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TITANIUM BASE MATERIAL , METHOD 
FOR PRODUCING TITANIUM BASE 

MATERIAL , ELECTRODE FOR WATER 
ELECTROLYSIS , AND WATER 
ELECTROLYSIS DEVICE 

[ Patent Document 3 ] 
[ 0010 ] Japanese Patent No. 5831670 

[ Patent Document 4 ] 
[ 0011 ] Japanese Unexamined Patent Application , First 

Publication No. 2010-236083 TECHNICAL FIELD 

Non Patent Document [ 0001 ] The present invention relates to a titanium base 
material excellent in conductivity and corrosion resistance , 
a method for producing a titanium base material , an elec 
trode for water electrolysis formed of the titanium base 
material , and a water electrolysis device . 
[ 0002 ] The present application claims priority based on 
Japanese Patent Application No. 2018-044659 filed in Japan 
on Mar. 12 , 2018 and Japanese Patent Application No. 
2019-042773 filed in Japan on Mar. 8 , 2019 and the contents 
thereof are incorporated herein . 

[ Non Patent Document 1 ] 
[ 0012 ] Tsutomu Ioroi et ; Stability of Corrosion - Resistant 
Magneli - Phase Ti 07 - Supported PEMFC Catalysts High 
Potentials , “ Jornal of The Electorochemical Society ” , 
155 ( 4 ) B321 - B326 ( 2008 ) 

SUMMARY OF INVENTION 

BACKGROUND ART Technical Problem 

[ 0003 ] As shown in Patent Document 1 for example , 
titanium base materials formed of titanium or a titanium 
alloy are used in current - carrying members such as elec 
trodes , in particular , in applications which require oxidation 
resistance ( corrosion resistance ) . 
[ 0004 ] However , for example , in a case of using a cathode 
electrode of a solid polymer electrolyte fuel cell ( PEFC ) , an 
anode electrode of a water electrolysis device , an electrode 
material for a lithium ion battery or a lithium ion capacitor , 
or the like in a harsh corrosive environment such as a high 
potential , oxygenated , strongly acidic atmosphere , there are 
problems in that the corrosion resistance is not sufficient and 
an insulative Tio , film is formed on the surface of the 
titanium base material during use and the performance as a 
current - carrying member such as an electrode deteriorates . 
[ 0005 ] Therefore , for example , Patent Document 2 pro 
poses forming a noble metal coated film of gold , platinum , 
or the like on the surface of a base material formed of 
aluminum , nickel , or titanium to improve corrosion resis 
tance while ensuring conductivity . 
[ 0006 ] In addition , Patent Document 3 proposes a titanium 
material in which an oxide film , in which an X - ray diffrac 
tion peak of TiO2 is not observed , is formed on the surface 
of titanium or a titanium alloy . 
[ 0007 ] Furthermore , Patent Document 4 proposes a tita 
nium material having a titanium oxide layer having an 
oxygen / titanium atomic concentration ratio ( 0 / Ti ) of 0.3 or 
more and 1.7 or less on the surface of a titanium material 
formed of pure titanium or a titanium alloy , in which an alloy 

including at least one type of noble metal selected from 
Au , Pt , and Pd is formed on this titanium oxide layer . 

[ 0013 ] Here , as shown in Patent Document 2 and Patent 
Document 4 , in a case where a noble metal film is formed , 
the cost increases significantly and wide use is not possible . 
[ 0014 ] In addition , since the oxide film described in Patent 
Document 3 has insufficient conductivity and corrosion 
resistance , application is not possible as a member used in 
a harsh environment . 
[ 0015 ] Here , Magneli phase titanium oxide represented by 
the chemical formula Ti , O2n - 1 ( 4sns10 ) may be used as 
examples of a material having excellent conductivity and 
corrosion resistance . This Magneli phase titanium oxide has 
the same corrosion resistance as TiO2 and the same conduc 
tivity as graphite . 
[ 0016 ] As a Magneli phase titanium oxide of the related 
art , for example , as shown in Non - Patent Document 1 , the 
Magneli phase titanium oxide is produced by a thermal 
reduction method for reducing TiO2 at a high temperature to 
be provided in powder form . 
[ 0017 ] However , in a case where TiO2 is formed on the 
surface of a base material formed of titanium or a titanium 
alloy and thermally reduced , oxygen diffuses to the base 
material side and the base material itself oxidizes , which 
deteriorates properties such as conductivity . Therefore , a 
titanium base material or the like having a Magneli phase 
titanium oxide film is not provided . 
[ 0018 ] The present invention is made against the back 
ground of the above circumstances and has an object of 
providing a titanium base material with particularly excel 
lent conductivity and corrosion resistance and able to be 
used even in a harsh corrosive environment , a method for 
producing a titanium base material , an electrode for water 
electrolysis formed of this titanium base material , and a 
water electrolysis device . CITATION LIST 

Patent Document 

[ Patent Document 1 ] 
[ 0008 ] Japanese Unexamined Patent Application , First 

Publication No. 2003-226992 

Solution to Problem 
[ 0019 ] In order to solve these problems and achieve the 
object described above , a titanium base material of the 
present invention includes a base material body formed of 
titanium or a titanium alloy , in which a Magneli phase 
titanium oxide film formed of a Magneli phase titanium 
oxide represented by a chemical formula Ti , O2n - 1 ( 4sns10 ) 
is formed on a surface of the base material body . 
[ 0020 ] According to the titanium base material having this 
configuration , since the Magneli phase titanium oxide film 

