent etchant. The process involves

precipitating copper as a copper hydroxide sludge by
reaction with calcium hydroxide. The ammonia

gas which is also generated in the reaction is then
reacted with the aqueous calcium chloride solution
(remaining after the precipitation)'and carbon dioxide

3

3



10

15

20

25

30

_4- 20529

gas to generate an aqueous solution of ammonium hydroxide
and ammonium chloride and a precipitate of calcium

carbonate. After separation of the latter, the remaining
solution is used to formulate a fresh etchant bath. This

process requires high initial investment in complex equip-

ment, as well as further treatment to recover metallic
copper from the hydroxide precipitate.

Furst et al U.S. Patent No. 4,564,428 describes a
process for regenerating a sulfate-based ammoniacal

of a small amount of ammonium chloride. The oxXygen

generated at the anode is said to prevent evolution of
chlorine gas.

winning using a novel bipolar cell having significantly
lmproved efficiency as will be described in detail
hereafter. It has been found further that the novel cell
in question has the additional advantage in that it can
be used to regenerate chloride-based ammoniacal copper
etchant baths by direct electrolytic means without
generation of any significant amount of chlorine gas.

The copper is recovered from the etchant bath in the form
Oof ductile sheets which can be stripped from the cathode.

SUMMARY OF THE INVENTION

It 1s an object of the invention to provide a
novel electrolytic cell for the electrowinning of heavy
metals from baths containing the same. Tt is a further
object of the invention to provide an improved process
for the electrowinning of heavy metals from waste baths
containing the same. It is still another object of the
invention to regenerate chloride-based ammoniacal copper
etchant baths by direct electrolytic means without
generation of chlorine gas. It is a further object of

3
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the 1lnvention to recover copper in ductile sheet form
from chloride~based ammoniacal copper etchant baths. 7Tt
1s yet another object of the invention toc provide a
Cclosed loop system for maintaining a chloride-based
ammonlacal copper etchant bath in operating condition for
a prolonged period of time by continuously removing
liquid from said bath, subjecting the liquid so removed

These objects, and other objects which will become
apparent from the description which follows, are achieved
by the apparatus and process of this invention. The
latter in one aspect thereof comprises a bipolar cell
which comprises, in combination, (a) a tank adapted to
hold a liquid electrolyte and having disposed therein a
cathode comprising a sheet of an etch resistant metal, an
anocde which can be carbon or a sheet of an etch resistant
metal optionally coated with a layer of a conductive
noble metal oxide; (b) at least one bipolar plate
fabricated from tantalum or an etch resistant metal
coated on one side thereof with a layer of a conductive
metal oxide, suspended in said tank but not connected
electrically to the anode or cathode; and (c) a source of
direct electric current adapted to be connected across
the anode and cathode.

The invention includes a process for electro-
winning heavy metals from liquid baths containing the
same using the bipolar cell of the invention.

In a particular aspect, the invention also com-
prises a process for the direct electrolytic regeneration
of a chloride-based ammoniacal copper etchant bath
substantially withoﬂt generating gaseous chlorine by
electrowinning a portion of the copper from the bath
using the bipolar cell of the invention. Copper is
deposited on the cathode and the cathode side of the at
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least one bipolar plate in the form of a peelable,
ductile sheet. In a related aspect, the invention also
comprises a closed loop system for maintaining a
chloride-based ammoniacal copper etchant bath in operable
condition by constantly removing ligquid from the bath, on
4 continuous or semi-continuous basis, subjecting the
withdrawn liquid to electrolytic regeneration using the
above process, and returning regenerated liquid to the
etchant bath to maintain the latter at constant volume
and cupric ion content.

BRIEF DESCRIPTION OF THE DRAWINGS
S et sy UL 2in URAWINGS

F1G. 1 shows in schematic form a typical bipolar
cell in accordance with the invention.

FIG. 1A shows in cross~section an alternative form
Oof anode for use in a cell in accordance with the
invention.

