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DESCRIPTION

METHOD FOR MANUFACTURING FILLED CONTAINER, AND FILLED
CONTAINER

TECHNICAL FIELD
[0001]
The present invention relates to a method for
producing a filled container by filling a metal storage
container with a fluorine-containing gas such as ClF; or

IF;, and the filled container.

BACKGROUND ART
[0002]

Storage containers used for filling with a fluorine-
containing gas such as ClF; or IF; include stainless steel
containers.

[0003]

Fluorine-containing gases, however, are highly
corrosive. When a fluorine-containing gas is brought into
contact with the stainless steel, it reacts with the
stainless steel surface, causing corrosion of the storage
container. Such contact also causes, for example,
formation of Cl1lF from ClF3, or IFs from IF,;, as a by-product,
reducing the purity of the fluorine-containing gas. The
reaction of the fluorine-containing gas with the stainless
steel further causes metal fluoride, metal oxyfluoride, and
the like to enter the fluorine-containing gas, resulting in
a large amount of metallic impurities.

[0004]

To reduce the reaction of the metal storage
containers with fluorine-containing gases, fluoride films
have been formed on the surface of the metal materials.

For example, Patent Literature 1 discloses forming a

fluoride film on a surface of a metal material by exposing



10

15

20

25

30

35

a metal material such as a stainless steel to ClF; at 80°C
or lower. The fluoride film is formed to prevent a
decrease in ClF; content by reducing the adsorption of ClF;
gas on the metal and the reaction of ClF; gas on the metal
surface. In Examples of Patent Literature 1, a metal
container made of a stainless steel or the like was filled
with ClF3 gas having a concentration of 100%, and held at
80°C for 18 hours. The inner surface of the metal
container was thus exposed to ClF; to form a fluoride film.
[0005]

Patent Literature 2 discloses forming a fluoride film
with good corrosion resistance, wherein the fluoride film
has a thickness of 190 A or less to reduce metal deposits
formed during welding. In Examples of Patent Literature 2,
a stainless steel was heated to 150°C and exposed to 1%
diluted F,; gas to form a fluoride film.

[0006]

Patent Literature 3 (published after the priority
date of the present application) discloses forming a
fluoride passive film by contact with a ClF-containing gas
to reduce the fluorination reaction and adsorption of C1F
filling the storage container. In Examples of Patent
Literature 3, a passive film having a thickness of 4 nm was
formed by treatment using C1lF gas at 10°C to 100°C, and a
passive film having a thickness of 8 nm was formed by
treatment using F, gas at 10°C to 100°C.

[0007]

In semiconductor device production, the technical
difficulty of processing is increasing year after year with
the development of miniaturization and high integration
techniques. In such a situation, impurities contained in
the materials of the semiconductor devices may cause
problems such as a reduction in yield in the process of
semiconductor device production. Thus, the fluorine-

containing gases used in the process of semiconductor
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device production are also required to have higher purity.
In particular, it is required to reduce the concentration
of metallic impurities, which greatly affect the electrical
characteristics of semiconductor devices, to less than 10

ppb by mass in the gas.

CITATION LIST
- Patent Literature
[0008]
Patent ILiterature 1: JP 2009-197274 A (JP 5317321 B)
Patent Literature 2: WO 2000/034546 (JP 4319356 B)
Patent Literature 3: WO 2017/175562

SUMMARY OF INVENTION
- Technical problem
[0009]

Forming a fluoride film on the surface of the metal
material as in Patent Literatures 1 to 3 can reduce the
reaction of a fluorine-containing gas with the surface of
the metal material. Forming such a film thus can have the
effect of reducing the corrosion of the metal material and
the decrease in purity of the fluorine-containing gas, as
well as the effect of reducing the formation of metallic
impurities due to the reaction of the fluorine-containing
gas with the metal material. However, it has been
impossible to reduce the concentration of metallic
impurities to less than 10 ppb by mass, because trace
metallic impurities enter the fluorine-containing gas.
[0010]

For example, when a stainless steel container with a
fluoride film formed thereon is filled with C1lF3; gas,
metals such as Cr and Fe contained in the stainless steel
enter the ClF3; gas as metallic impurities, increasing the
concentration of metallic impurities in the ClF3; gas with

time.
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[0011]

The present invention was made to solve the above
problems, and aims to provide a method for producing a
filled container that can not only reduce a decrease in
purity of a fluorine-containing gas but also can prevent a
metallic impurity derived from a metal material from
entering the fluorine-containing gas. The present

invention also aims to provide the filled container.

