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(57) Disclosed are an ionic liquid for pickling a stain-
less steel capable of rapidly removing oxide scale from
the stainless steel at room temperature without using ni-
tric acid or hydrofluoric acid and a method for pickling a
stainless steel by using the same.

The method for pickling a stainless steel according
to an embodiment includes performing electrolytic pick-
ling treatment by immersing a stainless steel in a pickling
solution including an ionic liquid, wherein the ionic liquid

comprises at least one of an imidazolium cation, a betain-
ium cation, a sulfonium cation, a piperidinium cation, a
phosphonium cation, an ammonium cation, a pyridium
cation, a pyrrolidinium cation, and a morpholinium cation,
as a cationic functional group, and at least one of a halide
anion, a sulfonate anion, an alkylsulfate anion, a phos-
phinate anion, a salicylate anion, a nitrate anion, a
tetrafluoroborate anion, a hexafluorophosphate anion,
and a bistriflimide anion, as an anionic functional group.
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Description

[Technical Field]

[0001] The present disclosure relates to an ionic liquid for pickling a stainless steel and a method for pickling a stainless
steel by using the same, and more particularly, to an ionic liquid for pickling a stainless steel capable of rapidly removing
oxide scale from the stainless steel at room temperature without using nitric acid or hydrofluoric acid and a method for
pickling a stainless steel by using the same.

[Background Art]

[0002] Cold-rolled stainless steel sheets undergo a heat treatment process at a temperature of 800 to 1150°C to obtain
mechanical properties after cold rolling. In this case, oxide scale (SiO2, (Cr,Fe)3O4) having a thickness of 100 to 300
nm, or the like is generally formed by reaction between high-temperature oxygen in a furnace and the surface of the
cold-rolled steel sheet, and thus surface quality deteriorates and corrosion resistance decreases.
[0003] Therefore, a pickling process to remove such oxide scale is conducted in order to obtain a cold-rolled stainless
steel sheet having high surface quality and excellent corrosion resistance. In general, the pickling process is performed
by using various methods, alone or in combination, such as physical descaling (brushing and shot ball blasting), electrolytic
descaling (sodium sulfate, sulfuric acid, or nitric acid electrolyte), and chemical descaling (salt bath and mixed acid bath).
[0004] A conventional pickling process is generally performed in two steps. A primary pickling step to remove oxide
scale is conducted by immersing a stainless steel in a solution containing sodium sulfate electrolyte and applying a
current thereto or by immersing the stainless steel in a salt bath containing sodium hydroxide and sodium nitrate at a
high temperature of 400°C or higher, and then a secondary pickling step is performed by using nitric acid or a mixed
acid containing nitric acid and hydrofluoric acid at a high temperature of 80°C or higher to obtain high surface quality
and corrosion resistance by uniformly forming a passivated layer. In this regard, nitric acid has effects on increasing the
activity of hydrofluoric acid by lowering a pH in a pickling bath and maintaining an oxidation-reduction potential suitable
for pickling by oxidizing ferrous cation (Fe2+) dissolved on the surface of the steel sheet to ferric cation (Fe3+).
[0005] However, nitric acid causes various environmental problems. The use of a salt containing nitric acid and nitric
acid generates NOx that is a substance whose emission into the atmosphere is regulated and nitrate nitrogen (NO3-N)
is contained in waste acid and wash water. In addition, there may be a problem that production costs are considerably
increased due to additional installation of facilities to prevent environmental pollution in a pickling process and operation
costs thereof because a total nitrogen contained in discharged effluent water is limited and a NOx concentration of a
facility discharging to atmosphere is limited in accordance with domestic and foreign strengthened environmental reg-
ulations.
[0006] As a prior art to solve these problems, developed is a nitric acid-free pickling method in which nitric acid is
replaced with hydrochloric acid, sulfuric acid, or the like and insufficient oxidizing power is replaced by hydrogen peroxide,
potassium permanganate, ferric ion (Fe3+), and air injection during a pickling process.
[0007] Starting with Patent Document 1 in which an oxidation-reduction potential of a pickling solution is maintained
at 300 mV or more by using sulfuric acid, hydrofluoric acid, or iron sulfate as a pickling solution and adding hydrogen
peroxide, Patent Documents 2 and 3 in which ranges of hydrofluoric acid, iron ions, air, hydrogen peroxide, and oxidation-
reduction potential (ORP) of a solution are appropriately modified, and other patent applications have been continuously
filed since the 1990s. However, most of those methods are limitedly applicable to products that do not strictly require
high quality such as wire rods, bar steels, thick plates.
[0008] Patent Document 4 discloses a pickling method by using a pickling solution containing sulfuric acid, hydrofluoric
acid, and ferric salt, periodically adding hydrogen peroxide, and adjusting a composition of a wetting agent, a polishing
agent, and a corrosion inhibitor, wherein the pickling solution is automatically controlled based on Fe(III) and ORP
thereby. Accordingly, CLEANOX352, as a pickling solution, has been commercialized and the most widely used world-
wide. Although this method has been practically used for wire rods and hot-rolled products, manufacturing costs for
products are higher than those of conventional products by 20% or more and the composition of the pickling solution
and the control method are complex. Particularly, due to a relatively low pickling rate of about 1.5 to 3 g/m2·min, this
method is not suitable for a high-speed pickling (TV=130 or more). In addition, Patent Document 5, as a patent disclosing
improved properties, discloses a method of increasing a pickling rate by adding copper and chlorine ions to a pickling
composition. However, when an open circuit potential (OCP) of the surface of a ferritic stainless steel sheet is less than
an oxidation-reduction potential (0.1 V) of copper, copper particles may be precipitated on the surface of the steel sheet
during a pickling process, thereby causing discoloration of the steel sheet. In addition, when a pickling solution includes
chlorine ions at a certain level or more, there is a risk of occurrence of pitting corrosion.
[0009] As described above, extensive research on the composition of a nitric acid-free pickling solution has been
conducted so far. However, according to the conventional pickling processes, a high concentration pickling solution
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should be used, pickling should be performed by immersing a stainless steel in a high-temperature pickling solution,
and pickling takes a long time.

