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Description

TECHNICAL FIELD

[0001] The present invention relates to an anode ma-
terial which, when used in applications such as electrol-
ysis in an electrolytic bath containing hydrofluoric acid,
does not produce the anode effect even upon application
of a high-current-density voltage thereto and which is free
from the serious sludge generation caused by electrode
dissolution, can inhibit CF4 generation, and enables the
electrolysis to continue stably without suffering electrode
disintegration. The invention further relates to a method
of electrolysis.

BACKGROUND ART

[0002] An electrolytic process in which a solution pre-
pared by dissolving an inorganic or organic compound
in anhydrous hydrofluoric acid (anhydrous HF) is used
as an electrolytic bath to electrolytically synthesize an
inorganic fluorine compound, organic fluorine com-
pound, or fluorine gas is in practical industrial use.
[0003] Since anhydrous HF has insufficient electrical
conductivity, an alkali metal fluoride such as, e.g., potas-
sium fluoride (KF) or alkaline-earth-metal fluoride (here-
inafter referred to as a conduction aid) is often added to
the electrolytic bath when the system is intended to be
operated at a high current density.
[0004] Fluorine gas (F2), which is in wide use as a fluor-
inating agent in the synthesis of resins, synthesis of
chemicals, synthesis of medicines, etc., is synthesized
by electrolyzing a KF/HF electrolytic bath prepared by
adding potassium fluoride (KF) as a conduction aid to
HF. Nitrogen trifluoride gas (NF3), which is in wide use
as a dry etchant or cleaning gas in the field of, e.g., sem-
iconductors, is synthesized by electrolyzing an NH4F/HF
electrolytic bath prepared by dissolving ammonia, as a
substance to be fluorinated, in HF.
[0005] Furthermore, there is a process in which a so-
lution prepared by dissolving an inorganic or organic
compound, as a substance to be fluorinated, in anhy-
drous HF is used as an electrolytic bath and this electro-
lytic bath is electrolyzed at a voltage lower than voltages
which result in fluorine gas generation, whereby a per-
fluoro compound is synthesized. This process is known
as Simon’s process.
[0006] In all these electrolytic processes, materials us-
able as electrolyzers and electrode materials are limited
because of the marked corrosiveness of HF. In particular,
the materials usable as anode materials are limited to
nickel and carbon.
[0007] When nickel is used as an anode, wear of this
anode is considerably accelerated. Carbon is hence fre-
quently employed as anodes.
[0008] Advantages of carbon anodes include reduced
susceptibility to the electrode wear occurring in nickel
electrodes. However, carbon anodes often pose a prob-

lem that the phenomenon in which the electrode is pas-
sivated, i.e., the so-called anode effect, occurs to make
it difficult to continue the electrolysis.
[0009] Anode reactions occurring when a carbon an-
ode is used include a reaction generating fluorinated
graphite, besides the discharge reaction of fluoride ions
which is the desired reaction. On the other hand, the gen-
erated fluorinated graphite is partly decomposed either
through pyrolysis due to the Joule’s heat resulting from
the electrode reaction or by a disproportionation reaction.
The fluorinated graphite, which is a covalent compound,
shows low wettability to the electrolytic bath. Because of
this, when the rate of generating fluorinated graphite is
higher than the rate of decomposing the fluorinated
graphite, the electrode surface is coated with the fluori-
nated graphite to produce the anode effect. The rate of
generating fluorinated graphite depends on current den-
sity and, hence, the anode effect becomes more apt to
occur as current density increases.
[0010] In the case where water is present in an elec-
trolytic bath, the decomposition reaction of water, which
proceeds at a less potential than the discharge reaction
of fluoride ions, occurs preferentially and at this time the
reaction of the water with the carbon anode generates
oxidized graphite. This oxidized graphite is chemically
unstable and, hence, a substitution reaction withfluorin-
ereadily proceeds to generate fluorinated graphite. Con-
sequently, the higher the water concentration in the elec-
trolytic bath, the more the formation of fluorinated graph-
ite is accelerated and the more the anode effect is apt to
occur.
[0011] Accordingly, in order to inhibit the anode effect
from occurring at a carbon anode, it is therefore neces-
sary to minimize the water concentration in the electro-
lytic bath and to conduct electrolysis at a current density
lower than the current density at which the anode effect
begins to occur (critical current density). In actual indus-
trial electrolysis, a complicated operation such as, e.g.,
dehydrating electrolysis, is performed for the former pur-
pose, and a limited operating current density is used for
the latter purpose. Because of these measures, the rate
of generating a target substance is limited and this inhibits
the profitability of electrolytic synthesis from improve-
ment.
[0012] On the other hand, HF intercalates into the car-
bon electrode to expand the electrode and this expansion
often causes the electrode to crack or disintegrate. For
the purpose of preventing the infiltration of HF into the
carbon electrode, techniques have been put to practical
use such as, e.g., a technique in which the surface of an
electrode is coated with nickel by thermal spraying or
plating. However, no essential solution has been found
because nickel itself is problematic as will be described
later. A technique in which the concentration of a con-
duction aid, e.g., KF, in an electrolytic bath is increased
to thereby lower the vapor pressure of HF is also applied.
However, the increased concentration of a conduction
aid elevates the melting point of the electrolytic bath and
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hence necessitates a higher operating temperature. This
technique therefore has limitations.
[0013] Nickel is widely used as the anode in electrol-
ysis in an electrolytic bath prepared by adding a sub-
stance to be fluorinated, such as, e.g., ammonia, an al-
cohol, or an amine, to anhydrous HF. Although nickel
anodes have the advantage of being free from the anode
effect occurring in carbon anodes, wear of the nickel an-
odes proceeds during electrolysis.
[0014] Nickel anodes are worn in an amount corre-
sponding to 3-5% of the quantity of electricity applied,
and the cost of replacing the worn nickel anodes is almost
comparable to the power cost for the electrolysis. In ad-
dition, nickel dissolves in the electrolytic bath to increase
the viscosity of the electrolytic bath, making it difficult to
control the temperature of the electrolytic bath. There-
fore, periodic electrolytic-bath replacement also be-
comes necessary. As described above, anode replace-
ment, electrolytic-bath replacement, and operation stops
accompanying the replacement are indispensable to
nickel anodes and are factors which inhibit the profitability
of electrolytic synthesis from improvement.
[0015] Patent document 1 discloses: an electrode
comprising a silicon substrate having a surface coated
with a boron-doped diamond film; and a method of elec-
trolytic fluorination in which the electrode is used. Patent
document 2 discloses: an electrode comprising an elec-
trically conductive carbon-material substrate having a
surface coated with electrically conductive diamond; and
a method of electrolytically synthesizing a fluorine-con-
taining substance using the electrode.
[0016]

Patent Document 1: JP-A-2000-204492
Patent Document 2: JP-A-2006-249557

SUMMARY OF THE INVENTION

TECHNICAL PROBLEMS

[0017] The present inventors diligently made investi-
gations. As a result, they found that the invention de-
scribed in patent document 1 has a problem that the sil-
icon substrate is corroded by the HF present in the elec-
trolytic bath and, hence, it is difficult to maintain the elec-
trode structure. Moreover, they found that the invention
described in patent document 2 has a problem that when
the electrolytic bath has a high HF concentration, in par-
ticular, when the molar concentration of HF in the elec-
trolytic bath is not lower than 3 times the molar concen-
tration of a substance to be fluorinated or of a conduction
aid, then HF infiltration into the carbon substrate occurs
to disintegrate the carbon substrate.
[0018] As described above, an electrode which is free
from the anode effect and disintegration occurring in car-
bon electrodes and is free from the wear occurring in
nickel electrodes is desired as an electrode for electrol-
ysis in electrolytic baths containing HF.

SOLUTION TO THE PROBLEMS

[0019] The present invention provides an electrode for
electrolysis which includes: a substrate comprising an
electrically conductive material, wherein the surface of
the substrate is made of glassy carbon; and an electrically
conductive diamond film with which at least part of the
substrate is coated. The invention further provides a
method of electrolytically synthesizing fluorine or a fluo-
rine-containing compound in an HF-containing electro-
lytic bath using the electrode.
[0020] That is, the present invention includes the fol-
lowing aspects in its broadest configurations:

(1) An electrode for electrolysis, which comprises:

a substrate comprising an electrically conduc-
tive material, wherein the surface of the sub-
strate is made of glassy carbon; and
an electrically conductive diamond film with
which at least part of the substrate is coated.

