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(54) MIST-CONTAINING GAS ANALYSIS DEVICE

(57) The present invention is to provide a mist-con-
taining gas analysis device that can simply and accurate-
ly measure a concentration of a measurement-target
substance in a target gas which contains a mist of the
measurement-target substance. The device includes: a
measuring instrument (145, 144, 146 and 147) that
measures a pressure, a temperature, a flow rate and wa-
ter content of a combustion exhaust gas (1); a collection
container (116) that contains collection liquid (2); a sam-
pling tube (111) and a guide tube (112) through which
the combustion exhaust gas is suctioned by a suction
blower (122), and is sampled and fed into the collection
liquid in the collection container; an arithmetic and control
device (140) that controls the suction blower in such a
manner that a suction velocity of the combustion exhaust
gas being suctioned by the suction blower is within a
predetermined ratio with respect to a combustion exhaust
gas flow velocity which is calculated based on the meas-
ured values; liquid aliquot taking means for taking an al-
iquot of the liquid in the collection container; and a meas-
uring device (130) that measures a concentration of the
measurement-target substance in the aliquot of the liquid
taken by the liquid aliquot taking means.
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Description

Technical Field

[0001] The present invention relates to a mist-containing gas analysis device that measures a concentration of a
measurement-target substance in a target gas which contains a mist of the measurement-target substance.

Background Art

[0002] For example, in an exhaust gas processing device equipped with a carbon dioxide recovery device that recovers
carbon dioxide in a combustion exhaust gas from a boiler or the like by bringing the combustion exhaust gas into contact
with amine-containing absorbing liquid and by absorbing the carbon dioxide in the combustion exhaust gas with the
absorbing liquid, a micro amount of amines or ammonia is discharged to the outside together with the combustion exhaust
gas from which the carbon dioxide is absorbed and removed, and is discharged by the carbon dioxide recovery device.
Accordingly, an operator samples the combustion exhaust gas which is discharged in a state where the carbon dioxide
in the combustion exhaust gas is absorbed and removed in the carbon dioxide recovery device, and measures concen-
trations of amines and ammonia (hereinafter, referred to as "amines and the like") which the combustion exhaust gas
contains.

Citation List

Patent Literature

[0003] [PTL 1] Japanese Unexamined Patent Application Publication No. 58-90144

Summary of Invention

Technical Problem

[0004] However, as described above, if the operator samples the combustion exhaust gas and measures concentra-
tions of amines and the like, the operator is required to performs the sampling and an analysis for the measurement.
Accordingly, it takes significant effort to perform the measurement.
[0005] For example, proposed is a system in which a pitot tube is mounted on a duct, a pressure of an in-duct combustion
exhaust gas is measured via the pitot tube, a gas suction velocity of the suction blower connected to a gas sampling
tube is adjusted in response to an in-duct combustion exhaust gas flow velocity estimated based on the measured value,
a gas suction is performed at a velocity equal to the estimated in-duct combustion exhaust gas velocity and thus, a
measurement-target substance in the combustion exhaust gas is accurately measured.
[0006] When the measurement-target substance in the combustion exhaust gas is measured in this way, gas flow
turbulence in the duct occurs due to the pitot tube, and the in-duct combustion exhaust gas flow velocity cannot be
accurately estimated. Accordingly, the gas suction velocity of the suction blower cannot be appropriately adjusted, and
the measurement-target substance in the combustion exhaust gas cannot be accurately acquired.
[0007] When properties of the in-duct combustion exhaust gas change, for example, when a dust concentration, a
mist concentration, a water concentration or the like increases, the substance condenses and clogging occurs in the
pitot tube. Accordingly, the gas suction velocity of the suction blower cannot be appropriately adjusted, and the meas-
urement-target substance in the combustion exhaust gas cannot be accurately acquired.
[0008] In the exhaust gas processing device equipped with the carbon dioxide recovery device that recovers carbon
dioxide in the combustion exhaust gas from a boiler or the like by bringing the combustion exhaust gas into contact with
amine-containing absorbing liquid and by absorbing the carbon dioxide in the combustion exhaust gas with the absorbing
liquid, the problems occur not only in a case where concentrations of amines and the like in an combustion exhaust gas
are measured, but also in a case where a device measures a concentration of a measurement-target substance in a
target gas that contains a mist of the measurement-target substance, for example, in a case where the device measures
a concentration of a liquid component in outlet gas (for example, a water saturation gas) of a gas-liquid contact device,
the same problems can occur similarly to in the initial case.
[0009] The present invention is made to solve the problems, and an object of the present invention is to provide a
mist-containing gas analysis device that can simply and accurately measure a concentration of a measurement-target
substance in a target gas which contains a mist of the measurement-target substance.
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Solution to Problem

