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METHOD AND APPARATUS FOR CONVERTING 
METAL ION IN SOLUTION TO THE METAL 

STATE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t under 35 USC 
§119(e) of the following patent application, the disclosure of 
Which is hereby incorporated by reference thereto in its 
entirety: U.S. Ser. No.60/470,208 ?led May 14, 2003. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a process for the 
conversion of various forms of metal ion to the metal state, 
more speci?cally using an electroless metal solution matrix. 

BACKGROUND OF THE INVENTION 

[0003] The art describes the formulation of ‘electroless’ 
solutions, such as US. Pat. Ser. No. 3,011,920. The purpose 
of such solutions is to impart a metal coating to a non 
conductive surface, for example, automotive plastic trim, 
thus the electron to convert the metal ion must be provided 
by chemical means instead of electrical. Said matrix is 
capable of providing an electron(s) to said metal ion for the 
conversion of said metal ion to the ground or metal state. 

[0004] Although the discussion beloW focuses on the 
application of the invention to copper, it Will be clear to a 
person skilled in the art hoW variations may be devised for 
other metals. Also, if more than a single type of metal ion is 
in solution, further steps may be employed to remove these 
other ions. 

[0005] Electroless copper is a solution designed for the 
chemical deposition of copper metal on a non-metallic 
surface. Electroless copper metalliZation is used in a number 
of industries such as for plating on plastic and printed 
circuits. A fairly typical example is a double sided circuit 
board. On both sides of the board there is a copper foil, of 
varying thickness depending on the manufacturer and the 
particular function of the board. Some copper foil thickness 
are about one half ounce per square foot area of circuit 

board; others may be one ounce and greater. The board 
material is a combination typically of resin and glass ?bres. 
Over the years resin technology has advanced signi?cantly 
so the type of resin varies, depending on the dielectric 
constant desired. The overall structure of the assembly and 
type of glass ?bres Would affect drilling and other manu 
facturing aspects. Ahole is drilled straight through this board 
(called an assembly or laminate) betWeen the tWo sides. It 
then becomes desirable to metalliZe through this hole so the 
tWo sides (copper foils) are in electrical communication. 
There is no technique knoWn Whereby electrons may be 
applied using electrolytic means because the resin itself is 
not conductive. What is done is to immerse this assembly 
into a metal-ion containing solution Where the metal Will 
adhere to the non-metallic areas by an electrochemical 
process. This solution is called ‘electroless’ copper. 

[0006] Typically, the electroless process starts With a 
cleaning step. The surface to be coated may contain oils, 
soils, dirt and etc. The purpose of this step is to remove the 
surface contaminants and provide a nice clean surface. 
Typically, an acidic cleaner is used, but it might also be 
alkaline in some cases. 
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[0007] Then an important step, microetch, folloWs. Elec 
troless copper is applied in the surface of the hole in the 
assembly as Well as on the exposed copper foil surfaces of 
the board. The surface of a copper foil, depending on the 
particular foil, may be very smooth. The smoother it is, the 
less likely that the electroless copper Will adhere to it, and 
it may actually peel aWay causing potential subsequent 
manufacturing problems. So it becomes necessary to 
roughen the surface of the foil before applying the electro 
less it up, that is to say to cause the surface topology to 
become pitted on a microscopic level. This involves a 
chemical process of removing a thin layer of copper from the 
copper surface of the foil, leaving a roughened surface 
topography. As a result, When electroless copper is applied, 
it Will adhere tightly. 

[0008] For this purpose, the assembly is immersed into a 
microetch solution containing an oxidiZer Which Will take 
the+2copper from the ground metallic state and bring it to the 
Cu state, the copper becoming ionic and moving into 
solution. This microetch solution contain an oxidiZer and 
Cu+ in an acidic medium. The question is hoW much Cu+2 
and hoW much acid, Which depend on manufacturing char 
acteristics individual to each manufacturer and job order. 
There is no Way to predict With any degree of precision hoW 
much copper is oxidiZed to the +2 state. As Well, the residual 
acidity that may be present in this solution may vary from 
moment to moment. As an example, betWeen 20 to 30 grams 
per liter of copper in the ionic state may be present in an 
spent microetch solution. 

[0009] After the assembly is removed from the microetch 
solution, the residual metal ions present on the Workpiece 
must be removed in order not to contaminate subsequent 
processes With high levels of copper ion. This is done by 
attempting to capture much of the ion in a static or standing 
rinse knoWn as a ‘drag out’. The Workpiece is brie?y 
immersed in the drag out, then it proceeds to subsequent 
Water rinses Where the remaining metal ion is completely 
removed. The metal ion Which diffuses into the Water rinses 
must somehoW be captured and converted into a manageable 
state; this highly concentrated metal ion solution may not be 
safely discharged. 
[0010] This is dealt With historically in any one of several 
Ways. First, being the oldest technique, is simple precipita 
tion: the pH of the rinse is adjusted (raised) to form copper 
hydroxide (also knoWn as sludge). Subsequently, there may 
be a possible coagulation step. Sludge, classi?ed as a heavy 
metal, is typically collected in a ?lter press and then sent to 
a haZardous land?ll site suitable for heavy metals, at great 
cost. 

[0011] The second historical modality is ion exchange. 
What occurs are: collection, pH adjustment, then the ion 
exchange. The rinse effluent goes through an ion exchange 
column, then the upload is disposed (discharged to a sanitary 
seWer). Periodically the ion exchange resin Will become 
charged With copper ion or metal ion and must be regener 
ated by typically an acid rinse. After this removal process the 
acid rinse itself needs to have the metal ion recovered so 
then a Whole other, possibly sub-modality, is required, and 
that is typically electroWinning, Which is electrolytic recov 
ery of the metal ion. 