FIG. 1B shows in cross-section a particular form
of a component of a cell in accordance with the
invention.

FIG. 2 shows in schematic form a closed loop

System employing a process in accordance with the
invention.

DETAILED DESCRIPTION OF THE INVENTION
———— s e ML 28BS LNVENTLON

Typical baths containing heavy metals include
baths for the electrolytic or electroless deposition of
copper, nickel and nickel/cobalt alloys, and etchant
baths for etching of copper and like heavy metals. When
such baths have reached or approached the end of their
useful life, it is necessary to dispose of the contents

thereof in an environmentally acceptable manner or, in

certain cases, particularly in the case of etchant baths,
to regenerate the same by reducing the heavy metal
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content thereof. The removal of all, or a significant
portion, of the heavy metal content of such baths by
electrowinning is a commonly used step 1n the waste
disposal process and/or in the regeneration process. The
use of the novel bipolar cell of the present invention
enables the electrowinning to be carried out ip 4 manner
which is characterized by greater efficiency in both
energy required and reduction of operating time necessary
to accomplish the desired result.

FIG. 1 shows in schematic form a typical bipolar
cell arrangement, shown overall as (1), in accordance
with the invention. The liquid bath (4) which is to be
subjected to electrowinning is held in tank (6) which 1s
provided with anode (10) and cathode (8). Cathode (8) is
fabricated, advantagecusly but not necessarily, in sheet
form, from an etchant resistant metal such as platinum,
palladium, titanium, tantalum, niobium and the like.
Anode (10) is fabricated in rod, sheet or other
structural forms conventionally employed in the art, from
carbon or an etch resistant metal which can be the same
or different from that used in cathode (8). Anode (10)
can also take the form, illustrated as (10') in
cross-section in FIG. 1A, of a sheet of an etch resistant
metal (14) on one side of which is a layer (16) of
conductive oxide of a noble metal. The term "noble
metal" is inclusive of iridium, ruthenium, gold,
platinum, palladium and the like. TIn an'alternative form
of (10') the layer of conductive oxide is present on both
sides of metal sheet (14). Anode (10) and cathode (8)
are suspended in tank (6) by conventional means (not
shown), for example, by strap means dependent from bus
bars through which direct current can be supplied to the
cell from an appropriate source.

Also suspended in tank (6) are bipolar plates (12)
which are fabricated from tantalum metal alone or, in an
alternative embodiment shown as (12') in cross-section in
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FIG. 1B, from a sheet (18) tantalum or other etch
resistant metal (as exemplified above) on one side only
of which is a laver (20) of a conductive oxide of noble
metal as exemplified above. When the alternative form
(12') of bipolar plate is employed, the plate is dlsposed
in tank (6) so that layer (20) is on the side closest to
cathode (8). The bipolar plates emploved in any given

(12) or form (12') or a mixture of the two types in any
proportion can be employed. The bipolar plates (12) or
(12') are suspended in tank (6) by conventional means
(not shown) such as straps depending from bus bars and
the like. However, the bipolar plates are not connected
electrically to each other or to elther cathode (8) or
anode (10) or to any external source of electric current.
When a voltage is applied across the cell (1) a
positive charge is induced on each of the sides of
bipolar plates (12) which are oriented towards cathode
(8) and a negative charge is induced on each of the sides
oriented towards the anode (10) as shown in FIG. 1. In
the case of the use of coated bipolar plates (12') when
oriented as described above, the positive charge is
induced on the coated side and the negative charge is
induced on the exposed metal side. Thus in electro-
winning of heavy metals from baths containing the same,

- the deposition of metal occurs not only on cathode (8)

but on the negatively charged sides of bipolar plates
(12) or (12'). Hence the rate at which deposition, i.e.,
electrowinning, df_metal takes place is significantly
enhanced compared with the rate achieved using electro-
lytic cells hitherto employed in the art. Further, the
increase in rate is achieved without increasing
significantly the current density applied to the cell.
Accordingly, the use of the cell leads to a significant

increase in efficiency of operation not only in terms of
shorter operation time.
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While the number of bipolar plates (12) shown in
FIG. 1 1s five, it is to be understood that this number
1s chosen for purposes of illustration only. In actual
practice there can be as few as one and as many as can be
accommodated depending upon the size of cell (6) which is
employed in any given instance. The actual number
employed is not critical and the appropriate number to
employ in any given instance is readily determined by a
process of trial and error.