- Solution to problem
[0012]

The present inventors made various studies to achieve
the above aim. The inventors considered that the entry of
trace metallic impurities into the fluorine-containing gas
is caused not only by the formation of an oxyfluoride
containing a metal element by the reaction of the fluorine-
containing gas with the terminals of the metal surface
(usually terminated with hydrogen, oxygen, a hydroxy group,
or the like if no fluorination treatment is performed) or
with moisture adhered to the metal surface, but also by the
fluoride film formed on the surface of the metal material
as it separates from the surface due to shock, moisture, or
the like and enters the fluorine-containing gas as metal
particles. The inventors found out that fluorination
treatment to the extent that the surface of the metal
material is terminated with fluorine atoms, instead of the
formation of a fluoride film on the surface, can both
reduce the decomposition of the fluorine-containing gas and
prevent the entry of a metallic impurity into the fluorine-
containing gas.

[0013]

The method for producing a filled container of the
present invention includes: providing a metal storage
container, at least an inner surface of which is formed of

a manganese steel and in which the inner surface has a
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surface roughness Rpaxy ©of 10 um or less; performing
fluorination by bringing the inner surface of the storage
container into contact with a gas containing at least one
first fluorine-containing gas selected from the group
consisting of ClFs3, IF;, BrFs, F;, and WFe at 50°C or lower;
purging the inside of the storage container with an inert
gas; and filling the inside of the storage container with
at least one second fluorine-containing gas selected from
the group consisting of ClF3, IF,;, BrFs, F, and WFs.

[0014]

The filled container of the present invention
includes: a metal storage container; and at least one
fluorine-containing gas selected from the group consisting
of ClF3, IF,;, BrFs, F,, and WF¢, filling the storage
container, wherein at least an inner surface of the storage
container ‘is formed of a manganese steel, the inner surface
has a surface roughness Rp.x of 10 pm or less, and a surface
that contacts the fluorine-containing gas inside the
storage container has a mole ratio F/Fe of a fluorine atom
F to an iron atom Fe of 0.01 or more and less than 3 and a
mole ratio O/Fe of an oxygen atom O to the iron atom Fe of
1 or less, each on average within 10 nm from an outermost

surface.

- Advantageous Effects of Invention
(0015]

The present invention can reduce a decrease in purity
of a fluorine-containing gas and also can prevent a
metallic impurity derived from a metal material from

entering the fluorine-containing gas.

DESCRIPTION OF EMBODIMENTS
[0016]
The present invention is described in detail below.

The description of constitutional elements below is one
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exemplary embodiment of the present invention. The present
invention should not be limited to the specific content of
the description. Various modifications can be made within
the gist of the present invention.

[0017]

[Method for producing filled container]

The method for producing a filled container of the
present invention includes: providing a metal storage
container; performing fluorination by bringing the inner
surface of the storage container into contact with a gas
containing a first fluorine-containing gas at 50°C or
lower; purging the inside of the storage container with an
inert gas; and filling the inside of the storage container
with a second fluorine-containing gas.

[0018]

In the method for producing a filled container of the
present invention, at least an inner surface of the storage
container is formed of a manganese steel.

Among metal elements, chromium easily enters the
fluorine-containing gas. Use of a manganese steel, which
contains less chromium than a stainless steel, can prevent
a metallic impurity derived from the metal material of the
inner surface of the storage container from entering the
fluorine-containing gas that fills the storage container.
[0019]

The manganese steel preferably contains 97% by mass
or more iron and 1% by mass or more and 2% by mass or less
manganese. Even when the manganese steel inevitably
contains nickel or chromium, preferably, the nickel content
is 0.25% by mass or less and the chromium content is 0.35%
by mass or less. Examples of the manganese steel include
SMn420, SMn433, SMn438, and SMn443 specified in JIS G
4053:2016 and STH11 and STH12 specified in JIS G 3429:2013.
[0020]

In the method for producing a filled container of the
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present invention, the inner surface of the storage
container has a surface roughness Rp,x of 10 pm or less.
The surface roughness Rp.x of the inner surface is
preferably 5 pym or less, more preferably 1 pm or less. In
many cases, the surface roughness Rpx 0of the inner surface
is 0.1 pm or more.