[0010] A mist-containing gas analysis device according to the present invention measures a concentration of a meas-
urement-target substance in a target gas which contains a mist of the measurement-target substance flowing through
a duct. The mist-containing gas analysis device includes pressure measuring means for measuring a pressure of the
target gas that flows through the duct; temperature measuring means for measuring a temperature of the target gas that
flows through the duct; flow rate measuring means for measuring a flow rate of the target gas that flows through the
duct by using a radio wave or an ultrasonic wave; water content measuring means for measuring water content in the
target gas that flows through the duct by using infrared light; a collection container that contains collection liquid which
dissolves the measurement-target substance; target gas sampling means for absorbing the target gas by using suction
means and for sampling the target gas; target gas feeding means for feeding the target gas sampled by the target gas
sampling means into the collection liquid in the collection container; suction flow rate control means for controlling the
suction means in such a manner that a suction velocity of the target gas being suctioned by the suction means is within
a predetermined ratio with respect to a target gas flow velocity calculated based on the pressure of the target gas
measured by the pressure measuring means, the temperature of the target gas measured by the temperature measuring
means, the flow rate of the target gas measured by the flow rate measuring means, and the water content of the target
gas measured by the water content measuring means; liquid aliquot taking means for taking an aliquot of the liquid in
the collection container; and measuring means for measuring the concentration of the measurement-target substance
in the aliquot of the liquid taken by the liquid aliquot taking means.
[0011] In the mist-containing gas analysis device according to the present invention, the measurement-target sub-
stances are amines and ammonia.
[0012] In the mist-containing gas analysis device according to the present invention, the target gas is a combustion
exhaust gas from which carbon dioxide is absorbed and removed by the amine-containing absorbing liquid. Advantageous
Effects of Invention
[0013] The mist-containing gas analysis device according to the present invention measures a gas flow rate, a pressure,
a temperature and water content of the target gas in the duct without causing turbulence of a flow of the target gas, and
calculates a flow velocity of the target gas in the duct based on the measured results. The mist-containing gas analysis
device controls the suction means in such a manner that a suction velocity of the target gas being suctioned by the
suction means is within a predetermined ratio with respect to a flow velocity of the target gas. Accordingly, it is possible
to appropriately suck the target gas in the duct at a velocity equal to the flow velocity of the target gas without causing
clogging which results from a change in properties of the target gas. Therefore, even though the target gas contains the
measurement-target substance not only in a gaseous phase but also in a mist phase, the mist-containing gas analysis
device can simply and accurately measure the concentration of the measurement-target substance in the target gas.
Brief Description of Drawings
[0014]

Fig. 1 is an overall schematic configuration view of a main embodiment of a mist-containing gas analysis device
according to the present invention.
Fig. 2 is a block diagram of a control system of the mist-containing gas analysis device in Fig. 1.
Fig. 3 is a flow chart illustrating a control of a flow rate of gas being suctioned by a suction blower equipped in the
mist-containing gas analysis device in Fig. 1.

Description of Embodiments

[0015] Embodiments of a mist-containing gas analysis device according to the present invention will be described with
reference to the accompanying drawings.

[Main Embodiment]