[ Patent Document 2 ] 
[ 0009 ] Japanese Unexamined Patent Application , First 

Publication No. 2010-135316 
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formed of a Magneli phase titanium oxide represented by the 
chemical formula Ti , O2n - 1 ( 4 & n = 10 ) is formed on a surface 
of the base material body formed of titanium or a titanium 
alloy , the conductivity and corrosion resistance are particu 
larly excellent 
[ 0021 ] Thus , use is possible as a current - carrying member 
such as an electrode even in a harsh corrosive environment 
such as a high potential , oxygenated , strongly acidic atmo 
sphere . 
[ 0022 ] Here , in the titanium base material of the present 
invention , it is preferable that the Magneli phase titanium 
oxide film contains at least one or both of Ti_0 , and Tis0g . 
[ 0023 ] In such a case , since the Magneli phase titanium 
oxide film contains at least one or both of Ti?0 , and Ti 0 ,, 
which are particularly excellent in conductivity and corro 
sion resistance , it is particularly suitable as a current 
carrying member used in a harsh corrosive environment 
such as a high potential , oxygenated , strongly acidic atmo 
sphere . 
[ 0024 ] In addition , in the titanium base material of the 
present invention , it is preferable that the Magneli phase 
titanium oxide film has a film thickness in a range of 0.1 um 
or more and 30 um or less . 
[ 0025 ] In this case , since the film thickness of the Magneli 
phase titanium oxide film is 0.1 um or more , it is possible to 
secure a sufficient corrosion resistance . 
[ 0026 ] On the other hand , since the film thickness of the 
Magneli phase titanium oxide film is 30 um or less , it is 
possible to secure sufficient conductivity as a titanium base 
material . 
[ 0027 ] In addition , in an oxide electrode which does not 
use a Ti base material and in which the entire electrode is 
formed of Magneli phase titanium oxide , the strength of the 
electrode is insufficient . 
[ 0028 ] Further , in the titanium base material of the present 
invention , it is preferable that the base material body is a 
porous body having a porosity in a range of 30 % or more and 
97 % or less . 
[ 0029 ] In such a case , since the base material body formed 
of titanium or a titanium alloy is a porous body and the 
porosity thereof is set to 30 % or more , it is possible to make 
the specific surface area large and to promote the reaction on 
the surface of the titanium base material . In addition , it is 
possible to efficiently discharge the gas generated by the 
reaction . 
[ 0030 ] On the other hand , since the porosity of the base 
material body is 97 % or less , it is possible to secure the 
strength of the base material body . 
[ 0031 ] In addition , in the titanium base material of the 
present invention , it is desirable that the Magneli phase Ti 
oxide film has a porous structure . 
[ 0032 ] In such a case , the specific surface area of the 
electrode is further improved and it becomes possible to 
provide a wide electrode reaction field . 
[ 0033 ] The method for manufacturing a titanium base 
material of the present invention is the method for manu 
facturing the titanium base material described above , the 
method including a Tio , film forming step of forming a 
TiO , film on a surface of a base material body formed of 
titanium or a titanium alloy , and a reduction process step of 
reducing the TiO2 film formed on the surface of the base 
material body by a microwave plasma reduction method to 
obtain a Magneli phase titanium oxide film formed of a 
Magneli phase titanium oxide represented by a chemical 

formula Ti , O2n - 1 ( 4sns10 ) , in which the reduction process 
step is carried out under conditions of a substrate tempera 
ture of 400 ° C. or lower and a process time of 15 minutes or 
less . 
[ 0034 ] In the method for producing a titanium base mate 
rial having this configuration , since a Tio , film forming step 
of forming a TiO2 film on a surface of the base material body 
formed of titanium or a titanium alloy , and a reduction 
process step of reducing the TiO2 film by a microwave 
plasma reduction method to obtain a Magneli phase titanium 
oxide film are provided , it is possible to produce a titanium 
base material having a Magneli phase titanium oxide film 
formed of Magneli phase titanium oxide represented by the 
chemical formula Ti , 02-1 ( 4sns10 ) . Then , since the reduc 
tion process step is carried out under conditions where the 
substrate temperature is 400 ° C. or lower and the process 
time is 15 minutes or less , it is possible to suppress the 
diffusion of oxygen to the base material body side and 
suppress the deterioration of the properties of the base 
material body . 
[ 0035 ] Furthermore , it is possible to control the film 
thickness of the Magneli phase titanium oxide film by 
adjusting the film thickness of the Tio , film in the Tio , film 
forming step . 
[ 0036 ] The electrode for water electrolysis of the present 
invention is formed of the titanium base material described 
above . 
[ 0037 ] Since the electrode for water electrolysis having 
this configuration is formed of the titanium base material on 
which the Magneli phase titanium oxide film formed of 
Magneli phase titanium oxide represented by the chemical 
formula Ti , O2n - 1 ( 4sns10 ) is formed , the conductivity and 
corrosion resistance are particularly excellent and it is 
possible to suppress deterioration due to oxidation and to 
greatly improve the service life . In addition , since the 
corrosion resistance is excellent , use is possible as a substi 
tute for a noble metal electrode and it is possible to form the 
electrode for water electrolysis at low cost . 
[ 0038 ] Here , in the electrode for water electrolysis of the 
present invention , it is preferable that , in a voltammetry test 
in which one cycle is denoted by a holding time of 1 minute 
at 2.5 V and 1 minute at 0 V , an electrolysis efficiency after 
1,200 cycles is 90 % or more of an initial value . 
[ 0039 ] In such a case , in the voltammetry test simulating 
the start and stop of the water electrolysis device , since the 
electrolysis efficiency after 1,200 cycles is maintained at 
90 % or more with respect to the initial value , the deterio 
ration of the electrode for water electrolysis during use is 
reliably suppressed and it is possible to reliably improve the 
service life . 
[ 0040 ] The water electrolysis device of the present inven 
tion is provided with the electrode for water electrolysis 
described above . 
[ 0041 ] According to the electrode for water electrolysis 
having this configuration , since the electrode for water 
electrolysis formed of a titanium base material on which the 
Magneli phase titanium oxide film formed of Magneli phase 
titanium oxide represented by the chemical formula Ti , O2 
( 4sns10 ) is formed is provided , it is possible to suppress 
deterioration of the electrode for water electrolysis due to 
oxidation during use and stable use for a long period of time 
becomes possible . In addition , it is not necessary to use the 
noble metal electrode and it is possible to significantly 
reduce the production cost of the water electrolysis device . 

2n - 1 
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Advantageous Effects of Invention 
[ 0042 ] According to the present invention , it is possible to 
provide a titanium base material with particularly excellent 
conductivity and corrosion resistance and able to be used 
even in a harsh corrosive environment , a method for pro 
ducing a titanium base material , an electrode for water 
electrolysis formed of this titanium base material , and a 
water electrolysis device . 

a skeleton portion 12 having a three - dimensional network 
structure and a pore portion 13 surrounded by the skeleton 
portion 12 
[ 0055 ] The base material body 11 has a porosity P in a 
range of 30 % or more and 97 % or less . The porosity P of the 
base material body 11 is calculated by the following for 
mula . 