In a particular application, the cell and process
of the invention are emploved in the direct electrolytic
regeneration of chloride-based ammoniacal copper etchant
baths. Such baths generally comprise aqueous solutions
containing, as the main components, a cupric ammonium
chloride complex and ammonium hydroxide. As the etching
process proceeds, the cupric ammonium chloride gradually
increases in concentration. When the cupric ion
concentration reaches a certain level, generally of the
order of about 150 g./liter, the rate at which further
etching will take place becomes significantly reduced.
When this point is reached it is necessary either to
prepare a fresh etchant bath and dispose of the previous
one or, preferably, to restore the etch rate of the bath
to its former level. In order to achieve the latter
result it is necessary to regenerate the bath by reducing
the copper content below the above level, and
advantageously to a level below about 100 g./liter,
without significantly altering the nature and/or
concentrations of the other components of the bath. This
desirable result is achieved by the process of the
invention.

Thus, the copper etchant bath to be regenerated is
subjected to direct electrolysis in a cell according to
the invention as discussed in reference to FIG. 1 above.
The temperature of the bath is advantageously maintained
in the range of about 70°F. to about 170°F, and
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preferably in the range of about 70°F. +o about 90°F.

of about 7.8 to about 9.5 and preferably in the range of
about 8.0 to about 8.2. The current density emploved is
advantageously in the range of about 10 to about 300
amp/sqg.ft. (ASF) and pPreferably in the range of about 70
to about 150 ASF. As the electrolysis proceeds copper is
deposited in sheet form on the cathode (8) and on the
cathode side of each of the bipolar plates (12). The
electrolysis is continued until the level of copper in
the bath liquor has fallen to a desired level generally
Oof the order of about 60 qg./liter. At this time the
etchant liquid remaining in the cell 1s ready for re-use.
The copper sheet deposited on the cathode (8) and cathode
slde of plates (12) can be removed readily by peeling in
the form of a ductile sheet. The bath remaining in the
cell can then be re-employed as an etchant bath or used
to recharge another operating bath.

The above~described process for the direct
electrolytic regeneration of a chloride-based ammoniacal
copper etchant bath can be incorporated into a closed
lLoop system for maintaining at a substantially constant
level the amount of copper present in an operating
etchant bath of the above type. FIG. 2 shows such a
closed loop system in schematic form. In the system
shown, liquid is withdrawn from operating etchant bath

(22}, on a continuous or semi-continuous basis, and

transferred to a first holding tank (24). The liquid in
tank (24) is regenerated in cel] (26) in increments
corresponding to the capacity of the cell. Cell (26) is
operated in accordance with the invention as described
above in regard to the embodiment shown in FIG. 1. The
electrolysis of each increment is continued until the
copper concentration in the liquid has fallen to a
predetermined level, typically of the order of about
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one-half of the copper concentration in bath (22). When
this point is reached the regenerated etchant is
transferred to second holding tank (28) where it is
stored with increments already processed. Regenerated
etchant is transferred on a continuous Or semi-continuous
basis, as required, to the operating etchant bath (22).
The amount of regenerated fluid returned to bath (22) at
a given time is equal to the amount withdrawn for
regeneration at the same time.