[0016] A main embodiment of the mist-containing gas analysis device according to the present invention will be
described with reference to Figs. 1 to 3.
[0017] As illustrated in Fig. 1, a combustion exhaust gas 1 flows through a duct 10, and is a target gas which is brought
into contact with amine-containing collection liquid and from which carbon dioxide is absorbed and removed. The com-
bustion exhaust gas 1 contains amines and ammonia (hereinafter, referred to as "amines and the like), which are
measurement-target substances, not only in a gaseous phase but also in a mist phase.
[0018] A sampling tube 111 is attached onto a circumferential surface of the duct 10 in such a manner that a distal
end side of the sampling tube 111 is positioned inside the duct 10. One end side of a guide tube 112 is connected to a
proximal end side of the sampling tube 111 via a valve 101. The other end side of the guide tube 112 is connected to
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one end side (an upper end side) of an introduction tube 114, the axis of which is vertically oriented. Each of the sampling
tube 111, the guide tube 112 and the introduction tube 114 are provided with an electric heater 113 which is heating
means. The electric heater 113 can heat the insides of the tubes 111, 112 and 114 to a temperature (approximately
150°C to 200°C) at which the amines and the like evaporate.
[0019] The other end side (a lower end side) of the introduction tube 114 is connected to one end side of a feeding
tube 115 via a valve 102. The feeding tube 115 is attached to a collection container 116 in such a manner that the other
end side of the feeding tube 115 is positioned on a lower side inside the collection container 116. A filter 117 (the
maximum pore size: 5 mm to 120 mm and in particular, 100 mm to 120 mm is preferable) is attached to the other end
side of the feeding tube 115, and is microfine bubble forming means which is made of sintered glass.
[0020] The collection container 116 is connected to one end side of a delivery tube 118 that has a valve 103 and a
feeding pump 119 in the middle thereof. The other end side of the delivery tube 118 is connected to a bottom portion of
a liquid storage tank 120. Collection liquid 2 is stored in the liquid storage tank 120 to dissolve and collect the amines
and the like.
[0021] That is, when the valve 103 is open and the feeding pump 119 operates, the collection liquid 2 in the liquid
storage tank 120 can be supplied into the collection container 116 via the delivery tube 118.
[0022] An upper portion of the collection container 116 is connected to a proximal end side of an exhaust tube 121
that has a valve 104 and a suction blower 122 in the middle thereof. A gas flow meter 123 is provided between the valve
104 and the suction blower 122 of the exhaust tube 121, and is gas flow rate detecting means for detecting gas that
flows through the exhaust tube 121. A cooler 124 and a gas-liquid separator 125 intervene between the valve 104 and
the gas flow meter 123 of the exhaust tube 121. A buffer tank 126 intervenes between the gas flow meter 123 and the
suction blower 122 of the exhaust tube 121.
[0023] A bottom portion of the collection container 116 is connected to one end side of a liquid feeding tube 127 that
has a valve 105 in the middle thereof. The other end side of the liquid feeding tube 127 is connected to an inlet of a
feeding pump 128. An outlet of the feeding pump 128 is connected to an inlet of a constant volume and dilution device
129 that takes a constant volume and performs dilution. An inlet of a measuring device 130 is connected to an outlet of
the constant volume and dilution device 129, and is measuring means such as an ion exchange chromatography device
or an electric conductivity measuring device for measuring a concentration of the amines and the like.
[0024] One end side of a liquid exhaust tube 131 having a valve 106 in the middle thereof is connected to between
the valve 105 and the feeding pump 128 of the liquid feeding tube 127. The other end side of the liquid exhaust tube
131 is connected to the outside of the system.
[0025] One end side of a pure liquid introduction tube 132 having a valve 107 in the middle thereof is connected to
the vicinity of the valve 102 on the other end side (the lower end side) of the introduction tube 114. The axis of the pure
liquid introduction tube 132 is oriented to slope in such a manner that one end side of the pure liquid introduction tube
132 is positioned lower than the other end side thereof. The other end side of the pure liquid introduction tube 132 is
connected to a pure liquid tank that feeds pure liquid 3 such as pure water and is not illustrated.
[0026] One end side of a nitrogen gas introduction tube 133 having a valve 108 in the middle thereof is connected to
the vicinity of the connected portion between one end side (the upper end side) of the introduction tube 114 and the
guide tube 112. The axis of the nitrogen gas introduction tube 133 is oriented to slope in such a manner that one end
side of the nitrogen gas introduction tube 133 is positioned lower than the other end side thereof. The other end side of
the nitrogen gas introduction tube 133 is connected to a nitrogen gas bombe that feeds nitrogen gas 4, which is an inert
gas, and is not illustrated.
[0027] One end side of a bypass tube 134 having a valve 109 in the middle thereof is connected to between the
portions in which the introduction tube 114 is connected to each of the pure liquid introduction tube 132 and the nitrogen
gas introduction tube 133. The other end side of the bypass tube 134 is connected to between the valve 104 of the
exhaust tube 121 and the cooler 124.
[0028] The guide tube 112 is connected to one end side of a leakage tube 135 that has a valve 110a in the middle
thereof. The other end side of the leakage tube 135 is connected to the outside of the system. One end side of a leakage
tube 136 having a valve 110b in the middle thereof is connected to the upper portion of the collection container 116.
The other end side of the leakage tube 136 is connected to the outside of the system.
[0029] A temperature sensor 141 is provided on the distal end side of the sampling tube 111, and is temperature
detecting means. A float-type liquid flow rate detector 142 is provided in the collection container 116, and is liquid flow
rate detecting means for detecting a flow rate of the collection liquid 2 in the collection container 116.
[0030] Each of a temperature sensor 144, a pressure meter 145, a flow rate measuring instrument 146 and a gas
composition measuring instrument 147 is attached onto the circumferential surface of the duct 10, and is positioned
upstream of the attachment location of the sampling tube 111 in a flow-through direction of the combustion exhaust gas
1. For example, the temperature sensor 144 is a thermocouple, and is an instrument that measures a temperature of
the combustion exhaust gas 1 which flows through the duct 10. For example, the pressure meter 145 is a pressure
gauge, and is an instrument that measures a pressure of the combustion exhaust gas 1 which flows through the duct
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10. For example, the flow rate measuring instrument 146 is a radio wave type flow meter or an ultrasonic wave type flow
meter which uses the Doppler effect, and is an instrument that measures a flow rate of the combustion exhaust gas 1
without causing turbulence of the flow of the combustion exhaust gas 1 by irradiating a radio wave or an ultrasonic wave
at a predetermined angle toward the combustion exhaust gas 1 flowing through the duct 10, and by detecting a change
in frequency of a reflected wave. For example, the gas composition measuring instrument 147 is an instrument that
measures a composition (water content) of the combustion exhaust gas 1 by using infrared light without causing turbulence
of flow of the combustion exhaust gas 1.
[0031] As illustrated in Fig. 2, the gas flow meter 123, the temperature sensor 141, the flow rate detector 142, the
temperature sensor 144, the pressure meter 145, the flow rate measuring instrument 146, and the gas composition
measuring instrument 147 are electrically connected to an input unit of the arithmetic and control device 140 that is
arithmetic and control means with a built-in timer. Furthermore, the measuring device 130 is electrically connected to
the input unit of the arithmetic and control device 140. An output unit of the arithmetic and control device 140 is electrically
connected to the valves 101 to 109, 110a and 110b, the electric heater 113, the feeding pumps 119 and 128, the suction
blower 122, the constant volume and dilution device 129, and the measuring device 130, and the output unit of the
arithmetic and control device 140 is electrically connected to a monitor 143 which is display means. Based on information
from the gas flow meter 123, the temperature sensor 141, the flow rate detector 142, the temperature sensor 144, the
pressure meter 145, the flow rate measuring instrument 146, the gas composition measuring instrument 147, and the
timer, the arithmetic and control device 140 controls an operation of each of the valves 101-109, 110a and 110b, the
electric heater 113, the feeding pumps 119 and 128, the suction blower 122, the constant volume and dilution device
129, and the measuring device 130. Based on information from the measuring device 130, the arithmetic and control
device 140 can control the operation of the constant volume and dilution device 129, and can display various information
on the monitor 143 (details will be described later).
[0032] In the embodiment, target gas sampling means is configured to have the valves 101, 102 and 104, the sampling
tube 111, the guide tube 112, the introduction tube 114, the feeding tube 115, the collection container 116, the exhaust
tube 121, the gas flow meter 123, the cooler 124, the gas-liquid separator 125, the buffer tank 126 and the like. Suction
means is configured to have the suction blower 122 and the like. Target gas feeding means is configured to have the
valves 102 and 104, the introduction tube 114, the feeding tube 115, the exhaust tube 121, the suction blower 122, the
gas flow meter 123, the cooler 124, the gas-liquid separator 125, the buffer tank 126 and the like. Pure liquid supplying
means is configured to have the vales 107, the pure liquid introduction tube 132, the pure liquid tank and the like. Liquid
aliquot taking means is configured to have the valve 105, the liquid feeding tube 127, the feeding pump 128, the constant
volume and dilution device 129 and the like. Collection liquid supplying means is configured to have the valve 103, the
delivery tube 118, the feeding pump 119, the liquid storage tank 120 and the like. Liquid exhausting means is configured
to have the valve 106, the liquid exhaust tube 131 and the like. Inert gas supplying means is configured to have the
valve 108, the nitrogen gas introduction tube, the nitrogen gas bombe and the like. Bypass means is configured to have
the valve 109, the bypass tube 134 and the like. Temperature measuring means is configured to have the temperature
sensor 144 and the like. Pressure measuring means is configured to have the pressure meter 145 and the like. Flow
rate measuring means is configured to have the flow rate measuring instrument 146 and the like. Water content measuring
means is configured to have the gas composition measuring instrument 147 and the like.
[0033] Subsequently, an operation of the mist-containing gas analysis device 100 with this configuration according to
the embodiment will be described.
[0034] Initially, all the valves 101 to 109 are closed. When the arithmetic and control device 140 operates, based on
information from the temperature sensor 141, first, the arithmetic and control device 140 controls an operation of the
