
1 

ABATEMENT DEVICE 

[0001] The present invention relates to an abatement device, 

particularly to an abatement device that processes process gas 

containing silicon and cleaning gas containing fluorine. 

[0002] In semiconductor manufacturing devices, liquid crystal 

panel manufacturing devices, solar cell manufacturing devices, and 

the like, process gas containing silicon (Si) and cleaning gas 

containing fluorine (F) are used.  For example, in a semiconductor 

manufacturing process, process gas, e.g., monosilane (SiH4), is 

introduced into a process chamber upon performing, for example, 

a chemical vapor deposition (CVD) process in which an insulator, 

a metal film, or the like is deposited on a semiconductor wafer 

to form a film using a chemical vapor reaction. 

[0003] Upon removing a product adhering within the process 

chamber, cleaning gas, such as nitrogen trifluoride (NF3), in 

accordance with the type of product is regularly introduced into 

the process chamber, for cleaning within the process chamber 

through decomposition and discharge of an adhering product. 

[0004] The process gas and cleaning gas exhausted from the 

process chamber are introduced to an abatement device and rendered 

harmless through an abatement process performed in the abatement 

device.  As such an abatement device, one including an acid removal 

unit that reduces an acidity of circulating water for a gas scrubbing 

unit and a filter unit that captures a solid particle within the 
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circulating water is known (for example, see Japanese Patent No. 

5457193). 

[0005] 

[0006] The abatement device described above demands that a part 

of the circulating water be discharged and the circulating water 

be diluted with water, in order to maintain the acidity of the 

circulating water within a range in which hydrogen fluoride does 

not re-volatilize.  There has been a problem that considerable 

costs are required for a drainage process of the circulating water. 

[0007] The present invention has been made in view of such a 

conventional task, and an object is to provide an abatement device 

that reduces an amount of drainage of circulating water. 

[0008] The present invention has been proposed in order to 

achieve the object described above.  A first aspect of the invention 

provides an abatement device that processes exhaust gas containing 

silicon and exhaust gas containing fluorine, the abatement device 

including a drain tank for holding circulating water that dissolves 

silicon dioxide produced from the exhaust gas containing the 

silicon and hydrogen fluoride produced from the exhaust gas 

containing the fluorine, a circulation path communicating with the 

drain tank, a drain valve provided to the circulation path to drain 

a part of the circulating water outside, a makeup water supply means 

for supplying makeup water to the circulation path, and a control 

means for controlling the drain valve and the makeup water supply 

means to control an average drainage flow of the circulating water 
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within the circulation path, wherein the control means lowers the 

average drainage flow of the circulating water to a low flow, when 

a ratio of a concentration of the silicon dioxide within the 

circulating water and a concentration of the hydrogen fluoride 

within the circulating water is greater than or equal to a 

predetermined value at which hydrofluorosilicic acid can be 

produced, and raises the average drainage flow of the circulating 

water to a high flow higher than the low flow, when the ratio of 

the concentration of the silicon dioxide within the circulating 

water and the concentration of the hydrogen fluoride within the 

circulating water is less than the predetermined value.  The 

"average drainage flow" herein refers to an average drainage flow 

per unit time upon draining the circulating water outside. 

[0009] With this configuration, the average drainage flow of 

the circulating water can be reduced, since the average drainage 

flow of the circulating water is lowered to the low flow while 

inhibiting volatilization of hydrogen fluoride within the 

circulating water, when hydrofluorosilicic acid can be produced 

with silicon dioxide and hydrogen fluoride. 

[0010] A second aspect of the invention provides the abatement 

device with the configuration of the first aspect of the invention, 

wherein the control means determines the concentration of the 

silicon dioxide on the basis of an integrated amount of flow of 

the exhaust gas containing the silicon, the average drainage flow 

of the circulating water, and a flow of the makeup water. 

[0011] With this configuration, the average drainage flow of 
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the circulating water can be reduced, even when process gas does 

not flow into the abatement device, such as when a process chamber 

is to be cleaned within, since whether hydrofluorosilicic acid can 

be produced can be determined on the basis of the concentration 

of silicon dioxide remaining within the abatement device. 

[0012] A third aspect of the invention provides the abatement 

device with the configuration of the first or second aspect of the 

invention, wherein the control means determines the concentration 

of the hydrogen fluoride on the basis of an integrated amount of 

flow of the exhaust gas containing the fluorine, the average 

drainage flow of the circulating water, and a flow of the makeup 

water. 

[0013] With this configuration, the average drainage flow of 

the circulating water can be reduced, even when cleaning gas does 

not flow into the abatement device in a CVD process or the like, 

since whether hydrofluorosilicic acid can be produced can be 

determined on the basis of the concentration of hydrogen fluoride 

remaining within the abatement device. 

[0014] A fourth aspect of the invention provides the abatement 

device with the configuration of any one of the first to third 

aspects of the invention, further including an acidity measuring 

means for measuring an acidity of the circulating water. 

