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(54) Gas sensor and gas sensor system
(57)  The object of the present invention is to provide
a carrier solution flow-through type gas sensor system
by which the automation of the zero point calibration can
be easily carried out, and the base line drift and the tem-
perature drift of the pH electrode can be compensated.
Accordingly, the gas sensor of the present invention
is constructed in such a manner that: a gas exchange
section (1) having a gas exchanger (7) which is provided
with an inlet and an outlet to circulate a carrier solution
including at least ions conjugate to a gas to be meas-

ured, and separated from the outside by the gas perme-
able membrane (6); a forward path section (3) which is
connected to the inlet of the gas exchanger and guides
the carrier solution to the gas exchanger; a return path
section (4) which is connected to the outlet of the gas
exchanger and guides the carrier solution from the gas
exchanger to the outside; a reference pH electrode (14)
arranged inside the forward path section; and a meas-
uring pH electrode (16) arranged in either of the inside
of the gas exchanger or the inside of the return path sec-
tion, are provided.
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Description

BACKGROUND OF INVENTION

Field of invention

[0001] The presentinvention relates to a gas sensor based on a pH electrode which is used in a field of the medical
care and chemical engineering.

Related art

[0002] Any one of the conventional gas sensor in which the pH electrode (including an ion sensitive field effect
transistor (ISFET)) is its fundamental, has the inner solution suitable for a gas to be measured, the pH electrode, and
a reference electrode immersed in the inner solution, and these are covered by a gas permeable membrane. The
composition of the inner solution is selected so that, when the gas to be measured is solved in the inner solution, the
pH is changed.

[0003] For example, when the gas to be measured is carbon dioxide or ammonia, H* ion or OH- ion is generated by
the following equilibrium reaction, causing the pH change of the solution . Herein, HCO3~ or NH,* ion which is an ionic
species generated when a gas molecule is solved in the water, is respectively called a conjugate ion to the carbon
dioxide or ammonia. Normally, as the inner solution of the gas sensor based on the pH electrode , a water solution
including the excessive conjugate ions to the gas to be measured is used.

CO, +H,0 — HCO, +H" (1)

NH, + H,0 — NH," + OH™ (2) 2)

[0004] Further, for the purpose that the pH electrode is operated, the reference electrode is necessary, and in many
cases, as the reference electrode, a silver wire (Ag/AgCl) whose surface is chlorinated, is used. Because the potential
of this electrode is determined by the concentration of the chloride ion in the solution, normally, in the inner solution,
the chloride ion of a predetermined concentration is included other than the conjugate ion.

[0005] The gas sensor of the above-described principle is generally called Severinghaus type gas sensor. The meas-
urement result of the Severinghaus type gas sensor is displayed normally as the gas partial pressure. When the con-
jugate ion excessively exists in the inner solution, the following relationship exists between the partial pressure of the
gas to be measured and the pH of the inner solution. In the case of acidic gas,

pH = A - log Pa @),
in the case of basic gas,
pH =B +log Pb (4)

[0006] Herein, Paand Pb are respectively the partial pressure of acidic gas and basic gas, and A and B are constants.
Hereinafter, the relational expression between the partial pressure of the gas and the output voltage of the pH electrode
in the case of the acidic gas will be deriverd.

[0007] Generally, between the output voltage V of the pH electrode and the pH, the expression (5) is generally
established.

V =V0+S (pH - pHO) (5)

Herein, S is the pH sensitivity of the pH electrode, and pHO and VO are the pH of the inner solution and the output
voltage of the pH electrode when the partial pressure of the gas is Pa0. Further, pH and. V are the pH of the inner
solution and the output voltage when the partial pressure of the gas is Pa. From the expressions (3) and (5), it is clear
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that the following relationship is derived between the pH electrode and the partial pressure of the gas.

V =V0 - S (log Pa - log Pa0) (6)

From this,

log Pa = log Pa0 - (V - V0)/S (7)

The expression (7) can be generalized as the expression (8).

logPa=C-V/s (8)

Herein, C is a proper constant of the sensor.

[0008] From the expression (8), in order to convert the output V of the pH electrode into the partial pressure Pa of
the gas, the following can be understood: it is necessary that the two constants C and S are predetermined. To find C
and S respectively corresponds to the zero point calibration and the sensitivity calibration. That is, in the same manner
as in each kind of other sensor, also when the partial pressure of the gas is measured by using the Severinghaus type
gas sensor, it is inevitable to conduct the zero point calibration, and the sensitivity calibration . Further, when the tem-
perature of the sensor changes at the time of the calibration and the measurement, it is also necessary to conduct the
temperature compensation.

[0009] As described above, in the use of Severinghaus type gas sensor, or generally, of the chemical sensors, the
two calibrations are inevitable, and the most troublesome matter for putting it to practical use.

[0010] Inthis connection, generally, the pH sensitivity of the pH electrode is theoretically given by following expression
(9) of the Nernst' equation.

S=2.303RT/F 9)

Herein, R is a gas constant, T is absolute temperature, F is a Faraday constant, and when each constant is substituted
in this equation, S at 25 °C is 59 mV/pH. Then the equation (9) can be expressed as the expression (10).

S = 59(273 + 1)/298 (mV/pH) (10)

[0011] Herein, tis the temperature (°C). When S is calculated from this expression, for example, it can be found that,
when the temperature changes from 0 °C to 40 °C, the pH sensitivity increases from 54 to 62 mV/pH. As described
above, the sensitivity of the pH electrode is theoretically a function of only the temperature, and in many cases, the
actual pH electrode has the sensitivity near the above theoretical value, and its time-dependent change is small. On
the one hand, in many cases, there is a case where, for the zero point of the sensor, its time-dependent change can
not be negligible.

[0012] Based on the above-mentioned trend, there are many cases to apply a method in which, for the sensitivity,
the value measured in advance by the manufacturer of the sensor is used, and only the zero point calibration is con-
ducted by the user, or the sensitivity calibratoin and the zero point calibration are conducted by the user with the
sensitivity calibration being less often conducted than the zero point calibration. Specifically, as in the case of a PCO,
sensor for the medical carewith the comparatively narrower measuring range of PCO,, there is a case in which the
necessary accuracy is secured only by the zero point calibration. In JP-A-11-070084, a package for a gas sensor is
proposed for simply conducting such a zero point calibration. According to this, by delivering a package of laminated
aluminum film in which both of the carbon dioxide of the predetermined partial pressure and the PCO, sensor are
accommodated as a product, the user can conduct the zero point calibration before the user opens the sensor package.
[0013] However, in the above gas package system, when the package is once opened, the zero point calibration
can not be conducted. That is, although the zero point calibration can be conducted only once before the start of use,
the zero point calibration can not be conducted thereafter. On the other side a sensor system by which the zero point
calibration can be repeatedly conducted, is disclosed in JP-B-4-017050. This sensor system is the system in which a
carrier solution (corresponds to the inner solution of the Severinghaus type gas sensor) is circulated in a gas exchange
catheter located in the blood vessel, and the pH electrode is located at the downstream side of the gas exchange
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catheter, and the partial pressure of the gas is found from the pH of the carrier solution after the gas exchange. In this
method, for example, by making the carrier solution flow at so high flow rate that the gas exchange in the gas exchange
catheter may be negligible, the carrier solution in which the gas is hardly solved comes into contact with the pH elec-
trode, thereby, the zero point calibration of the pH electrode can be conducted. That s, by only intermittently heightening
the flow rate of the carrier solution, the zero point calibration of the pH electrode can be automatically conducted.
[0014] The above gas sensor system of carrier solution flow-through type is a system in which the automation of the
zero point calibration can be easily carried out, however, it still has the following problems. (1) When base line drift of
the pH electrode is considerable, it is necessary that the zero point calibration is frequently carried out. (2) The drift of
the zero point due to the temperature change can not be corrected.

SUMMARY OF INVENTION

[0015] The object of the present invention is to provide a carrier solution flow-through type gas sensor system by
which the automation of the zero point calibration can be easily carried out, and the base line drift and the temperature
drift of the pH electrode can be compensated.

[0016] Accordingly, the gas sensor of the present invention is constructed in such a manner that: a gas exchange
section having a gas exchanger which is provided with an inlet and an outlet to circulate a carrier solution including at
least ions conjugate to a gas to be measured, and separated from the outside by the gas permeable membrane; a
forward path section which is connected to the inlet of the gas exchanger and guides the carrier solution to the gas
exchanger; a return path section which is connected to the outlet of the gas exchanger and guides the carrier solution
from the gas exchanger to the outside; a reference pH electrode arranged inside the forward path section; and a
measuring pH electrode arranged in either of the inside of the gas exchanger or the inside of the return path section,
are provided.

[0017] Further, in the gas sensor, when itis constructed such that the reference pH electrode is arranged at a position
separated from the inlet, in the inside of the forward path section, and the measuring pH electrode is arranged at a
position separated from the outlet, in the inside of the return path section, because the gas exchange section is sep-
arated from each pH electrode, the gas exchange section is easily taken off and made to be disposable. Further,
because each pH electrode is separated from the gas exchange section as described above, the periphery of the
reference pH electrode and the measuring pH electrode can be kept at constant temperature by a thermostatted block.
[0018] On the one hand, in the gas sensor, when the measuring pH electrode is constructed such that it is arranged
inside of the return path section in the vicinity of the outlet, it becomes a sensor with quick response.