(2) A method of electrolytically synthesizing fluorine
or a fluorine-containing compound, wherein the
method comprises conducting electrolysis using the
electrode for electrolysis according to the above (1)
in an electrolytic bath comprising hydrofluoric acid
and, added thereto, a substance to be fluorinated.
(3) The method of electrolytically synthesizing fluo-
rine or a fluorine-containing compound according to
the above (2), wherein the electrolytic bath further
comprises a fluoride of an alkali metal or a fluoride
of an alkaline earth metal (hereinafter referred to as
a conduction aid).
(4) The method of electrolytically synthesizing fluo-
rine or a fluorine-containing compound according to
the above (2) or the above (3), wherein the electro-
lytic bath has a molar concentration of hydrofluoric
acid which is at least 3 times the molar concentration
of the substance to be fluorinated or of the conduc-
tion aid in the electrolytic bath.

[0021] The invention will be explained below in detail.
As a result of diligent investigations made by the present
inventors, it has been found that an electrically conduc-
tive substrate the surface of which is made of glassy car-
bon and an electrode for electrolysis obtained by coating
at least part of the conductive substrate with an electri-
cally conductive diamond film undergo neither the anode
effect nor electrode wear nor electrode disintegration in
electrolysis in an electrolytic bath containing HF even
when the electrolytic bath has a high HF concentration
and are electrodes capable of long-term continuous elec-
trolysis.
[0022] Glassy carbon is a carbon material having a
glassy appearance and produced from cellulose, a cel-
lulosic resin, or a thermosetting resin, e.g., a furan resin,
as a precursor, and by molding the precursor and then
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subjecting the molded precursor to solid-phase carbon-
ization. Features thereof include high hardness, chemi-
cal stability, wear resistance, and impermeability to gas-
es and liquids. Glassy carbon has a homogeneous amor-
phous structure with no crystal form. Although there are
many voids in the structure, most of the voids are closed
cells and, hence, there are almost no open cells. In the
conductive-diamond electrode employing glassy carbon,
which has such features, as a conductive substrate, HF
is less apt to intercalate into inner parts of the substrate
even in an electrolytic bath having a high HF concentra-
tion. This electrode hence does not suffer electrode ex-
pansion and succeeding electrode disintegration.
[0023] The glassy carbon is also called vitreous car-
bon. The glassy carbon used in the present invention is
not particularly limited, but, for examples, GC series prod-
ucts manufactured by TOKAI CARBON CO., LTD., and
SPI-Glas series products manufactured by SPI Supplies,
can be exemplified. Especially, from the standpoint of
low gas permeability, GC-10 (trade name, manufactured
by TOKAI CARBON CO., LTD.) and SPI-Glas 10 (trade
name, manufactured by SPI Supplies) are preferable.
US patent 6,241,956 discloses a method for producing
a glassy carbon, which is herein incorporated by refer-
ence.
[0024] Furthermore, the coating of the part of the sur-
face of the substrate with electrically conductive diamond
prevents the anode effect, which is attributable to the
formation of fluorinated graphite, and electrode wear.
[0025] For example, perfluorotrimethylamine can be
efficiently synthesized using an electrolytic bath having
the composition (CH3)4NF·5HF. In the case of using a
nickel electrode, it is necessary to add CsF·2HF for pre-
venting the passivation trouble. However, even when
CsF·2HF is added, electrode wear proceeds. In the case
where carbon is used as an anode, the anode effect oc-
curs and the infiltration of HF into the substrate occurs
to cause electrode disintegration. In the case where a
known electrode obtained by coating the surface of an
electrically conductive carbon material substrate with
electrically conductive diamond is used, HF infiltration
into the substrate occurs to cause electrode disintegra-
tion.
[0026] In contrast, in the case where an electrode ob-
tained by using a substrate comprising an electrically
conductive material wherein the surface of the substrate
is made of glassy carbon and coating at least part of the
surface of the substrate with an electrically conductive
diamond film is used, the anode effect, electrode wear,
and electrode disintegration are prevented from occur-
ring and long-term continuous electrolysis becomes pos-
sible.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0027] The invention provides an electrode which com-
prises a substrate comprising an electrically conductive
material, wherein the surface of the substrate is made of

glassy carbon, and an electrically conductive diamond
film with which at least part of the surface is coated, and
which is for use in, e.g., the synthesis of an inorganic
fluorine compound, organic fluorine compound, and flu-
orine gas through the electrolysis of an electrolytic bath
containing HF. The invention further provides a method
of electrolytically synthesizing fluorine or a fluorine-con-
taining compound using the electrode.
The electrode and the synthesis method prevent the an-
ode effect, electrode wear, and electrode disintegration
from occurring even in an electrolytic bath having a high
HF concentration, and render long-term continuous elec-
trolysis possible. The productivity of inorganic fluorine
compounds, organic fluorine compounds, and fluorine
gas is improved.

