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(54)
SOLUTION

(67)  The present invention relates to a method for
effectively removing ferric ions contained in an iron elec-
troplating solution. The method for removing ferric ions
contained in a sulfate-based iron electroplating solution
comprises a step of regeneration for reduction of the ferric
ions by circulating a ferric ion-containing sulfate-based
iron electroplating solution in a solution bath containing
ferrous metal charged therein, wherein the ferrous metal
is charged in an amount that satisfies the following for-
mula (1): $20.011,,,,/Cax (1). Informula (1), S indicates
a total surface (m2) of ferrous metal, C,,,, indicates a
maximum permissible ion concentration level (g/L) of the
ferric ions in the solution, and |, indicates, as repre-
sented by the following formula (2), converted current (A)
obtained by dividing the sum of current (I) applied to an
electroplated cell during the plating time (tp, sec) by the
regeneration time (t,, sec) for reduction of the ferric ions
in an electrolyte.

METHOD FOR REMOVING FERRIC IONS FROM SULFATE-BASED IRON ELECTROPLATING
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Description
Technical Field

[0001] The presentdisclosure relates to a method for effectively removing ferric ions contained in an iron electroplating
solution.

Background Art

[0002] Iron is a material made of steel sheets or steel materials and used as a general-purpose structural material,
but since iron lacks corrosion resistance, appearance characteristics, and the like, compared to other metals, electro-
plating has been performed on a surface thereof for the purpose of utilizing magnetic characteristics or forming special-
purpose alloys.

[0003] A conventional plating solution for iron electroplating on the surface of iron use ferrous ions to maintain high
electroplating efficiency, but as ferrous ions are oxidized to ferric irons during a continuous electroplating process, there
is a problem in that plating efficiency is rapidly reduced, and sludge is generated.

[0004] In order to solve this problem, conventionally, a method of reducing ferric ions to ferrous ions or periodically
replacing the solution has been performed. However, in a large volume continuous electroplating process, it is difficult
to periodically remove and replace the solution, and there is a problem of increasing manufacturing costs.

[0005] In addition, there is a method of reducing a production amount of ferric iron using a soluble anode. However,
when electroplating is performed under a condition of a high current density exceeding 10 Ampere per Square Decimeter
(ASD), oxidation of ferrous ions to ferric ions due to an increase in overvoltage cannot be fundamentally suppressed,
and since dissolution efficiency of a soluble anode is higher than plating efficiency, a problem in which an iron ion
concentration in the solution continuously increases, occurs. In addition, since the soluble anode is gradually dissolved
and consumed as plating proceeds, a distance between electrodes and a surface state of the electrode changes, and
accordingly, the soluble anode should be periodically replaced, so that it is very difficult to manage the soluble anode.
[0006] Meanwhile, in a sulfate-based iron electroplating solution to which an insoluble anode is applied, ferric ions are
inevitably generated. Therefore, generally, a method of sludging ferric ions and filtering and removing the same from
the plating solution, or reducing the ferric ions in the plating solution to ferrous ions by adding a reducing agent or through
an electrolysis method, was used.

[0007] Forexample, Korean Patent Application No.2011-0137463 discloses a method of reducing ferric ions to ferrous
iron by containing ascorbic acid as a reducing agent in a sulfate-based iron electroplating solution. However, when ferric
ions are reduced, ascorbic acid is oxidized to produce dehydroascorbic acid, which may cause a problem in that efficiency
of iron electroplating may be significantly decreased, and dehydroascorbic acid may continuously accumulate.

[0008] As another example, Korean Patent Application No. 2015-0185858 and Japanese Patent Application Nos.
1994-181533 and 1988-259089, and the like disclose a method in which an anode and a cathode are installed in an
electrolyte and a constant current is applied to reduce ferric ions to ferrous ions. However, when electricity is applied to
an electrolyte containing both ferrous ions and ferric ions, a reaction in which ferrous iron is oxidized to ferric ions and
a small amount of water decomposition reaction occur at an anode, while a reaction in which iron is mainly electroplated
occurs and a reaction in which ferric ions is reduced to ferrous ions only partially occurs, at a cathode, resulting in a
problem in which ferric ions are rather accumulated more occurs. That is, using this method, in an electrolyte solution,
a reduction reaction rate of ferric ions may be increased at the cathode, using an additive suppressing iron electroplating,
but in an iron electroplating solution requiring high plating efficiency, it is impossible to remove ferric ions in the solution
using such an electrolysis method.

Summary of Invention

Technical Problem

[0009] An aspectof the present disclosure is to provide a method of suppressing generation of sludge due to oxidation
of iron ions by reducing ferric ions, generated during long-term continuous plating using an iron electroplating solution
to ferrous ions and effectively removing the ferric ions, and maintaining plating efficiency to be constant, and effectively
removing the ferric ions so that frequent solution replacement is not required.

Solution to Problem

[0010] According to an aspect of the present disclosure, provided is a method for removing ferric ions from a sulfate-
based iron electroplating solution, the method including: a regeneration step of reducing ferric ions by circulating a
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sulfate-based iron electroplating solution containing ferric ions in a solution bath containing metallic iron charged therein,
wherein the metallic iron is charged in an amount satisfying the following formula (1):

S 20 . Ol Iconv/cmax ses (1)

[0011] Inthe formula (1), S indicates a total surface area (m2) of metallic iron, C,,, indicates a maximum permissible
ion concentration level (g/L) of the ferric ions in the solution, and |, indicates, as represented by the following formula
(2), a converted current (A) obtained by dividing the sum of current (1) applied to an electroplated cell during a plating
time (t,, sec) by a regeneration time (t;, sec) for reduction of the ferric ions in an electrolyte.

(1,

]C()?’ll’z -
[a.
e (2)

[0012] The regeneration step may be performed during a plating process.

[0013] The regeneration step may be performed during a plating process, and the regeneration step may be performed
discontinuously two or more times.