Density controller (30} constantly monitors the
density of etchant bath (22). The bath density is
directly related to the cupric ion concentration. When a
change in bath density indicates that the cupric ion

concentration has increased to a predetermined level,

controller (30) generates signals which activate the
appropriate pump means which cause a portion of bath (22)
to be transferred to first holding tank (24) and an equal
portion of regenerated bath liquor to be transferred from
second holding tank (28) to bath (22). The cupric ion
content of bath (22) is thereby reduced to a predeter-
mined level and operation of the etchant bath continues
until controller (30) again detects the incremental rise
in density and again activates the above described cycle.
The employment of density controller (30) in this manner
1s well-known in the art and, accordingly, further
discussion of the nature of the electronic components,
circuitry, and calibration of the equipment involved
therein is omitted. Illustrative of density controllers
which are available commercially is the DSX-2 Density
Controller marketed by MacDermid Inc. of Waterbury, CT.
The following ‘is a typical example of a direct
electrolytic regeneration Process according to the
invention. Four liters of a typical working bath of
chloride~based ammoniacal copper etchant was processed in

-an electrolytic cell having a titanium cathode, a

titanium sheet coated on one side with a layer of iridium
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oxide [Eltec Inc.] as anode, and having suspended in the
etchant two bipolar plates identical to the anode but not
connected electrically thereto or to the cathode. The
etchant initially contained 120 g./liter of copper, 170
g./liter of chloride ion and 180 g./liter of ammonium
hydroxide. The pH was 8.3. A current density of 100 ASF
was applied with the etchant liquor at 26.7°cC. The
electrolysis was continued until a total of about 240 g.
of copper had been deposited on the cathode and on the
cathode side of the cathode/anode plates. No chlorine
Jdas was generated during the electrolysis. A total of
309 ampere hours was required. The copper was recovered
in the form of ductile sheets which were readily peeled
from the cathode and the anode/cathode plates. 'The
copper sheets so obtained were found to have a purity of
98.9 percent. The liquor so regenerated was used to
replenish an operating etchant bath. The addition of the
regenerated liquor did not affect the etch rate of the
bath which remained at 2.5 + 0.1 mil/minute.

invention has a significant number of advantages. The
bipolar cell arrangement is compact, economical and
efficient. Substantially no toxic chlorine gas is
generated at the anode, in direct contrast to attempts
previously made to regenerate chloride~based ammoniacal
copper etchants. Further, no waste products which

‘require disposal are generated since both the copper

sheet recovered in the process and the regenerated
etchant can be recycled. Other systems emploved to
recover copper from etchant baths by electrolysis have
generally deposited the copper in the form of a powder
which is much more difficult to separate and handle. As
discussed above, the process of the invention has the
further advantage that it can be incorporated in a closed
loop etchant system which enables an operating etchant
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bath to be maintained at a constant etch rate over
prolonged periods. Further, the process of the invention
can be carried out using pH values in the etchant at the
low level of about 7.8 to 8.6. This allows the etchant
to be used in etching inner layers which utilize organic
etch resists sensitive to higher PH.

It is to be understood that the various embodi -
ments of the invention which have been shown and dis-
cussed above, have been described for illustration only
and are not to be construed as limiting. Various
modifications which can be made to the process and system
without departing from the scope of the invention will be
readily apparent to one skilled in the art.
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I CLAIM:

1. A process for the direct electrolytic
regeneration of a chloride-based ammoniacal copper etchant
bath while generating little or no gaseous chlorine, which
process comprises subjecting said bath to electrolysis
employing an etch resistant metal cathode and an anode
selected from the group consisting of carbon, tantalum, and
an etch resistant metal coated with a layer of a conductive
noble metal oxide, and wherein said bath also has suspended
therein at least one bipolar plate selected from tantalum
and a sheet of etch resistant metal coated on one side
thereof with a layer of a conductive metal oxide, said at
least one bipolar plate being not connected electrically to

either of said anode or said cathode.

2. A process according to claim 1 wherein there 1is

a plurality of said bipolar plates suspended in said bath.