P ( % ) = ( 1- ( W / ( VxD1 ) ) ) x100 

BRIEF DESCRIPTION OF DRAWINGS 

[ 0043 ] FIG . 1 is an explanatory diagram showing an 
example of a titanium base material which is an embodiment 
of the present invention . 
[ 0044 ] FIG . 2 is an enlarged schematic diagram of a 
surface layer portion of the titanium base material shown in 
FIG . 1 . 
[ 0045 ] FIG . 3 is a flow chart showing an example of a 
method for producing the titanium base material shown in 
FIG . 1 . 
[ 0046 ] FIG . 4 is an explanatory diagram showing produc 
tion steps for producing the titanium base material shown in 
FIG . 1. FIG . 4 ( a ) shows a base material body preparing step 
S01 , FIG . 4 ( b ) shows a TiO2 film forming step S02 , and FIG . 
4 ( c ) shows a reduction process step S03 . 
[ 0047 ] FIG . 5 is a schematic explanatory diagram of a 
water electrolysis device provided with an electrode for 
water electrolysis which is an embodiment of the present 
invention . 
[ 0048 ] FIG . 6 is a graph showing XRD analysis results of 
Invention Example 2 and Comparative Example 1 in 
Examples 
[ 0049 ] FIG . 7 is an SEM image showing a result of 
observing a cross - section of the titanium base material of 
Invention Example 1 in the Examples . 
[ 0050 ] FIG . 8 is an SEM image showing a result of 
observing a cross - section of the titanium base material of 
Invention Example 11 in the Examples . 

[ 0056 ] W : Mass of base material body 11 ( g ) 
[ 0057 ] V : Volume of base material body 11 ( cm ) 
[ 0058 ] Dr : True density ( g / cm3 ) of titanium or a titanium 
alloy which forms the base material body 11 
[ 0059 ] In the present embodiment , the base material body 
11 formed of this porous body is formed of , for example , a 
titanium sintered body obtained by sintering a titanium 
sintering raw material including titanium . 
[ 0060 ] In addition , the pore portions 13 surrounded by the 
skeleton portion 12 are structured to communicate with each 
other and open toward the outside of the base material body 
11 . 
[ 0061 ] Then , as shown in FIG . 2 , the Magneli phase 
titanium oxide film 16 is formed on the surface of the base 
material body 11 . 
[ 0062 ] This Magneli phase titanium oxide film 16 is 
formed of a Magneli phase titanium oxide represented by the 
chemical formula Ti , O2n - 1 ( 4sns10 ) . 
[ 0063 ] In the present embodiment , the Magneli phase 
titanium oxide film 16 contains at least one or both of Ti , O , 
and Tis09 . It is possible to identify the titanium oxide 
structure in the Magneli phase titanium oxide film 16 by an 
X - ray diffraction analysis ( XRD ) method . 
[ 0064 ] Here , in the Magneli phase titanium oxide film 16 
of the present embodiment , the XRD peaks of Ti40 , and 
Ti 0 , in X - ray diffraction ( XRD ) are included and the sum 
of the maximum peak intensities of both is greater than the 
maximum peak intensity of the other Magneli phase tita 
nium oxide ( 6sns10 ) . 
[ 0065 ] Here , when a film thickness t of the Magneli phase 
titanium oxide film 16 is thinned , the corrosion resistance is 
lowered but the conductivity is improved . On the other hand , 
when the film thickness t of the Magneli phase titanium 
oxide film 16 is increased , the corrosion resistance is 
improved but the conductivity is decreased . Therefore , the 
film thickness t of the Magneli phase titanium oxide film 16 
is preferably set appropriately according to the properties 
required for the titanium base material 10 . 
[ 0066 ] In the present embodiment , the lower limit of the 
film thickness t of the Magneli phase titanium oxide film 16 
is set to 0.1 um or more in order to sufficiently improve the 
corrosion resistance . In addition , in order to sufficiently 
improve the conductivity , the upper limit of the film thick 
ness t of the Magneli phase titanium oxide film 16 is set to 
30 um or less . 
[ 0067 ] In order to further improve the corrosion resis 
tance , the lower limit of the film thickness t of the Magneli 
phase titanium oxide film 16 is preferably 0.2 um or more , 
and more preferably 0.3 um or more . On the other hand , in 
order to further improve the conductivity , the upper limit of 
the film thickness t of the Magneli phase titanium oxide film 
16 is preferably 5 um or less , and more preferably 3 um or 
less . 

DESCRIPTION OF EMBODIMENTS 

( 0051 ] A description will be given below of a titanium 
base material , a method for producing a titanium base 
material , an electrode for water electrolysis , and a water 
electrolysis device , which are embodiments of the present 
invention , with reference to the accompanying drawings . 

< Titanium Base Material and Method for Producing 
Titanium Base Material > 

[ 0052 ] A titanium base material 10 of the present embodi 
ment is used as , for example , a current - carrying member 
such as a cathode electrode of a solid polymer electrolyte 
fuel cell ( PEFC ) , an anode electrode of a water electrolysis 
device , and an electrode material for a lithium ion battery or 
a lithium ion capacitor . 
[ 0053 ] As shown in FIG . 1 and FIG . 2 , the titanium base 
material 10 of the present embodiment is provided with a 
base material body 11 formed of titanium or a titanium alloy , 
and a Magneli phase titanium oxide film 16 formed on the 
surface of the base material body 11 . 
[ 0054 ] In the present embodiment , as shown in FIG . 1 , the 
base material body 11 is a porous body and is provided with 
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[ 0068 ] Further , in the present embodiment , the Magneli 
phase titanium oxide film 16 has a nanometer or micrometer 
order porous structure in the film . 
[ 0069 ] A description will be given below of the method for 
producing the titanium base material 10 of the present 
embodiment with reference to the flow chart of FIG . 3 , the 
step chart of FIG . 4 , and the like . 