[0014] The regeneration step may be initiated during a plating process, and may be terminated in a pause in the plating
process, and the regeneration step may be performed continuously or discontinuously.

[0015] The regeneration step may be initiated in a pause in the plating process, and may be terminated in a pause
during the plating process or after the plating process.

[0016] The regeneration step may be initiated during a pause in the plating process, and the regeneration step may
be performed continuously or discontinuously.

[0017] The regeneration step may be performed discontinuously, including a pause in the plating process, and the
regeneration step may be performed during two or more plating processes.

[0018] The metallic iron may be ferroalloy containing at least one alloying element selected from a group consisting
of Mn, Al, Mg, Li, Na and K.

[0019] The ferroalloy may be ferroalloy containing an alloying element in an amount greater than 0% by weight and
less than or equal to 3% by weight.

[0020] The metallic iron particles may be at least one of particles, a spiral chip, a plate shape, and a strip.

[0021] The sulfate-based iron electroplating solution may further include a complexing agent.

[0022] The complexing agent is at least one amino acid selected from glycine, glutamic acid and glutamine, and at
least one compound selected from a group consisting of formic acid, acetic acid, lactic acid, gluconic acid, oxalic acid,
citric acid, nitrilotriacetic acid (NTA) and ethylenediamine-N, N, N’, N'-tetraacetic acid (EDTA).

[0023] The sulfate-based iron electroplating solution has a temperature of 80 °C or lower and a pH of 1.0 to 4.0.
[0024] The methodincludes: an electroplated cellin which electroplating is performed by applying a current; a circulation
bath for circulating the electroplated cell and an electroplating solution; a dissolution bath for circulating the circulation
bath and the electroplating solution, containing the metallic iron charged therein, and dissolving the metallic iron to
remove ferric ions from the electroplating solution, wherein the method may be performed by an iron-based electroplating
apparatus having a pump for supplying the electroplating solution in the circulation bath to the dissolution bath and a
filter for preventing the metallic iron in the dissolution bath from entering the circulation bath.

Advantageous Effects of Invention

[0025] As set forth above, according to an aspect of the present disclosure, by effectively removing ferric ions contin-
uously accumulated during continuous electroplating, a decrease in electroplating efficiency may be prevented, and
sludge due to the accumulation of ferric ions may be prevented.

[0026] In addition, since ferric ions are reduced to ferrous ions, and metallic iron is dissolved to supply ferrous ions,
a concentration of the ferrous ions in an iron electroplating solution may be maintained to be constant.

[0027] Furthermore, since there is no need to periodically replace the solution for the solution management, an amount
of wastewater in the solution may be reduced, so it is environmentally friendly, and the manufacturing cost may be
greatly reduced.
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Brief Description of Drawings
[0028]

FIG. 1 is a diagram schematically illustrating a temporal relationship between plating and regeneration of an elec-
trolyte, and is a diagram schematically illustrating continuous regeneration of the electrolyte during a continuous
plating process.

FIG. 2 is a diagram schematically illustrating a temporal relationship between plating and regeneration of an elec-
trolyte, and a diagram schematically illustrating an example in which regeneration of the electrolyte is performed
discontinuously during a continuous plating process.

FIG. 3 is a diagram schematically illustrating a temporal relationship between plating and regeneration of an elec-
trolyte, and a diagram schematically illustrating an example in which regeneration of the electrolyte is initiated during
a plating process, and a regeneration process of the electrolyte is terminated during a pause in the plating process.
FIG. 4 is a diagram schemaitically illustrating a temporal relationship between plating and regeneration of an elec-
trolyte, and a diagram schematically illustrating an example in which regeneration of the electrolyte is initiated before
a current is applied for plating, and regeneration of the electrolyte is terminated in a pause after the plating process
is terminated.

FIG. 5 is a diagram schematically illustrating a temporal relationship between plating and regeneration of an elec-
trolyte, and is a diagram schematically illustrating an example in which a regeneration process of the electrolyte is
performed in a pause between plating processes.

FIG. 6 is a diagram schemaitically illustrating a temporal relationship between plating and regeneration of an elec-
trolyte, and is a diagram schematically illustrating an example in which regeneration of the electrolyte is performed
continuously in at least two plating processes and a pause between the plating processes.

FIG. 7 is a diagram schematically illustrating an apparatus according to the method of the present disclosure.
FIG. 8 is a photograph of an initial solution according to Example 1 and a solution after 1 hour, 2 hours and 3 hours
after dissolving pure iron in the initial solution.

Best Mode for Invention

[0029] An aspectofthe presentdisclosure is to provide a method of reducing a concentration of ferric ions accumulated
in an electroplating solution, when iron electroplating is performed using a sulfate-based iron electroplating solution in
an electroplating facility to which an insoluble anode is applied, and supplying ferrous ions consumed during plating.
[0030] When the concentration of ferric ions in the iron electroplating solution increases, the electroplating quality is
deteriorated, so the present disclosure is intended to reduce the concentration of ferric iron in the iron electroplating
solution by contacting ferric ions, generated during continuous plating operation in the electroplating facility using an
insoluble anode, with metallic iron and reducing the same.

[0031] In performing iron electroplating in the electroplating facility to which an insoluble anode is applied, a sulfate-
based electrolyte is usually used, and when electroplating is performed in the facility to which an insoluble anode is
applied, the following reaction occurs at an anode.

2H,0 — O, + 4H* +4e-
Fe?* > Fed* + e

[0032] Thatis, at the anode, a water decomposition reaction and a reaction in which ferrous ions are oxidized to ferric
ions occur simultaneously. Since a potential at which an oxidation reaction of ferrous ions occurs is lower than a potential
at which the water decomposition reaction occurs, when low- current operation is performed, a voltage is lowered and
a rate at which the oxidation reaction of ferrous ions occurs is higher. In addition, when a complexing agent is used to
prevent sludge, the oxidation reaction of ferrous ions is further accelerated because the ferric ions maintain a more
stable state in an electrolyte.

[0033] Meanwhile, in performingiron electroplating in a sulfate-based electroplating solution, when a complexing agent
is not used, high electroplating efficiency cannot be obtained, and when ferric ions are accumulated, they are easily
sludged so that the solution becomes cloudy, which is difficult to be removed by a conventional filtration method.
[0034] However, when ferrous ions in the plating solution are oxidized to ferric ions, a concentration of ferrous ions
participating in a plating reaction at a cathode decreases, and a current is consumed to reduce the ferrous ions to ferrous
ions, so that the electroplating efficiency is greatly reduced. Therefore, in order to continuously perform iron electroplating,
it is necessary to remove ferric ions in the solution.

[0035] The inventors of the present disclosure have attempted to provide a method for preventing a decrease in iron
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electroplating efficiency by reducing ferric ions, generated during continuous plating in a sulfate-based iron electroplating
solution again.

[0036] In particular, in the present disclosure, by suppressing generation of sludge in the solution by reducing and
removing ferric ions, continuously accumulated in an iron electroplating facility to which an insoluble anode is applied,
and supplying iron ions consumed during electroplating, a concentration of iron ions in the solution is maintained to be
constant. Thereby, even when continuous plating is performed, the high electroplating efficiency may be maintained.
[0037] Furthermore, inthe presentdisclosure, itis possible to maintain a pH of the electroplating solution to be constant,
while reducing the concentration of ferric ions in the electroplating solution, and as a result, plating efficiency may be
maintained to be constant, the iron electroplating solution may be easily managed, and may be used continuously for
along time.

[0038] Meanwhile, in order to prevent the accumulation of ferric ions in an electrolyte, when a reducing agent, other
than metallic iron is introduced to reduce ferric ions to ferrous ions, components oxidized by the reducing agent are
continuously increased and remain in the electrolyte, and in this case, components, unnecessary for electroplating, are
accumulated, plating efficiency decreases and plating quality is affected.

[0039] In orderto solve the above problems, the present inventors have devised a method of using metallic iron, which
is a main component of an iron electroplating solution, as a reducing agent.

[0040] As a result of evaluating various types of reducing agents for the reduction of ferric ions in an iron electroplating
solution, when metallic iron is used as a reducing agent, ferric ions may be effectively removed while maintaining solution
homeostasis, and furthermore, iron ions consumed in an electroplating process are supplemented with ferrous ions
eluted from metallic iron, so that a concentration of the iron ions in the electrolyte may be maintained to be constant so
that an amount of the solution used may be drastically reduced.

[0041] When metallic iron and ferric ions are in contact with each other in a state in which no voltage is applied, a
corrosion reaction in which the ferric ions are reduced to ferrous ions, and the metallic iron is oxidized and eluted as
ferrous ions occurs. This reaction may be represented by the following equation.

2Fe%* + Fe — 3Fe?*

[0042] As areducing agentfor removing ferric ions in the iron electroplating solution, in the present disclosure, metallic
iron is preferably used. When iron is used as a reducing agent, iron is eluted by reacting with hydrogen ions or ferric
ions in the solution, thereby reducing the ferric ions in the solution to ferrous ions, and further supplying ferrous ions.
[0043] Metallic iron used as the reducing agent may be pure iron or ferroalloy. An alloying element of the ferroalloy
may be an element, which is more oxidizable than iron and is not easily precipitated in electroplating, and for example,
at least one selected from a group consisting of Mn, Al, Mg, Li, Na, and K. When such ferroalloy is used, it reacts with
hydrogen ions or ferric ions in the solution to further increase an elution rate. More preferably, the alloying element may
be at least one selected from a group consisting of Mn and Al.

[0044] In the present disclosure, the metallic iron used as the reducing agent preferably has an alloying element
content of 3% by weight or less. When ferroalloy in which the content of the alloying element exceeds 3% by weight is
used, even if there is almost no ferric ions in the solution, an alloying element with strong oxidizing characteristics may
be continuously eluted by reacting with oxygen introduced from the air and hydrogen ions in the solution, and in this
case, a pH of a plating solution is excessively increased. Furthermore, when such ferroalloy is used as a reducing agent
for a long time, a concentration of ions of alloying elements in the solution increases, and is incorporated into an iron
electroplating layer during an electroplating process, an electroplating layer of pure iron to be obtained may not be
obtained.

[0045] In the present disclosure, metallic iron used as a reducing agent is pure iron or ferroalloy, and a shape thereof
is not limited, and may be in a form of particles such as spheres, spiral chips, plates, or strips. When the shape of the
metallic iron is a form of plates or strips, when put into a dissolution bath, it can be put into a dissolution bath at an
appropriate size by cutting, or the like, and as a result, it is possible to prevent a problem in which metallic iron is stacked
with each other to reduce a flow of the solution or to reduce an actual contact area with the solution, and furthermore,
by-products generated in the manufacturing process such as a steel sheet, or the like, may be used as a reducing agent,
thereby reducing manufacturing costs, so which is more preferable. In addition, when metallic irons in a form of particles
are used as the reducing agent, a filling rate is high, and a contact area with the solution can be increased, and thus, a
volume of the dissolution bath can be prevented from being excessively increased, which is preferable.

[0046] A size of the metalliciron used as the reducing agentis not particularly limited as it can be appropriately selected
in consideration of plating facility, reduction efficiency, or the like. For example, plate-shaped or strip-shaped metallic
iron having a thickness of 0.1 to 5 mm may be used, the metallic iron is cut into appropriate size, or if they are arranged
so as not to hinder the flow of the solution, such as stacking and arranging the plate-shapes or strips at equal intervals,
a reduction effect of ferric iron may be equally obtained, and an area of the plate-shape or strip is not particularly limited.
[0047] When used in a form of particles, particles having an average diameter of 0.1 mm to 10 mm, for example 0.5
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mm, 0.7 mm, 1 mm or more and 5 mm, 7 mm or 10 mm or less may be used.