(Patent Document 0001) DE Publication No. DE 3937438
(Patent Document 0002) US Patent No. US 5154774
(Patent Document 0003) EP Publication No. EP 0236354
(Patent Document 0004) US Patent No. US 5908511
(Patent Document 0005) US Patent No. US 6554908

[Disclosure]

[Technical Problem]

[0010] The present disclosure has been proposed to solve the above-described problems, and provided is an ionic
liquid for pickling stainless steel capable of rapidly removing oxide scale of stainless steel at room temperature without
using nitric acid or hydrofluoric acid and method for pickling stainless steel by using the same.

[Technical Solution]

[0011] In accordance with an aspect of the present disclosure to achieve the above-described objects, an ionic liquid
for pickling a stainless steel may include at least one of an imidazolium cation, a betainium cation, a sulfonium cation,
a piperidinium cation, a phosphonium cation, an ammonium cation, a pyridium cation, a pyrrolidinium cation, and a
morpholinium cation, as a cationic functional group, and at least one of a halide anion, a sulfonate anion, an alkylsulfate
anion, a phosphinate anion, a salicylate anion, a nitrate anion, a tetrafluoroborate anion, a hexafluorophosphate anion,
and a bistriflimide anion, as an anionic functional group.
[0012] The ionic liquid for pickling a stainless steel according to an embodiment of the present disclosure may be
represented by one of the compounds (a) to (c) below.

(a) [00019]

(b)

(c)

[0013] Also, in accordance with another aspect of the present disclosure to achieve the above-described objects, a
method for pickling a stainless steel includes performing electrolytic pickling treatment by immersing a stainless steel
in a pickling solution including an ionic liquid, wherein the ionic liquid includes at least one of an imidazolium cation, a
betainium cation, a sulfonium cation, a piperidinium cation, a phosphonium cation, an ammonium cation, a pyridium
cation, a pyrrolidinium cation, and a morpholinium cation, as a cationic functional group, and at least one of a halide
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anion, a sulfonate anion, an alkylsulfate anion, a phosphinate anion, a salicylate anion, a nitrate anion, a tetrafluoroborate
anion, a hexafluorophosphate anion, and a bistriflimide anion, as an anionic functional group.
[0014] In the method for pickling the stainless steel according to an embodiment of the present disclosure, the ionic
liquid may be represented by one of the compounds (a) to (c) below.

(a)

(b)

(c)

[0015] In the method for pickling the stainless steel according to an embodiment of the present disclosure, the ionic
liquid may be contained in the pickling solution in a concentration of 2 M or less.
[0016] In the method for pickling the stainless steel according to an embodiment of the present disclosure, the pickling
solution may be a solution prepared by adding an ionic liquid to a hydrochloric acid solution having a concentration of
1 M or less or a neutral solution including at least one of sodium chloride, potassium chloride, magnesium chloride,
sodium sulfate, and potassium sulfate.
[0017] In the method for pickling the stainless steel according to an embodiment of the present disclosure, a temperature
of the pickling solution may be from 15 to 25°C.
[0018] In the method for pickling the stainless steel according to an embodiment of the present disclosure, the elec-
trolytic pickling treatment may be performed by applying a current density of 0.5 to 1.3 A/cm2 while maintaining a surface
potential of the stainless steel in the range of -1.5 to 1.5 V using an Ag/AgCl electrode as a reference electrode.
[0019] In the method for pickling the stainless steel according to an embodiment of the present disclosure, a time
taken to completely remove the oxide scale may be 1 minute or less.

[Advantageous Effects]

[0020] According to embodiments of the present disclosure, oxide scale of a stainless steel may be removed in an
eco-friendly manner by adding an ionic liquid to a pickling solution without using nitric acid or hydrofluoric acid.
[0021] In addition, according to an embodiment of the present disclosure, the number of times of repeatedly applying
a potential until the oxide scale of the stainless steel is completely removed in a state where the stainless steel is
immersed in the pickling solution at a temperature of 15 to 25°C, rather than a high temperature of 80°C or higher, may
be 5 times or less and a time taken therefor may be 1 minute or less.
[0022] In addition, according to the present disclosure, oxide scale may be removed using a low concentration of an
acidic solution or neutral solution, rather than a high concentration, in a pickling solution.
[0023] In addition, according to the present disclosure, economic feasibility may be improved by simplifying a pickling
process conventionally performed in two steps into an electrolytic pickling process performed in a single step.
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[Best Mode]

[0024] An ionic liquid for pickling a stainless steel according to an embodiment of the present disclosure may include
at least one of an imidazolium cation, a betainium cation, a sulfonium cation, a piperidinium cation, a phosphonium
cation, an ammonium cation, a pyridium cation, a pyrrolidinium cation, and a morpholinium cation, as a cationic functional
group, and at least one of a halide anion, a sulfonate anion, an alkylsulfate anion, a phosphinate anion, a salicylate
anion, a nitrate anion, a tetrafluoroborate anion, a hexafluorophosphate anion, and a bistriflimide anion, as an anionic
functional group.

[Modes of the Invention]

[0025] Hereinafter, preferred embodiments of the present disclosure will now be described. However, the present
disclosure may be embodied in many different forms and should not be construed as being limited to the embodiments
set forth herein. Rather, these embodiments are provided so that this disclosure will be thorough and complete, and will
fully convey the scope of the disclosure to those skilled in the art.
[0026] The terms used herein are merely used to describe particular embodiments. Thus, an expression used in the
singular encompasses the expression of the plural, unless it has a clearly different meaning in the context. In addition,
it is to be understood that the terms such as "including" or "having" are intended to indicate the existence of features,
steps, functions, components, or combinations thereof disclosed in the specification, and are not intended to preclude
the possibility that one or more other features, steps, functions, components, or combinations thereof may exist or may
be added.
[0027] Meanwhile, unless otherwise defined, all terms used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this disclosure belongs. Thus, these terms should not be interpreted in an
idealized or overly formal sense unless expressly so defined herein. As used herein, the singular forms are intended to
include the plural forms as well, unless the context clearly indicates otherwise.
[0028] In addition, the terms "about", "substantially", etc. used throughout the specification mean that when a natural
manufacturing and substance allowable error are suggested, such an allowable error corresponds a value or is similar
to the value, and such values are intended for the sake of clear understanding of the present invention or to prevent an
unconscious infringer from illegally using the disclosure of the present invention.
[0029] Also, as used herein, the term "stainless steel" refers to a cold-rolled stainless steel sheet manufactured by
cold rolling and annealing according to a process commonly used to manufacture cold-rolled stainless steel sheets.
However, the embodiment is not interpreted as being limited thereto, and the stainless steel means any stainless steel
having oxide scale formed on the surface thereof within a range that may be clearly recognized by those of ordinary skill
in the art.
[0030] In addition, as used herein, the term "ionic liquid" refers to a salt compound including a metal cation and a non-
metal anion and present as a liquid at a temperature of 100°C or below.
[0031] The present disclosure provides a method for removing oxide scale formed on the surface of the stainless steel
by immersing the stainless steel in a pickling solution and performing an electrolytic pickling treatment. The pickling
solution of the present disclosure refers to an acidic solution or neutral solution containing an ionic liquid.
[0032] The present inventors have found that efficiency of pickling a stainless steel may be increased by adding an
ionic liquid to a pickling solution. The ionic liquid according to the present disclosure may include at least one of an
imidazolium cation, a betainium cation, a sulfonium cation, a piperidinium cation, a phosphonium cation, an ammonium
cation, a pyridium cation, a pyrrolidinium cation, and a morpholinium cation, as a cationic functional group, and at least
one of a halide anion, a sulfonate anion, an alkylsulfate anion, a phosphinate anion, a salicylate anion, a nitrate anion,
a tetrafluoroborate anion, a hexafluorophosphate anion, and a bistriflimide anion, as an anionic functional group.
[0033] In addition, according to an embodiment, the ionic liquid of the present disclosure may be represented by one
of the compounds (a) to (c) below.

(a)

(b)
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(c)