[0012] ElectroWinning depends upon many factors to 
operate ef?ciently. The ?rst is high concentration of metal 



US 2004/0226407 A1 

ion. When the concentration of the metal ion in question 
drops below a certain level, ef?ciency drops precipitously to 
a point of no return Where one can literally do electroWin 
ning for literally days or Weeks Without getting the ion doWn 
to the desired concentration. So the concentration parameter 
is a de?ciency in that process. 

[0013] The second de?ciency is the acid itself. The acid 
has to be back neutraliZed so every time one conducts this 
operation to get the metal doWn to a loW enough concen 
tration to meet legal limits, one must do electroWinning for 
an extraordinarily long period of time, then back neutraliZe 
all this large volume of acid. 

[0014] Third, electroWinning tends to be expensive: the 
parts rely on platinum electrodes Which are very expensive, 
burn out easily, and are labour intensive. Changing the 
anodes and cathodes and regular maintenance of the elec 
troWinning cell is labour intensive. 

[0015] This therefore points to one embodiment of the 
present invention to remove copper ions from a loW pH 
(acidic) rinse solution. 

[0016] In some instances, a standing rinse also knoWn as 
a ‘drag out’ is employed after microetch, the purpose of 
Which is to capture excessive metal ion and diminish the ion 
concentration in the folloWing rinses. The level of metal ion 
Which is introduced into rinse Water is a function of the ratio 
of the concentration of the copper ion in the microetch to 
that in the drag out. For example if the concentration ratio 
is 3:1, tWo-thirds of the copper ion is captured by the drag 
out. The drag out is then pumped back into the microetch. A 
value to having this scheme comes When one possesses the 
capability to treat volumes of highly concentrated ion solu 
tions, thus introducing the operation of one embodiment of 
the invention here. Typically, a running microetch solution 
Will contain 20 to 30 grams per liter of copper ion; a drag out 
may contain levels of copper that are loWer than that of the 
microetch, depending on the frequency and methodology of 
its management. 

[0017] FolloWing rinsing, the assembly Will be treated by 
a catalyst. In these processes palladium is typically used as 
a catalyst, Which is a standard industry catalyst. A thin coat 
at the ppm level is applied Which adheres to the resin on the 
assembly; it also adheres to the surface of the metal (but 
primarily binds to the resin). There is further rinsing after 
that, just to rinse off residual palladium Which may be 
present. 

[0018] After catalysis the assembly goes into the copper 
electroless solution. An electroless solution comprises cop 
per ions held preferably at high pH With a chelating agent. 
It is reacted With a source of hydroxide ion (for example, 
sodium hydroxide) and a reduction agent (for example, 
formaldehyde), in the folloWing stoichiometrically balanced 
reaction: (also knoWn as a CanniZZaro reaction) 

[0019] The electrons are thus provided by chemical means 
as opposed to electrical means. Electroless copper has had a 
bad environmental reputation: large volumes of spent solu 
tion are generated, Which are very dif?cult to neutraliZe and 
yet must be treated doWn to very loW discharge limits. 

[0020] As copper metal is deposited from a Working 
electroless solution onto the assembly, the concentration of 
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the reactants are decreased and the concentration of byprod 
uct salts are increased. The components are pumped into the 
solution, Which results in solution increase or ‘groWth’. The 
excess solution is WithdraWn and treated through various 
treatment schemes, none of Which are very ef?cient. 

[0021] Electroless copper is chelated With EDTA, 
QUADROL or other like chelating or ‘sequestering’ agents. 
Avariety of methods are employed to remove the metal ion 
including: complexation With various thio (sulphur) deriva 
tives like DTC (sodium dimethyldithiocarbamate, or other 
carbamates) or other ?ltration methods employed together 
With various precipitation methods. Ion Exchange Resins 
have been used but are not highly reliable because the bond 
With EDTA can be stronger than that of the resin and thus the 
copper can bypass the resin treatment process under varying 
process conditions. Prior art describes the treatment of such 
‘electroless’ solutions With ion exchange resins in US. Pat. 
No. 4,076,618, Zeblinsky et al. 

[0022] Further, When EDTA is to be combined With any 
Waste stream, it necessitates the usage of strong precipitating 
agents like DTC, because if copper-EDTA is precipitated 
With traditional means, the neWly freed EDTA is able to 
bond With other metal ions in the Waste stream, Which can 
then escape the treatment process. DTC actually forms a 
copper-sulfur bond, Which is suf?ciently strong as to resist 
the very high chelating poWer of EDTA With copper. HoW 
ever, this use of the DTC results in an insoluble compound 
(sludge). 
[0023] All the copper that may contact the solution being 
neutraliZed must be precipitated With DTC and not just the 
copper chelated With EDTA. This results in a large amount 
of sludge, as Well as the precipitation problems associated; 
also DTC is relatively expensive. 

[0024] An example of an alternative approach to the 
neutraliZation of chelated copper may be found in Japanese 
patent no. JP54158059, Which aims to decompose and 
remove organic contaminants contained in copper plating 
Waste Water at a high removal rate by adding palladium 
chloride to the Waste Water, Which is kept at high pH, heating 
the Waste Water to form a precipitate, removing the precipi 
tate, then subjecting the Waste Water to oxidiZing treatment 
at loW pH, folloWed by activated carbon. Copper plating 
Waste Water containing such contaminants as EDTA, form 
aldehyde, and copper is treated With an alkali agent to adjust 
the pH to above 12, folloWed by palladium chloride, and 
heated to 30-80 degrees C. After removal of the resulting 
precipitate, the Waste Water is treated With a mineral acid to 
pH 1-3, then treated With an oxidiZer, again adding a mineral 
acid to adjust the pH to Within 2-4, then treated With 
activated carbon, and subjected to solid-liquid separation to 
provide treated Water. Among the numerous problems asso 
ciated With this approach is that the material must be 
removed as a ?ne precipitate and is dif?cult to remove, dry, 
handle and dispose of. 

SUMMARY OF THE INVENTION 

[0025] This invention provides for a method for convert 
ing metal ions in solution to the metal state comprising the 
steps of: (a) providing an initial quantity of reaction solution 
containing a matrix of chemicals, the reaction solution 
comprising an electroless solution for said ions including a 
chelating agent for the ions; (b) providing a chamber for 
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containing the reaction solution; (c) delivering the reaction 
solution to the chamber; (d) feeding the reaction solution in 
the chamber through a ?lter constructed of a polymer treated 
With a catalyst at a pre-determined ?lter exposure rate for 
reducing ions to the metal ground state; and (e) repeating 
steps (c) to (d) one or more times until ion concentration in 
the reaction solution is less than or equal to a minimal 
concentration limit. 

[0026] In one aspect, the step of feeding the reaction 
solution through a ?lter above comprises the subsequent step 
of replenishing hydroxyl ions and reducer. 

[0027] In a second aspect, the step of delivering the 
reaction solution to the chamber above comprises the further 
step of adding an aliquot of aqueous ions to the reaction 
solution if: the quantity of reaction solution is less than a 
pre-determined volume; and the ion concentration is greater 
than or equal to a pre-determined additive point. 

[0028] In another aspect, the reaction solution is polished 
if the quantity of reaction solution is equal or greater than the 
pre-determined volume. 

[0029] In a further aspect, the ion concentration is deter 
mined by an optical element. The optical element may 
comprise: a light emitter chosen from the group consisting 
of a light emitting diode and a laser; a Wave guide for 
directing light generated by the light emitter into the reaction 
solution; a photo diode for receiving light from the Wave 
guide through the reaction solution; and a computer With 
softWare to interpret light intensity reading from the photo 
diode as an indication of ion concentration. 

[0030] Embodiments also include the variation Where the 
ions are copper ions; and the electroless solution comprises 
EDTA as the chelating agent, and formaldehyde as a reducer. 

[0031] In a variation, the initial quantity of electroless 
solution is derived by steps Which include adding a blank 
solution to aqueous metal ions thereby chelating all metal 
ions in the electroless solution. 

[0032] In another variation the method further comprises 
the step of rinsing the metalliZed copper to remove the 
residuals salts and EDTA carried forWard. 

[0033] 
[0034] The ?lter may be constructed of reticulated foam in 
another variation. 

[0035] In accordance With one aspect, the pre-determined 
?lter exposure rate is above approximately 300 square feet 
per liter per minute. 

[0036] In accordance With another aspect, the method 
further comprises the step of storing the metal depleted 
reaction solution for future use as a blank solution. 

[0037] In accordance With a further aspect, the reaction 
solution is at a temperature betWeen about 90 degrees and 
120 degrees Fahrenheit When fed through the ?lter. 

In a further variation, the catalyst is palladium. 

[0038] Embodiments of the this invention also include an 
apparatus for converting copper ions in a reaction solution, 
the reaction solution comprising an electroless solution for 
said ions including a chelating agent for the ions, to the 
metal state comprising: a chamber for containing the reac 
tion solution; a ?lter in ?uid communication With the 
chamber providing a catalytic surface for metallic copper 
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deposition from the reaction solution When fed through the 
?lter, the ?lter surface being a polymer treated With a 
catalyst; and a heating element for monitoring and control 
ling the temperature of the reaction solution When fed 
through the ?lter; a pump element for circulating the reac 
tion solution after ?oW through the ?lter to the chamber. 

[0039] In accordance to one aspect, the apparatus further 
comprises elements for replenishing hydroxyl ions reducer, 
and adding more reaction solution. 

[0040] In accordance to another aspect of the apparatus, 
the reaction solution is polished if the quantity of reaction 
solution is equal or greater than a pre-determined volume. 

[0041] In accordance to a further aspect, apparatus com 
prises an optical element for determining the ion concen 
tration in the reaction solution, the optical element compris 
ing: a light emitter chosen from the group consisting of a 
light emitting diode and a laser; a Wave guide for directing 
light generated by the light emitter into the reaction solution; 
a photo diode for receiving light from the Wave guide 
through the reaction solution; and a computer With softWare 
to interpret light intensity reading from the photo diode as an 
indication of ion concentration. 

[0042] In a variation of the apparatus, the ions are copper 
ions; and the electroless solution comprises EDTA as the 
chelating agent, and formaldehyde as a reducer. 

[0043] In a second variation, the initial electroless solution 
is derived by steps Which include adding a blank solution to 
aqueous metal ions thereby chelating all metal ions in the 
electroless solution. 

[0044] In a another variation, the apparatus further com 
prises an element for rinsing the metalliZed copper to 
remove the residuals salts and EDTA carried forWard. 

[0045] In a further another variation to the apparatus, the 
catalyst is palladium. 

[0046] In one aspect to the apparatus, the ?lter is con 
structed of reticulated foam. 

[0047] In another one aspect to the apparatus, the pre 
determined ?lter exposure rate is above approximately 300 
square feet per liter per minute. 

[0048] In another one aspect to the apparatus, the heating 
element maintains the temperature of the reaction solution 
When fed through the ?lter at a temperature betWeen about 
90 degrees and 120 degrees Fahrenheit. 

[0049] Embodiments of this invention also includes a 
method for converting metal ions in solution to the metal 
state comprising the steps of: (a) providing an initial quan 
tity of reaction solution containing a matrix of chemicals, the 
reaction solution comprising an electroless solution for said 
ions including a chelating agent for the ions at a temperature 
betWeen about 90 degrees and 120 degrees Fahrenheit; (b) 
providing a chamber for containing the reaction solution; (c) 
delivering the reaction solution to the chamber; (d) feeding 
the reaction solution in the chamber through a ?lter con 
structed of a polymer treated With a catalyst at a pre 
determined ?lter exposure rate for reducing ions to the metal 
ground state; and (e) repeating steps (c) to (d) one or more 
times until ion concentration in the reaction solution is less 
than or equal to a minimal concentration limit. 
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[0050] The present invention provides a process for con 
version of copper ion to the metal state, utilizing an elec 
troless copper solution matrix, said process comprising the 
steps of: 

[0051] (a) an aqueous solution containing a matrix of 
chemicals, containing the components necessary to form an 
‘electroless’ solution for said copper ion. Said matrix is 
capable of providing electrons to said copper ion for the 
conversion of said copper ion to the metal state, While 
maintaining the temperature of said matrix betWeen about 90 
degrees and 120 degrees Fahrenheit. 

[0052] (b) transporting and contacting said matrix from 
step (a) into a metal ?lter comprising of a large surface area 
polymer, such as polyether reticulated foam, having previ 
ously been treated With palladium chloride catalyst. 

[0053] (c) repleting the reactants contained in said matrix 
to optimiZe and facilitate said ‘electroless’ reaction as said 
matrix circulates through the metal ?lter. 

[0054] (d) maintaining the temperature in said ?lter 
betWeen about 90 and 120 degrees Fehrenheit, so as to 
control the deposition rate of copper ions onto the ?lter 
material at a controlled rate but to prevent spontaneous 
deposition of copper metal onto non ?lter surface areas. 

[0055] The present invention also provides a process for 
the conversion of copper ions from non-chelated sources, 
such as plating Wastes or ion exchange regenerant. As the 
copper ion concentration is decreased due to deposition as 
metal Within the ?lter, the copper concentration is main 
tained by addition of concentrated copper ion, Which is 
present from other processes; and continuing to replace the 
copper ion Which is converted to metal state and to replete 
the reactants Which are consumed in the electroless reaction 
until either the excess metal ion has been consumed or the 
volume limit of the ?lter is reached. When the physical limit 
of the ?lter is reached, or the excess metal ion has been 
consumed, the reactants are repleted, and the solution is 
transported until such time as the ?nal desired metal ion 
concentration is achieved (polish). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0056] FIG. 1 shoWs a reaction curve (time versus Copper 
ion concentration) of the overall reduction reaction. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0057] The process and machine, disclosed in the present 
invention, alloW for the reduction of chelated copper, at high 
concentrations doWn to extremely loW levels, and may be 
removed as a solid block of copper metal. 

[0058] Typically, an electroless solution Would run at a 
temperature betWeen 90 and 120 degrees Fahrenheit in the 
presence of suf?cient alkalinity and sufficient reductive 
poWer. Formaldehyde is volatile and Will naturally come out 
of the solution over a very short period of time at elevated 
temperatures. The alkalinity may also drop due to the 
reaction itself. The process Will stop When a given solution 
does not contain sufficient reactants to completely drive the 
reaction (1) through to the right (reducing all copper to the 
metallic ground state). Another possibility is that there may 
not be enough thermodynamic energy. 
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[0059] In order to conduct this reaction, a number of 
factors must be considered. First, enthalpy, AH: there must 
be a minimum energy to conduct the reaction. Heat has to be 
applied in order to carry on the reaction, preferably, betWeen 
about 90 and 120 degrees Fahrenheit, though it could be 
more than that. HoWever, the reaction Will become vigorous 
at elevated temperatures. The reaction Will conduct at a 
loWer temperature than that described above but Will be 
understandably (and sometimes unacceptably) sloW. 

[0060] Second, the reactants themselves must be present, 
including Cu+2. 

[0061] Third, a source of hydroxide. 

[0062] And fourth, a reducer must be present, Which in 
this case is preferably formaldehyde. These are the essential 
components for the reaction. 

[0063] A 5th factor concerns the site at Which the reaction 
Will occur: it is undesirable to apply too much pressure to the 
previously mentioned elements such as to cause a sponta 
neous reaction forming copper metal, and resulting in sludge 
and particulate matter especially hard to deal With. The goal 
instead is to have the end product being a manageable 
product such as a block of copper metal. It is necessary thus 
to choose a catalytic material of a speci?c shape, siZe and 
density such as to cause this reaction to occur at the right 
rate. 

[0064] The sixth factor is also to control the rate of the 
reaction: the rate at Which the solution (factors 2, 3 and 4 
above) at the correct temperature (factor 1) is impinged upon 
the reaction site (factor 5). The rate of impingement can also 
vary the reaction rate. For example, a pump may draW the 
electroless solution to and through the reaction site. SloWing 
or stopping the pump causes the overall reaction to sloW or 
stop. 

[0065] The invention seeks to exploit the very properties 
of the electroless copper reduction reaction. The microetch 
solution referred to earlier is an aqueous solution of Cu+2 ion 
in an unchelated acidic matrix; and the spent electroless 
solution is a solution of Cu+2 ion in an alkaline matrix Which 
is chelated. At the outset those materials do not appear 
compatible, but this invention includes approaches to extract 
copper ions from both using the same core approach as Will 
be described later. By controlling the temperature of reac 
tion, the rate of reaction may be carefully managed. Also, the 
reactants (other than copper) tend to be decreased by side 
reactions and by volatility. Thus by replenishing the reac 
tants, an optimum reaction ‘pressure’ may be maintained. 

[0066] The invention uses thermodynamic properties, to 
push the chemical reaction of equation (1) above to near 
completion by maximiZing the reaction sites available, 
manipulation of the temperature and concentration vari 
ables, and using Le Chatelier’s Principle. A neW equilibrium 
is achieved With the amount of chelated copper held by 
EDTA being very small. 

[0067] While maintaining conditions conducive to elec 
troless metal deposition, the solution is exposed to existing 
copper metal surface to initiate the reaction. This is done by 
rapid introduction and impingement of solution held initially 
in a chamber through a ‘?lter’ of fairly large surface area and 
a speci?c surface area per unit of solution volume. As an 
example, 20 liters of solution is put through a ?lter Which 
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contains 2 ?lter elements of 20 PPI at 12 inch diameter><6 
inch thickness per element. Calculations shoW that With a 
?lter having a surface area of around 300 sq. ft., the solution 
is impinged around 3-5 US gallons per minute, Which 
exposes the solution to approximately 300 to 1000 sq. ft. of 
autocatalytic ?lter area per litre per minute (the ?lter expo 
sure rate). This high exposure rate per unit volume of 
solution is an important factor in achieving the high reaction 
rate that is required to ef?ciently reduce the metal ion 
concentration to acceptable levels Within a short period of 
time. The preferred ?lter exposure rate is above approxi 
mately 300 sq. ft. of ?lter area per litre per minute. 

[0068] This ?lter Will serve to provide the surfaces upon 
Which the reaction Will initiate (the reaction site). This 
volume of solution should be impinged upon this ?lter at a 
given minimum rate in order to achieve a rapid reaction rate 
of metal ion conversion to the metal state. A minimum rate 
Would apply for each set of circumstances and that rate 
Would be the same rate that the copper ion is produced by 
their combined processes. If the copper ion is not reduced at 
this rate, then ionic copper Would accumulate in drums and 
it Would be necessary to have them removed by other means. 
Maintaining these conditions alloWs for a reduction in 
copper ion concentration to extremely loW levels, 1 PPM 
and loWer, Which alloWs for direct discharge (provided other 
regulatory guidelines have been met) to the public Waste 
stream in virtually any jurisdiction at the time of this 
document. 

[0069] The metal ?lter itself is prepared from commer 
cially available ?ltration media, such as reticulated foam 
material. The material used is selected for resistance to the 
reactants used. The pore siZe Will govern the surface area in 
a given ?lter. Generally a pore siZe in the range of about 10 
to 20 PPI is preferred, especially around 20 PPI (as indicated 
earlier). The ?lter media is prepared by treatment With a 
catalyst, typically of the standard palladium type. This 
renders the media surface active to initiate the electroless 
copper reaction. 

[0070] Once copper metal atoms have been deposited onto 
the surface of the ?lter, the reaction Will continue to likeWise 
deposit metal ions on that same surface. A given ?lter can 
absorb many thousands of times its Weight in copper metal 
atoms. In operation, the apparent bulk density of the block 
increases until it reaches a predetermined level, for example, 
50 percent of that of solid copper metal. At that time the ?lter 
block is removed and replaced. (One could continue to 
increase that density until it approached that of the bulk 
density of copper itself, but then the How rate Would be 
signi?cantly reduced and the rate of reaction Would sloW.) 
The block does not groW dimensionally to any signi?cance, 
but rather the porosity decreases. The reaction rate is not 
signi?cantly affected by this decrease in porosity, but clearly 
the ?lter must be replaced in practice before the How rate is 
diminished to Zero. When the media is neW, that is after 
treatment With the catalyst, it typically Weighs only a feW 
grams in total per ‘?lter’ unit; as copper begins to deposit on 
the reticulated matrix, the block Weight Will increase pro 
portional to the amount of copper atom deposited and the 
‘apparent’ density of the block increases. 

[0071] The example dimensions of the ?lter referred to 
above are based on some practical limitations. That is to say 
a system must exist Whereby a reasonable amount of mate 
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rial can be treated; i.e. one does not Wish to create a system 
that Would be incapable of handling the volume of material 
Which Would be generated by the user, or likeWise so 
oversiZed that it Would be impractical. The example diam 
eter of the ?lter units alloW for easy handling but most 
certainly could be varied. One does not Want to create blocks 
that are so heavy they could not be easily lifted, or so small 
that they Would be rapidly created and thus cause more 
labour than necessary in changing them. The porosity can be 
altered resulting in different surface area, and thus reaction 
rate. If it is decreased, that is to say less porous, the reaction 
rate Would decrease, but the metal holding capacity Would 
remain unchanged. Likewise an increase of porosity Would 
have the inverse effect. 

[0072] Other methods of catalysis are also possible. Such 
activated ?lters are available currently to treat electroless 
solutions, but Without the additional reaction control are 
unable to effectively remove chelated metals to loW enough 
levels to be useful. 

[0073] In a preferred embodiment the ?lter is placed 
Within the body of an apparatus. Typically 2 or more ?lters 
are used, but these act as a single unit of ?ltration (knoWn 
hereafter as just ?lter). The ?lter is treated previously With 
a catalyst, typically the same catalyst used for treating the 
production Work for metalliZing the nonmetallic surface, 
Which is usually palladium. Electroless solution is sent 
through the ?lter, preferably by gravity and returned to the 
top of the ?lter in a cyclic mode of operation by pump. 
Byproduct ions of salts (HCOO—) Will build up over time. 

[0074] The ?lter typically remains submerged under solu 
tion. If the ?lter is alloWed to be exposed to the atmosphere 
While running, it may oxidiZe, Which Will then result in 
rechelation and transfer back into the solution. 

[0075] The reaction described earlier Will conduct: the 
ionic copper plus the 4 hydroxide ions plus the 2 reduction 
molecules to produce copper in the metal state, Which Will 
deposit on the ?lter surface. The reaction Will continue until 
any one of the three reaction components run out. During the 
reaction, it is necessary to replete the hydroxyl ion and the 
reducer in order to completely exhaust the ionic copper to 
the metal state 

[0076] Thermal energy, suf?cient heat to keep the reaction 
through to completion, must also be applied. When neutral 
iZing acidic copper matrix, there is a negative change in 
enthalpy, Which releases heat, so the reaction is promoted by 
this fact. 