[0048] As the size of the metallic iron used is smaller, a contact area between the metallic iron and the solution may
be maximized, which is effective for the reduction of ferric ions, but when metallic iron having an excessively small size
rather hinder a flow of the solution, and when an excessive amount thereof is added, a pH may be excessively increased
by reacting with hydrogen ions in the solution even when there are no ferric ions, and iron particles may flow into an
electroplated cell and damage a plating surface. On the other hand, when the size of the metallic iron is too large, a
reaction area may be reduced so that ferric ions may not be effectively removed, and addition of a large amount of
metallic iron is required. Therefore, it is preferable to select metallic iron having an appropriate size within the above
range according to a capacity of the iron electroplating facility and a plating speed.

[0049] Ferrousionsinthe electroplating solution are reduced to metallic iron at-0.44V or lower compared to a standard
hydrogen electrode, and oxidized to ferric ions at 0.77V or higher. Meanwhile, water is electrolyzed at 1.23V or higher
and oxygen gas is generated. Therefore, when iron electroplating is performed in an electroplating facility having an
insoluble anode, an oxidation reaction of ferrous ions in which ferrous ions are oxidized to ferric ions and a water
decomposition reaction in which water is decomposed occur at the anode, and at the cathode, ferrous ions are reduced
to metallic iron and plated, and ferric ions are partially reduced to ferrous ions.

[0050] In the electrode reaction as described above, a rate of occurrence of each of the reactions may be slightly
differentdepending on the current density, electrode and solution characteristics, butwheniron electroplating is performed
in an electroplating facility having an insoluble anode, a rate of the amount of iron electroplating at a cathode is greater
than an amount of reduction reaction of ferric iron, and an oxidation reaction of ferrous iron and water decomposition
reaction occur at an anode. Therefore, when electroplating is performed by applying an electric current, the concentration
of ferric ions in the solution inevitably increases continuously.

[0051] A rate at which ferric ions are generated in the iron electroplating solution increases in proportion to an amount
of current applied for iron electroplating or a plating speed. Therefore, it is preferable to control the rate at which ferric
iron is generated by electroplating so as not to exceed a rate at which ferric iron is removed by metallic iron so that ferric
ions do not continuously increase.

[0052] The present inventors have confirmed that ferric ions can be prevented from continuously being accumulated
and increased, when metallic iron is used as a reducing agent in an appropriate amount according to the electroplating
speed, through numerous experiments. That is, when a contact area between metallic iron and the solution is sufficiently
great, an amount of reaction in which ferric ions are reduced to ferrous iron increases, and thus an increase in ferric
ions can be suppressed.

[0053] When a current is applied for iron plating, ferric ions are generated in proportion to the current. In this case, as
represented by the following formula, a production rate of the ferric ions may be represented as a-l.,,,, where a is a
constant of the production rate of ferric ions, |, is @ converted current per unit time, and the converted current I, is
a value obtained by dividing the sum of the current (l) applied during a plating time (t,,, sec) by regeneration of an
electrolyte, that is, a regeneration time (t,,, sec) for reduction of the ferric ions, where, and a unit thereof is A.

[,
]C‘OJ?V: - r
[a,

[0054] In this case, a time when the current (l) is applied (a current application time, that is, a plating time (tp) and a
regeneration time (t)) may be the same or different. That is, the plating process and the regeneration process can be
performed in various forms. For example, the plating process and the regeneration process may have a form such as
continuous plating and continuous regeneration, continuous plating and discontinuous regeneration, discontinuous plat-
ing and continuous regeneration, discontinuous plating and discontinuous regeneration, and the like. The plating process
and the regeneration process may be performed in various forms, and some examples thereof will be more exemplarily
described with reference to FIGS. 1 to 6.

[0055] FIG. 1 illustrates a case in which regeneration for reduction of ferric ions is performed continuously while a
plating process is performed by applying a current (), as an embodiment of continuous plating and continuous regen-
eration, and the regeneration process may be performed during the plating process. In this case, the current application
time t, and the regeneration time t, are the same, and in this case, the converted current I, is equal to an average
current applied to a plating cell per unit time.

[0056] FIG. 2 illustrates a case in which a regeneration process intermittently performed when a concentration of
ferrous iron ions in an electrolyte solution exceeds an allowable value while a plating process is continuously performed
by applying a current (l), as an embodiment of continuous plating and discontinuous regeneration. In this case, the
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current application time t, and the regeneration time (t, = t4 + t,) are different. FIG. 2 illustrates an example in which
regeneration is performed twice, but may be performed three or more time if necessary.

[0057] FIG. 3 illustrates a case in which a regeneration process is initiated when a concentration of ferrous ions in an
electrolyte solution exceeds an allowable value during a plating process by applying a current (l), and a regeneration
process is continued for a certain period of time and then the regeneration process is terminated in a pause in the
regeneration process, as an embodiment of discontinuous plating and continuous regeneration. In this case, the current
application time to and the regeneration time (t,) may be the same or different. FIG. 3 illustrates a case in which a
regeneration process is performed continuously, but it can be easily understood by those skilled in the art that the
regeneration process may be performed intermittently by combining the embodiment of FIG. 2.

[0058] FIG. 4 illustrates a case in which a regeneration process is initiated before a plating process is performed, that
is, in a pause in which a current (1) is not applied, in the plating process by applying a current (1), and the regeneration
process is maintained during the plating process, and the regeneration process is continued for a certain period of time
until the pause after the plating process is terminated, and then terminated, as another embodiment of discontinuous
plating and continuous regeneration. This embodiment may be suitably performed in the case of using the electrolyte
solution used in the previous plating process. In this case, the current application time ty and the regeneration time t,
may be different. FIG. 4 illustrates that one regeneration process is continuously performed, but it can be easily understood
by those skilled in the art that the regeneration process may be performed intermittently by combining the embodiment
of FIG. 2. In this case, the current application time ty and the regeneration time t. may be the same.