DESCRIPTION OF EMBODIMENTS

[0028] The electrode for electrolysis of the invention is
explained in detail.
The conductive substrate of the electrode of the invention
is not particularly limited in its shape so long as the sub-
strate has a surface made of glassy carbon. Platy, rod,
pipe, or spherical shape or the like can be used. The
glassy carbon constituting the surface has a gas perme-
ability of preferably 10-7 cm2/sec or lower, more prefer-
ably 10-10 cm2/sec or lower.
Examples of glassy carbon that satisfies the preferred
gas permeability include GC-10 (trade name, manufac-
tured by TOKAI CARBON CO., LTD.) and SPI-Glas 10
(trade name, manufactured by SPI Supplies) and SPI-
Glas 20 (trade name, manufactured by SPI Supplies).
Moreover, examples of glassy carbon that satisfies the
more preferred gas permeability include GC-10 and SPI-
Glas 10.
[0029] Methods for coating at least part of the surface
of the conductive substrate with a conductive diamond
film are not particularly limited, and any desired method
can be used. Typical production processes include hot-
filament CVD (chemical vapor deposition) process, mi-
crowave CVD process, the plasma-arc jet process, and
physical vapor deposition (PVD) process. A suitable
method can be selected from these.
[0030] Whichever method is employed for coating with
a conductive diamond film, a mixed gas composed of
hydrogen gas and a carbon source as a raw material for
diamond is used. An element having a different valence
(hereinafter referred to as dopant) is added to the mixed
gas in a slight amount in order to impart electrical con-
ductivity to the diamond. The dopant preferably is boron,
phosphorus, or nitrogen. The content of the dopant is
preferably 1-100,000 ppm, more preferably 100-10,000
ppm as ratio of dopant atom to carbon atom. Whichever
method for diamond film coating is used, the conductive
diamond film deposited is polycrystalline, and amor-
phous carbon and a graphite ingredient remain in the
diamond film.
[0031] From the standpoint of the stability of the dia-
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mond film, it is preferred that the content of the amor-
phous carbon and graphite ingredient should be lower.
It is preferred that in Raman spectroscopy, the ratio I(D)
/I(G), wherein I(D) is the intensity for a peak appearing
around 1,332 cm-1 (in the range of 1,312-1,352 cm-1),
which is assigned to diamond, and I(G) is the intensity
for a peak appearing around 1,560 cm-1 (in the range of
1,540-1,580 cm-1), which is assigned to the G band of
graphite, should be 1 or larger. Namely, it is preferred
that the content of diamond should be higher than the
content of graphite.
[0032] An explanation is given on hot-filament CVD,
which is a typical process for coating with a conductive
diamond film.
An organic compound serving as a carbon source, such
as, e.g., methane, an alcohol, or acetone, and a dopant
are fed to the filament together with hydrogen gas, etc.
The filament is heated to a temperature at which hydro-
gen radicals or the like generates, i.e., 1,800-2,800°C,
and an electrically conductive substrate is disposed in
the atmosphere so as to have a temperature in a region
where diamond deposition occurs (750-950°C). The rate
of feeding the mixed gas depends on the size of the re-
action vessel. However, it is preferred to use a pressure
of 15-760 Torr.
[0033] It is preferred to grind the surface of the con-
ductive substrate because the grinding improves adhe-
sion between the substrate and the diamond layer. Pref-
erably, the surface is ground so as to result in an arith-
metic mean roughness Ra of 0.1-15 Pm and a maximum
height Rz of 1-100 Pm. Applying a diamond powder as
nuclei to the substrate surface is effective in growing an
even diamond film. Usually, a layer of fine diamond par-
ticles having a diameter of 0.001-2 Pm deposits on the
substrate. Although the thickness of the diamond film can
be regulated by changing deposition time, the thickness
thereof preferably is 1-10 Pm from the standpoint of prof-
itability.
[0034] In the present invention, fluorine or a fluorine-
containing compound is synthesized by an electrolytical
synthesis method. The method is not particularly limited,
but the method comprising conducting electrolysis using
the electrode for electrolysis according to the present in-
vention in an electrolytic bath comprising hydrofluoric ac-
id and, added thereto, a substance to be fluorinated, is
preferable.
The electrolytic bath may further comprise a fluoride of
an alkali metal or a fluoride of an alkaline earth metal.
These fluorides (i.e., conduction aids) may be used alone
or in combination of two or more thereof.
[0035] In the method of electrolytically synthesizing flu-
orine or a fluorine-containing compound according to the
present invention, it becomes possible to adjust a molar
concentration of hydrofluoric acid such that it is at least
3 times the molar concentration of the substance to be
fluorinated or of the conduction aid in the electrolytic bath.
[0036] As the material of the electrolyzer, a soft steel,
nickel alloy, fluororesin, or the like can be used from the