[0077] In a preferred embodiment of this invention, it is 
necessary to determine What point a particular solution has 
reached in the overall reaction. To do this, a preferred Way 
is to sense the chemical concentration of copper ions in the 
solution; and this is preferably done optically. Chelated 
Cu+2, being typically of a distinctive blue colour, has an 
absorbance in the red frequency range, so a light emitting 
diode (an emitter) and a photo diode (a receiver) are used 
that operate approximately in the 660 nanometer range 
(around 700 nm). A beam of light of the mentioned Wave 
length is transmitted by the light diode through the solution 
to a nearby photodiode. The atoms of chelated copper in the 
solution in the path of the light absorb some of the light, and 
the quantity of light Which is detected corresponds inversely 
(approximately) to the actual concentration of Cu”. A 
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computer maps the signal strength received from the pho 
todiode to Cu+2 concentration. The light emitter and receiver 
is typically immersed directly above the ?lter(s) so that a 
concentration reading can be obtained real-time and online. 

[0078] A preferred embodiment uses glass tubes as 
Waveguides extending through a holder With the ends of the 
tubes bend 90 degrees so that they face each other, With a 
gap betWeen them as Would be appropriate. Visually the 
tubes form the shape of a transposed letter ‘J ’ placed beside 
another letter ‘J’. So, When the light passes through the 
solution betWeen the ends of the emitter and the receiver, 
some of the light in the desired band Will be absorbed by the 
solution and the balance received by the photodiode (ignor 
ing scattering and re?ection). Both the emitter and the 
receiver are located at the opposite end of the glass tube 
Waveguides. 
[0079] Lasers of the correct frequency range may also be 
used as the emitter. When an incandescent light source is 
used Without ?ltering, the signal produced is signi?cantly 
reduced because photons other than the frequency absorbed 
by the copper-EDTA complex Will also impinge upon the 
photodiode and create a false signal. This reduces the overall 
signal-to-noise ratio. The sensor side should preferably be a 
photodiode that does not discriminate betWeen the frequency 
of light but rather and produces a current proportional to the 
amount of photons impinged upon it. 

[0080] A ?bre optic Waveguide may be used instead of 
glass. HoWever, one issue With the use of ?bre optics 
concerns the alignment of the ?bre ends: since the preferred 
glass rod is much larger in diameter than ?bre cable, it is 
easy to align these and to hold these in place Without 
variation occurring. Chromatography is especially sensitive 
to positional alignment due to the fact that this has a large 
impact on the signal strength. Since the use of this invention 
is typically in a industrial (and thus hostile) environment, it 
is especially important that the design be rugged and robust. 

[0081] FIG. 1 shoWs a reaction curve (time versus Copper 
ion concentration). The reaction commences at a certain 
point With a certain electroless solution. This initial electro 
less solution may have tWo sources. For those Who start out 
With electroless copper (eg after plating), this may be 
draWn from the excess electroless copper solution generated. 
For those instances Which do not (e.g. spent microetch 
solution or rinse), this can be created simply by ?lling the 
apparatus With the unchelated copper solution and adding 
EDTA and other reactants if necessary. As time passes, the 
reduction process results in metalliZation of the copper ions 
and the copper ion concentration drops. 

[0082] It is not necessary to knoW the volumes involved. 
Absorbance/transmittance are unitless measurements and 
the reaction time can be affected simply by increasing or 
decreasing the rate of feed of reactants (and temperature). 
The limiting factor is the combination discussed above, that 
is the rate of solution feed per unit of time per unit of surface 
area. In a preferred embodiment, a titrametric approach is 
used to solve the acid problem and the copper ion problem 
not needing to knoW What the initial concentration of the 
solution. That is to say, the precise amount of hydroxyls and 
reducers needed for the reaction may be determined titra 
metrically. 

[0083] The microetch or other Waste acid copper solution 
has unknoWn levels of both acid and copper ion. A spent 
electroless solution from a plating operation Would have 
high pH and thus no hydrogen ions. These levels vary 
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according to many factors betWeen orders of magnitude, and 
it is virtually impossible or unworkable to predetermine 
these. It is highly desirable to construct a system that is able 
to solve those unknoWns ‘on the ?y’, offering great ?ex 
ibility. 
[0084] According to one aspect of this invention, a pre 
determined absorbance point (re?ecting a certain cupper ion 
concentration) is selected. When this value is reached or just 
exceeded, a titration is performed Where an aliquot of the 
original untreated electroless solution is added. TWo condi 
tions on the amount of aliquot should be observed. The ?rst 
condition is that the H+ added is sufficiently smaller than the 
OH- present in the system. The second condition is that the 
copper ion in the aliquot does not exceed the capability of 
the chelant present in the electroless solution to completely 
chelate it. In other Words the total chelation available must 
not be completely occupied by the copper introduced; there 
must be an amount of chelant, for example EDTA, present 
in the free form. OtherWise the copper Which is not bound 
With EDTA Will precipitate or form a particulate matter 
Which may foul the machinery. The aliquot of microetch 
introduced, therefore is suf?ciently small so as to not change 
the foundational chemical parameters themselves, but oper 
ates Within those parameters. The starting concentration 
values of OH- and EDTA in the seed solution are not 
measured directly but are inferred from the behaviour of the 
system. 

[0085] The amount of copper ions and acid are the 2 
unknoWn variables in the aliquot. The addition of the aliquot 
results in an increase in the concentration of Cu+2 in the 
reaction solution: effectively, pushing the reaction back from 
completion. The physical appearance of the reaction solu 
tion Will get darker (bluer) as a result of the increase in 
chelated Cu+2 concentration, and the amount of light being 
transmitted through to the photodiode Will decrease, Which 
is interpreted by the computer as a concentration increase. 

[0086] Next, an assumption is made based on the 
increased absorbance of the solution When the aliquot is 
added as to hoW much reducer to add since the reducer that 
should be added is proportional 2 to 1 to the actual copper 
ion increase. Cu+2 requires 2 electrons Which are provided 
by the reducer. Alternatively, this amount of reducer can be 
inferred by observing the time that is taken to neutraliZe a 
given aliquot since the rate of reduction is predictable. This 
alloWs for approximate calculation of copper added in the 
aliquot and thus the amount of reducer required. 

[0087] The other variable is the acid that may have been 
present in the aliquot that Was added. A copper ion plus 4 
hydroxyls plus the reducer goes to metal. Solve the acid/base 
component by the fact that this reaction conducts to metal. 
Since the reaction conducts by the addition of hydroxide ion, 
once the reaction proceeds, all residual acidity must have 
been neutraliZed. Each hydroxyl ion used to push back the 
reaction to the original pre-determined position Would 
directly correspond to a necessary ion to reduce just the 
excessive amount of copper ion that had been added by the 
aliquot. That is observed optically as previously described. 
And once this optical difference has been observed the 
residual acidity has been neutraliZed by de?nition. There 
fore, it is possible to iteratively solve that problem Without 
ever knoWing hoW much acid is present in the aliquot and 
return to the original pre-determined point. 

[0088] There are several reasons for solving this itera 
tively. One is essentially using NeWton’s method of approxi 
mation, continually looking to see if the desired value is 



US 2004/0226407 A1 

getting closer or farther away. Based on this, an adjustment 
is made to the reactant feed on each iteration. This process 
is continuous and thus it is possible to move closer to the 
actual concentration value Without ever actually knowing it. 
Secondly, one doesn’t knoW if the concentration of the 
aliquot is actually changing betWeen titrations, thus requir 
ing the reactant feed recalculation. The reactants that are left 
in the solution betWeen any given titration act as a buffer so 
that minor variations in the concentrations coming in the 
aliquot do not actually cause the reaction to halt. There is no 
need for electroWinning, to guess the concentration, to 
precipitate the solution, for pre-treatment, or pH adjustment. 
A further advantage of this approach is the reuse of EDTA 
Where the initial copper in solution is unchelated (eg a 
microetch). A small amount of EDTA is added up front and 
chelates With copper ion. EDTA freed up during an initial 
part of the overall reduction reaction can then chelate With 
a residual copper ion for subsequent reduction of the latter 
into its metal state. 

[0089] At some point the apparatus Will be completely full 
of solution. At that point, this iterative process of the being 
added in a titrametic manner is stopped. The next step is 
called polishing, Which comprises adding the reactants and 
thermodynamic energy to bring the system to the ?nal 
desired copper concentration. Since the titration technique 
used to introduce the acid copper matrix previously dis 
cussed causes variations to occur in the concentration of the 
reactants, look for a second pre-determined optical absor 
bance point. That is to say, conduct a second titration Where 
the reactants (hydroxide and reducer) are added in knoWn 
quantities over knoWn time. Once that second pre-deter 
mined point has been observed, the time required to achieve 
a repeatable result is knoWn based on our prior knoWledge 
of that system. At that second pre-determined point all 
factors are knoWn: volume, concentration of metal ion, and 
that the concentration of reactants is contained in excess; 
therefore the time required to react the residual metal ion 
doWn to extremely loW levels is noW also knoWn. Once that 
time has been observed, the solution is then discharged and 
the process is ?nished. (once this second pre-determined 
copper ion concentration point has been reached, there is a 
certain and predictable manner to ?nish the reaction (to 
reach the end point With Zero copper ion concentration). 
There is a certain AH, certain amount of reducer and 
hydroxyl ion necessary to be added to reach that end point. 

[0090] The Zero concentration point is extremely hard to 
sense for a number of reasons: for example, the glass itself 
may become fouled. Rather, it is preferred to use the 
properties of the predictability of the reaction at this point to 
provide an environment to drive the reaction even farther 
along than the actual Zero point. With this technique it is 
unnecessary to set Zero. 

[0091] In another preferred embodiment of this invention, 
the conversion of the rinse folloWing the microetch replaces 
the drag out. Microetch may contain 20 to 30 grams of 
copper ion per litre When that highly concentrated solution 
is introduced into a Water rinse by being carried over on the 
production. The thermodynamic situation becomes very 
“undesirable” since entropy is increased. 

[0092] So instead, this embodiment proposes to replace 
the ‘drag out’ With an electroless solution, Which has been 
stripped of all of the copper ion, possibly using the meth 
odology described above, providing What might be call a 
“blank” or ‘production’ solution. The blank solution con 
tains the other components, especially EDTA, required for 
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the metalliZation reaction. During this step, as microetch is 
dragged into that solution together With the production, the 
residual copper ion of the microetch Will combine With the 
EDTA present in the blank solution forming a reaction 
solution for circulation through the apparatus embodiment 
described earlier. This Would undergo the processing steps 
discussed earlier, one difference being that the aliquot intro 
duced Would be smaller, and thus this system Would be much 
easier to control. So the copper ion Will be metalliZed in one 
step avoiding those dif?cult treatment modalities discussed 
earlier. Standard Water rinses of the metalliZed copper may 
folloW this process to remove the residuals salts and EDTA 
carried forWard. 

[0093] The advantages of the method discussed above are 
many: a given EDTA molecule may be being used multiple 
times, Which substantially loWer the cost related to that 
reactant. Additionally, the reactants that are not consumed 
during any given pass through the ?lter Will be available for 
reaction on subsequent passes for different initial solution 
types, thus avoiding Wastage of reactants. Also, the metal 
may be removed from the machine as a solid block, avoiding 
dif?cult and labor intensive ?lter changing procedures, as 
Well as making disposal and recycling of the metal an easy 
procedure. 
[0094] It Will be appreciated that the above description 
relates to the preferred embodiments by Way of example 
only, as copper Would be in this case. Many variations on the 
apparatus and method for delivering the invention Will be 
clear to those knoWledgeable in the ?eld, and such variations 
are Within the scope of the invention as described and 
claimed, Whether or not expressly described. It is clear to a 
person knoWledgeable in the ?eld that alternatives to these 
arrangements exist and these arrangements are included in 
this invention. 

[0095] All documents and publications referred to in this 
paper are incorporated by reference in their entirety. 