[0059] FIG. 5 illustrates a case in which a regeneration process is performed in a pause in a plating process in which
a current (1) is not applied. In this case, a current application time t, and a regeneration time t, may be the same or
different, as another embodiment of discontinuous plating and continuous regeneration. FIG. 5 illustrates that one re-
generation process is performed continuously, it can also be performed intermittently by combining the embodiment of
FIG.2. In this case, the current application time ty and the regeneration time t. may be the same or different.

[0060] FIG. 6 illustrates a case in which a plating process is performed discontinuously from plating process-pause-
plating process, and a regeneration process is continuously performed during the plating process and pause. In this
case, the currentapplication time tp and the regeneration time t, may be different, as another embodiment of discontinuous
plating and continuous regeneration. FIG. 6 illustrates that one regeneration process is performed continuously, but the
regeneration process may be performed intermittently by combining the embodiment of FIG. 2, and the regeneration
process may be initiated or terminated during the plating process. In this case, the current application time tp and the
regeneration time t, may be the same.

[0061] Meanwhile, when a concentration of ferric ions in the iron electroplating solution is C (g/L) and a total surface
area of metallic iron added as a reducing agent is S(m2), ferric ions are reduced by the reducing agent, so that the
concentration of the ferric ions decreases, and in this case, a rate of a decrease in ferric ions may be expressed as bCS
(b= a reaction rate constant between ferric ions and metallic iron).

[0062] In the case of a state in which the concentration of ferric ions is maintained to be constant during continuous
plating, it has the following relationship.

a'Iconv = b‘C‘S

S = (a/b) 'Iavg/c

[0063] When having such a relationship, the C represents an equilibrium concentration.

[0064] Meanwhile, a /b is a value that can be obtained experimentally. As a result of measurements thereof by the
present inventors, even when if a solution is changed, a has an almost constant value regardless of the solution and
the electrode, and b tends to increase as a content of alloying elements such as Mn and Al in metallic iron added as a
reducing agent increases, and in the case of pure iron, it was confirmed that a/b was 0.01.

[0065] When ferric ions are generated by an electrode reaction, a is almost constant because the ferrous ions in the
solution are directly oxidized and other additive components do not participate in the reaction, while when ferric ions
and metallic iron react with each other and are reduced, a reaction rate is changed greatly depending on a composition
of metallic iron, so it was determined that b increases significantly.

[0066] From the above relationship, when the current I, per unit time is applied to an electroplated cell and a
maximum permissible concentration level of ferricions in the solution is C,,,,,, itis preferable that metallic iron is contained
so that a total surface area S of the metallic iron satisfies the following relational expression.

S 2 0.01 x Iconv/cmax
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[0067] When metallic iron containing an alloying element is used as a reducing agent, even if the surface area of
metallic iron as a reducing agent is smaller compared to the case where pure iron is used as a reducing agent under
the same conditions, the ferroalloy has a faster reaction rate for reducing ferric ions into ferrous ions, the reaction rate
constant b becomes high, so a/b becomes low. Therefore, when the surface area S of the reducing agent satisfies the
condition for the surface area of metallic iron, an effect of reducing ferric ions in the iron electroplating solution into
ferrous ions and removing the same may be provided, and thus, it is possible to achieve a predetermined purpose of
managing a permissible concentration of ferric ions below a critical value.

[0068] For example, when it is intended to maintain the concentration of ferric ions to be 3g/L or less in an operation
pattern in which electroplating is performed by applying a current of 9000 A for 20 minutes, and then paused without
applying a current for 40 minutes, which are repeatedly performed, and when metallic iron is added so that the converted
current is 3000A and the total surface area is 10m2 or more, the average concentration of ferric ions in the solution may
be maintained to be 3 g/L or less.

[0069] Meanwhile, when a large amount of ferric ions are contained in the sulfate-based iron electroplating solution,
ferric ions form hydroxide and sludge is generated, and the sludge of ferric ions does not cause a reduction reaction by
metallic iron even when the sludge is in contact with metallic iron, so reducing force of metallic iron is not generated in
a normal plating solution. Therefore, in order for ferric ions to be reduced by a corrosive reaction with metallic iron, it is
preferable to use a complexing agent to prevent the ferric ions from precipitating in a form of sludge.

[0070] As the complexing agent that can be used in the present disclosure, as long as it is commonly used in electro-
plating, it can be suitably used in the present invention, and is not particularly limited, but, for example, a compound
having a carboxyl group may be used, and specifically, amino acids such as glycine, glutamic acid, and glutamine; acids
containing one carboxyl group, such as formic acid, acetic acid, lactic acid, and gluconic acid; and acids having two or
more carboxyl groups, such as oxalic acid, citric acid, nitrilotriacetic acid (NTA), and ethylenediamine-N,N,N’,N’-tetraace-
tic acid (EDTA), and the like.

[0071] A method of effectively removing ferric ions in an iron sulfate-based electroplating solution using metallic iron
according to the method of the present disclosure will be described in detail.

[0072] As illustrated in FIG. 7, the method of the present disclosure includes an electroplated cell 1 in which iron
electroplating is performed by applying a current, and a circulation bath 2 supplying an electroplating solution to the
electroplated cell 1, and receiving an electroplating solution from the electroplated cell 1. That is, the electroplating
solution circulates between the electroplated cell 1 and the circulation bath 2.