The surface roughness Rpax as used herein refers to
the maximum height specified in JIS B 0601:1982. The
surface roughness Rpax means the height difference between
the highest peak and the deepest valley in the roughness
profile within the range of the sampling length of the
primary profile. The roughness profile is obtained by
removing the surface waviness from the primary profile.
[0021]

A high surface roughness (maximum height) leads to
increased gas adsorption on the surface of the metal
material. Thus, when the metal material has a high surface
roughness, air components such as O; are adsorbed and
remain on the surface of the metal material. They are
released from the surface and enter the fluorine-containing
gas coming into contact with the metal material, thereby
reducing the purity of the fluorine-containing gas stored
in the storage container. In addition, when the metal
material has a high surface roughness, the moisture
remaining on the surface of the metal material reacts with
the fluorine-containing gas, causing formation of an
impurity such as HF. Decreasing the surface roughness of
the metal material thus can reduce the air components and
moisture adsorbed on the surface, and thereby reduce a
decrease in the purity of the fluorine-containing gas.
[0022]

In the method for producing a filled container of the
present invention, the surface roughness Rpax ©of the inner
surface can be adjusted to 10 um or less by, for example,

polishing the inner surface of the storage container.
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[0023] _

The inner surface of the storage container may be
polished by any method that can polish the inner surface to
a predetermined roughness. Examples of the method include
buffing, electropolishing, and barrel polishing.

[0024]

Buffing is a method of polishing a metal material
with a fabric or paper abrasive cloth and optionally an
abrasive. Electropolishing is a method of polishing a
surface of a metal material by passing an electric current
in an electrolyte solution.

[0025]

Barrel polishing is a method of polishing the inner
surface of a container, in which the container is charged
with a polishing suspension containing an abrasive, a
solvent, and an additive, tightly sealed, and then
subjected to both rotation and revolution to bring the
inner surface of the container into contact with the
abrasive. The material of the abrasive may be, for example, -
diamond, zirconia, alumina, silica, silicon nitride,
silicon carbide, silica-alumina, iron, a carbon steel, a
chrome steel, or a stainless steel. The solvent used for
the polishing is not limited, but water is usually used.
Examples of the additive used for polishing include a pH
adjuster, a surfactant, and a corrosion inhibitor.

[0026]

After the polishing is completed, the abrasive and
the like attached to the surface is removed with water or
alcohol to clean the surface of the metal material. The
surface is then dried.

[0027]

In the method for producing a filled container of the
present invention, fluorination treatment is performed by
bringing the inner surface of the storage container into

contact with a gas containing a first fluorine-containing
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gas at 50°C or lower.
[0028]

The fluorination treatment is performed at 50°C or
lower to terminate the surface of the metal material with a
fluorine atom or an oxygen atom. This can reduce the
formation of an impurity such as HF due to the reaction of
a part terminated with a hydrogen atom or a hydroxy group
with the fluorine-containing gas.

[0029]

At a fluorination treatment temperature higher than
50°C, the fluorine-containing gas vigorously reacts with
the surface of the metal material, which in many cases
causes formation of a metal fluoride film. Moreover, at a
fluorination treatment temperature higher than 50°C, an
oxygen atom on the surface of the metal material is
released as OF,; or the like during the fluorination
treatment and disadvantageously replaced with a fluorine
atom.

[(0030]

In the method for producing a filled container of the
present invention, the fluorination treatment is preferably
performed at 40°C or lower, more preferably 30°C or lower.
The lower limit of the fluorination treatment temperature
is not limited, but the fluorination treatment is
preferably performed at 0°C or higher, more preferably 10°C
or higher.

[0031]

The first fluorine-containing gas is at least one gas
selected from the group consisting of ClFs, IFy, BrFs, Iy,
and WFg. The first fluorine-containing gas used in the
fluorination treatment may be the same as or different from
the second fluorine-containing gas stored in the storage
container. The first fluorine-containing gas is preferably
F; gas. F, gas consists only of F, so that it does not

produce a by-product such as ClF or IFs. Use of F; gas as
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the first fluorine-containing thus can reduce a decrease in
the purity of the fluorine-containing gas stored in the
storage container.

[0032]

The fluorination treatment may be performed at any
pressure. For example, the pressure may be appropriately
set within the range of 10 kPa to 1 MPa. The fluorination
treatment may be performed under atmospheric pressure, for
example.

[0033]

The fluorination treatment may be performed for any
length of time. For example, the time may be appropriately
set within the range of 1 minute to 24 hours. The time
needed for the fluorination treatment depends on factors
such as the fluorination treatment temperature or pressure
or the amount of the fluorine-containing gas used in the
fluorination treatment. The end point of the fluorination
treatment may be defined as the time point at which the
pressure of the fluorine-containing gas used in the
fluorination treatment no longer decreases. In the
examples described later, the fluorination treatment was
performed for a sufficient time, so that the fluorination
treatment is considered to have been completed.