[ 0077 ] It is possible to set the lower limit value of the 
substrate temperature in the reduction process step S03 to 0 ° 
C. , and the lower limit value of the process time to 0.01 
minutes . 
[ 0078 ] By subjecting the entire TiO2 film 26 to a reduction 
process to form the Magneli phase titanium oxide film 16 , 
the film thickness to of the TiO2 film 26 becomes the film 
thickness t of the Magneli phase titanium oxide film 16 . 
Therefore , adjusting the film thickness t0 of the Tio , film 26 
in the TiO2 film forming step S02 makes it possible to 
control the film thickness t of the Magneli phase titanium 
oxide film 16 . 
[ 0079 ] By the production method described above , the 
titanium base material 10 is produced in which the Magneli 
phase titanium oxide film 16 formed of Magneli phase 
titanium oxide represented by the chemical formula Ti , O2n - 1 
( 4sns10 ) is formed on the surface of the base material body 
11 formed of titanium or a titanium alloy . 

( Base Material Body Preparing Step S01 ) 
[ 0070 ] First , the base material body 11 formed of titanium 
and a titanium alloy shown in FIG . 4 ( a ) is prepared . In the 
present embodiment , a porous titanium sintered body is 
prepared as the base material body 11 . 
[ 0071 ] It is possible to produce the base material body 11 
formed of this porous titanium sintered body , for example , 
by the following steps . A sintering raw material including 
titanium is mixed with an organic binder , a foaming agent , 
a plasticizer , water and , as necessary , a surfactant to prepare 
a foamable slurry . This foamable slurry is applied using a 
doctor blade ( applying device ) to form a sheet - shaped 
molded body . This sheet - shaped molded body is heated to 
foam and obtain a foamed molded body . Then , the result is 
degreased and then sintered . Due to this , the base material 
body 11 formed of a porous titanium sintered body is 
produced . ( For example , refer to Japanese Unexamined 
Patent Application , First Publication No. 2006-138005 and 
Japanese Unexamined Patent Application , First Publication 
No. 2003-082405 ) 

( TiO2 Film Forming Step S02 ) 
[ 0072 ] Next , as shown in FIG . 4 ( b ) , a TiO2 film 26 is 
formed on the surface of the base material body 11. This 
TiO film forming step S02 is carried out under a tempera 
ture condition of 100 ° C. or lower in order to suppress 
oxygen from diffusing to the base material body 11 side . 
[ 0073 ] The lower limit value of temperature conditions is 
not limited ; however , it is possible to efficiently perform the 
following plasma electrolytic oxidation process in a range of 
up to 0 ° C. 
[ 0074 ] In the present embodiment , the TiO2 film 26 is 
formed by a plasma electrolytic oxidation method in which 
a higher voltage than that of normal anodic oxidation is 
applied to generate an arc discharge on the surface of the 
base material to promote oxidation . Specifically , the plasma 
electrolytic oxidation process is carried out in an aqueous 
solution bath of K2PO4 , Na3PO4 , K.P207 , Na P20 ,, or the 
like . 
[ 0075 ] Here , a film thickness to of the TiO2 film 26 is 
preferably in a range of 0.1 um or more and 30 um or less . 

< Electrode for Water Electrolysis and Water Electrolysis 
Device > 

[ 0080 ] FIG . 5 shows a schematic diagram of the electrode 
for water electrolysis and the water electrolysis device 
according to the present embodiment . The water electrolysis 
device of the present embodiment is a solid polymer elec 
trolyte water decomposition device having high electrolysis 
efficiency and hydrogen purity at the time of production . 
[ 0081 ] As shown in FIG . 5 , a water electrolysis device 30 
of the present embodiment is provided with a water elec 
trolysis cell 31 provided with an anode electrode 32 and a 
cathode electrode 33 which are arranged to face each other , 
and an ion permeable membrane 34 which is arranged 
between the anode electrode 32 and the cathode electrode 
33. Here , catalyst layers 35 and 36 are formed on both 
surfaces of the ion permeable membrane 34 ( contact surface 
with the anode electrode 32 and contact surface with the 
cathode electrode 33 ) , respectively . 
[ 0082 ] Here , for the cathode electrode 33 , the ion perme 
able membrane 34 , and the catalyst layers 35 and 36 , it is 
possible to use examples used in general solid polymer 
electrolyte water electrolysis devices of the related art . 
[ 0083 ] The anode electrode 32 described above is used as 
the electrode for water electrolysis according to the present 
embodiment . The anode electrode 32 ( electrode for water 
electrolysis ) is formed of the titanium base material 10 
according to the present embodiment described above , and 
is provided with the base material body 11 formed of 
titanium or a titanium alloy and the Magneli phase titanium 
oxide film 16 formed on the surface of the base material 
body 11. In addition , the base material body 11 is a porous 
body , and has a structure provided with the skeleton portion 
12 having a three - dimensional network structure and the 
pore portion 13 surrounded by the skeleton portion 12 . 
[ 0084 ] Here , in the electrode for water electrolysis ( anode 
electrode 32 ) according to the present embodiment , in a 
voltammetry test in which one cycle is denoted by a holding 
time of 1 minute at 2.5 V and 1 minute at 0 V , the electrolysis 
efficiency after 1,200 cycles is preferably 90 % or more with 
respect to the initial value . 
[ 0085 ] In the water electrolysis device 30 ( water electroly 
sis cell 31 ) described above , as shown in FIG . 5 , water 
( H2O ) is supplied from the side of the anode electrode 32 
and the anode electrode 32 and the cathode electrode 33 are 
energized . By doing so , oxygen ( 02 ) generated by the 