electric heater 113 in such a manner that the tubes 111, 112 and 114 are heated to the temperature (approximately,
150°C to 200°C) at which the amines and the like evaporate.
[0035] Subsequently, based on information from the flow rate detector 142, the arithmetic and control device 140
controls an opening and closing of each of the valves 103 and 110b and an operation of the feeding pump 119 in such
a manner that a specified flow rate of the collection liquid 2 is stored in the collection container 116. Accordingly, while
gas in the collection container 116 is discharged to the outside of the system via the leakage tube 136, the collection
liquid 2 in the liquid storage tank 120 is fed into the collection container 116 via the delivery tube 118.
[0036] When a specified flow rate of the collection liquid 2 is stored in the collection container 116, based on information
from the flow rate detector 142, the arithmetic and control device 140 controls each of the valves 101 and 109 to be
open to purge insides of the sampling tube 111 and the guide tube 112 with the combustion exhaust gas 1 that flows
through the duct 10, and the arithmetic and control device 140 controls an operation of the suction blower 122. Accordingly,
the combustion exhaust gas 1 in the duct 10 is taken into the sampling tube 111, and is discharged to the outside of the
system via the guide tube 112, the bypass tube 134 and then the exhaust tube 121.
[0037] In this way, when the insides of the sampling tube 111 and the guide tube 112 are purged with the combustion
exhaust gas 1 for a predetermined time, based on information from the timer, the arithmetic and control device 140
controls the valve 109 to be closed (the valve 101 maintains the open state) to bring the combustion exhaust gas 1 into
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contact with the collection liquid 2 in the collection container 116, and the arithmetic and control device 140 controls the
valves 102 and 104 to be open. Accordingly, the combustion exhaust gas 1 is fed into the collection liquid 2 in the
collection container 116 via the feeding tube 115 and then the filter 117, and the amines and the like in the combustion
exhaust gas 1 are dissolved and collected in the collection liquid 2. In contrast, the combustion exhaust gas 1, the amines
and the like of which are collected in the collection liquid 2, is fed into the cooler 124 via the exhaust tube 121 and cooled
down, water in the combustion exhaust gas 1 condenses to be separated into gas and liquid in the gas-liquid separator
125, and then the combustion exhaust gas 1, water of which is removed, is discharged to the outside of the system via
the buffer tank 126 and then the suction blower 122 while a flow rate of the combustion exhaust gas 1 is measured by
the gas flow meter 123.
[0038] At this time, since the electric heater 113 heats the tubes 111, 112 and 114 to the temperature (approximately
150°C to 200°C) at which the amines and the like evaporate, and the tubes 111, 112 and 114 are retained at the
temperature, a gaseous phase and a mist phase of the amines and the like contained in the combustion exhaust gas 1
taken in from the duct 10 do not condense to attach onto inner wall surfaces of the tubes 111, 112 and 114, and in an
evaporated state, the combustion exhaust gas 1 can be fed up to the feeding tube 115.
[0039] Since the combustion exhaust gas 1 is fed into the collection liquid 2 from the feeding tube 115 via the filter
117, it is possible to transform the combustion exhaust gas 1 into microfine bubbles and to increase contact surfaces
between the bubbles and the collection liquid 2. It is possible to efficiently collect the amines and the like in the combustion
exhaust gas 1.
[0040] Furthermore, as illustrated in Fig. 3, the arithmetic and control device 140 acquires a measured temperature,
pressure and flow rate of the combustion exhaust gas 1 and measured water content in the combustion exhaust gas 1,
which are measured by the temperature sensor 144, the pressure meter 145, the flow rate measuring instrument 146
and the gas composition measuring instrument 147 (a first step S1). Subsequently, based on the measured temperature,
pressure, flow rate and gas composition of the combustion exhaust gas 1, the arithmetic and control device 140 calculates
a flow velocity of the combustion exhaust gas 1 per a predetermined arithmetic expression, for example, per the following
equation (1) (a second step S2). Subsequently, the arithmetic and control device 140 determines whether a current
operating value, that is, a suction velocity of the combustion exhaust gas 1 being suctioned by the suction blower 122
is within a predetermined ratio with respect to the flow velocity of the combustion exhaust gas 1 calculated based on
the measured data, for example, whether the suction velocity of the combustion exhaust gas 1 is within 6 10% of the
flow velocity thereof (a third step S3). When the current operating value is within 6 10% of the flow velocity of the
combustion exhaust gas 1, a control process proceeds to a fourth step S4. When the current operating value exceeds
6 10% of the flow velocity of the combustion exhaust gas 1, a control process proceeds to a fifth step S5. In the fourth
step S4, the suction blower 122 continuously operates as it is, and the control of the suction blower 122 is finished. In
the fifth step S5, the suction blower 122 is adjusted in such a manner that a suction flow rate of the combustion exhaust
gas 1 being suctioned by the suction blower 122 is within 6 10% of the flow velocity of the combustion exhaust gas 1,
and the control process proceeds to a sixth step S6. In the sixth step S6, the suction flow rate of the combustion exhaust
gas 1 being suctioned by the suction blower 122 is the same as the flow velocity of the combustion exhaust gas 1, the
gas suction is performed at a velocity equal to the flow velocity of the combustion exhaust gas 1, and the control of the
suction blower 122 is finished.
[0041] [Equation 1] 