[0034]

In the method for producing a filled container of the
present invention, after the fluorination treatment, the
inside of the storage container is purged with an inert gas.

The inert gas may be a rare gas such as argon gas or
helium gas, or may be nitrogen gas, for example.

[0035]

In the method for producing a filled container of the
present invention, the inside of the storage container
after the purging with an inert gas is filled with a second
fluorine-containing gas.

[0036]
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The second fluorine-containing gas is at least one
gas selected from the group consisting of ClF;, IF,, BrFs,
F,, and WFs. The second fluorine-containing gas is
preferably at least one gas selected from the group
consisting of ClF3;, IF;, and BrFs, which are interhalogen
compounds. In particular, the second fluorine-containing
gas is more preferably ClF; gas or IF; gas, each of which
has high practicality.

[0037]

The filled container is obtained by the above steps.
The method for producing a filled container of the present
invention can favorably produce the filled container
described in [Filled container].

[0038]

For example, the method for producing a filled
container of the present invention can produce a filled
container wherein a surface that contacts the fluorine-
containing gas inside the storage container has a mole
ratio F/Fe of a fluorine atom F to an iron atom Fe of 0.01
or more and less than 3 and a mole ratio O/Fe of an oxygen
atom O to the iron atom Fe of 1 or less, each on average
within 10 nm from an outermost surface. The mole ratio
F/Fe is preferably 0.05 or more and less than 3, more
preferably 0.1 or more and 2.5 or less, still more
preferably 0.5 or more and 2 or less. The mole ratio O/Fe
is preferably 0.8 or less.

[0039]
[Filled container]

The filled container of the present invention
includes a metal storage container filled with a fluorine-
containing gas.

[0040]

In the filled container of the present invention, a

surface that contacts the fluorine-containing gas inside

the storage container has a mole ratio F/Fe of a fluorine
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atom F to an iron atom Fe of 0.01 or more and less than 3
and a mole ratio O/Fe of an oxygen atom O to the iron atom
Fe of 1 or less, each on average within 10 nm from an
outermost surface.

[0041]

The mole ratios F/Fe and O/Fe each can be calculated
based on an integrated intensity ratio obtained by X-ray
photoelectron spectroscopy (XPS). XPS provides information
on the very surface of the material, but with argon etching,
XPS can provide information on the depth direction. Here,
since the etching rate in argon etching varies according to
the device or the treatment conditions, the correlation
between the etching amount and the etching treatment time
needs to be determined in advance using a reference sample
or the like. The elements are then analyzed while
performing etching at certain time intervals, whereby data
concerning the element composition versus depth is obtained.
From the results, the average within 10 nm from the surface:
can be calculated. For example, XPS involves irradiating
the sample with soft X-rays such as Mg Ka rays (1253.6 eV)
or Al Ka rays (1486.6 eV), and measuring the kinetic energy
of photoelectrons emitted from the sample surface to
provide information of the types, abundances, and chemical
bonding states of the elements constituting the sample
surface.

[0042]

In the filled container of the present invention, the
mole ratio F/Fe is 0.01 or more and less than 3, preferably
0.05 or more and less than 3, more preferably 0.1 or more
and 2.5 or less, still more preferably 0.5 or more and 2 or
less.

[0043]

When fluorinated, the iron or manganese constituting

the metal material forms iron(III) fluoride or

manganese (III) fluoride. With a mole ratio F/Fe of less
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than 3, the surface of the metal material is neither

iron (III) fluoride nor manganese (III) fluoride in the
stoichiometric ratio, so that no fluoride film is formed.
It is thus possible to reduce the separation of a fluoride
from a fluoride film and the entry of the fluoride into the
fluorine-containing gas as a metallic impurity.

[0044]

With a mole ratio F/Fe of less than 0.01, less of the
surface of the metal material is terminated with a fluorine
atom. The non-terminated part (terminated with OH or H) of
the metal thus reacts with the fluorine-containing gas,
causing formation of an impurity such as HF.

[0045]

With a mole ratio F/Fe of more than 3, a fluorine
compound film is formed on the surface of the metal
material. Separation or the like of this film forms a
metallic impurity. In addition, the metal surface after
the film separation reacts with the fluorine-containing gas,
causing formation of a metallic impurity.

[0046]

In the filled container of the present invention, the
mole ratio O/Fe is 1 or less, preferably 0.8 or less. When
the surface of the metal material has a high oxygen content,
an oxygen-binding site reacts with the fluorine-containing
gas, causing the formation of a metal oxyfluoride (MOxFy)
that easily enters the fluorine-containing gas as a
metallic impurity. In many cases, the mole ratio O/Fe is
0.01 or more because it is difficult to completely prevent
the entry of oxygen.