standpoint of resistance to corrosion by HF. It is preferred
to wholly or partly separate the anode side from the cath-
ode side with a partition, diaphragm, or the like in order
to prevent the F2 or fluorine compound synthesized at
the anode from mingling with the hydrogen gas generat-
ed at the cathode.
[0037] A slight amount of HF accompanies the inor-
ganic or organic fluorine compound or fluorine gas gen-
erated at the anode, and this HF can be removed by
passing this product through a column packed with gran-
ular sodium fluoride. By-products such as nitrogen, oxy-
gen, and dinitrogen monoxide also generate in slight
amounts. Of these by-products, the dinitrogen monoxide
can be removed by passing the product through water
and sodium thiosulfate. The oxygen can be removed by
activated carbon. Thus, an inorganic or organic fluorine
compound or fluorine gas, having a low by-product con-
tent can be obtained.

EXAMPLES

[0038] The invention will be explained below in detail
based on Examples. However, the invention should not
be construed as being limited to the following Examples.

(EXAMPLE 1)

[0039] A glassy-carbon plate (GC-10, manufactured
by TOKAI CARBON CO., LTD.) was used as a conduc-
tive substrate to produce a conductive-diamond elec-
trode under the following conditions using a hot-filament
CVD apparatus.
[0040] First, an abrasive material composed of dia-
mond particles having a diameter of 1 Pm was used to
grind the surface of the substrate. The ground substrate
surface had a Ra of 0.2 Pm and a ten-point surface rough-
ness Rz of 6 Pm. Subsequently, diamond particles hav-
ing an average particle diameter of 4 nm were applied
as nuclei to the substrate surface. Thereafter, the sub-
strate was attached to the hot-filament CVD apparatus.
A mixed gas prepared by adding 1 vol% methane gas
and 0.5 ppm trimethylboron gas to hydrogen gas was
continuously passed through the apparatus at a rate of
5 L/min. While thus passing the mixed gas, the internal
pressure of the apparatus was kept at 75 Torr and a volt-
age was applied to the filament to elevate the tempera-
ture thereof to 2,400°C. At this point of time, the substrate
had a temperature of 860°C.
[0041] The CVD operation was continued for 8 hours.
After completion of the CVD operation, the substrate was
analyzed. It was ascertained through Raman spectros-
copy and X-ray diffractometry that diamond had depos-
ited. The ratio of a peak intensity at 1,332 cm-1 to a peak
intensity at 1,560 cm-1 in Raman spectroscopy was 1/0.4.
Moreover, part of this substrate was destroyed and ex-
amined with SEM. As a result, it was found to have a
thickness of about 4 Pm.
[0042] The conductive-diamond electrode produced
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was attached as an anode in an anhydrous HF bath kept
at 0°C. A nickel plate and platinum were used as a cath-
ode and a reference electrode, respectively, and the an-
ode was examined for current-potential curve by con-
stant-current chronopotentiometry.
[0043] Immediately after initiation of the examination,
the anode potential at a current density of 5 mA/cm2 was
0.6 V. Thereafter, the anode potential was measured
while stepwise increasing the current density by 5
mA/cm2 at a time. As a result, the anode potential at a
current density of 200 mA/cm2 was 3.2 V.
[0044] The electrolysis was stopped, and the anode
was taken out and examined for appearance. As a result,
neither electrode disintegration nor the shedding of the
conductive diamond film was observed.