V: flow velocity of combustion exhaust gas, g: gravitational acceleration 9.8 m/s2, h: pressure

[0042] In this way, when the combustion exhaust gas 1 of a specified integrated flow rate flows through the collection
liquid 2 in the collection container 116, based on information from the gas flow meter 123, the arithmetic and control
device 140 controls the valves 101, 102 and 104 to be closed in such a manner that the combustion exhaust gas 1 is
not supplied into the collection liquid 2. After the suction blower 122 is controlled to stop operating, based on information
from the timer, the arithmetic and control device 140 controls an opening and closing of each of the valves 107 and 110a
in such a manner that the pure liquid 3 is fed into the introduction tube 114 via the pure liquid introduction tube 132 for
a specified interval (at a specified flow rate), and the introduction tube 114 is filled with the pure liquid 3.
[0043] Subsequently, based on information from the timer, the arithmetic and control device 140 controls an opening
and closing of each of the valves 102, 108 and 110b at a specified time in such a manner that the amines and the like
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attached onto the inner wall surface of the feeding tube 115 are fed into the collection container 116. The pure liquid 3
in the introduction tube 114 is pushed out by the nitrogen gas 4 out of the nitrogen gas introduction tube 133. The pure
liquid 3 flows downward while being in contact with the inner wall surface of the feeding tube 115 in such a manner that
the pure liquid 3 is in contact with all the amines and the like which are attached onto the inner wall surface of the feeding
tube 115. The pure liquid 3 flows into the collection liquid 2 in the collection container 116 while exhausting the combustion
exhaust gas 1 in the collection container 116 to the outside of the system via the leakage tube 136.
[0044] Accordingly, it is possible to collect all the amines and the like attached onto the inner wall surface of the feeding
tube 115 in the collection container 116.
[0045] Subsequently, based on information from the timer, in such a manner that aliquots of the liquid 2 and 3 in the
collection container 116 are partially taken by the constant volume and dilution device 129, the arithmetic and control
device 140 controls an opening and closing of each of the valves 102, 105 and 108 and controls an operation of the
feeding pump 128 at a specified time. While the nitrogen gas 4 is supplied into the collection container 116 via the
nitrogen gas introduction tube 133, the introduction tube 114 and then the feeding tube 115, the liquid 2 and 3 in the
collection container 116 are mixed and supplied to the constant volume and dilution device 129 via the liquid feeding
tube 127 and then the feeding pump 128.
[0046] The arithmetic and control device 140 controls an operation of the constant volume and dilution device 129 in
such a manner that a specified flow rate of the mixed liquid 2 and 3 is fed into the measuring device 130. When the
measuring device 130 measures concentrations of the amines and the like in a constant volume of the liquid 2 and 3,
based on information from the measuring device 130, the arithmetic and control device 140 determines whether the
measured result is within a calibratable range. When the measured result is within the calibratable range, the arithmetic
and control device 140 calculates the concentrations of the amines and the like in the combustion exhaust gas 1, and
displays the result on the monitor 143.
[0047] In contrast, when the measured result of the measuring device 130 is out of the calibratable range, the arithmetic
and control device 140 calculates a dilution rate at which the concentrations of the amines and the like in the liquid 2
and 3 supplied to the measuring device 130 are brought into within the calibratable range. The arithmetic and control
device 140 controls an operation of the constant volume and dilution device 129 in such a manner that the liquid 2 and
3 is diluted with dilution liquid such as pure water at the calculated rate. When the constant volume and dilution device
129 dilutes the liquid 2 and 3 at the calculated rate, the arithmetic and control device 140 controls an operation of the
constant volume and dilution device 129 in such a manner that a specified flow rate of the diluted liquid 2 and 3 is newly
fed into the measuring device 130. The measuring device 130 newly measures concentrations of the amines and the
like in the liquid 2 and 3. Based on information from the measuring device 130, the arithmetic and control device 140
calculates concentrations of the amines and the like in the combustion exhaust gas 1, and displays the result on the
monitor 143.
[0048] In this way, when the concentrations of the amines and the like in the combustion exhaust gas 1 are acquired,