[0047]

In the filled container of the present invention, at
least an inner surface of the storage container is formed
of a manganese steel. The manganese steel preferably
contains 97% by mass or more iron and 1% by mass or more

and 2% by mass or less manganese.
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Other details of the manganese steel are as described
in [Method for producing a filled container].
[0048]

In the filled container of the present invention, the
surface roughness Rp.x of the inner surface of the storage
container is 10 pum or less. The surface roughness Rpax Of
the inner surface is preferably 5 um or less, more
preferably 1 um or less. The surface roughness Rp.x of the
inner surface is in many cases 0.1 pm or more.

As described in [Method for producing a filled
container], a high surface roughness of the metal material
causes air components and moisture to remain on the surface
of the metal material, thus causing a decrease in the
purity of the fluorine-containing gas stored in the storage
container. In the filled container produced by [Methed for’
producing a filled container], adsorption of a large amount
of air components on the surface of the metal material
disadvantageously results in a high mole ratio O/Fe of the
surface of the metal material after the fluorination
treatment.

[0049]

In the filled container of the present invention, the
fluorine-containing gas filling the storage container is at
least one gas selected from the group consisting of ClFj,
IF7, BrFs, Fz, and WFs. The fluorine-containing gas is
preferably at least one selected from the group consisting
of ClF;, IFy, and BrFs, which are interhalogen compounds.

In particular, the fluorine-containing gas is more
preferably ClF; gas or IF; gas, each of which has high
practicality.

[0050]

As described above, the filled container of the
present invention can prevent a metallic impurity derived
from the metal material of the inner surface of the storage

container from entering the fluorine-containing gas stored
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in the storage container.
[0051]

The filling amount and pressure of the fluorine-
containing gas stored in the storage container vary
according to the type of the gas. For example, the boiling
point (1 atmospheric pressure) and the vapor pressure (35°C,
gauge pressure) of ClF; are about 12°C and 0.14 MPa, those
of IF; are about 5°C and 0.17 MPa, and those of BrFs are
about 40°C and -0.02 MPa. Since filling at a pressure
equal to or higher than the vapor pressure liquefies the
gases in the storage container, the filling amount in the
storage container is preferably controlled by weight.
Meanwhile, unlike ClF3;, IF;, and BrFs, F, does not liquefy
in a usually used pressure range or temperature range. The
filling amount of F, thus depends on pressure.

[0052]

In the filled container of the present invention, the
amount of a metal element contained in a metallic impurity
in the fluorine-containing gas taken out from the filled
container is preferably less than 10 ppb by mass, more
preferably less than 5 ppb by mass. In particular, it is
preferred that the amount of each of the Fe, Mn, Cr, and Ni
in the fluorine-containing gas is less than 10 ppb by mass,
more preferably less than 5 ppb by mass.

The amount of the metal element contained in the
metallic impurity can be determined by inductively coupled
plasma mass spectrometry (ICP-MS).

[0053]

In the filled container of the present invention, the
fluorine-containing gas taken out from the filled container
preferably has a purity of 99.9% by volume or more, more
preferably more than 99.9% by volume.

The purity of the fluorine-containing gas can be
determined by analyzing an impurity such as HF or O in the

fluorine-containing gas by Fourier transform infrared
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spectroscopy (FT-IR) and gas chromatography-mass
spectrometry (GC-MS).

EXAMPLES
[0054]

Examples specifically disclosing the present
invention are shown below. The present invention should
not be limited only to these examples.

[0055]
[Example 1]

The inner surface of a 3.4-L cylinder formed of a
manganese steel (symbol STH12, Mn: 1.35 to 1.70% by mass,
C: 0.30 to 0.41% by mass, also containing Si, P, and S) was
electropolished. A test piece (a 20 mm x 20 mm metal piece
cut out of the container) was treated under the same
polishing conditions. The surface roughness of the polished
inner surface was evaluated by analyzing the test piece
using a contact-type surface roughness tester and an atomic
force microscope (AFM). The surface roughness Ry, was 1 um
or less.

[0056]

The inner surface was then subjected to fluorination
treatment by filling the cylinder with undiluted F, gas as
a first fluorine-containing for 24 hours at 40°C at
atmospheric pressure, followed by purging with helium gas.
[0057]

The above test piece was treated with the same
conditions. The composition of the inner surface of the
cylinder was evaluated with the test piece using an X-ray
photoelectron spectrometer. The F/Fe was 1.94 and the O/Fe
was 0.65.