[0019] Further, in the gas sensor, when the measuring pH electrode is constructed such that it is arranged inside of
the gas exchanger, further, it becomes a sensor with quicker response.

[0020] Further, in the gas sensor system of the present invention, it is constructed such that any one of the gas
sensors and the potential difference detection means between the measuring pH electrode and the reference pH elec-
trode are provided. Further, in the gas sensor system, it is constructed such that a carrier solution supply means for
supplying the carrier solution from the other end of the forward path section, and a flow control means for controlling
the flow of the carrier solution are provided. Further, in the gas sensor system, it is constructed such that a gas partial
pressure detection means for detecting the partial pressure of the gas to be measured according to the output of the
potential difference detection means is provided.

[0021] Further, in the gas sensor, by using two ISFET as the reference pH electrode and the measuring pH electrode,
and a pseudo-reference electrode, detection of source potentials of the reference pH electrode and measuring pH
electrode based on the pseudo-reference electrode is available.

BRIEF DESCRIPTION OF DRAWINGS

[0022] Fig. 1 is a structural view of a gas sensor system of the first embodiment.

[0023] Fig. 2 is a view showing a signal processing circuit of the system shown in Fig. 1.
[0024] Fig. 3 is a view for explaining operations of the system shown in Fig. 1.

[0025] Fig. 4 is a structural view of a gas sensor system of the second embodiment.

[0026] Fig. 5 is a structural view of a gas sensor system of the third embodiment.

[0027] Fig. 6 is a structural view of a gas sensor system of the fourth embodiment.

[0028] Fig. 7 is a structural view of a gas sensor system of the fifth embodiment.

[0029] Fig. 8 is a view for explaining the principle of the gas sensor and the gas sensor system.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0030] At first, the principle of the present invention will be described below. As shown in Fig. 8, to a gas exchange
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section (A) including a gas exchanger, a forward path section (B) and a return path section (C) to circulate the carrier
solution are provided, and in the forward path section (B), a reference pH electrode (D) is provided, and in the return
path section (C), a measuring pH electrode (E) is provided. The gas exchanger is separated from the outside by the
gas permeable membrane. The carrier solution used herein, is a solution including ions conjugate to the gas to be
measured.

[0031] The gas partial pressure measurement using such the gas sensor will be described below. Firstly, the gas
exchanger (A) is inserted into a test substance. Next, the carrier solution is injected into the forward path section (B).
According to this, the carrier solution is delivered from the forward path section (B) to the gas exchanger of the gas
exchange section (A) and the return path section (C), and initially, its flow rate is heightened to a degree in which the
gas exchange is not carried out in the gas exchanger. In this situation, a certain time t is set to t = 0. In this case, the
output potential of the reference pH electrode (D) is Vr(0), and the output potential of the measuring pH electrode (E)
is Vm(0). Herein, the difference between them is found, and stored. That s, AV(0) expressed by the following expression
(11) is read out, and stored. In this example, this processing is called zero point calibration.

AV(0) = Vm(0) - Vr(0) (11)

[0032] Next, the carrier solution is slowly circulated at a constant speed, so that the gas exchange is fully conducted
in the gas exchanger, and the difference between the output potential Vr(t) of the reference pH electrode (D) and the
output potential Vm(t) of the measuring pH electrode (E) at the time t is read out. That is, AV(t) expressed by the
following expression (12) is read out.

AV(t) = Vm(t) - Vr(t) (12)

[0033] Herein, further, the difference between the previously stored AV(0) and AV(t) measured this time is found.
That is, AAV(t)expressed by the following expression (13) is found.

AAV(t) = AV(t) - AV(0) (13)

[0034] This AAV(t) can be regarded as a value which corresponds to the accurate gas partial pressure, not influenced
by the electrode potential change due to the temperature change and the base line drift. The reason is as follows.
[0035] The expression (13) can be expressed as following.

AAV(H) = AV(t) - AV(0) = {Vm(t) - Vm(0)} - {Vr(t) -Vr(0)} (14)

The change of the potential of each pH electrode at the time of measurement and the zero point calibration is generally
expressed by the expression (15) (i =r, m).

Vi(t) - Vi(0) = ApHi x Si + ATi x Ai + t x Bi (15)

[0036] Herein, the first, second and third terms of the right side respectively show the electrode potential change
due to the pH change, temperature change, and base line drift at t = 0 - t. Herein, ApHi is a change of pH of the carrier
solution at each electrode position, Si is the pH sensitivity of each pH electrode, ATi is the temperature change of the
carrier solution at each electrode position, Ai is a temperature coefficient of the potential change of each pH electrode,
and Bi is the base line drift per unit time for each pH electrode. When the expression (15) is substituted into the
expression (14), the expression (16) is obtained.

A AV(t) = ApHm x Sm - ApHr x Sr + ATm x Am - ATr x Ar +t x (Bm - Br) (16)

[0037] In this connection, because the pH of the carrier solution at the position at which the reference pH electrode
(D) is provided, is regarded as constant, ApHr = 0. Further, , when the electrodes with the same temperature coefficient
and the same base line drift speedare used as the reference pH electrode (D) and the measuring pH electrode (E),
and further, when these pH electrodes (D) and (E) are located closeenough so thatthe temperature changes of both
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are made equal, the second and subsequent terms of the right side of the expression (16) become all zero, then,

A AV(t) = ApHm x Sm. (17)

[0038] on the one hand, because the relationship between the pH and the partial pressure (concentration) P of the
gas to be measured is clear from the expression (3) and the expression (4), by obtaining A AV(t), the change of the
partial pressure of the gas AP can also be obtained together with the pH change ApHm.

[0039] Asdescribed above, when the electrodes having characteristics close to each other are used as the measuring
pH electrode and the reference pH electrode, the potential change due to the temperature change or the base line drift
is cancelled, and as the result, only the potential change due to the pH change can be easily measured. In the known
method (the above JP-B-4-017050) in which only the measurement electrode is used without using the reference pH
electrode, the potential change during the time of the calibration and the measurement is expressed by the expression
(15)(i = m), and it is difficult to exclude the potential change caused by other factors than the pH change. However, by
the above sensor and system, this becomes easy.

Embodiments

[0040] In Fig. 1, the structure of the gas sensor system of the first embodiment of the present invention is shown.
As shown in the drawing, a gas exchange section 1 is composed of a cylindrical body 2 having a semi-spherical bottom
portion and a porous side portion, a connecting portion 5 which closes an opening portion of the cylindrical body 2 and
holds one end of a conduit tube 3 and a conduit tube 4, and communicates their insides to the inside of the cylindrical
body 2, and a gas permeable membrane 6 which covers the cylindrical body 2. Herein, the inside of the cylindrical
body 2 is a gas exchanger 7. In the present example, the connecting portion 5 has 2 through holes, and a conduit tube
3 and the conduit tube 4 are respectively engaged with each of them, and one end of those conduit tube 3 and conduit
tube 4 is extended to reach the gas exchanger 7. Therefore, one end of the conduit tube 3 and one end of the conduit
tube 4 respectively form the inlet 10 and outlet 11 of the gas exchanger 7. Accordingly, in the present example, the
conduittube 3 is a forward path section, and the conduit tube 4 is a return path section. As the gas permeable membrane
6, a silicon rubber homogeneous film having good gas transmitting property, or a hydrophobic porous film such as
porous teflon or polypropylene, is preferable. In this connection, a partition plate 8 is provided in order to increase the
length of the flow path so that the gas exchange is fully conducted in the inside of the gas exchanger 7. To the conduit
tube 3 and the conduit tube 4, a connector 31 is provided in the vicinity of the gas exchange section 1, and the system
is made attachable and detachable here.

[0041] The reference pH electrode 14 and a pseudo-reference electrode 15 are provided inside the conduit tube 3
at the position separated from the gas exchanger 7. On the one hand, the measuring pH electrode 16 is provided inside
the conduit tube 4 at the position separated from the gas exchanger 7 . Respective one end side of lead wires 17, 18
and 19 are connected to the reference pH electrode 14, pseudo-reference electrode 15 and measuring pH electrode
16. These are guided to the outside under the situation that the inside of the conduit tube 3 and the conduit tube 4 is
kept liquid-tight condition, and the other end sides of them are connected to a socket 21.

[0042] A thermostatted block 22 is provided so that a portion of the conduit tube 3 having the reference pH electrode
14 and the pseudo-reference electrode 15 therein, and a portion of the conduit 4 having the measuring pH electrode
16 therein, are made at constant temperature. The inside temperature of the thermostatted block 22 is set to a bodily
temperature of the subject for whom the sensor system is used.

[0043] The socket 21 is detachable to the connector 25. The system is constructed in such a manner that each of
the potential detected from the reference pH electrode 14, the pseudo-reference electrode 15 and the measuring pH
electrode 16 enters into an electric circuit section 26 through these socket 21 and connector 25.

[0044] A carrier solution supply means 27 is provided at the other end of the conduit tube 3, and the carrier solution
is supplied to the conduit tube 3. The carrier solution supply means 27 is composed of a carrier solution container 28
and a feed solution pump 29.