based on information from the measuring device 130, the arithmetic and control device 140 controls the valves 102,
105, 106 and 108 to be open in such a manner that the liquid 2 and 3 in the collection container 116 are discharged to
the outside of the system. While the nitrogen gas 4 is fed into the collection container 116 via the nitrogen gas introduction
tube 133, the introduction tube 114 and then the feeding tube 115, all the liquid 2 and 3 in the collection container 116
are discharged to the outside of the system via the liquid feeding tube 127 and then the liquid exhaust tube 131.
[0049] In this way, when the liquid 2 and 3 are discharged to the outside of the system from the collection container
116 for a specified interval, based on information from the timer, in such a manner that the collection container 116 is
filled with the pure liquid 3, the arithmetic and control device 140 controls the valves 105, 106 and 108 to be closed (the
valve 102 maintains the open state), and controls the valves 107 and 110b to be open. The pure liquid 3 is supplied into
the collection container 116 via the pure liquid introduction tube 132 and then the feeding tube 115 for a specified time.
To the extent that the pure liquid 3 overflows from the leakage tube 136, the pure liquid 3 is supplied into the collection
container 116 while supplying the pure liquid 3 into the collection container 116 via the pure liquid introduction tube 132
and then the feeding tube 115 for a specified interval and expelling gas in the collection container 116 to the outside of
the system via the leakage tube 136.
[0050] In this way, when the pure liquid 3 is supplied into the collection container 116 for a specified interval (at a
specified flow rate), based on information from the timer, in such a manner that the pure liquid 3 in the collection container
116 is discharged to the outside of the system, the arithmetic and control device 140 controls the valves 107 and 110b
to be closed (the valve 102 maintains the open state), and controls the valves 105, 106 and 108 to be open. While the
nitrogen gas 4 is fed into the collection container 116 via the nitrogen gas introduction tube 133, the introduction tube
114 and then the feeding tube 115, all the pure liquid 3 in the collection container 116 is discharged to the outside of
the system via the liquid feeding tube 127 and then the liquid exhaust tube 131.
[0051] In this way, when the pure liquid 3 is discharged to the outside of the system from the collection container 116
for a specified interval, based on information from the timer, in such a manner that the filter 117 is cleaned, the arithmetic
and control device 140 controls the valve 108 to be closed (each of the valves 102, 105 and 106 maintains the open
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state), and controls the valves 107 to be open. The pure liquid 3 is fed to the filter 117 via the pure liquid introduction
tube 132 and then the feeding tube 115 for a specified interval to clean the filter 117, and the pure liquid 3 is discharged
to the outside of the system via the liquid feeding tube 127 and then the liquid exhaust tube 131.
[0052] In this way, when the cleaning is performed by using the pure liquid 3 for a specified interval, based on information
from the timer, the arithmetic and control device 140 controls the valves 102, 105, 106 and 107 to be closed, and the
system returns to the initial state.
[0053] Hereinafter, when the operations described above are repeated, it is possible to automatically and continuously
measure concentrations of the amines and the like in the combustion exhaust gas 1 that flows through the duct 10.
[0054] Accordingly, the mist-containing gas analysis device 100 according to the embodiment measures a gas flow
rate, a pressure, a temperature and water content of the combustion exhaust gas 1 in the duct 10 without causing
turbulence of a flow of the combustion exhaust gas 1, and calculates a flow velocity of the combustion exhaust gas 1 in
the duct 10 based on the measured results. The mist-containing gas analysis device 100 controls the suction blower
122 in such a manner that a suction velocity of the combustion exhaust gas 1 being suctioned by the suction blower
122 is within a predetermined ratio with respect to a flow velocity of the combustion exhaust gas 1. Accordingly, it is
possible to appropriately suck the combustion exhaust gas 1 in the duct 10 at a velocity equal to the flow velocity of the
combustion exhaust gas 1 without causing clogging which results from a change in properties of the combustion exhaust
gas 1. Therefore, even though the combustion exhaust gas 1 contains the amines and the like not only in a gaseous
phase but also in a mist phase, the mist-containing gas analysis device 100 can simply and accurately measure the
concentration of the measurement-target substance in the combustion exhaust gas 1.