[0058]

The cylinder was filled with 2 kg of IF; gas as a

second fluorine-containing gas at 0.17 MPa (gauge pressure,

35°C). The IFy gas had a metallic impurity (Fe, Mn, Cr,
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and Ni) concentration of less than 5 ppb by mass and a
purity of more than 99.9% by volume. The cylinder was
stored for one month at room temperature (20°C to 25°C).
After the storage, part of the IF; gas was taken out, and
the metallic impurity concentration, HF concentration, and
gas purity were measured. The amount of each of the Fe, Mn,
Cr, and Ni contained in the metallic impurities was less
than 5 ppb by mass, and the gas purity was more than 99.9%
by volume, remaining unchanged from before the storage.
The HF concentration was less than 100 ppm by volume.
[0059]

[Example 2]

The same procedure as in Example 1 was performed
except that the second fluorine-containing gas was changed
to WFs gas.  The amount of each of the Fe, Mn, Cr, and Ni
in the WF¢ gas after the storage was less than 5 ppb by
mass, and the gas purity was more than 99.9% by volume,
remaining unchanged from before the storage. The HF
concentration was less than 100 ppm by volume.

[0060]
[Example 3]

The same procedure as in Example 1 was performed
except that the second fluorine-containing gas was changed
to ClF3 gas. The amount of each of the Fe, Mn, Cr, and Ni
in the C1lF3; gas after the storage was less than 5 ppb by
mass, and the gas purity was more than 99.9% by volume,
remaining unchanged from before the storage. The HF
concentration was less than 100 ppm by volume.

[0061]
[Example 4]

The same procedure as in Example 1 was performed
except that the second fluorine-containing gas was changed
to F, gas. The cylinder wad filled with the F; gas at 0.5
MPa (gauge pressure, 35°C). The amount of each of the Fe,

Mn, Cr, and Ni in the F; gas after the storage was less
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than 5 ppb by mass, and the gas purity was more than 99.9%
by volume, remaining unchanged from before the storage.
The HF concentration was less than 100 ppm by volume.
[0062]

[Example 5]

The same procedure as in Example 1 was performed
except that the condition for the fluorination treatment by
filling with F; gas was changed to room temperature (20°C
to 25°C). The composition of the inner surface of the
cylinder was determined by XPS analysis of a test piece
treated under the same conditions. The F/Fe was 0.82 and
the O/Fe was 0.33. The amount of each of the Fe, Mn, Cr,
and Ni in the IF; gas after the storage was less than 5 ppb
by mass, and the gas purity was more than 99.9% by volume,
remaining unchanged from before the storage. The HF
concentration was less than 100 ppm by volume.

[0063]
[Example 6]

The same procedure as in Example 1 was performed
except that the first fluorine-containing gas and the
second fluorine-containing gas were changed to ClF; gas
having a metallic impurity (Fe, Mn, Cr, and Ni)
concentration of less than 5 ppb by mass and a purity of
more than 99.9% by volume, and that the cylinder was filled
with 2 kg of the ClF; gas at 0.14 MPa (gauge pressure,
35°C). The composition of the inner surface of the
cylinder was determined by XPS analysis of a test piece
treated under the same conditions. The F/Fe was 1.56 and
the O/Fe was 0.48. The amount of each of the Fe, Mn, Cr,
and Ni in the ClF3 gas after the storage was less than 5
ppb by mass, and the gas purity was more than 99.9% by
volume, remaining unchanged from before the storage. The
HF concentration was less than 100 ppm by volume.

[0064]
[Example 7]
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The same procedure as in Example 1 was performed
except that the first fluorine-containing gas was changed
to IF; gas. The amount of each of the Fe, Mn, Cr, and Ni
in the IF; gas after the storage was less than 5 ppb by
mass, and the gas purity was more than 99.9% by volume,
remaining unchanged from before the storage. The HF
concentration was less than 100 ppm by volume.

[0065]
[Example 8]

The same procedure as in Example 1 was performed
except that the electropolishing conditions were changed to
change the surface roughness Rpax 0f the inner surface of
the cylinder to 4 um. The composition of the inner surface
of the cylinder was determined by XPS analysis of a test
piece treated under the same conditions. The F/Fe was 1.15
and the O/Fe was 0.62. The amount of each of the Fe, Mn,
Cr, and Ni in the IF; gas after storage was less than 5 ppb
by mass, and the gas purity was more than 99.9% by volume,
remaining unchanged from before the storage. The HF
concentration was less than 100 ppm by volume.