[0045] The electric circuit 26 has a data processing function to conduct predetermined processing according to each
potential detected from the reference pH electrode 14, pseudo-reference electrode 15 and measuring pH electrode
16, and a function to control the feed solution pump 29 and control the flow of the carrier solution. To the electric circuit
26, an input section 32 constructed by, for example, a key board to input various instructions, and an output section
33 constructed by, for example, a printer or a display section to output the result of the data processing, are connected.
[0046] In the present example, both of the reference pH electrode 14 and the measuring pH electrode 16 are ISFET.
These are ones whose temperature characteristic or drift characteristic is close to each other. A signal processing
circuit of the gas sensor system is shown in Fig. 2. This drawing shows a situation that the socket 21 is connected to
the connector 25. The electric circuit section 26 has: a constant current circuits 41, 42, to supply the same constant
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current to source terminals of the reference pH electrode 14 and the measuring pH electrode 16; operation amplifiers
43, 44 to detect the source potential of the reference pH electrode 14 and the measuring pH electrode 16 whose
common reference is a pseudo-reference electrode 15; a differential amplifier 45 to detect and amplify the differential
voltage of these output voltage signals ; and a CPU 47 to take-in the output voltage signal after digitizing it, and to
calculate the pH value and further, the gas partial pressure in the cooperation with a memory 46, following to the
instruction from the input section 32.

[0047] Next, referring to the structural drawing in Fig. 1 and Fig. 2, and a flow chart in Fig. 3, the operation of the
present system will be described.

[0048] Firstly, the operator inserts the gas exchange section 1 into a test substance. The test substance may be the
liquid phase such as, for example, the blood, or the gas phase. For example, when the gas partial pressure of the
organ such as the stomach, esophagus, oral cavity, nasal cavity, blood vessel, urethra, etc. is measured, the gas
exchange section 1 is positioned in the objective organ.

[0049] When the present system starts the operation, the CPU 47 judges whether the instruction of the zero point
calibration is input from the input section 32 (step 101), and further, whether the instruction of the measurement is input
from the input section 32 (step 102). Herein, when the operator inputs the instruction of the zero point calibration, the
CPU 47 controls the feed solution pump 29, and makes the speed of the carrier solution to be flowed into the conduit
tube 3 at a predetermined high speed (step 103). Accordingly, in the gas exchange section 1, the contact time of the
carrier solution with gas permeable membrane becomes extremely short, and results in a condition that the pH of the
carrier solution of the conduit tube 3 and the conduit tube 4 is almost the same. In this condition, the CPU 47 conducts
the zero point calibration (step 104). That is, the CPU 47 writes the output voltage AV(0) of the differential amplifier 45
at this time, on the memory 46.

[0050] Next, the operator inputs the instruction of the measurement. According to this, the CPU 47 controls the feed
solution pump 29 and makes the speed of the carrier solution to be flowed in the conduit tube 3 at a predetermined
low speed or make the carrier solution stop during predetermined period (step 105). Thereby, in the gas exchange
section 1, the contact time of the carrier solution with gas permeable membrane becomes long, and the gas exchange
is fully conducted. Next, the CPU 47 finds the difference AAV(t) by using the output voltage AV(t) of the differential
amplifier 45 at that time t, and the AV(0) written on the memory 46, and from this, finds ApHm by using the relationship
of the expression (17), and further, finds the change of the gas partial pressure AP by using the relationship of the
expressions (3) or (4) (step 106).

[0051] The CPU 47 displays or prints the pH measurement value ApHm, and the gas partial pressure measurement
value AP (step 107). Next, the CPU 47 judges whether there is an instruction of the measurement completion from the
input section 32 (step 108). Until this instruction comes to the CPU 47, the CPU 47 repeats the steps of the measurement
106, 107, and when the instruction of the measurement completion comes to the CPU 47, the sequence returns to the
initial step 101.

[0052] According to the present embodiment, because the reference pH electrode 14, pseudo-reference electrode
15 and measuring pH electrode 16 are separately arranged from the gas exchanger 7, these pH electrodes 14 and 16
can be arranged in the thermostatted block 22, and the temperature can be set to the same temperature as in the test
substance. Therefore, the accuracy in measurement can be increased. Further, when the gas exchange section 1 can
be separated by the connector 31, and the gas exchange section 1 is made disposable.

[0053] Inthe present example, as shown in flow chart in Fig. 3, the CPU 47 waits the instruction of the operator and
conducts the processing such as the zero point calibration or the measurement, however, when the CPU 47 determines
the timing of them according to the program, all of the zero point calibration and the measurement can be conducted
automatically.

[0054] Further, in the present example, the carrier solution is continuously flowed during the measurement time,
however, this flow may be intermittent. In this case, the system is controlled so that the carrier solution is made to flow
at a predetermined time interval, and when the flow stops, gas exchange of the carrier solution can be fully conducted
in the gas exchanger 7, and the carrier solution comes to the position of the measuring pH electrode 16. According to
this intermittent flow control, it is not necessary that the feed solution pump 29 makes the carrier solution flow at an
extremely slow predetermined speed. Instead of that, only the repetition of flowing ata predetermined speed and stop-
ping is required , enabling the structure of the feed solution pump 29simple.