[0073] More specifically, ferrous ions are supplied to the circulation bath 2, and an electroplating solution containing
the ferrous ions is supplied to the electroplated cell 1, so that a concentration of ferrous ions contained in the electroplating
solution in the electroplated cell 1 may be maintained to be constant. Furthermore, an electroplating solution in which
aconcentration of ferricions is increased by electroplating in the electroplated cell 1 is transferred to the circulation bath 2.
[0074] Meanwhile, anelectroplating solution containing ferricions supplied from the electroplated cell 1 to the circulation
bath 2 is circulated to a dissolution bath 3. The dissolution bath 3 contains metalliciron charged therein. The electroplating
solution supplied to the dissolution bath 3 dissolves metallic iron in the dissolution bath 3, and in this process, ferric ions
in the electroplating solution are reduced to ferrous ions by metallic iron, so that a content of ferric ions in the electroplating
solution is reduced.

[0075] In circulating the electroplating solution from the circulation bath 2 to the dissolution bath 3, which may be
performed by driving a pump 4 as illustrated in FIG. 1.

[0076] The electroplating solution in the dissolution bath 3 in which the content of ferric ions is reduced is supplied to
the circulation bath 2, and then supplied to the electroplated cell 1.

[0077] In supplying the electroplating solution in the dissolution bath to the circulation bath 2, it is preferable to pass
through a filtration means 5. The filtering means 5 is to prevent metallic iron particles or impurity particles, charged into
the dissolution bath 3 from flowing into the circulation bath 2 together with the electroplating solution. In particular, in a
continuous electroplating process in which a strip passes between rolls, when metallic iron particles are present in the
electroplating solution, the metallic iron particles intervene between the rolls and the strip to stamp the strip, causing
dent defects.

[0078] The filtering means 5 is generally applicable to the present disclosure as long as it is a means for separating
solids in the solution, and is not particularly limited, and examples thereof include a filter, a filter net, or the like.

[0079] As described above, in the present disclosure, by circulating a sulfate-based iron electroplating solution con-
taining ferric ions into a solution bath containing metallic iron charged therein, ferric ions present in the iron electroplating
solution react with metallic iron to reduce the ferric ions to ferrous ions and the metallic iron is eluted as ferrous ions,
thereby removing ferric ions in the solution.

[0080] In this case, the sulfate-based iron electroplating solution to which the present disclosure is applied is not
particularly limited as long as it does not cause freezing of the plating solution, a change in viscosity, or the like, at a
temperature of 80 ° C or lower, more preferably, it may be performed at 0 ° C or higher, and at 80 ° C or lower.

[0081] Meanwhile, a pH of the electroplating solution does not have a significant effect on the reduction of ferric iron,
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and is not particularly limited, but the pH of the electroplating solution is preferably from 1.0 to 4.0, and more preferably
from 2.0 to 3.0, in terms of electroplating efficiency.

Mode for Invention
[0082] Hereinafter, it will be described in more detail through examples of the present disclosure.
Reference Examples 1 and 2

[0083] Ferrous sulfate was used as a raw material for ferrous iron, and ferric sulfate was used as a raw material for
ferric iron, a sulfate-based iron electroplating solution was prepared in which a concentration of ferrous ions, a concen-
tration of ferric ions, and the sum (T-Fe) of the concentration of ferrous ions and the concentration of ferric ions are
illustrated in Table 1 below.

[0084] A pH of the iron electroplating solution was adjusted as illustrated in Table 1 using sulfuric acid and sodium
hydroxide, and glutamine was added as a complexing agent to be 0.5 times a molar concentration of iron ions so that
ferric ions would not precipitate as sludge.

[0085] In the solution described above, 10 sheets of metallic iron plates formed of pure iron having an area of 1dm?2
and a thickness of 0.7 mm were immersed in the solution at regular intervals so as not to overlap each other, maintained
for 3 hours, and then a total iron concentration (total Fe, T-Fe), obtained by summing a concentration of ferric ions in
the iron electroplating solution and a concentration of ferrous ions and a concentration of ferric ions, was measured
respectively.

[0086] In addition, plating efficiency was measured by performing electroplating at a current density of 40ASD imme-
diately after preparing a solution and in a solution in which ferric iron was removed using a metallic iron plate as a
reducing agent.

[0087] Each measurement result was illustrated in Table 1.

[Table 1]

Division Initial solution

T-Fe(g/L) Ferric ions(g/L) | Complexing agent | pH Plating efficiency(%)
Reference Example 1 | 50.1 9.3 Glutamine 23 | 54
Reference Example2 | 49.8 9.9 29 | 63

[0088] As can be seen from Table 1, an iron electroplating solution prepared to contain a large amount of ferric ions
in Reference Examples 1 and 2 had plating efficiency of 54% and 63%, respectively, and the lower the pH, the lower
the plating efficiency.

Examples 1 to 2

[0089] A metallic iron plate formed of pure iron having an area of 1dm2 and a thickness of 0.7 mm was contained as
a reducing agent to initial solutions of Reference Examples 1 and 2 in which a large amount of ferric ions illustrated in
Table 1 are contained, and the ferric ions were reduced and removed for 3 hours, and then a reduced iron electroplating
solution was obtained. An example using the initial solution of Reference Example 1 was Example 1, and an example
using the initial solution of Reference Example 2 was Example 2.

[0090] A concentration of ferric ions and a T-Fe concentration, obtained by summing a concentration of ferrous ions
and a concentration of ferric ions for the obtained iron electroplating solution, were measured, respectively, and the
results thereof were illustrated in Table 2.

[0091] Furthermore, a pH of the iron electroplating solution was adjusted as illustrated in Table 2 using sulfuric acid
and sodium hydroxide, and amino acids or citric acid were added to a molar concentration of iron ions 0.5 times so that
ferric ions would not precipitate as sludge.

[0092] In addition, plating efficiency was measured by performing electroplating at a current density of 40ASD imme-
diately after preparing a solution and in a solution in which ferric iron was removed using a reducing agent.