[0034] The compounds (a) to (c) are sequentially trihexyl(tetradecyl)phosphonium chloride, methyltrioctylammonium
chloride, and 1-butyl-3-methylimidazolium chloride.
[0035] When the ionic liquid of the present disclosure is added to a pickling solution, the ionic liquid performs a function
to dissolve a metal of a metal oxide. Therefore, according to the present disclosure, oxide scale of a stainless steel may
be removed in an eco-friendly manner by adding an ionic liquid to a pickling solution without using nitric acid or hydrofluoric
acid. Also, the oxide scale of the stainless steel may be rapidly removed by immersing the pickling solution at room
temperature rather than a high temperature of 80°C or higher, and the oxide scale may be sufficiently removed by using
a low concentration, rather than a high concentration, of the acidic solution or neutral solution in the pickling solution. In
addition, economic feasibility may be improved by simplifying a pickling process conventionally performed in two steps
into an electrolytic pickling process performed in a single step.
[0036] According to the present disclosure, the ionic liquid is added to the pickling solution. According to an embodiment,
the ionic liquid may be contained in the pickling solution in a concentration of 2 M or less. However, in the case where
the ionic liquid is added to an acidic solution, the pickling efficiency may be sufficiently increased in a low concentration
of 0.2 M or less. In this regard, molarity of the ionic liquid corresponds to a value calculated relative to a total volume of
the pickling solution.
[0037] According to the present disclosure, oxide scale may be sufficiently removed in the case of using a low con-
centration of the acidic solution, rather than a high concentration, by adding the ionic liquid to the pickling solution.
According to an embodiment, the acidic solution may be a hydrochloric acid solution having a concentration of 1 M or
less. In this regard, the molarity of the hydrochloric acid solution corresponds to a value calculated relative to a total
volume of the pickling solution.
[0038] The neutral solution according to the present disclosure is not particularly limited, as long as the neutral solution
is suitable for immersing the stainless steel and the electrolytic pickling treatment and contains a water-soluble electrolyte
commonly used in the electrochemical field. Examples of the electrolyte may include sodium chloride (NaCI), potassium
chloride (KCl), magnesium chloride (MgCl2), sodium sulfate (Na2SO4), and potassium sulfate (K2SO4). In addition, the
concentration of the neutral solution is not particularly limited, as long as the electrolytic pickling treatment is performed
using the neutral solution. The neutral solution according to an embodiment may be a 1 M to 2 M sodium chloride solution.
[0039] According to the present disclosure, oxide scale may be rapidly removed by immersing the stainless steel in
the pickling solution at a temperature of 15 to 25°C, rather than a high temperature of 80°C or higher. According to an
embodiment of the present disclosure, the number of times of repeatedly applying a potential until the oxide scale of the
stainless steel is completely removed may be 5 times or less and a time taken therefor may be 1 minute or less.
[0040] The electrolytic pickling treatment according to the present disclosure is a process of removing oxide scale
formed on the surface of the stainless steel by performing electrolytic pickling treatment after immersing the stainless
steel in a pickling solution prepared by adding an ionic liquid to an acidic solution or neutral solution. According to an
embodiment, the electrolytic pickling treatment may be performed by applying a current density of 0.5 to 1.3 A/cm2 while
maintaining a surface potential of the stainless steel at -1.5 to 1.5 V using an Ag/AgCl electrode as a reference electrode.
The electrolytic pickling treatment may be performed by AC electrolysis or DC electrolysis in which a currents is applied,
or by a constant voltage method in which a voltage is applied.
[0041] Hereinafter, the present disclosure will be described in more detail through examples. However, it is necessary
to note that the following examples are only intended to illustrate the present disclosure in more detail and are not
intended to limit the scope of the present disclosure. This is because the scope of the present disclosure is determined
by matters described in the claims and able to be reasonably inferred therefrom.
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Examples

[0042] STS 304 type steel containing 18 wt% of Cr and 8 wt% of Ni was cold-rolled and annealed using a process
commonly used to manufacture cold-rolled stainless steel sheets. Although the STS 304 type steel was used in the
examples of the present disclosure, any other stainless steel having a different compositions and including oxide scale
formed on the surface thereof may also be pickled according to the pickling method of the present disclosure.
[0043] To remove oxide scale formed by annealing heat treatment, the stainless steel was immersed in the pickling
solution shown in Table 1 below at a temperature of 15 to 25°C, and then electrolytic pickling treatment was performed.
The electrolytic pickling treatment was performed by repeatedly applying a potential several times at a scan speed of
0.5 V/s until the oxide scale is completely removed in a state where the surface potential of the stainless steel was
maintained in the range of -1.5 to 1.5 V using an Ag/AgCl electrode as a reference electrode. The removal of the oxide
scale was observed by using an optical microscope and an electron microscope.
[0044] In Table 1 below, the compositions (acidic solution or neutral solution, ionic liquid) of the pickling solution are
listed in the order of molarity (M) and compounds of compositions. In this regard, the molarity is a value calculated
relative to a total volume of the pickling solution. The current density (A/cm2) of Table 1 means a current density applied
to the stainless steel, and the number of repetition means the number of repeatedly applying a potential until the oxide
scale is completely removed. The time (sec) of Table 1 means a time taken until the oxide scale is completely removed.