[0066]
[Comparative Example 1]

The same procedure as in Example 1 was performed
except that the electropolishing conditions were changed to
change the surface roughness Rmx of the inner surface of
the cylinder to 12 um, and that the fluorination treatment
using F, gas was not performed. The composition of the
inner surface of the cylinder was determined. The F/Fe was
0 and the O/Fe was 2.25. The amount of Fe in the IF; gas
after the storage was 20 ppb by mass, which was more than
10 ppb by mass. The gas purity was less than 99.9% by
volume. The HF concentration was more than 100 ppm by
volume.

[0067]
[Comparative Example 2]



10

15

20

25

30

35

20

The same procedure as in Example 1 was performed
except that the fluorination treatment using F, gas was not
performed. The amount of Fe in the IF; gas after the
storage was 18 ppb by mass, which was more than 10 ppb by
mass. The gas purity was less than 99.9% by volume. The
HF concentration was more than 100 ppm by volume.

[0068]
[Comparative Example 3]

The same procedure as in Example 1 was performed
except that the electropolishing conditions were changed to
change the surface roughness Rpax of the inner surface of
the cylinder to 12 um. The composition of the inner
surface of the cylinder was determined. The F/Fe was 1.2
and the O/Fe was 1.46. The amount of Fe in the IF; gas
after the storage was 11 ppb by mass, which was more than
10 ppb by mass. Although the gas purity was more than
99.9% by volume, the HF concentration was more than 100 ppm
by volume. '

[0069]
[Comparative Example 4]

The same procedure as in Example 1 was performed
except that fluorination treatment was performed by filling
the container with IF; gas at 80°C for 24 hours. The
composition of the inner surface of the cylinder was
determined. The F/Fe was 4.52 and the O/Fe was 0.57. The
amount of Fe in the IF; gas after the storage was 11 ppb by
mass, which was more than 10 ppb by mass. The gas purity
was more than 99.9% by volume. The HF concentration was
less than 100 ppm by volume.

[0070]
[Comparative Example 5]

The same procedure as in Example 1 was performed
except that fluorination treatment was performed by filling
the container with F, gas at 80°C for 24 hours. The amount

of Fe in the IF; gas after the storage was 10 ppb by mass.
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The gas purity was more than 99.9% by volume. The HF
concentration was less than 100 ppm by volume.

[0071]

[Comparative Example 6]

The same procedure as in Example 1 was performed
except that a cylinder formed of a stainless steel (SUS304)
instead of the manganese steel was used, that fluorination
treatment was performed by filling the container with ClF;
gas at 80°C for 24 hours, and that the second fluorine-
containing gas was changed to ClF3 gas. The amount of Cr
in the ClF; gas after the storage was more than 150 ppb by
mass. The gas purity was more than 99.9% by volume. The
HF concentration was less than 100 ppm by volume.

[0072]
[Comparative Example 7]

The same procedure as in Example 1 was performed
except that a cylinder formed of a stainless steel (SUS304)
instead of the manganese steel was used. The amount of Cr
in the IF; gas after the storage was more than 100 ppb by
mass. The gas purity was more than 99.9% by volume. The
HF concentration was less than 100 ppm by volume.

[0073]
[Comparative Example 8]

The same procedure as in Example 1 was performed
except that a cylinder formed of a stainless steel (SUS304)
instead of the manganese steel was used, and that
fluorination treatment was performed by filling the
container with F, gas at 80°C for 24 hours. The amount of
Cr in the IF; gas after the storage was more than 100 ppb
by mass. The gas purity was more than 99.9% by volume.
The HF concentration was less than 100 ppm by volume.
[0074]

Table 1 and Table 2 below list Examples 1 to 8 and
Comparative Examples 1 to 8.

[0075]



[Table 1]
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(0077]

Table 1 shows that in Examples 1 to 8, in which the
fluorination treatment was performed at 50°C or lower, the
amount of each of the Fe, Mn, Cr, and Ni in the fluorine-
containing gas after the storage was less than 5 ppb by
mass, the HF concentration was less than 100 ppm by volume,
and the fluorine-containing gas purity was more than 99.9%
by volume. Table 2 shows that in all of Examples 1, 5, 6,
and 8, the mole ratio F/Fe was 0.01 or more and less than 3
and the mole ratio O/Fe was 1 or less.

[0078]

In Example 8, the inner surface of the cylinder had a
surface roughness Rp.x of 4 pm. In Example 8, impurities
due to separation under shock or impurities after long-term
storage are presumably more likely to be formed than in
Example 1, in which the inner surface of the cylinder had a
surface roughness Rpyax 0of 1 um or less.