[0093] Each measurement result thereof was illustrated in Table 2.
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[Table 2]
Division Reducing agent | Reduced solution
T-Fe (g/L) | Ferricions(g/L) | pH Sludge Plating efficiency (%)
Example 1 | Metallic iron 55.8 0.4 3.1 Not generated | 82
Example 2 | Metallic iron 54.2 1.0 3.7 | Not generated | 85

[0094] As can be seen from Table 2, when metallic iron was used as a reducing agent as in Examples 1 and 2, a
concentration of ferric iron decreased, a pH increased, and plating efficiency was 82% and 85%, respectively, which
were significantly increased. Meanwhile, a state of the solution after maintaining the solution prepared in Example 1 for
1 hour, 2 hours, and 3 hours, respectively, was illustrated in FIG. 8. As can be seen from FIG. 8, it was confirmed that
a color gradually changed from reddish brown due to ferric iron to light green due to ferrous iron over time.

Comparative Examples 1 to 2

[0095] Comparative Examples 1 to 2, a reduced iron electroplating solution, subjecting to reduction treatment in the
same manner as in Example 1, except that 16 g/L of ascorbic acid was added to initial solutions of Reference Examples
1 and 2 as a reducing agent to reduce ferric ions to ferrous ions, was obtained. An example using the initial solution of
Reference Example 1 was Comparative Example 1, and an example using the initial solution of Reference Example 2
was Comparative Example 2.

[0096] A concentration of ferricions and a T-Fe obtained by summing a concentration of ferrous ions and a concentration
of ferric ions for the prepared iron electroplating solution were measured, respectively, and the results thereof were
illustrated in Table 3.

[Table 3]

Division Treatment Reduced solution

method

Reducing agent T-Fe Ferric ions pH Sludge Plating efficiency

(glL) (g/L) (%)

Comparati ve Ascorbic acid 50.0 2.2 2.0 | Not 46
Example 1 16g/L generated
Comparati ve Ascorbic acid 50.2 2.1 2.6 | Not 49
Example 2 16g/L generated

[0097] Immediately after adding ascorbic acid, and the plating solution changed a color from reddish brown to light
green, and the concentration of ferric ions significantly decreased. However, after maintaining the same for 3 hours, it
reacted with oxygen in the air and slowly showed a red color. Meanwhile, as can be seen from Table 3, as a result of
performing iron electroplating with a solution maintained for 3 hours after adding ascorbic acid, although the ferric ion
concentration was greatly reduced, the plating efficiency rather decreased.

Comparative Examples 3 to 4

[0098] In Comparative Examples 3 and 4, a reduced iron electroplating solution, obtained by subjecting to reduction
treatment in the same manner as in Example 1, except that 12 g/L of ascorbic acid was contained to initial solutions of
Reference Examples 3 and 4 as a reducing agent, and then maintained for 3 hours at 50°C was obtained. An example
using the initial solution of Reference Example 1 is Comparative Example 3, and an example using the initial solution
of Reference Example 2 is Comparative Example 4.

[0099] A concentration of ferric ions and a T-Fe concentration, obtained by summing a concentration of ferrous ions
and a concentration of ferric ions for the prepared iron electroplating solution, were measured, respectively, and the
results thereof were illustrated in Table 4.
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[Table 4]

Division Treatment Reduced solution

method

Reducing agent T-Fe Ferric ions pH Sludge Plating efficiency

(glL) (g/L) (%)

Comparati ve Sodium sulfite 50.1 10.2 2.2 | Not 49
Example 3 12g/L generated
Comparati ve Sodium sulfite 50.1 10.9 2.8 | Not 57
Example 4 12g/L generated

[0100] Even when sodium sulfite was added, a color of the solution did not change. In addition, as can be seen from
Table 4, there was no significant change in the concentration of ferric ions compared to Reference Examples 1 and 2,
and the plating efficiency was rather decreased.

Examples 3 to 5 and Comparative Examples 5 to 12

[0101] In the iron electroplating solution, ferrous sulfate was dissolved so that the iron ion (T-Fe) concentration was
about 50 g/L, and glutamine, a kind of amino acid, was added as a complexing agent to be 0.5 times a molar concentration
of iron ions. Sulfuric acid was added to adjust a pH to 2 to 3 to prepare initial solutions as illustrated in Table 5 below.
[0102] As a reducing agent, as illustrated in Table 5 below, pure iron having a thickness of 0.5 mm or metallic steel
plates of ferroalloy having different contents of Mn were cut into a size of 1dm?2, and charged into a dissolution bath at
regular intervals so as not to overlap each other. A surface area of metallic iron in contact with the solution was adjusted
by varying the number of metallic iron plates charged into the dissolution bath, and an input area (dm?2) of the reducing
agent accordingly was illustrated in Table 5.

[0103] As a base metal for plating, a copper plate having a plating area of 1dm2 was degreased in advance, and
continuously plated for 2 minutes at a current of 40 A at regular time intervals, and plated a total of 5 times per hour so
that an average current was 6.7 A.

[0104] After plating at regular time intervals for 3 hours by the above method, iron ion concentration in the solution (T-
Fe and ferric ion, unit: g / L), manganese ion concentration (mg/ L), pH and plating efficiency (%) was measured, and
whether or not sludge was generated in the plating solution (O: sludge generated, X: sludge notgenerated) was observed,
and the results thereof are illustrated in Table 5.

[0105] Furthermore, the results according to the above formula (1) for an area (S, unit: m2) of metallic iron used as a
reducing agent, a converted current (l.,,,), and a maximum allowable ion concentration (C,,,,) of ferric ions in the
solution (unit: m2-g/L-A) was calculated, and the results thereof were illustrated together in Table 5.
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[0106] Examples 3 to 4 and Comparative Examples 6 and 7 are examples in which an iron plate, obtained by cutting
pure iron into a size of 1dm?2 as a reducing agent is charged at regular intervals by varying the added number thereof,
and an effect of inhibiting production of ferric ions according to a surface area of metallic iron may be confirmed.
[0107] Specifically, Comparative Examples 6 to 7 illustrate a case in which metallic iron was charged so that a surface
area of the metal iron plate was 2dm2 and 4dm?2, and unlike Comparative Example 5 in which metallic iron was not
charged, a concentration of ferric ions did not increase significantly, and plating efficiency did not significantly decrease,
but the concentration of ferric ions tended to increase slowly compared to that of the initial solution.