[0055] The structure of the gas sensor system of the second embodiment of the present invention will be shown in
Fig. 4. The. same component as each component shown in Fig. 1 is denoted by the same number. The different points
of this system from the above mentioned system are that all of the reference pH electrode 14, pseudo-reference elec-
trode 15 and the measuring pH electrode 16 are arranged in the vicinity of the gas exchanger 7, and that the whole
gas exchange section 1 is not detachable, but the cylindrical body 2 forming the gas exchanger 7 is detachable from
the connection section 5. In the present example, all of the reference pH electrode 14, pseudo-reference electrode 15
and the measuring pH electrode 16 are arranged in the connection section 5. Further, the connection section 5 is in
the thermostatted block 22. Further, the cylindrical body 2 is detachable from the connection section 5 by the connector
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35.

[0056] The control of the flow of the carrier solution and the processing of the output potential of each of electrodes
14, 15 and 16 in the present embodiment are the same as in the first embodiment.

[0057] According to the present embodiment, because the measuring pH electrode 16 is arranged in the vicinity of
the gas exchanger 7, the response time is excellent. That is, the change of the partial pressure of the gas of the test
substance can be quickly detected. Further, because the cylindrical body 2 can be removed together with the gas
permeable membrane 6, this portion can be easily made disposable, and post-processing is simple.

[0058] Further, because the reference pH electrode 14, pseudo-reference electrode 15 and measuring pH electrode
16 are separately arranged from the gas exchanger 7, these pH electrodes 14 and 16 can be arranged in the ther-
mostatted block 22, and the temperature of them can be set to the same temperature as that in the test substance.
Therefore, the measurement accuracy can be increased.

[0059] The structure of the gas sensor system of the third embodiment of the present invention will be shown in Fig.
5. The same component as each component shown in Fig. 1 is denoted by the same number. The different points of
this system from the above system are that the measuring pH electrode 16 is arranged in the gas exchanger 7, and
that the thermostatted block 22 and the connector 31 are not provided.

[0060] The control of the flow of the carrier solution and the processing of the output potential of each of electrodes
14, 15 and 16 in the present embodiment are the same as in the first embodiment. However, in the present embodiment,
even when the flow of the carrier solution is stopped during the measurement time, the measuring pH electrode 16
continuously outputs the measurement potential. Also according to this, the pH in the test substance, and further, the
partial pressure of the gas can be measured.

[0061] According to the present embodiment, because the measuring pH electrode 16 is arranged in the gas ex-
changer 7, the response is further better than the second embodiment.

[0062] The structure of the gas sensor system of the fourth embodiment of the present invention will be shown in
Fig. 6. The different point of this system from the third embodiment is a point that the reference pH electrode 14 and
pseudo-reference electrode 15 are arranged in the vicinity of the inlet 10 of the gas exchanger 7. Also according to
this, the same effect as the third embodiment can be obtained, however, because the reference pH electrode 14 and
the measuring pH electrode 16 are close to each other, the temperature difference of the solution around both is small,
and the more accurate measurement result is obtained. However, in this case, when the flow of the carrier solution is
stopped during the measurement, because the reference pH electrode 14 is close to the gas exchanger 7, there is a
possibility that its output potential is influenced by the carrier solution after the exchange of the gas. Accordingly, in
the present embodiment, the carrier solution is made to continuously flow during the measurement.

[0063] The structure of the gas sensor system of the fifth embodiment of the present invention will be shown in Fig.
7. The different point of this system from the above system described in the first to fourth embodiments is that a flow
path for carrier solution arranged in gas exchange section 1 is linearly provided instead of being folded. In the reference
pH electrode 14, the pseudo-reference electrode 15 and the measuring pH electrode 16, one ends thereof are con-
nected at a sensor connector 107. The three electrodes 14,15 and 16 are arranged in each hollow portion of a O-ring
engagement portion 106, a sensor body 101 and a carrier solution inlet to gas exchanger 102. The reference pH
electrode 14 and the pseudo-reference electrode 15 are arranged in a carrier solution inlet to gas exchanger 102, and
the measuring pH electrode 16 is arranged in the gas exchanger 7 in the cylindrical body 2. In the sensor body 101 at
a side of the sensor connector 107,the O-ring 105 fixes the three electrodes 14,15 and 16 airtightly by pressure of the
0-ring engagement 106 having a screw structure. The carrier solution poured from a carrier solution inlet to sensor
body 104 of the sensor body 101 passes through the sensor body 101, the carrier solution inlet to gas exchanger 102,
the gas exchange section 1, and the conduit tube (return path)4. Then, it is discharged from a carrier solution outlet
from gas exchanger 103. At this time, the flow path defined from the sensor body 101 to the gas exchange section 1
serves as the forward path. In Fig. 7, the carrier solution supply means is omitted as well as the feed solution pump
29, the output section 33, the electric circuit section 26 and the input section 32.