[0079]

In Comparative Example 1, the inner surface of the
cylinder had a high surface roughness and no fluorination
treatment was performed. In Comparative Example 1, the
purity of the IF; gas was reduced presumably because air
components adsorbed on the inner surface of the cylinder
were released and reacted with the IF; gas.

In Comparative Example 1, since no fluorination
treatment was performed, the surface of the manganese steel
was not terminated with F. Presumably, the manganese steel
thus reacted with the IF; gas, and iron fluoride and iron
oxyfluoride derived from the manganese steel entered the
IF; gas, causing the amount of Fe to be more than 10 ppb by
mass.

In Comparative Example 1, furthermore, the part of
the surface of the manganese steel terminated with H or OH
presumably reacted with the IFy; gas to form HF, causing the

HF concentration to be more than 100 ppm by volume.
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[0080]

In Comparative Example 2, although the inner surface
of the cylinder had a low surface roughness, no
fluorination treatment was performed. Presumably for this
reason, the IF; gas purity was low, the HF concentration
was more than 100 ppm by volume, and the amount of Fe was
more than 10 ppb by mass as in Comparative Example 1.
[0081]

In Comparative Example 3, although fluorination
treatment was performed, the inner surface of the cylinder
had a high surface roughness. Presumably for this reason,
while the purity of the IF; gas was not decreased, the
amount of metallic impurities was large and the HF
concentration was high.

[0082]

In Comparative Examples 4 and 5, excessive
fluorination treatment was performed at 80°C. Presumably,
a fluoride film was thus formed on the inner surface of the
cylinder, and thereby the amount of Fe was more than 10 ppb
by mass due to the iron fluoride of the fluoride film.
[0083]

In Comparative Examples 6 to 8, the inner surface of
the cylinder was formed of a stainless steel. Presumably
for this reason, the amount of Cr contained in the metallic

impurities was very large.
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CLAIMS

Claim 1. A method for producing a filled container,
comprising:

providing a metal storage container, at least an
inner surface of which is formed of a manganese steel and
in which the inner surface has a surface roughness Rpax oOf
10 pm oxr less;

performing fluorination by bringing the inner surface
of the storage container into contact with a gas containing
at least one first fluorine-containing gas selected from
the group consisting of ClFs;, IF,, BrFs, Fp, and WFe at 50°C
or lower;

purging the inside of the storage container with an
inert gas; and

filling the inside of the storage container with at
least one second fluorine-containing gas selected from the

group consisting of ClF;, IF,;, BrFs, F, and WFEs.

Claim 2. The method for producing a filled container
according to claim 1,

wherein the first fluorine-containing gas is F; gas.

Claim 3. The method for producing a filled container
according to claim 1 or 2,
wherein the second fluorine-containing gas is ClF3

gas or IF; gas.

Claim 4. The method for producing a filled container
according to any one of claims 1 to 3,
wherein the surface roughness Rpax of the inner

surface of the storage container is 1 pum or less.

Claim 5. The method for producing a filled container

according to any one of claims 1 to 4,
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wherein the manganese steel contains 97% by mass or

more iron.

Claim 6. A filled container comprising:

a metal storage container; and

at least one fluorine-containing gas selected from
the group consisting of ClF3, IF;, BrFs, F,, and WFe,
filling the storage container,

wherein at least an inner surface of the storage
container is formed of a manganese steel,

the inner surface has a surface roughness Rpax of 10
pm or less, and

a surface that contacts the fluorine-containing gas
inside the storage container has a mole ratio F/Fe of a
fluorine atom F to an iron atom Fe of 0.0l or more and less
than 3 and a mole ratio O/Fe of an oxygen atom O to the
iron atom Fe of 1 or less, each on average within 10 nm

from an outermost surface.

Claim 7. The filled container according to claim 6,
wherein the amount of a metal element contained in a
metallic impurity in the fluorine-containing gas taken out

from the filled container is less than 10 ppb by mass.

Claim 8. The filled container according to claim 6 or
7,
wherein the mole ratio F/Fe is 0.1 or more and 2.5 or

less.

Claim 9. The filled container according to any one of
claims 6 to 8,
wherein the fluorine-containing gas is ClF; gas or

IF; gas.

Claim 10. The filled container according to any one
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of claims 6 to 9,
wherein the surface roughness Rpsx ©0f the inner

surface of the storage container is 1 um or less.

Claim 11. The filled container according to any one

of claims 6 to 10,
wherein the manganese steel contains 97% by mass or

more iron.