(COMPARATIVE EXAMPLE 1)

[0045] Electrolysis was conducted under the same
conditions as in Example 1, except that a graphite plate
was used as an anode. This anode was thus examined
for current-potential curve in the anhydrous HF bath kept
at 0°C.
[0046] Immediately after initiation of the examination,
the anode potential at a current density of 5 mA/cm2 was
0.7 V. Thereafter, the anode potential was measured
while stepwise increasing the current density by 5
mA/cm2 at a time. As a result, at a current density of 70
mA/cm2, the anode potential increased abruptly and al-
most no current came to flow, making it difficult to con-
tinue the electrolysis.
[0047] The electrolysis was stopped and the anode
was taken out. As a result, the anode was found to have
broken into powder in the electrolyzer.

(COMPARATIVE EXAMPLE 2)

[0048] Electrolysis was conducted under the same
conditions as in Example 1, except that a nickel plate
was used as an anode. This anode was thus examined
for current-potential curve in the anhydrous HF bath kept
at 0°C.
[0049] Immediately after initiation of the examination,
the anode potential at a current density of 5 mA/cm2 was
0.6 V. Thereafter, the anode potential was measured
while stepwise increasing the current density by 5
mA/cm2 at a time. As a result, at the time when the current
density reached 50 mA/cm2, the anode potential began
to increase with the lapse of time. Finally, almost no cur-
rent came to flow, making it difficult to continue the elec-
trolysis.
[0050] The electrolysis was stopped and the anode
was taken out. As a result, electrode disintegration was
not observed. A surface of this electrode was analyzed.
As a result, Ni-F bonds were observed. It was thus pre-
sumed that an insulating NiF2 coating film had formed
on the electrode surface.

(COMPARATIVE EXAMPLE 3)

[0051] A conductive-diamond electrode was produced
in the same manner as in Example 1, except that a silicon
plate was used as a conductive substrate.
[0052] The electrode was examined for current-poten-
tial curve in an anhydrous HF bath kept at 0°C under the
same electrolysis conditions as in Example 1, except that
the electrode produced was used as an anode.
[0053] Immediately after initiation of the examination,
the anode potential at a current density of 5 mA/cm2 was
0.6 V. Thereafter, the anode potential was measured
while stepwise increasing the current density by 5
mA/cm2 at a time. As a result, at a current density of 200
mA/cm2, the anode potential was 3.8 V.
[0054] The electrolysis was stopped, and the anode
was taken out and examined for appearance. As a result,
that part of the anode which was immersed in the elec-
trolytic bath was found to be partly deprived of the dia-
mond film, and it was observed that the exposed part of
the silicon substrate surface where the diamond film was
lost suffered corrosion.

(COMPARATIVE EXAMPLE 4)

[0055] A conductive-diamond electrode was produced
in the same manner as in Example 1, except that a graph-
ite plate was used as a conductive substrate.
[0056] The electrode was examined for current-poten-
tial curve in an anhydrous HF bath kept at 0°C by the
same method as in Example 1, except that the electrode
produced was used as an anode.
[0057] Immediately after initiation of the examination,
the anode potential at a current density of 5 mA/cm2 was
0.6 V. Thereafter, the anode potential was measured
while stepwise increasing the current density by 5
mA/cm2 at a time. As a result, at a current density of 70
mA/cm2 the anode potential increased abruptly and al-
most no current came to flow, making it difficult to con-
tinue the electrolysis.
[0058] The electrolysis was stopped and the anode
was taken out. As a result, the anode was found to have
broken into powder in the electrolyzer.

(EXAMPLE 2)

[0059] A glassy-carbon plate was used as a conductive
substrate to produce a conductive-diamond electrode in
the same manner as in Example 1 using the hot-filament
CVD apparatus.
[0060] This electrode was attached to a (CH3)4NF·5HF
electrolytic bath immediately after preparation of the
bath. A nickel plate and Cu/CuF2 were used as a cathode
and a reference electrode, respectively, and constant-
current electrolysis was conducted at a current density
of 100 mA/cm2. Immediately after initiation of the elec-
trolysis, the anode potential was measured and was
found to be 4.6 V. At the time when the electrolysis had

9 10 



EP 2 213 770 A1

7

5

10

15

20

25

30

35

40

45

50

55

continued for 200 hours, the anode potential was 4.8 V.
[0061] The electrolysis was stopped, and the anode
was taken out and examined for appearance. As a result,
neither electrode disintegration nor the shedding of the
conductive diamond film was observed. No anode effect
was observed throughout the 200-hour electrolysis.