What is claimed is: 
1. A method for converting metal ions in solution to the 

metal state comprising the steps of: 

(a) providing an initial quantity of reaction solution 
containing a matrix of chemicals, the reaction solution 
comprising an electroless solution for said ions includ 
ing a chelating agent for the ions; 

(b) providing a chamber for containing the reaction solu 
tion; 

(c) delivering the reaction solution to the chamber; 

(d) feeding the reaction solution in the chamber through 
a ?lter constructed of a polymer treated With a catalyst 
at a pre-determined ?lter exposure rate for reducing 
ions to the metal ground state; 

(e) repeating steps (c) to (d) one or more times until ion 
concentration in the reaction solution is less than or 
equal to a minimal concentration limit. 

2. The method of claim 1, Wherein the step of feeding the 
reaction solution through a ?lter comprises the subsequent 
step of replenishing hydroxyl ions and reducer. 

3. The method of claim 1, Wherein the step of delivering 
the reaction solution to the chamber comprises the further 
step of adding an aliquot of aqueous ions to the reaction 
solution if: 
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the quantity of reaction solution is less than a pre 
determined volume; and 

the ion concentration is greater than or equal to a pre 
determined additive point. 

4. The method of claim 3, Wherein the reaction solution is 
polished if the quantity of reaction solution is equal or 
greater than the pre-determined volume. 

5. The method of claim 1, Wherein the ion concentration 
is determined by an optical element. 

6. The method of claim 5, Wherein the optical element 
comprises: 

a light emitter chosen from the group consisting of a light 
emitting diode and a laser; 

a Wave guide for directing light generated by the light 
emitter into the reaction solution; 

a photo diode for receiving light from the Wave guide 
through the reaction solution; and 

a computer With softWare to interpret light intensity 
reading from the photo diode as an indication of ion 
concentration. 

7. The method of claim 1, Wherein the ions are copper 
ions; and the electroless solution comprises EDTA as the 
chelating agent, and formaldehyde as a reducer. 

8. The method of claim 1, Wherein the initial quantity of 
electroless solution is derived by steps Which include adding 
a blank solution to aqueous metal ions thereby chelating all 
metal ions in the electroless solution. 

9. The method of claim 1, further comprising the step of 
rinsing the metalliZed copper to remove the residuals salts 
and EDTA carried forWard. 

10. The method of claim 1, Wherein the catalyst is 
palladium. 

11. The method of claim 1, Wherein the ?lter is con 
structed of reticulated foam. 

12. The method of claim 1, Wherein the pre-determined 
?lter eXposure rate is above approximately 300 square feet 
per liter per minute. 

13. The method of claim 1, further comprising the step of 
storing the metal depleted reaction solution for future use as 
a blank solution. 

14. The method of claim 1, Wherein the reaction solution 
is at a temperature betWeen about 90 degrees and 120 
degrees Fahrenheit When fed through the ?lter. 

15. An apparatus for converting copper ions in a reaction 
solution, the reaction solution comprising an electroless 
solution for said ions including a chelating agent for the 
ions, to the metal state comprising: 

(f) a chamber for containing the reaction solution; 

(g) a ?lter in ?uid communication With the chamber 
providing a catalytic surface for metallic copper depo 
sition from the reaction solution When fed through the 
?lter, the ?lter surface being a polymer treated With a 
catalyst; and 

(h) a heating element for monitoring and controlling the 
temperature of the reaction solution When fed through 
the ?lter; 

(i) a pump element for circulating the reaction solution 
after ?oW through the ?lter to the chamber. 
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16. The apparatus of claim 15, further comprising ele 
ments for replenishing hydroXyl ions reducer, and adding 
more reaction solution. 

17. The apparatus of claim 16, Wherein the reaction 
solution is polished if the quantity of reaction solution is 
equal or greater than a pre-determined volume. 

18. The apparatus of claim 15, further comprising an 
optical element for determining the ion concentration in the 
reaction solution, the optical element comprising: 

a light emitter chosen from the group consisting of a light 
emitting diode and a laser; 

a Wave guide for directing light generated by the light 
emitter into the reaction solution; 

a photo diode for receiving light from the Wave guide 
through the reaction solution; and 

a computer With softWare to interpret light intensity 
reading from the photo diode as an indication of ion 
concentration. 

19. The apparatus of claim 15 , Wherein the ions are copper 
ions; and the electroless solution comprises EDTA as the 
chelating agent, and formaldehyde as a reducer. 

20. The apparatus of claim 15, Wherein the initial elec 
troless solution is derived by steps Which include adding a 
blank solution to aqueous metal ions thereby chelating all 
metal ions in the electroless solution. 

21. The apparatus of claim 15, further comprising an 
element for rinsing the metalliZed copper to remove the 
residuals salts and EDTA carried forWard. 

22. The apparatus of claim 15, Wherein the catalyst is 
palladium. 

23. The apparatus of claim 15, Wherein the ?lter is 
constructed of reticulated foam. 

24. The apparatus of claim 15, Wherein the pre-deter 
mined ?lter eXposure rate is above approximately 300 
square feet per liter per minute. 

25. The apparatus of claim 15, Wherein the heating 
element maintains the temperature of the reaction solution 
When fed through the ?lter betWeen about 90 degrees and 
120 degrees Fahrenheit. 

26. A method for converting metal ions in solution to the 
metal state comprising the steps of: 

providing an initial quantity of reaction solution con 
taining a matriX of chemicals, the reaction solution 
comprising an electroless solution for said ions includ 
ing a chelating agent for the ions at a temperature 
betWeen about 90 degrees and 120 degrees Fahrenheit; 

(k) providing a chamber for containing the reaction solu 
tion; 

(1) delivering the reaction solution to the chamber; 

(m) feeding the reaction solution in the chamber through 
a ?lter constructed of a polymer treated With a catalyst 
at a pre-determined ?lter eXposure rate for reducing 
ions to the metal ground state; 

(n) repeating steps (c) to (d) one or more times until ion 
concentration in the reaction solution is less than or 
equal to a minimal concentration limit. 

* * * * * 