[0064] In each of the above embodiments, as the reference pH electrode 14 and the measuring pH electrode 16,
ISFET is used. Because ISFET is easily made to a very small size, and the pH response time is short, it is suitable for
the gas sensor of the present system. Further, in the ISFET, a large amount of elements having uniform characteristic
can be produced from a sheet of silicon wafer, so from a point that each characteristic of the measurement side electrode
and the reference side electrode is easily made uniform, it is suitable as the pH electrode of the present system.
However, each kind of known electrode such as a glass electrode can also be used as the pH electrode.

[0065] On the one hand, the metal such as gold, silver, platinum, or an electric conductor such as carbon or the other
material, is used as the pseudo-reference electrode 15.

[0066] And the pseudo-reference electrode 15 may be arranged inside either the gas exchange section, the forward
path section 3, or the return path section 4 just for detecting the source potentials of the reference pH electrode and
the measuring pH electrode based on the output of the pseude-reference electrode.

[0067] As the carrier solution, as described above, a solution including conjugate ions to the gas to be measured is
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used. For example, when the object to be measured is the carbon dioxide, the solution including bicarbonate ions is
used, and when it is the ammonia gas, the solution including ammonium ions is used. Further, in order to secure the
electric conductivity of the carrier solution, the electrolyte such as sodium chloride or potassium chloride may be added
to it.

[0068] According to the present invention, the following advantages are obtained.

(1) The frequency of the calibration can be reduced.

[0069] In the conventional method in which the measuring pH electrode and the reference electrode are used, when
the base line drift of the measuring pH electrode occurs, the zero point calibration is frequently necessary. However,
in the present invention, by using the pH electrodes having the close drift characteristic for the measurement and the
reference, the base line drift is cancelled, and the zero point calibration frequency can be reduced.

(2) The temperature compensation is simple.

[0070] Inthe same manner, by using the pH electrodes having the close temperature coefficients for the measurement
and the reference, the shift of the zero point due to the temperature change can be cancelled.

(3) The dry preservation of the gas sensor is possible, and the maintenance becomes easy.

[0071] In the conventional method, the reference electrode having the stable potential is necessary . Therefore, it is
inevitable that the liquid-junction type reference electrode such as the saturated calomel electrode is used. In this case,
the wet preservation is absolutely necessaryas well as the replenishment of the inner solution. However, in the gas
sensor of the present invention, the pseudo-reference electrode is used instead of the reference electrode, and this
may simply be a metallic wire. This is for the reason that, in the gas sensor system of the present invention, because
the potential difference between the measurement electrode and the reference electrode is usesd, there is no problem
even when the electrode potential of the pseudo-reference electrode is changed. When the ISFET is used as the pH
electrode, the gas sensor can be perfectly made dry.

Claims
1. A gas sensor comprising:

a gas exchange section including a gas exchanger having an inlet and an outlet for circulating a carrier solution
including at least ions conjugate to a gas to be measured, and the gas exchanger isolated from the outside
by a gas permeable membrane;

a forward path section connected to the inlet of the gas exchanger and for guiding the carrier solution to the
gas exchanger;

a return path section connected to the outlet of the gas exchanger and for guiding the carrier solution from the
gas exchanger to the outside;

a reference pH electrode arranged inside the forward path section; and

a measuring pH electrode arranged inside either the gas exchanger or the return path section.

2. The gas sensor according to Claim 1, the reference pH electrode is arranged inside of the forward path section at
a position separated from the inlet, and the measuring pH electrode is arranged inside of the return path section

at a position separated from the outlet.

3. The gas sensor according to Claim 2, wherein a constant temperature means for making the temperature of the
reference pH electrode and the measuring pH electrode constant, is provided.

4. The gas sensor according to Claim 1, wherein the measuring pH electrode is arranged inside of the return path
section in the vicinity of the outlet.

5. The gas sensor according to Claim 1, wherein the measuring pH electrode is arranged inside of the gas exchanger,
and the reference pH electrode is arranged in adjacent to the inlet of the gas exchanger.

6. The gas sensor according to any one of claims 1 to 5, wherein a flow path of the carrier solution is folded in the
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gas exchanger to position the gas exchange section at the tip:end of the sensor.
A gas sensor comprising:

a gas exchange section including a gas exchanger having an inlet and an outlet for circulating a carrier solution
including at least ions conjugate to a gas to be measured, and the gas exchanger isolated from the outside
by a gas permeable membrane;

a forward path section connected to the inlet of the gas exchanger for guiding the carrier solution to the gas
exchanger;

a return path section connected to the outlet of the gas exchanger for guiding the carrier solution from the gas
exchanger to the outside;

a reference pH electrode arranged inside the forward path section; and

a measuring pH electrode arranged inside the gas exchanger,

wherein the inlet and outlet are linearly provided in the gas exchanger.