(COMPARATIVE EXAMPLE 5)

[0062] Electrolysis was conducted in a (CH3)4NF·5HF
electrolytic bath immediately after preparation of the
bath, in the same manner as in Example 2 except that a
graphite plate was used as an anode.
[0063] Immediately after initiation of the electrolysis,
the anode potential increased abruptly and almost no
current came to flow, making it difficult to continue the
electrolysis.
[0064] The electrolysis was stopped, and the anode
was taken out and examined for contact angle between
a surface of the electrode and water. As a result, the
contact angle was found to be 150 degrees. It was hence
ascertained that the so-called anode effect had occurred.

(COMPARATIVE EXAMPLE 6)

[0065] Electrolysis was conducted in a (CH3)4NF·5HF
electrolytic bath immediately after preparation of the
bath, in the same manner as in Example 2 except that a
nickel plate was used as an anode.
[0066] Immediately after initiation of the electrolysis,
the anode potential began to increase gradually. Finally,
almost no current came to flow, making it difficult to con-
tinue the electrolysis.
[0067] The electrolysis was stopped, and the anode
was taken out. A surface of this electrode was analyzed.
As a result, Ni-Fbonds were observed. It was thus pre-
sumed that an insulating NiF2 coating film had formed
on the electrode surface.

(COMPARATIVE EXAMPLE 7)

[0068] A conductive-diamond electrode was produced
in the same manner as in Example 1, except that a silicon
plate was used as a conductive substrate.
[0069] Electrolysis was conducted in a (CH3)4NF·5HF
electrolytic bath immediately after preparation of the
bath, in the same manner as in Example 2 except that
the electrode produced was used as an anode.
[0070] Immediately after initiation of the electrolysis,
the anode potential was 4.6 V. However, after 14 hours
had passed since the initiation of the electrolysis, the
anode potential began to increase gradually. Finally, al-
most no current came to flow, making it difficult to con-
tinue the electrolysis.
[0071] The electrolysis was stopped, and the anode
was taken out and examined for appearance. As a result,
that part of the anode which was immersed in the elec-
trolytic bath was found to be almost wholly deprived of

the diamond film, and it was ascertained that the silicon
substrate surface was corroded.

(COMPARATIVE EXAMPLE 8)

[0072] A conductive-diamond electrode was produced
in the same manner as in Example 1, except that a graph-
ite plate was used as a conductive substrate.
[0073] Electrolysis was conducted in a (CH3)4NF·5HF
electrolytic bath immediately after preparation of the
bath, in the same manner as in Example 2 except that
the electrode produced was used as an anode.
[0074] Immediately after initiation of the electrolysis,
the anode potential was 4.6 V. However, after 70 hours
had passed since the initiation of the electrolysis, the
anode potential began to increase gradually. Finally, al-
most no current came to flow, making it difficult to con-
tinue the electrolysis.
[0075] The electrolysis was stopped, and the anode
was taken out. As a result, the anode was found to have
broken into powder in the electrolyzer.
[0076] While the invention has been described in detail
and with reference to specific embodiments thereof, it
will be apparent to one skilled in the art that various
changes and modifications can be made therein without
departing from the spirit and scope thereof.
The present application is based on Japanese Patent
Application No. 2009-021157 filed on February 2, 2009,
and the contents are incorporated herein by reference.

Claims

1. An electrode for electrolysis, which comprises:

a substrate comprising an electrically conduc-
tive material, wherein the surface of the sub-
strate is made of glassy carbon; and
an electrically conductive diamond film with
which at least part of the substrate is coated.

2. A method of electrolytically synthesizing fluorine or
a fluorine-containing compound, wherein the meth-
od comprises conducting electrolysis using the elec-
trode for electrolysis according to claim 1 in an elec-
trolytic bath comprising hydrofluoric acid and, added
thereto, a substance to be fluorinated.

3. The method of electrolytically synthesizing fluorine
or a fluorine-containing compound according to
claim 2, wherein the electrolytic bath further com-
prises a fluoride of an alkali metal or a fluoride of an
alkaline earth metal as a conduction aid.

4. The method of electrolytically synthesizing fluorine
or a fluorine-containing compound according to
claim 2 or claim 3, wherein the electrolytic bath has
a molar concentration of hydrofluoric acid which is
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at least 3 times the molar concentration of the sub-
stance to be fluorinated or of the conduction aid in
the electrolytic bath.
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