( Reduction Process Step S03 ) 
[ 0076 ] Next , the Tio , film 26 is subjected to a reduction 
process using plasma generated by irradiating the gas with 
microwaves ( microwave plasma reduction process ) , such 
that the Tio , film 26 is changed to the Magneli phase 
titanium oxide film 16 formed of Magneli phase titanium 
oxide represented by the chemical formula Ti , O2n - 1 
( 4sns10 ) , as shown in FIG . 4 ( c ) . In order to suppress 
oxygen from diffusing to the base material body 11 side , this 
reduction process step S03 is carried out under conditions of 
a substrate temperature of 400 ° C. or lower and a process 
time of 15 minutes or less . 
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electrolysis of water is discharged from the anode electrode 
32 and hydrogen ( H ) is discharged from the cathode 
electrode 33 . 
[ 0086 ] Here , in the anode electrode 32 , as described 
above , water ( liquid ) and oxygen ( gas ) are circulated , thus , 
in order to stably circulate the liquid and gas , it is preferable 
to have a high porosity . In addition , since the anode elec 
trode 32 is exposed to oxygen , there is a demand for 
excellent corrosion resistance . Therefore , the electrode for 
water electrolysis formed of the titanium base material 10 of 
the present embodiment is particularly suitable as the anode 
electrode 32 . 
[ 0087 ] According to the titanium base material 10 of the 
present embodiment configured as described above , since 
the Magneli phase titanium oxide film 16 formed of Magneli 
phase titanium oxide represented by the chemical formula 
Ti ,, O2n - 1 ( 4sns10 ) is formed on the surface of the base 
material body 11 formed of titanium or a titanium alloy , the 
conductivity and corrosion resistance are particularly excel 
lent . 
[ 0088 ] Thus , use is possible as a current - carrying member 
such as an electrode even in a harsh corrosive environment 
such as a high potential , oxygenated , strongly acidic atmo 
sphere . 
[ 0089 ] In addition , in the present embodiment , since the 
Magneli phase titanium oxide film 16 contains , as the 
Magneli phase titanium oxide , at least one or both of Ti_07 
and Ti 09 , which are particularly excellent in conductivity 
and corrosion resistance , it is particularly suitable as a 
current - carrying member used in a harsh corrosive environ 
ment such as a high potential , oxygenated , strongly acidic 
atmosphere . 
[ 0090 ] Furthermore , in the present embodiment , since the 
film thickness t of the Magneli phase titanium oxide film 16 
is in a range of 0.1 um or more and 30 um or less , it is 
possible to improve the corrosion resistance and the con 
ductivity in a well - balanced manner . 
[ 0091 ] In addition , in the present embodiment , since the 
base material body 11 formed of titanium or a titanium alloy 
is a porous body , and the porosity P thereof is set to 30 % or 
more , the specific surface area becomes large and it is 
possible to promote a reaction on the surface of the titanium 
base material 10. In addition , it is possible to efficiently 
discharge the gas generated by the reaction . Thus , the result 
is particularly suitable as an electrode member . 
[ 0092 ] On the other hand , since the porosity P of the base 
material body 11 formed of a porous body is 97 % or less , it 
is possible to secure the strength of the base material body 
11 . 
[ 0093 ] In addition , in the present embodiment , the Mag 
neli phase titanium oxide film 16 has a nanometer or 
micrometer order porous structure and it is possible to 
further improve the surface area of an electrode base mate 
rial . 
[ 0094 ] Since the method for producing the titanium base 
material 10 according to the present embodiment is provided 
with the base material body preparing step S01 for preparing 
the base material body 11 formed of titanium or a titanium 
alloy , the TiO2 film forming step S02 of forming the TiO2 
film 26 on the surface of the base material body 11 , and the 
reduction process step S03 of reducing the TiO2 film 26 by 
a microwave plasma reduction method to obtain the Magneli 
phase titanium oxide film 16 formed of a Magneli phase 
titanium oxide represented by the chemical formula Ti , O2n - 1 

( 4sns10 ) , it is possible to produce the titanium base material 
10 having particularly excellent corrosion resistance and 
conductivity . 

[ 0095 ] Since the TiO2 film forming step S02 is carried out 
at 100 ° C. or lower and the reduction process step S03 is 
carried out under the condition that the substrate temperature 
is 400 ° C. or lower and the process time is 15 minutes or 
less , it is possible to suppress the diffusion of oxygen to the 
base material body 11 side and to suppress deterioration of 
the properties of the base material body 11 . 
[ 0096 ] Furthermore , adjusting the film thickness t0 of the 
TiO2 film 26 formed in the Tio , film forming step S02 
makes it possible to accurately control the film thickness t of 
the Magneli phase titanium oxide film 16 . 
[ 0097 ] Since the electrode for water electrolysis ( anode 
electrode 32 ) of the present embodiment is formed of the 
titanium base material 10 described above , the conductivity 
and corrosion resistance are particularly excellent and it is 
possible to suppress deterioration due to oxidation and to 
greatly improve the service life . In addition , since corrosion 
resistance is excellent , use is possible as a substitute for the 
noble metal electrode , and it is possible to form an electrode 
for water electrolysis ( anode electrode 32 ) at low cost . 
[ 0098 ] In addition , in the electrode for water electrolysis 
( anode electrode 32 ) of the present embodiment , in a vol 
tammetry test in which one cycle is denoted by a holding 
time of 1 minute at 2.5 V and 1 minute at 0 V , in a case where 
the electrolysis efficiency after 1,200 cycles is 90 % or more 
with respect to the initial value , deterioration of the electrode 
for water electrolysis during use is reliably suppressed and 
it is possible to reliably improve the service life . 
[ 0099 ] In the water electrolysis device 30 of the present 
embodiment , since the electrode for water electrolysis 
formed of the titanium base material 10 described above is 
used for the anode electrode 32 , even in a use environment 
exposed to oxygen gas , it is possible to suppress deteriora 
tion of the electrode for water electrolysis ( anode electrode 
32 ) due to oxidation and to use the electrode stably for a long 
period of time . In addition , since the corrosion resistance is 
excellent , it is not necessary to use a noble metal electrode , 
and it is possible to significantly reduce the production cost 
of the water electrolysis device 30. Furthermore , since the 
titanium base material 10 is formed of the porous body 
having the structure described above , it is possible to favor 
ably circulate water and oxygen gas . 
[ 0100 ] Although embodiments of the present invention are 
described above , the present invention is not limited thereto 
and appropriate modification is possible without departing 
from the technical idea of the invention . 

[ 0101 ] For example , in the present embodiment , the base 
material body 11 is described as a porous body , but the 
present invention is not limited thereto and the base material 
body 11 may be in the shape of a plate , wire , rod , tube , or 
the like . In addition , the base material body 11 is described 
as being formed of a titanium sintered body , but , without 
being limited thereto , a mesh plate or the like may be used . 
[ 0102 ] In addition , in the present embodiment , the Mag 
neli phase titanium oxide film is described as containing at 
least one or both of Ti40 , and Ti 09 , but the present 
invention is not limited thereto , and the above may be 
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[ 0113 ] With respect to the obtained titanium base material , 
the identification of the titanium oxide film , and the thick 
ness , the conductivity , and the corrosion resistance of the 
titanium oxide film were evaluated as follows . 