A gas sensor system according to any one of Claims 1 to 7, further comprising:
a potential difference detection means for detecting the potential difference between the measuring pH elec-
trode and the reference pH electrode,

The gas sensor system according to Claim 8, further comprising:

a carrier solution supply means for supplying the carrier solution from the other end of the forward path section;
and
a flow control means for controlling the flow of the carrier solution.

The gas sensor system according to Claim 8 or Claim 9, further comprising:
a gas partial pressure detection means for detecting the partial pressure of a gas to be measured according
to the output of the potential difference detection means.

The gas sensor according to claim 1 or 7, wherein said reference pH electrode and said measuring pH electrode
are ISFET, and further comprising:

a pseudo-reference electrode for detecting source potentials of said reference pit electrode and said measuring
pH electrode based on the output of said pseudo-reference electrode, inside either said gas exchange section,
said forward path section or said return path section.

10



EP 1130 393 A2

e

NOILD3S
1NdNI

| J

92|

NOILO3S
11N08ID
old10314

8¢

gg—" |

A
NOILO3S
1ndino

6¢

11



EP 1130 393 A2

21
VP
14 \[(
| \ i - Vg 46
Yol 43 £
Sh MEMORY
::: ! 45 _
16 : ?\41 C )
al P —— TO OUTPUT
ar i U SECTION 33
D :
3 l
:: . 1 TO
% 44 croy PUMP 29
' 49 INPUT
':§ J SECTION

12



START
CALIB%ATION

EP 1130 393 A2

S ad
HIGH SPEED FLOW

!

104
Yad

ZERO POINT
CALIBRATION

LOW SPEED FLOW

o
o

106
Y -~

PARTIAL PRESSURE
CALCULATION

107
Y -~

DISPLAY - RECORD

108

=

YES

13




EP 1130 393 A2

NOILO3S
L1NdNI

\

9|

NOILO3S
1INJYIO
{10313

82

£e

_
NOILO3S
1Nd1no

6¢

14



EP 1130 393 A2

NOILO3S
L1NdNI

A

NOILO3S

11N

JHID

410313

8¢

A

y

NOILO3S
1Nd1N0O

Gc

6¢

15



EP 1130 393 A2

26—

NOILO3S
1NdNI

9|

NOILO3S
LINJHID
J1419313

L

8¢

Y

NOILO3S

ge—"|

iNdino

[

62

16

g 6l 14 Vel L9l Z



EP 1130 393 A2

FIG. 7

Y

~_i—2

B

5‘\4—16
’/ \_\

i
15 14
102
103
A

C

4 ——~—

[f— ' :{?\ 05 104




EP 1130 393 A2

18




THMBW(EF)

patsnap

SEERBBMSEERERE
EP1130393A2 RF(REH) A 2001-09-05
EP2001102416 FRiEH 2001-02-02

FRIRE(EFAB)AGE) ARKBIUHKNH
B (T AIAR) A (iB) RS

HARBEEANRAGE) BARXBLF

R & B A NAGAI YUKO NIHON KOHDEN CORPORATION
RHAA NAKAMURA, MICHIHIRO, NIHON KOHDEN CORPORATION
NAGAI, YUKO, NIHON KOHDEN CORPORATION
SEKIGUCHI, TETSUSHI, NIHON KOHDEN CORPORATION
IPCHEE AB1B5/00 GO1N27/416 GO1N33/49 GO1N33/48
CPCH#F AB1B5/14542 A61B5/14539 A61B5/1473 GO1N27/4162 GO1N33/4925
£ 5 2000026045 2000-02-03 JP
H {20 FF 3R EP1130393A3
INEPeELE Espacenet
MWE(F)

FEANENRRE-—MFIBARREXSBERBRE , BT ZRE
AURZHHTERIBMEN B, FETUIMRpHEBRNELREBMN
BERB, . Qb ARBHSEERFUAXHN A REE  BEESHE
RIRER (7)) WRAERED (1) , ZRAEZHRE (7) REAODMEA
DESEBERER , TAREBREL SEF FHIDENSE , BY
BESE (6) BARRIT AIHERER (3) , HEEISARBRENAD
HRBEBRE|SRSAERE BEREDD (4)  EEISEXHR
BRNEA , FRREBRBNSERREE S| S RIS SZpHER (14) ]
EERERERS M, REAREESARIRIEA R IR EHEEE D KB
HOM BpHERR (16) o

ELECTRIC
CIRCUIT
SECTION

INPUT
SECTION

oureuT 8
SECTION

%

32


https://share-analytics.zhihuiya.com/view/54c5f704-4e24-4a8d-8528-4fad239d41f2
https://worldwide.espacenet.com/patent/search/family/018551824/publication/EP1130393A2?q=EP1130393A2