[0108] On the other hand, in the case of Examples 3 and 4 in which metallic iron was charged so that a surface area
of the iron plate was 8 and 16dm2, the concentration of ferric ions in the electroplating solution gradually decreased
compared to that of the initial solution as the plating proceeded, and the plating efficiency also slightly increased.
Furthermore, no sludge was generated in the solution during electroplating.

[0109] Examples 5 to 7 and Comparative Example 8 are examples in which a metallic iron plate, obtained by cutting
an alloy iron plate containing about 3% Mn into a size of 1dm2 as a reducing agent and charged at regular intervals by
varying the added number thereof, and it can be confirmed that an effect of inhibiting production of ferric ions according
to a surface area of Mn ferroalloy.

[0110] Asin Examples 5 to 7, the concentration of ferric ions decreased compared to that of the initial solution even
though only an Mn-containing alloy iron plate having a surface area of 4dmZ2 or more is charged. However, in Comparative
Example 8 in which metallic iron was charged so that an area of the alloy iron plate was 2dm?2, the pH decreased and
the concentration of ferric ions gradually increased as the plating progressed.

[0111] In Comparative Examples 9 to 12 were examples in which an iron alloy sheet containing about 5% by weight
of Mn as a reducing agent was used, and it can be confirmed that an effect of suppressing production of ferric ions
according to a content of Mn. As such, when the iron alloy sheet containing a large amount of Mn was used, even when
a small amount of ferroalloy Mn was used, the concentration of ferric ions was greatly reduced, and the plating efficiency
was also maintained to be constant. However, the content of Mn in a solution increased, the pH rapidly increased, and
fine sludge was generated in the electroplating solution during plating.

[0112] From the above results, when a dissolution bath containing pure iron charged therein or ferroalloy containing
3% or less of Mn is installed in an iron electroplating apparatus and circulated, it is possible to prevent the accumulation
of ferric ions in an iron electroplating solution, suppress a decrease in a pH, and supply iron ions exhausted by electro-
plating, so that plating efficiency may be maintained to be constant, when iron electroplating is continuously performed
using an insoluble anode, and homeostasis of the iron electroplating solution may be maintained.

[0113] While example embodiments have been shown and described above, it will be apparent to those skilled in the
art that modifications and variations could be made without departing from the scope of the present disclosure as defined
by the appended claims.

DESCRIPTION OF REFERENCE NUMERALS
[0114]
1: ELECTROPLATED CELL
2: CIRCULATION BATH
3: DISSOLUTION BATH
4: PUMP
5: FILTERING MEANS
Claims
1. As a method for removing ferric ions from a sulfate-based iron electroplating solution, the method comprising:
a regeneration step of reducing ferric ions by circulating a sulfate-based iron electroplating solution containing

ferric ions in a solution bath containing metallic iron charged therein,
wherein the metallic iron is charged in an amount satisfying the following formula (1):

S 20001 Iconv/cmax L ((1)/

where S indicates a total surface (m2) of metallic iron, C,,,, indicates a maximum permissible ion concentration
level (g/L) of the ferric ions in the solution, and I,,4 indicates, as represented by the following formula (2),
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converted current (A) obtained by dividing the sum of current (1) applied to an electroplated cell during a plating
time (t,, sec) by a regeneration time (t,, sec) for reduction of the ferric ions in an electrolyte

[uar,

]cc)m’:i
[a.
.. (2)

The method of claim 1, wherein the regeneration step is performed during a plating process.

The method of claim 1, wherein a regeneration step is performed during a plating process, and the regeneration
step is performed discontinuously two or more times.

The method of claim 1, wherein a regeneration step is initiated during a plating process, the regeneration step is
terminated in a pause in the plating process, and the regeneration step is performed continuously or discontinuously.

The method of claim 1, wherein a regeneration step is initiated in a pause in the plating process, and the regeneration
step is terminated in a pause during or after the plating process.

The method of claim 1, wherein a regeneration step is performed during a pause in the plating process, and the
regeneration step is performed continuously or discontinuously.

The method of claim 1, wherein a plating process is performed discontinuously, including a pause, and a regeneration
step is performed during two or more plating processes.

The method of claim 1, wherein the metallic iron is ferroalloy containing at least one alloying element selected from
a group consisting of Mn, Al, Mg, Li, Na and K.

The method of claim 8, wherein the ferroalloy is ferroalloy containing an alloying element in an amount greater than
0% by weight and less than or equal to 3% by weight.

The method of claim 1, wherein the metallic iron particles are at least one of particles, spiral chips, plates, and strips.
The method of claim 1, wherein the sulfate-based iron electroplating solution further comprises a complexing agent.

The method of claim 11, wherein the complexing agent is at least one amino acid selected from glycine, glutamic
acid and glutamine, and at least one compound selected from a group consisting of formic acid, acetic acid, lactic
acid, gluconic acid, and oxalic acid, citric acid, nitrilotriacetic acid (NTA), ethylenediamine-N, N, N’, N’-tetraacetic
acid (EDTA).

The method of claim 1, wherein the sulfate-based iron electroplating solution has a temperature of 80 °C or lower
and a pH of 1.0 to 4.0.

In any one of claims 1 to 13, wherein the method comprises

an electroplated cell in which electroplating is performed by applying a current;

a circulation bath for circulating the electroplated cell and an electroplating solution;

a dissolution bath for circulating the circulation bath and the electroplating solution containing the metallic iron
charged therein, and dissolving metallic iron to remove ferric ions from the electroplating solution,

wherein the method is performed by an iron-based electroplating apparatus having a pump for supplying the
electroplating solution in the circulation bath to the dissolution bath and a filter for preventing metallic iron in the
dissolution bath from entering the circulation bath.

14
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