( Identification of Titanium Oxide in Titanium Oxide Film ) 

formed of Magneli phase titanium oxide represented by the 
chemical formula Ti ,, O2n - 1 ( 4 & n = 10 ) . 
[ 0103 ] Furthermore , in the present embodiment , descrip 
tion is given assuming that the film thickness of the Magneli 
phase titanium oxide film is in a range of 0.1 um or more and 
30 um or less , but the present invention is not limited thereto 
and the film thickness of the Magneli phase titanium oxide 
film is preferably set as appropriate according to the prop 
erties required for the titanium base material . 
[ 0104 ] In ad n , in the present embodiment , a descrip 
tion is given in which the Magneli phase titanium oxide film 
had a porous structure , but the present invention is not 
limited thereto . 

[ 0105 ] Furthermore , in the present embodiment , a water 
electrolysis device ( water electrolysis cell ) having the struc 
ture shown in FIG . 5 is described as an example , but the 
present invention is not limited thereto and as long as an 
electrode for water electrolysis formed of the titanium base 
material according to the present embodiment is provided , 
the water electrolysis device ( water electrolysis cell ) may 
have another structure . 

[ 0114 ] The titanium oxide of the titanium oxide film was 
identified by the X - ray diffraction analysis ( XRD ) method . 
The acceleration voltage was set to 30 keV and a Cu Ka line 
of 8 keV was used for measurement . The measurement range 
was 20 = 15 ° to 35º . The presence / absence of Ti , O , and 
Tis0 , was confirmed by the presence / absence of peaks near 
21 ° , 26 ° , and 30 ° ( Ti_04 ) , 22 ° , 26 ° , and 29 ° ( Ti 0 , ) , 
respectively . The evaluation results are shown in Table 2. In 
addition , FIG . 6 shows the XRD analysis results of Inven 
tion Example 2 and Comparative Example 1 . 

( Thickness of Titanium Oxide Film ) 

EXAMPLES 

Example 1 

[ 0115 ] The sample after film formation is filled with resin 
and cut in the direction perpendicular to the thickness 
direction of the titanium oxide film to expose a cross - section 
thereof . This cross - section was observed by SEM , and five 
points were equally taken from one end to the other end of 
the titanium oxide film layer in the SEM image observed at 
a magnification of 5,000 times and the thicknesses were 
calculated for each point . Then , the thickness of the titanium 
oxide film was determined from the average value of the 
measured 5 points . 
[ 0116 ] FIG . 7 shows a cross - sectional observation result 
( SEM image ) of the titanium base material of Invention 
Example 1 in which the base material body is a plate 
material . 
[ 0117 ] In addition , FIG . 8 shows a cross - sectional obser 
vation result ( SEM image ) of the titanium base material of 
Invention Example 11 in which the base material body is a 
porous body . 

( Conductivity ) 

[ 0106 ] A description will be given below of the results of 
confirmation experiments performed to confirm the effects 
of the present invention . 
[ 0107 ] First , the base material body shown in Table 1 is 
prepared . In Table 1 , " titanium ” was pure titanium having a 
purity of 99.9 mass % or more , and “ titanium alloy ” was a 
titanium alloy having Ti - 0.15 mass % Pd . 
[ 0108 ] The dimensions of each prepared base material 
body were width 50 mmxlength 60 mmxthickness 0.3 mm . 
[ 0109 ] Next , a Tio , film is formed on the surface of the 
base material body . A plasma electrolytic oxidation process 
was carried out in an aqueous solution of K3PO4 . A high 
density carbon plate was used as the cathode and the above 
was carried out under conditions of a temperature of 100 ° C. 
or lower , a voltage of 450 V , and a time of 0 to 300 minutes . 
The film thickness of the TiO2 film was set to the value 
shown in Table 1 by adjusting the time of the plasma 
electrolytic oxidation process . 
[ 0110 ] Next , the base material body on which the TiO2 
film was formed was charged into a microwave plasma 
reduction device and the inside of the device was decom 
pressed to a vacuum ( 3.8x10-2 torr ( 5 Pa ) or less ) once . After 
that , hydrogen gas was introduced into the device to set the 
pressure to 30 Pa , and then irradiated with microwaves of 
2.45 GHz . The reduction time was 0.1 to 15 minutes . 

[ 0111 ] Here , in Comparative Examples 1 , 3 , and 7 , a 
reduction process was not carried out . In addition , in Com 
parative Examples 4 and 5 , the reduction process was 
performed by a thermal reduction method . 
[ 0112 ] As described above , a titanium base material was 
obtained which had a titanium oxide film ( Magneli phase 
titanium oxide film in the Invention Examples ) formed on 
the surface of a base material body formed of titanium or a 
titanium alloy . 

[ 0118 ] From the obtained titanium base material , a strip 
shaped test piece which was width 30 mmxlength 40 
mmxthickness 0.3 mm was prepared and the conductivity 
was measured by the 4 - probe method . When the measured 
conductivity value was 1 S / cm or more , the evaluation was 
“ A ( pass ) ” , and when less than 1 S / cm , the evaluation was 
“ B ( not possible ) " . The evaluation results are shown in Table 
2 . 

( Corrosion Resistance ) 

[ 0119 ] Cyclic voltammetry measurement was performed 
in a cell with a radius of 4 cm filled with 1 M sulfuric acid , 
with the created titanium base material prepared as the 
working electrode and the coiled Pt wire as the counter 
electrode . The sweep was repeated between 0-2V for the 
Ag / AgCl electrode used as the reference electrode . Cyclic 
voltammetry was measured for 1,000 cycles , and when no 
change was seen in the CV waveform , the evaluation was “ A 
( pass ) ” , and when a change was observed , the evaluation 
was “ B ( not possible ) " . The evaluation results are shown in 
Table 2 . 
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TABLE 1 

Reduction process step 

Tio , film forming step Base 

Process 
temperature 

Process 
time 

Film 
thickness 

Material 
temperature 

Process 
time Base material body 

Material Shape Method ( ° C . ) ( min ) ( um ) Method ( ° C . ) ( min ) 

1 Titanium Plate 25 30 3 80 1 Invention 
Examples 

Microwave 
reduction 

2 Titanium Plate 25 30 3 200 3 Microwave 
reduction 

3 Titanium Plate 25 300 30 400 15 Microwave 
reduction 

4 Titanium Plate 25 50 5 250 5 Microwave 
reduction 

5 Titanium Plate 25 10 1 50 0.5 Microwave 
reduction 

6 Titanium Plate 25 1 0.1 30 0.1 Microwave 
reduction 

7 Titanium 25 30 3 200 3 Porous body 
( porosity 60 % ) 

Microwave 
reduction 

25 30 3 200 3 8 Titanium 
Alloy 

Porous body 
( porosity 60 % ) 

Microwave 
reduction 

9 Titanium 25 30 3 200 3 Porous body 
( porosity 30 % ) 

Microwave 
reduction 

Plasma 
electrolytic 
oxidation 
Plasma 
electrolytic 
oxidation 
Plasma 
electrolytic 
oxidation 
Plasma 
electrolytic 
oxidation 
Plasma 
electrolytic 
oxidation 
Plasma 
electrolytic 
oxidation 
Plasma 
electrolytic 
oxidation 
Plasma 
electrolytic 
oxidation 
Plasma 
electrolytic 
oxidation 
Plasma 
electrolytic 
oxidation 
Plasma 
electrolytic 
oxidation 
Plasma 
electrolytic 
oxidation 
Plasma 
electrolytic 
oxidation 
Atmospheric 
oxidation 
Plasma 
electrolytic 
oxidation 
Plasma 
electrolytic 
oxidation 
Plasma 
electrolytic 
oxidation 

ma 
electrolytic 
oxidation 

10 Titanium 25 30 3 200 3 Porous body 
( porosity 90 % ) 

Microwave 
reduction 

11 Titanium 25 20 2 50 0.5 Porous body 
( porosity 80 % ) 

Microwave 
reduction 

1 Titanium Plate 25 30 3 - | Comparative 
Examples 

2 Titanium Plate 25 0.01 0.01 30 0.1 Microwave 
reduction 

3 Titanium 500 180 Porous body 
( porosity 60 % ) 
Porous body 
( porosity 60 % ) 

4 Titanium 25 5 3 1000 60 Thermal 
reduction 

5 Titanium 25 5 3 800 120 Porous body 
( porosity 60 % ) 

Thermal 
reduction 

6 Titanium Plate 25 10 1 650 30 Microwave 
reduction 

7 Titanium 25 20 2 — - Porous body 
( porosity 80 % ) 

TABLE 2 

Film 
thickness 
of titanium Identification of titanium oxide 

Magneli 
phase 

oxide film 
( um ) Ti407 Tigo , 

Corrosion 
Conductivity resistance 

Invention 
Examples 

1 Presence 
2 Presence 

Presence 
Presence 

Presence 
Presence 

3 
3 

A 
A ? 
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TABLE 2 - continued 

Film 
thickness 
of titanium Identification of titanium oxide 

Magneli 
phase * 

oxide film 
( um ) Ti401 Tigo , 

Corrosion 
Conductivity resistance 

30 
5 A 

A 

A 
? 
A 

3 Presence 
4 Presence 
5 Presence 
6 Presence 
7 Presence 
8 Presence 
9 Presence 

10 Presence 
11 Presence 
1 Absence 
2 Absence 
3 Absence 
4 Absence 
5 Absence 
6 Absence 
7 Absence 

A 
A 
A 
A 

Presence 
Presence 
Presence 
Presence 
Presence 
Presence 
Presence 
Presence 
Presence 
Absence 
Absence 
Absence 
Absence 
Absence 
Absence 
Absence 

Presence 
Presence 
Presence 
Presence 
Presence 
Presence 
Presence 
Presence 
Presence 
Absence 
Absence 
Absence 
Absence 
Absence 
Absence 
Absence 

??? ??? ??? ??? ?? ?? 

A 
A 
A 
A 
A 2 

Comparative 
Examples 0.01 B 

1 
2 

* Magneli phase : Presence or absence of Magneli phase titanium oxide represented by Chemical formula Ti , O2n - 1 
( 4 sns 10 ) 

material due to oxygen diffusion into the Ti base material 
body was also observed , although only slightly , thus , evalu 
ation of the conductivity and corrosion resistance was not 
carried out . 
[ 0125 ] On the other hand , it was confirmed that Invention 
Examples 1 to 11 in which the Magneli phase titanium oxide 
film was formed were excellent in conductivity and corro 
sion resistance . In addition , as shown in FIGS . 7 and 8 , in the 
titanium base materials of Invention Example 1 and Inven 
tion Example 11 , it was confirmed that the Magneli phase 
titanium oxide films had porous structures . Furthermore , as 
shown in FIG . 8 , it was confirmed that the Magneli phase 
titanium oxide film was formed relatively uniformly on the 
surface of the base material body even in a case where the 
base material body was formed of a porous body . 

[ 0120 ] In Comparative Example 1 and Comparative 
Example 7 in which the base material body after plasma 
electrolytic oxidation was not subjected to microwave 
plasma reduction , the Magneli phase titanium oxide film 
was not formed and the conductivity was insufficient . There 
fore , the corrosion resistance was not evaluated . 
[ 0121 ] In Comparative Example 2 in which the process 
time of the plasma electrolytic oxidation was shortened to 1 
second to reduce the thickness of the TiO , film and then the 
microwave plasma reduction was performed , the Magneli 
phase titanium oxide film was not formed and the thickness 
of the titanium oxide film was as thin as 0.01 um and the 
corrosion resistance was insufficient . It is presumed that this 
is because it was not possible to stably form a TiO2 film of 
0.1 um or less in the plasma electrolytic oxidation and the 
Magneli phase titanium oxide film was not sufficiently 
formed even by subsequent microwave plasma reduction . 
[ 0122 ] In Comparative Example 3 in which an attempt 
was made to form the TiO , film by atmospheric oxidation , 
it was necessary to set the process temperature to a tem 
perature higher than 400 ° C. Therefore , oxygen was diffused 
into the base material body and deterioration of the base 
material body was observed . Thus , evaluation of the con 
ductivity and corrosion resistance was not carried out . 
[ 0123 ] In Comparative Examples 4 and 5 in which the 
base material body after plasma electrolytic oxidation was 
subjected to thermal reduction in a vacuum , it was necessary 
for the thermal reduction process temperature to be 800 ° C. 
or higher . Therefore , oxygen was diffused into the base 
material body and deterioration of the base material body 
was observed . Thus , evaluation of the conductivity and 
corrosion resistance was not carried out . 
[ 0124 ] In Comparative Example 6 in which the microwave 
plasma reduction process was carried out on the base 
material body after plasma electrolytic oxidation under 
conditions of a temperature of 650 ° C. for a process time of 
30 minutes , the process temperature was high and the 
process time was long , thus , it was not possible to obtain the 
desired Magneli phase titanium oxide . In addition , as in 
Comparative Examples 4 and 5 , the deterioration of the base 

Example 2 
[ 0126 ] Next , as shown in Table 3 , a titanium base material 
( Invention Example 11 ) on which a Magneli phase titanium 
oxide film was formed and a titanium base material ( Com 
parative Example 7 ) on which a titanium oxide film ( insu 
lating titanium oxide film ) which was not a Magneli phase 
titanium oxide film was formed were each used as an anode 
electrode , a solid polymer water electrolysis cell ( area 4 
cmx4 cm ) having the structure shown in FIG . 5 was formed 
and set as Invention Example 101 and Comparative 
Example 101 . 
[ 0127 ] In Comparative Example 102 , a titanium base 
material on which a titanium oxide film was not formed on 
the surface of the base material body formed of a porous 
body was used as the anode electrode . 
[ 0128 ] For this water electrolysis cell , a voltammetry test 
was carried out at 2.5 V for 1 minute and 0 V for 1 minute 
as one cycle . The current density flowing in the cell due to 
water electrolysis was measured . The test temperature was 
80 ° C. The evaluation results are shown in Table 3 . 
[ 0129 ] Here , Table 3 shows the ratio of the current density 
after each cycle with respect to the initial value , with the 
current density at the tenth cycle as the initial value and 
using this initial value as a reference value ( 1.0 ) . 
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TABLE 3 

Voltammetry test 

Anode 
electrode 

After After After 
400 cycles 800 cycles 1,200 cycles 

0.957 1.053 0.933 Invention 
Example 
Comparative 
Examples 

101 Invention 
Example 11 

101 Comparative 
Example 7 

102 No titanium 
oxide film 

0.648 0.648 0.587 

[ 0130 ] In Comparative Example 101 in which the titanium 
base material ( Comparative Example 7 ) on which a titanium 
oxide film ( insulating titanium oxide film ) which was not a 
Magneli phase titanium oxide film was formed was used as 
the anode electrode , the current density at the initial stage 
was very low at 0.1 A / cm² or less . For this reason , the 
voltammetry test was not carried out . 
[ 0131 ] In addition , in Comparative Example 102 in which 
a titanium base material not having a titanium oxide film 
formed on the surface of the base material body formed of 
a porous body was used as the anode electrode , the current 
density was 0.65 of the initial value after 400 cycles and 0.59 
of the initial value after 1,200 cycles . It is presumed that the 
anode electrode ( titanium base material ) was oxidized and 
deteriorated . 
[ 0132 ] On the other hand , in Invention Example 101 in 
which the titanium base material on which the Magneli 
phase titanium oxide film was formed ( Invention Example 
11 ) was used as the anode electrode , the current density was 
0.97 of the initial value after 400 cycles , 1.05 of the initial 
value after 800 cycles , and 0.93 of the initial value after 
1,200 cycles , and did not change significantly from the 
initial value even if the number of cycles increased . It is 
presumed that the deterioration of the anode electrode 
( titanium base material ) due to oxidation was suppressed . 
[ 0133 ] From the above experimental results , according to 
the Invention Examples , it was confirmed that it is possible 
to provide a titanium base material with particularly excel 
lent conductivity and corrosion resistance and able to be 
used even in a harsh corrosive environment , a method for 
producing a titanium base material , an electrode for water 
electrolysis formed of this titanium base material , and a 
water electrolysis device . 

[ 0136 ] 16 Magneli phase titanium oxide film 
[ 0137 ] 26 Tio , film 
[ 0138 ] 30 Water electrolysis device 
[ 0139 ] 32 Anode ( electrode for water electrolysis ) 
1. A titanium base material comprising : 
a base material body formed of titanium or a titanium 

alloy , 
wherein a Magneli phase titanium oxide film formed of a 

Magneli phase titanium oxide represented by a chemi 
cal formula Ti , O2n - 1 ( 4sns10 ) is formed on a surface of 
the base material body . 

2. The titanium base material according to claim 1 , 
wherein the Magneli phase titanium oxide film contains at 

least one or both of Ti_O , and Tisog . 
3. The titanium base material according to claim 1 , 
wherein the Magneli phase titanium oxide film has a film 

thickness in a range of 0.1 um or more and 30 um or 
less . 

4. The titanium base material according to claim 1 , 
wherein the base material body is a porous body having 

a porosity in a range of 30 % or more and 97 % or less . 
5. The titanium base material according to claim 1 , 
wherein the Magneli phase titanium oxide film has a 

porous structure . 
6. A method for manufacturing the titanium base material 

according to claim 1 , the method comprising : 
a TiO2 film forming step of forming a TiO2 film on a 

surface of a base material body formed of titanium or 
a titanium alloy ; and 

a reduction process step of reducing the TiO2 film formed 
on the surface of the base material body by a micro 
wave plasma reduction method to obtain a Magneli 
phase titanium oxide film formed of a Magneli phase 
titanium oxide represented by a chemical formula 
Ti , 021-1 ( 4sns10 ) , 

wherein the reduction process step is carried out under 
conditions of a substrate temperature of 400 ° C. or 
lower and a process time of 15 minutes or less . 

7. An electrode for water electrolysis , comprising : 
the titanium base material according to claim 1 . 
8. The electrode for water electrolysis according to claim 

7 , 
wherein , in a voltammetry test in which one cycle is 

denoted by a holding time of 1 minute at 2.5 V and 1 
minute at 0 V , an electrolysis efficiency after 1,200 
cycles is 90 % or more of an initial value . 

9. A water electrolysis device comprising : 
the electrode for water electrolysis according to claim 7 . 

REFERENCE SIGNS LIST 

[ 0134 ] 10 Titanium base material 
[ 0135 ] 11 Base material body * * * * 