[Other embodiments]

[0055] In the exhaust gas processing device equipped with the carbon dioxide recovery device that recovers carbon
dioxide in a combustion exhaust gas from a boiler or the like by bringing the combustion exhaust gas into contact with
amine-containing absorbing liquid and by absorbing the carbon dioxide in the combustion exhaust gas with the absorbing
liquid, the embodiment describes a case where concentrations of the amines and the like in the combustion exhaust
gas 1 are measured. However, the present invention is not limited to the embodiment. For example, in a case where a
device measures a concentration of a measurement-target substance in a target gas that contains a mist of the meas-
urement-target substance, for example, in a case where the device measures a concentration of a liquid component in
outlet gas (for example, a water saturation gas) of a gas-liquid contact device, the present invention is applicable similarly
to in the embodiment.

Industrial Applicability

[0056] Even though the target gas contains the measurement-target substance not only in a gaseous phase but also
in a mist phase, the mist-containing gas analysis device according to the present invention can simply and accurately
measure a concentration of the measurement-target substance in the target gas. Accordingly, the present invention is
very useful and is applicable to various industries.

Reference Signs List

[0057]

1: combustion exhaust gas
2: collection liquid
3: pure liquid
4: nitrogen gas
10: duct
100: mist-containing gas analysis device
101-109, 110a, 110b: valve
111: sampling tube
112: guide tube
113: electric heater
114: introduction tube
115: feeding tube
116: collection container
117: filter
118: delivery tube
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119: feeding pump
120: liquid storage tank
121: exhaust tube
122: suction blower
123: gas flow meter
124: cooler
125: gas-liquid separator
126: buffer tank
127: liquid feeding tube
128: feeding pump
129: constant volume and dilution device
130: measuring device
131: liquid exhaust tube
132: pure liquid introduction tube
133: nitrogen gas introduction tube
134: bypass tube
135, 136: leakage tube
140: arithmetic and control device
141: temperature sensor
142: flow rate detector
143: monitor
144: temperature sensor
145: pressure meter
146: flow rate measuring instrument
147: gas composition measuring instrument

Claims

1. A mist-containing gas analysis device that measures a concentration of a measurement-target substance in a target
gas which contains a mist of the measurement-target substance flowing through a duct, the device comprising:

pressure measuring means for measuring a pressure of the target gas that flows through the duct;
temperature measuring means for measuring a temperature of the target gas that flows through the duct;
flow rate measuring means for measuring a flow rate of the target gas that flows through the duct by using a
radio wave or an ultrasonic wave;
water content measuring means for measuring water content in the target gas that flows through the duct by
using infrared light;
a collection container that contains collection liquid which dissolves the measurement-target substance;
target gas sampling means for absorbing the target gas by using suction means and for sampling the target gas;
target gas feeding means for feeding the target gas sampled by the target gas sampling means into the collection
liquid in the collection container;
suction flow rate control means for controlling the suction means in such a manner that a suction velocity of the
target gas being suctioned by the suction means is within a predetermined ratio with respect to a target gas
flow velocity calculated based on the pressure of the target gas measured by the pressure measuring means,
the temperature of the target gas measured by the temperature measuring means, the flow rate of the target
gas measured by the flow rate measuring means, and the water content of the target gas measured by the
water content measuring means;
liquid aliquot taking means for taking an aliquot of the liquid in the collection container; and
measuring means for measuring the concentration of the measurement-target substance in the aliquot of the
liquid taken by the liquid aliquot taking means.

2. The mist-containing gas analysis device according to claim 1,
wherein the measurement-target substances are amines and ammonia.

3. The mist-containing gas analysis device according to claim 2,
wherein the target gas is a combustion exhaust gas from which carbon dioxide is absorbed and removed by the
amine-containing absorbing liquid.
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