3. A process according to claim 2 wherein said
bipolar plates are disposed symmetrically in said bath and,
for plates comprised on an etch resistant metal coated on
one side with a layer of conductive metal oxide, with the

coated sides thereof facing towards said cathode.

4. A process according to claim 1 wherein said

cathode is fabricated from titanium.
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5. A process according to claim 1 wherein said at
least one bipolar plate is a sheet of titanium having one
side thereof coated with a layer of an oxide of iridium,

ruthenium, platinum, palladium or gold.

6. A process according to claim 1 wherein said
electrolytic regeneration 1is continued until the
concentration of copper in said etchant bath has been

decreased to a concentration below 100 g/1.

7. A process according to claim 6 wherein deposited
copper 1is thereafter removed from said cathode and from

said at least one bipolar plate in the form of a ductile

sheet.

8. In a process for maintaining the copper content
of a chloride-—-based ammoniacal copper etchant bath at a
substantially constant concentration during continuous
operation of said etchant bath, the steps comprising:

(a) periodically withdrawing a portion of said
etchant bath;

(b) subjecting said portion so withdrawn to
electrolytic regeneration in accordance with
the process of claim 1 for a time effective
to reduce ﬁhe copper concentration in said
portion; and

(c) thereafter returning to said etchant bath

said regenerated portion, or an equivalent
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portion previously withdrawn and
regenerated.
9. A process according to claim 8 wherein the

withdrawal of said portion from said etchant bath and the

return to said etchant bath of said regenerated portion is

carried out on a continuous basis.

10. A process according to claim 9 wherein said
etchant portion continuously withdrawn from said etchant
bath is transferred to a first storage means, portions are
fed from said first storage means to a vessel in which the
electrolytic regeneration.is carried out, and the etchant
portion so regenerated is fed to a second storage means
from which it is continuously withdrawn and returned to
said etchant bath at a rate corresponding to that at which

said etchant portion is being withdrawn from said etchant

bath to said first storage means.

TR SAUMC Yfin oo s s L R4 0407 (< MM SV D MMM S ARG 2 £ +A0OG $AVRANY M- MR TR S PR LA SMAV A s - 70~ 15500 e e i A L s o WA AAMMAMAAS T ko —— - R



t

{

!

|

f v oF
i
._ AN AOOASATR T SN VAN
,

P . TARMAMAMA AR TRN AN

o . -
LANRANSNRNARRARIRIRNYRNINN
)

(e —— . - .
ANEEEEENYEATEWNEIAAYERELD ™

N
RN NN RN SN AR KE N BWEN

e

EES AN RN AT ICEE A VAL

AW

g o — -t m.,...\._.,um.,....,.!..ﬂ.i..'tiuf‘.fcﬂl""‘.’."’g‘f"..
¢

{
!
i
_ of

®

)

\l

v,

oD L BT TR T T TTTITITS
RSRESSSEST G ST ==L

AR LS LTRSS L Sy .

FIG 1B

PERLEY-ROBERTSGN
PANET, HILL & McDOUGALL

PATENT AGENTS



EXT

-
4

T v -
Y10 |

PERLEY-ROBERTSON
PANET, HILL & McDOUGAL.
PATENT AGENTS



,{l‘

g - e ownle o u..m“.f..ﬁblff‘f‘ﬁ.ﬂ"“‘/”"""-

!

\
\
_

B AAAMAMANRAALLA AR TR

Wi N

LANANSAR N IT TN NN

D
Q

AT ER TN ERE N AYER AR
i
AN EEEREEESLASEESAWAR NN WN

le

Ve
ENANSESSANALENACSHERAVEINLY

W)

.@.l_r%_,Ta: -

\ B

LTI 77T I 7T Z 707777 F 75

Of

———

7

14

{ 2-

16 [

£

VB BTIEITG R AT THTT I IITIE
AT TS AL TR LR

- . . ar

F.
ALLMLLARMARA ALY AL CLUR WA,

T



51




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings

