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(57) A membrane-type sensor, which has a mem-
brane allowing a specific substance in a sample solution
to permeate through the membrane and detects the spe-
cific substance that has permeated through the mem-
brane based on a current flowing between working and
counter electrodes immersed in an internal solution, and
which is of an internal solution replenishment type con-
figured to allow the internal solution to be supplied from
an outside, includes a housing that contains the internal
solution and an electrode structure having a tip end sur-
face on which the working electrode is exposed, and a
lid member that is attached to a tip end portion of the
housing and fixes the membrane in a sandwiching man-
ner along with the housing such that the membrane op-
poses the tip end surface of the electrode structure. The
lid member has an opposing surface opposing the tip end
surface of the electrode structure. The membrane is
sandwiched between the tip end surface of the electrode
structure and the opposing surface of the lid member
through a seal member and is liquid-tightly fixed.



EP 4 009 044 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

Technical Field

[0001] The present invention relates to a membrane-
type sensor that detects a specific substance contained
in a sample solution and an analyzing apparatus that
includes the membrane-type sensor.

Related Art

[0002] A membrane-type sensor has been known that
has a housing that contains an internal solution, a working
electrode, and a counter electrode, and a membrane that
is fixed in a liquid-tight manner to the housing and allows
a specific substance to permeate therethrough and into
the housing. This membrane-type sensor is used by im-
mersing a membrane in a sample solution. The mem-
brane-type sensor can measure concentration or the like
of the specific substance, such as dissolved oxygen, that
has permeated through the membrane by subjecting the
specific substance to a reduction reaction on a surface
of the working electrode, and measuring a current
change generated through the reduction reaction.
[0003] As such a membrane-type sensor, for example,
an internal solution replenishment type sensor has been
recently known in which an internal solution can be sup-
plied from a tank provided outside to an internal solution
storage space formed inside the sensor (see, for exam-
ple, JP 2010-107335 A).

Prior Art Document

Patent Document

[0004] Patent Document 1: JP 2010-107335 A

SUMMARY

[0005] The membrane-type sensor, which is of the in-
ternal solution replenishment type as described above,
can suppress deterioration or the like of the internal so-
lution by allowing the internal solution to be supplied into
the membrane-type sensor. However, the internal solu-
tion storage space is connected to the tank installed un-
der atmospheric pressure, and thus pressure of the in-
ternal solution, which supports the membrane, may be
reduced compared to that in an internal solution non-
replenishment type sensor. Hence, immersing the mem-
brane in a sample solution during measurement may de-
form the membrane under the pressure of the sample
solution, thus reducing measurement precision.
[0006] The present invention has been made in re-
sponse to the above issue, and it is a main object of the
present invention to provide a membrane-type sensor
that has an improved pressure resistance of a membrane

provided therein while suppressing deterioration of an
internal solution.
[0007] That is, a membrane-type sensor according to
one aspect of the present invention, which has a mem-
brane that allows a specific substance in a sample solu-
tion to permeate through the membrane and detects the
specific substance that has permeated through the mem-
brane based on a current flowing between a working elec-
trode and a counter electrode that are immersed in an
internal solution, and which is of an internal solution re-
plenishment type that is configured to allow the internal
solution to be supplied from the outside, includes a hous-
ing having a housing unit that contains the internal solu-
tion and an electrode structure having a tip end surface
on which the working electrode is exposed, and a lid
member attached to a tip end portion of the housing unit,
the lid member fixing the membrane by sandwiching the
membrane between the lid member and the housing unit
such that the membrane opposes the tip end surface of
the electrode structure. The lid member has an opposing
surface that opposes the tip end surface of the electrode
structure. The membrane is sandwiched between the tip
end surface of the electrode structure and the opposing
surface of the lid member through a seal member and is
fixed in a liquid-tight manner.
[0008] According to such a configuration, the configu-
ration is made such that the internal solution can be sup-
plied from the outside, and thus it is possible to suppress
deterioration, which occurs with measurement, such as
reduction in a pH value of the internal solution. In addition,
the membrane is sandwiched between the tip end sur-
face of the electrode structure and the opposing surface
of the lid member through the seal member and is fixed
in a liquid-tight manner. Thus, when the membrane is
immersed in the sample solution, pressure from the sam-
ple solution is not applied to the entire surface of the
membrane. Rather, application of the pressure from the
sample solution can be limited to only a portion of the
membrane that is not sealed. This can reduce force that
would be totally applied to the membrane from the sample
solution. Further, a region in the membrane to which the
pressure from the sample solution is applied is supported
from a back side by the tip end surface of the electrode
structure. This can allow the electrode structure to share
the force while the membrane avoids receiving the entire
force applied from the sample solution.
[0009] Thus, according to the membrane-type sensor
in accordance with this aspect of the present invention,
it is possible to reduce the force that the membrane re-
ceives from the sample solution and improve pressure
resistance of the membrane while the internal solution is
supplied from the outside to suppress deterioration of the
internal solution.
[0010] Preferably, the membrane is pressed against
the tip end surface of the electrode structure by the seal
member.
[0011] According to such a configuration, the mem-
brane is further brought into close contact with the tip end
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surface of the electrode structure. Thus, the electrode
structure can share the force that the membrane receives
from the sample solution, thereby further improving pres-
sure resistance of the membrane.
[0012] Preferably, in the membrane-type sensor, the
tip end surface of the electrode structure is formed in a
curved shape so as to be convexly formed toward a side
of the sample solution.
[0013] According to such a configuration, the mem-
brane is further brought into close contact with the tip end
surface of the electrode structure, thereby still further im-
proving pressure resistance of the membrane. In addi-
tion, it is possible to reduce a potential space for air bub-
ble accumulation, on the side of the sample solution be-
yond the membrane.
[0014] According to an aspect of the present invention
in which the effect thereof is more noticeably achieved,
the housing includes one or a plurality of internal flow
paths that communicates between an outer surface of
the housing and an internal solution storage space
formed by the housing unit.
[0015] Preferably, a groove through which the internal
solution flows is formed on the tip end surface of the
electrode structure.
[0016] According to such a configuration, even when
the tip end surface of the electrode structure is pressed
by the seal member, the internal solution in the housing
unit can reliably reach the working electrode through the
groove. Thus, conduction between the working electrode
and the counter electrode can be easily achieved.
[0017] Preferably, to achieve more reliable arrival of
the internal solution at the working electrode and more
reliable conduction between the working electrode and
the counter electrode, the opposing surface of the lid
member is annularly formed, and the groove is formed
so as to cross an annular region that is a region on the
tip end surface of the electrode structure and opposes
the opposing surface of the lid member. More preferably,
the groove is provided so as to extend from an outermost
edge portion of the annular region on the tip end surface
of the electrode structure to a surface of the working elec-
trode exposed on the tip end surface of the electrode
structure.
[0018] In addition, an analyzing apparatus according
to another aspect of the present invention includes the
membrane-type sensor according to the above aspects
of the present invention, and an internal solution replen-
ishment mechanism including an internal solution tank
that stores the internal solution, an internal solution feed
flow path that feeds the internal solution stored in the
internal solution tank to the membrane-type sensor, and
a pump. The internal solution replenishment mechanism
supplies the internal solution stored in the internal solu-
tion tank to the membrane-type sensor when the pump
is driven.
[0019] According to such a configuration, it is possible
to achieve the same operation and effect as those in the
membrane-type sensor according to the above aspects

of the present invention.
[0020] According to the above aspects of the present
invention configured as such, it is possible to provide a
membrane-type sensor that has an improved pressure
resistance of a membrane provided therein while sup-
pressing deterioration of an internal solution.

BRIEF DESCRIPTION OF DRAWINGS

[0021]

FIG. 1 is a diagram schematically illustrating a con-
figuration of an analyzing apparatus according to one
embodiment of the present invention;
FIG. 2 is a cross-sectional view schematically illus-
trating a configuration of a membrane-type sensor
in the embodiment;
FIG. 3 is an enlarged cross-sectional view of portion
A of FIG. 2, schematically illustrating a configuration
around a tip end portion of an electrode structure;
FIG. 4 is a plan view schematically illustrating a con-
figuration of a tip end surface of the electrode struc-
ture in the embodiment;
FIG. 5 is an enlarged cross-sectional view of portion
A of FIG. 2, schematically illustrating a configuration
in which a lid member is removed from a housing;
FIG. 6 is a graph illustrating a result of an experiment
in which the membrane-type sensor in the embodi-
ment was used; and
FIG. 7 is a diagram schematically illustrating a con-
figuration of an analyzing apparatus according to an-
other embodiment.

DETAILED DESCRIPTION

[0022] Hereinafter, an analyzing apparatus 400, which
includes a membrane-type sensor 100, according to one
embodiment of the present invention will be described
with reference to the drawings.
[0023] The analyzing apparatus 400 according to the
present embodiment measures, for example, concentra-
tion of a specific substance such as dissolved oxygen in
a sample solution such as a chemical solution. Specifi-
cally, as illustrated in FIG. 1, the analyzing apparatus 400
includes the membrane-type sensor 100, an internal so-
lution replenishment mechanism 200, and a control de-
vice 300. The membrane-type sensor 100, which is im-
mersed in the sample solution, is of an internal solution
replenishment type that is configured to allow an internal
solution to be supplied from the outside. The internal so-
lution replenishment mechanism 200 supplies an internal
solution L to the membrane-type sensor 100.
[0024] The membrane-type sensor 100 has a mem-
brane 1, such as a gas-permeable membrane, that allows
the specific substance in the sample solution to permeate
therethrough. The membrane-type sensor 100 detects
the specific substance that has permeated based on a
current flowing through an electrode structure 4 that is
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immersed in the internal solution L. Specifically, as illus-
trated in FIG. 2, the membrane-type sensor 100 includes
a housing 2, the membrane 1, and a lid member 3. The
housing 2 has a housing unit 21 that contains the internal
solution L and the electrode structure 4. The membrane
1 is provided on one surface of the housing 2. The lid
member 3 is attached to the housing 2 and fixes the mem-
brane 1 by sandwiching it between the lid member 3 and
the housing 2.
[0025] The housing 2 has a substantially columnar
shape, and is provided with the housing unit 21 having
a tube shape (cylindrical tube shape in this embodiment).
The housing unit 21 is provided in a tip end portion along
an axial direction of the housing 2 and is arranged coax-
ially with the housing 2.
[0026] The electrode structure 4 has a substantially
columnar shape, and is coaxially housed inside the hous-
ing unit 21. Specifically, the electrode structure 4 includes
a support member 41, a working electrode 42 (cathode
electrode), a counter electrode 43 (anode electrode), and
a guard electrode 44. The working electrode 42, the coun-
ter electrode 43, and the guard electrode 44 are attached
to the support member 41 and are separated from each
other.
[0027] The support member 41 is made of an insulating
material and has a columnar shape. As illustrated in
FIGS. 2 and 3, the support member 41 surrounds the
periphery of the working electrode 42 having a rod shape
to support it, and also supports the counter electrode 43
in such a manner that the counter electrode 43 is wound
around the periphery of the support member 41. The
guard electrode 44 having a tube shape is also attached
to the support member 41 so as to surround the periphery
of the working electrode 42. The working electrode 42
and the guard electrode 44 are provided with respective
tip end surfaces, which are exposed on a tip end surface
41s of the support member 41 without forming steps.
[0028] The tip end surface 41 s of the support member
41, and the tip end surface 42s (hereinafter, also referred
to as the working electrode surface) of the working elec-
trode 42 and the tip end surface 44s (hereinafter, also
referred to as the guard electrode surface) of the guard
electrode 44 that are exposed on the tip end surface 41s
constitute a tip end surface 4s of the electrode structure
4. As illustrated in FIG. 4, the tip end surface 4s of the
electrode structure 4 is formed in a circular shape when
viewed from an axial direction of the electrode structure
4. The tip end surface 4s has a center region, in which
the working electrode surface 42s formed in a circular
shape and the guard electrode surface 44s formed in an
annular shape surrounding the working electrode surface
42s are concentrically formed.
[0029] As illustrated in FIGS. 3 and 5, the housing unit
21 is opened on a tip end side along an axial direction
thereof. The membrane 1 is provided so as to close the
opening of the housing unit 21. Specifically, the mem-
brane 1 is attached to the tip end of the housing unit 21
such that a center portion of a surface of the membrane

1 opposes and is in contact with the tip end surface 4s
of the electrode structure 4. The membrane 1 may be
made of any material, such as silicone or fluororesin, as
long as the material allows the specific substance in the
sample solution to permeate therethrough.
[0030] The lid member 3 has a substantially cylindrical
tube shape, and is fixedly attached to a tip end portion
of the housing unit 21 coaxially with a center axis of the
housing unit 21. As illustrated in FIG. 5, the lid member
3 includes a cylindrical tube portion 31 and an eaves
portion 32. The cylindrical tube portion 31 is configured
to be externally fitted onto the outer periphery of the hous-
ing unit 21. The eaves portion 32 has an annular disk
shape and extends toward an inner peripheral side from
a tip end of the cylindrical tube portion 31. The lid member
3 is fixed to the housing unit 21 by, for example, fixing
an inner side surface of the cylindrical tube portion 31 on
an outer side surface of the housing unit 21 using, for
example, screws or welding.
[0031] The lid member 3 includes a first opposing sur-
face 321 that is annularly formed. The first opposing sur-
face 321 opposes a tip end surface of the housing unit
21 while the lid member 3 is fixed to the housing unit 21.
Specifically, the first opposing surface 321 is formed on
an inward surface of the eaves portion 32. An outer pe-
ripheral portion of the membrane 1 is sandwiched be-
tween the tip end surface, which is annularly formed, of
the housing unit 21 and the first opposing surface 321 of
the lid member 3 that opposes the tip end surface of the
housing unit 21, through a seal member (specifically, an
O-ring) S1. Thus, the membrane 1 is fixed.
[0032] Then, the internal solution L is stored in an in-
ternal solution storage space 5 that is formed between
an inner side surface of the housing unit 21 and an outer
side surface of the electrode structure 4. The internal
solution L may be, for example, an electrolyte such as
potassium chloride, phosphate buffer solution, acetate
buffer solution, borate buffer solution, citrate buffer solu-
tion, or the like.
[0033] In the housing 2, internal flow paths that com-
municate between an outer surface of the housing 2 and
the internal solution storage space 5 are formed. Specif-
ically, the housing 2 has a first internal flow path 61 and
a second internal flow path 62 formed therein. The first
internal flow path 61 is formed for introducing the internal
solution L supplied from the internal solution replenish-
ment mechanism 200 into the internal solution storage
space 5. The second internal flow path 62 is formed for
discharging the internal solution L in the internal solution
storage space 5 to the internal solution replenishment
mechanism 200. Each of the first internal flow path 61
and the second internal flow path 62 has one end and
the other end. The one end is connected to the internal
solution storage space 5, and the other end has an open-
ing formed on the outer surface of the housing 2. The
opening of the other end of the first internal flow path 61
and the opening of the other end of the second internal
flow path 62 respectively constitute an internal solution
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inlet port and an internal solution outlet port.
[0034] The internal solution replenishment mechanism
200 periodically supplies the internal solution L to the
membrane-type sensor 100. This allows a pH value of
the internal solution L in the membrane-type sensor 100
to be maintained at a predetermined value or less. The
internal solution replenishment mechanism 200 accord-
ing to the present embodiment is of a circulation type that
circulates the internal solution L between the membrane-
type sensor 100 and the internal solution replenishment
mechanism 200. Specifically, the internal solution replen-
ishment mechanism 200 includes an internal solution
tank 210, an internal solution feed flow path 220, an in-
ternal solution return flow path 230, a pump P, and a
plurality of on-off valves V. The internal solution tank 210
stores the internal solution L. The internal solution feed
flow path 220 feeds the internal solution L stored in the
internal solution tank 210 to the membrane-type sensor
100. The internal solution return flow path 230 returns
the internal solution L in the membrane-type sensor 100
to the internal solution tank 210. The pump P is provided
on the internal solution return flow path 230. The on-off
valves V are electromagnetic valves, and are provided
on the internal solution feed flow path 220 and the internal
solution return flow path 230.
[0035] The internal solution tank 210 according to the
present embodiment mixes and stores, without distinc-
tion, an internal solution L to be supplied to the mem-
brane-type sensor 100 and an internal solution L that has
been collected from the membrane-type sensor 100.
Pressure in the internal solution tank 210 is maintained
at a level approximately equal to the atmospheric pres-
sure. Pressure of the internal solution L flowing through
the circulation system including the internal solution tank
210 is maintained at a level approximately equal to or
less than the atmospheric pressure.
[0036] The internal solution feed flow path 220 has one
end and the other end. The one end is connected to an
outlet port of the internal solution tank 210, and the other
end is connected to the internal solution inlet port of the
membrane-type sensor 100. The internal solution return
flow path 230 has one end and the other end. The one
end is connected to the internal solution outlet port of the
membrane-type sensor 100, and the other end is con-
nected to an inlet port of the internal solution tank 210.
The pump P is periodically operated by the control device
300. Thus, the internal solution L circulates between the
internal solution tank 210 and the membrane-type sensor
100 through the internal solution feed flow path 220 and
the internal solution return flow path 230.
[0037] The control device 300 is a general purpose or
dedicated computer including a central processing unit
(CPU), a memory, and an input/output interface. The con-
trol device 300 at least functions as a measurement unit
310 and a control unit 320 by causing the CPU and pe-
ripheral devices to cooperate with each other according
to a predetermined program stored in a predetermined
area of the memory.

[0038] The measurement unit 310 acquires a value of
a current flowing between the working electrode 42 and
the counter electrode 43 when a measurement voltage
is applied between the working electrode 42 and the
counter electrode 43. Then, the measurement unit 310
calculates concentration of the specific substance in the
sample solution based on the value of the current.
[0039] The control unit 320 controls the pump P and
the on-off valves V that are incorporated in the internal
solution replenishment mechanism 200 such that the in-
ternal solution L is periodically supplied to the membrane-
type sensor 100. Specifically, the control unit 320 oper-
ates such that the internal solution L is periodically cir-
culated in a state where a pH value of the internal solution
L stored in the membrane-type sensor 100 is maintained
at a predetermined value or less (for example, pH 8.5 or
less).
[0040] Then, the membrane-type sensor 100 of the an-
alyzing apparatus 400 according to the present embod-
iment is further configured such that pressure resistance
of the membrane 1 is improved. Specifically, the lid mem-
ber 3 has a second opposing surface 322, which is an-
nularly formed and opposes the tip end surface 4s of the
electrode structure 4. The membrane 1 is sandwiched
between the tip end surface 4s of the electrode structure
4 and the annular second opposing surface 322 of the
lid member 3 through an O-ring S2 and thus is fixed in a
liquid-tight manner. More specifically, the membrane 1
is pressed against the tip end surface 4s of the electrode
structure 4 by the O-ring S2 and thus is fixed while the
O-ring S2 is pressed from a tip end side toward a base
end side by the second opposing surface 322.
[0041] Specifically, the second opposing surface 322
is annularly formed on the inward surface of the eaves
portion 32 of the lid member 3 such that the second op-
posing surface 322 is located on a further inner peripheral
side of the inward surface of the eaves portion 32 com-
pared to the first opposing surface 321. As illustrated in
FIGS. 3 and 4, the second opposing surface 322 is con-
centric with the tip end surface 4s of the electrode struc-
ture 4 when viewed from the axial direction thereof. The
second opposing surface 322 is formed so as to surround
the working electrode surface 42s and the guard elec-
trode surface 44s.
[0042] As illustrated in FIG. 4, in the tip end surface 4s
of the electrode structure 4, a plurality of grooves 45 is
formed, through which the internal solution L flows. Each
of the grooves 45 has a linear shape, and is formed so
as to cross an annular region 4p and the guard electrode
surface 44s when viewed in a plan view. The annular
region 4p is a region on the tip end surface 4s of the
electrode structure 4 and opposes the second opposing
surface 322. Specifically, each of the grooves 45 is pro-
vided so as to extend from an outermost edge portion of
the annular region 4p to the working electrode surface
42s. Each of the grooves 45 is formed point-symmetri-
cally with respect to the center of the tip end surface 4s
of the electrode structure 4 when viewed from the axial
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direction of the electrode structure 4.
[0043] In this embodiment, the tip end surface 4s of
the electrode structure 4 is formed in a curved shape
such that the tip end surface 4s is convexly formed from
a base end side toward a tip end side of the electrode
structure 4. Specifically, the tip end surface 4s of the elec-
trode structure 4 is formed in a spherically or aspherically
curved shape such that a center portion thereof where
the working electrode surface 42s is formed protrudes
toward the tip end side of the electrode structure 4.
[0044] According to the analyzing apparatus 400 in ac-
cordance with the present embodiment configured as de-
scribed above, the configuration is made such that the
internal solution L can be periodically supplied from the
internal solution replenishment mechanism 200 to the
membrane-type sensor 100. Thus, it is possible to sup-
press deterioration such as reduction in a pH value of
the internal solution L stored in the membrane-type sen-
sor 100. In addition, in the membrane-type sensor 100,
the membrane 1 is sandwiched between the tip end sur-
face 4s of the electrode structure 4 and the second op-
posing surface 322 of the lid member 3 through the O-
ring S2 and thus is fixed in a liquid-tight manner. Thus,
when the membrane 1 is immersed in the sample solu-
tion, pressure from the sample solution is not applied to
the entire surface of the membrane 1. Rather, application
of the pressure from the sample solution can be limited
to only a portion that is not sealed by the O-ring S2. This
can reduce force that would be totally applied to the mem-
brane 1 from the sample solution. Further, a region in the
membrane 1 to which the pressure from the sample so-
lution is applied is supported from a back side by the tip
end surface 4s of the electrode structure 4. This can allow
the electrode structure 4 to share the force while the
membrane 1 avoids receiving the entire force applied
from the sample solution. Therefore, it is possible to re-
duce the force that the membrane 1 receives from the
sample solution and improve pressure resistance of the
membrane 1 while the internal solution L is supplied from
the internal solution replenishment mechanism 200 to
the membrane-type sensor 100 to suppress deterioration
of the internal solution L. This can avoid deformation of
the membrane 1 when the membrane 1 is immersed in
the sample solution. Thus, concentration of the specific
substance can be measured with high precision. In ad-
dition, the tip end surface 4s of the electrode structure 4
is curved such that the tip end surface 4s is convexly
formed toward a side of the solution to be measured.
Thus, it is possible to reduce a potential space for air
bubble accumulation, on a side of the solution to be
measured beyond the membrane 1.
[0045] Here, experimental data is illustrated in FIG. 6.
The experiment confirmed a suppression effect on dete-
rioration of the internal solution L, brought by the mem-
brane-type sensor 100 according to the present embod-
iment. In this experiment, two types of sensors were pre-
pared: the above-described membrane-type sensor 100
used for an experimental example, and a conventional

membrane-type sensor used for a comparative example.
The conventional membrane-type sensor had the follow-
ing features: (i) the sensor was of an internal solution
non-replenishment type; and (ii) its membrane was not
fixed in a liquid-tight manner between an electrode struc-
ture and a lid member of the sensor. These two sensors
were immersed in a 28% ammonia stock solution, which
was used as a solution to be measured. Subsequently,
the sensors were allowed to stand at room temperature
in a measurement state, and pH values of internal solu-
tions in the sensors were measured. Then, replacement
of the internal solution was made for the membrane-type
sensor 100 of the experimental example by supplying an
additional internal solution at a flow rate of 40 mE/2h. The
membrane-type sensor of the comparative example was
not supplied with an additional internal solution. As illus-
trated in FIG. 6, in the membrane-type sensor of the com-
parative example, the pH value of the internal solution
increased immediately after the start of the measure-
ment, and silver (Ag) was deposited on a surface of the
electrode after five days had elapsed. On the other hand,
in the membrane-type sensor 100 of the experimental
example, there was no great fluctuation in the pH value
after the start of the measurement, and the pH value was
able to be maintained at 7 or less for 120 days.
[0046] Note that the present invention is not limited to
the above embodiment.
[0047] For example, the internal solution replenish-
ment mechanism 200 of the above embodiment is of a
circulation type that circulates the internal solution L be-
tween the membrane-type sensor 100 and the internal
solution replenishment mechanism 200. However, the
internal solution replenishment mechanism 200 may not
be of a circulation type in another embodiment. In this
case, for example, as illustrated in FIG. 7, the internal
solution replenishment mechanism 200 may separately
include an internal solution tank 210 and a waste solution
tank 240. The internal solution tank 210 stores an internal
solution L to be supplied to the membrane-type sensor
100. The waste solution tank 240 stores an internal so-
lution L that has returned from the membrane-type sen-
sor 100.
[0048] In the membrane-type sensor 100 of the above
embodiment, the membrane 1 is fixed in a liquid-tight
manner between the second opposing surface 322 of the
lid member 3 and the tip end surface 4s of the electrode
structure 4 through a single O-ring S2. However, the
present invention is not limited to this configuration. In
another embodiment, the membrane 1 may be fixed in a
liquid-tight manner between the second opposing sur-
face 322 of the lid member 3 and the tip end surface 4s
of the electrode structure 4 through a plurality of O-rings
S2 that is concentrically provided.
[0049] In the membrane-type sensor 100 of the above
embodiment, the membrane 1 is pressed against the tip
end surface 4s of the electrode structure 4 by the O-ring
S2 and thus is fixed in a liquid-tight manner. However,
the present invention is not limited to this configuration.
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In another embodiment, the membrane 1 may be pressed
against the second opposing surface 322 of the lid mem-
ber 3 by the O-ring S2 and thus is fixed in a liquid-tight
manner.
[0050] In the membrane-type sensor 100 of the above
embodiment, the tip end surface 4s of the electrode struc-
ture 4 is formed in a curved shape such that the tip end
surface 4s is convexly formed. However, the present in-
vention is not limited to this configuration. In another em-
bodiment, the tip end surface 4s of the electrode structure
4 may be formed in a flat shape without being curved.
[0051] In the membrane-type sensor 100 of the above
embodiment, each of the grooves 45 formed on the tip
end surface 4s of the electrode structure 4 has a linear
shape. However, the present invention is not limited to
this configuration. In another embodiment, each of the
grooves 45 may be formed in any shape such as a curved
line shape or a zigzag shape. In any shape, each of the
grooves 45 is formed so as to cross the annular region
4p and the guard electrode surface 44s on the tip end
surface 4s of the electrode structure 4.
[0052] In the membrane-type sensor 100 of the above
embodiment, on the tip end surface 4s of the electrode
structure 4, the tip end surface 41s of the support member
41, the working electrode surface 42s, and the guard
electrode surface 44s are formed without steps. Howev-
er, the present invention is not limited to this configura-
tion.
For example, in another embodiment, the working elec-
trode surface 42s may be configured to protrude toward
the tip end side of the support member 41 from the tip
end surface 41s of the support member 41.
[0053] In addition, the seal member S2 of the above
embodiment is an O-ring. However, the present invention
is not limited to this configuration. The seal member S2
in another embodiment may be formed of any member
such as a gasket as long as the seal member S2 can fix
the membrane 1 in a liquid-tight manner.
[0054] Further, the present invention is not limited to
the above embodiments, and it goes without saying that
various modifications can be made without departing
from the spirit of the present invention.

[Description of Reference Numerals]

[0055]

100: membrane-type sensor
1: membrane
2: housing
21: housing unit
3: lid member
322: second opposing surface (opposing surface)
4: electrode structure
4s: tip end surface
42: working electrode
43: counter electrode
5: internal solution storage space

S2: O-ring
L: internal solution

Claims

1. A membrane-type sensor having a membrane that
allows a specific substance in a sample solution to
permeate through the membrane and detecting the
specific substance that has permeated through the
membrane based on a current flowing between a
working electrode and a counter electrode that are
immersed in an internal solution,

the membrane-type sensor being of an internal
solution replenishment type that is configured to
allow the internal solution to be supplied from
an outside,
the membrane-type sensor comprising:

a housing having a housing unit that con-
tains the internal solution and an electrode
structure having a tip end surface on which
the working electrode is exposed; and
a lid member attached to a tip end portion
of the housing unit, the lid member fixing
the membrane by sandwiching the mem-
brane between the lid member and the
housing unit such that the membrane op-
poses the tip end surface of the electrode
structure,
wherein the lid member has an opposing
surface that opposes the tip end surface of
the electrode structure, and
the membrane is sandwiched between the
tip end surface of the electrode structure
and the opposing surface of the lid member
through a seal member and is fixed in a liq-
uid-tight manner.

2. The membrane-type sensor according to claim 1,
wherein the membrane is pressed against the tip end
surface of the electrode structure by the seal mem-
ber.

3. The membrane-type sensor according to claim 1 or
2, wherein the tip end surface of the electrode struc-
ture is formed in a curved shape so as to be convexly
formed toward a side of the sample solution.

4. The membrane-type sensor according to any one of
claims 1 to 3, wherein the housing includes one or
a plurality of internal flow paths that communicates
between an outer surface of the housing and an in-
ternal solution storage space formed by the housing
unit.

5. The membrane-type sensor according to any one of
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claims 1 to 4, wherein a groove through which the
internal solution flows is formed on the tip end sur-
face of the electrode structure.

6. The membrane-type sensor according to claim 5,
wherein

the opposing surface of the lid member is annu-
larly formed, and
the groove is formed so as to cross an annular
region that is a region on the tip end surface of
the electrode structure and opposes the oppos-
ing surface of the lid member.

7. The membrane-type sensor according to claim 6,
wherein the groove is provided so as to extend from
an outermost edge portion of the annular region on
the tip end surface of the electrode structure to a
surface of the working electrode exposed on the tip
end surface of the electrode structure.

8. An analyzing apparatus comprising:

the membrane-type sensor according to any
one of claims 1 to 7; and
an internal solution replenishment mechanism
including an internal solution tank that stores the
internal solution, an internal solution feed flow
path that feeds the internal solution stored in the
internal solution tank to the membrane-type sen-
sor, and a pump, the internal solution replenish-
ment mechanism being configured to supply the
internal solution stored in the internal solution
tank to the membrane-type sensor when the
pump is driven.

13 14 



EP 4 009 044 A1

9



EP 4 009 044 A1

10



EP 4 009 044 A1

11



EP 4 009 044 A1

12



EP 4 009 044 A1

13



EP 4 009 044 A1

14



EP 4 009 044 A1

15



EP 4 009 044 A1

16

5

10

15

20

25

30

35

40

45

50

55



EP 4 009 044 A1

17

5

10

15

20

25

30

35

40

45

50

55



EP 4 009 044 A1

18

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2010107335 A [0003] [0004]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