[0045] Referring to the results of Table 1, it was confirmed that oxide scale of the stainless steel may be removed in
an eco-friendly manner by adding the ionic liquid to the pickling solution without using nitric acid or hydrofluoric acid
according to the present disclosure. Also, it was confirmed that the oxide scale of the stainless steel may be completely
removed at a high speed within 1 minute by repeatedly applying a potential 5 times or less by immersing the stainless
steel in the pickling solution at room temperature, rather than at a high temperature of 80°C or higher according to the
present disclosure. Also, it was confirmed that oxide scale may be removed by using a low concentration of the acidic
solution or neutral solution, rather than a high concentration, in the pickling solution according to the present disclosure.
Also, it was confirmed that economic feasibility may be improved by simplifying a pickling process conventionally per-
formed in two steps into the electrolytic pickling process performed in a single step according to the present disclosure.
While the present disclosure has been particularly described with reference to exemplary embodiments, it should be
understood by those of skilled in the art that various changes in form and details may be made without departing from
the spirit and scope of the present disclosure.

Table 1

Pickling solution

Current 
density 
(A/cm2)

No. of repet 
ition (time s)

Time 
(sec)

Acidic solution or 
neutral solution

Ionic liquid

Molarity Comp 
ound

Molarity Compound

Inventive 
Example 1 1M HCl 0.17 M  1.01 4 24

Inventive 
Example 2

1M NaCl 0.17 M  0.492 5 30

Inventive 
Example 3

1M NaCl 0.17 M  0.643 5 30

Inventive 
Example 4 1M NaCl 0.17 M  0.669 5 30
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[Industrial Applicability]

[0046] Because the oxide scale of the stainless steel may be rapidly removed at room temperature in an eco-friendly
manner without using nitric acid or hydrofluoric acid according to the present disclosure, an ionic liquid for pickling a
stainless steel and a method for pickling the stainless steel using the same may be provided with improved economic
feasibility.

Claims

1. An ionic liquid for pickling a stainless steel comprising:

at least one of an imidazolium cation, a betainium cation, a sulfonium cation, a piperidinium cation, a phosphonium
cation, an ammonium cation, a pyridium cation, a pyrrolidinium cation, and a morpholinium cation, as a cationic
functional group, and
at least one of a halide anion, a sulfonate anion, an alkylsulfate anion, a phosphinate anion, a salicylate anion,
a nitrate anion, a tetrafluoroborate anion, a hexafluorophosphate anion, and a bistriflimide anion, as an anionic
functional group.

2. The ionic liquid according to claim 1, wherein the ionic liquid is represented by one of the compounds (a) to (c) below:

(a)

(b)

(c)

3. A method for pickling a stainless steel, the method comprising:

performing electrolytic pickling treatment by immersing a stainless steel in a pickling solution including an ionic
liquid,
wherein the ionic liquid comprises at least one of an imidazolium cation, a betainium cation, a sulfonium cation,
a piperidinium cation, a phosphonium cation, an ammonium cation, a pyridium cation, a pyrrolidinium cation,
and a morpholinium cation, as a cationic functional group, and
at least one of a halide anion, a sulfonate anion, an alkylsulfate anion, a phosphinate anion, a salicylate anion,
a nitrate anion, a tetrafluoroborate anion, a hexafluorophosphate anion, and a bistriflimide anion, as an anionic
functional group.
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4. The method according to claim 3, wherein the ionic liquid is represented by one of the compounds (a) to (c) below:

(a)

(b)

(c)

5. The method according to claim 3, wherein the ionic liquid is contained in the pickling solution in a concentration of
2 M or less.

6.  The method according to claim 3, wherein the pickling solution is a solution prepared by adding an ionic liquid to
a hydrochloric acid solution having a concentration of 1 M or less or a neutral solution including at least one of
sodium chloride, potassium chloride, magnesium chloride, sodium sulfate, and potassium sulfate.

7. The method according to claim 3, wherein a temperature of the pickling solution is from 15 to 25°C.

8. The method according to claim 3, wherein the electrolytic pickling treatment is performed by applying a current
density of 0.5 to 1.3 A/cm2 while maintaining a surface potential of the stainless steel in the range of -1.5 to 1.5 V
using an Ag/AgCl electrode as a reference electrode.

9. The method according to claim 3, wherein a time taken to completely remove the oxide scale is 1 minute or less.
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