[0015] With this configuration, re-volatilization of hydrogen 

fluoride from the circulating water can be inhibited, since the 

circulating water is inhibited from becoming too strongly acidic 

in accordance with an amount of dissolution of hydrogen fluoride. 
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[0016] A fifth aspect of the invention provides the abatement 

device with the configuration in the fourth aspect of the invention, 

wherein the acidity is determined on the basis of a concentration 

of the hydrogen fluoride within the circulating water measured by 

a conductivity sensor. 

[0017] With this configuration, the abatement device can be made 

inexpensive, maintenance-friendly, and to continue to operate over 

a long period, since the acidity of the circulating water is 

determined on the basis of the concentration of hydrogen fluoride 

measured by the conductivity sensor. 

[0018] A sixth aspect of the invention provides the abatement 

device with the configuration of any one of the first to fifth 

aspects of the invention, further including a centrifugal separator 

that separates the silicon dioxide from the circulating water. 

[0019] With this configuration, clogging with silicon dioxide 

in equipment on a downstream side of the centrifugal separator can 

be inhibited, and silicon dioxide necessary for reduction of the 

average drainage flow of the circulating water can be kept within 

the drain tank. 

[0020] The present invention can reduce the average drainage 

flow, since volatilization of hydrogen fluoride within the 

circulating water is inhibited even with the average drainage flow 

of the circulating water lowered to the low flow, when 

hydrofluorosilicic acid can be produced with silicon dioxide and 

hydrogen fluoride. 
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[0021] FIG. 1 is a block diagram showing connections of a process 

chamber, a dry pump, and an abatement device; 

 FIG. 2 is a schematic diagram showing the abatement device 

according to one embodiment of the present invention; and 

 FIG. 3 is a perspective view showing a centrifugal separator. 

[0022] In order to achieve an object of providing an abatement 

device that reduces an amount of drainage of circulating water, 

the present invention has been realized with an abatement device 

that processes exhaust gas containing silicon and exhaust gas 

containing fluorine, including a drain tank for holding circulating 

water that dissolves silicon dioxide produced from the exhaust gas 

containing the silicon and hydrogen fluoride produced from the 

exhaust gas containing the fluorine, a circulation path 

communicating with the drain tank, a drain valve provided to the 

circulation path to drain a part of the circulating water outside, 

a makeup water supply means for supplying makeup water to the 

circulation path, and a control means for controlling the drain 

valve and the makeup water supply means to control an average 

drainage flow of the circulating water within the circulation path, 

wherein the control means lowers the average drainage flow of the 

circulating water to a low flow, when a ratio of a concentration 

of the silicon dioxide within the circulating water and a 

concentration of the hydrogen fluoride within the circulating water 

is greater than or equal to a predetermined value at which 

hydrofluorosilicic acid can be produced, and raises the average 



7 

drainage flow of the circulating water to a high flow higher than 

the low flow, when the ratio of the concentration of the silicon 

dioxide within the circulating water and the concentration of the 

hydrogen fluoride within the circulating water is less than the 

predetermined value. 

[Embodiments] 

[0023] An abatement device according to one embodiment of the 

present invention will be described below with reference to the 

drawings.  Hereinafter, words "upper" and "lower" correspond to 

above and below in an up-down direction. 

[0024] FIG. 1 is a diagram showing connections of a process 

chamber 10, a dry pump 20, and an abatement device 30. 

 The process chamber 10 is a part of a semiconductor 

manufacturing device, not shown.  By performing a CVD process of 

causing deposition of a thin film on a surface of a semiconductor 

wafer, not shown, arranged within the process chamber 10, a device 

is obtained.  In FIG. 1, one process chamber is connected to one 

abatement device.  However, a plurality of process chambers may be 

connected to one abatement device.

[0025] Within the process chamber 10, process gas G1 containing 

silicon is supplied.  The process gas G1 is supplied as a reactant 

for the CVD process within the process chamber 10.  The process gas 

G1 supplied to the process chamber 10 is partly consumed upon the 

CVD process, and the rest is sucked by the dry pump 20.

[0026] Within the process chamber 10, cleaning gas G2 containing 

fluorine is supplied.  By plasma etching performed in a state where 
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the process chamber 10 is filled inside with the cleaning gas G2, 

a residue of the CVD process is caused to volatilize.  The cleaning 

gas G2 supplied to the process chamber 10 is partly consumed upon 

a cleaning process, and the rest is sucked by the dry pump 20.

[0027] With a mass flow controller 11a, a flow of the process 

gas G1 is measured and sent to a control means 31.  With a mass flow 

controller 11b, a flow of the cleaning gas G2 is measured and sent 

to the control means 31.  Instead of providing the mass flow 

controllers 11a and 11b, the flows of the process gas G1 and cleaning 

gas G2 may be calculated on the basis of a processing condition 

of the semiconductor manufacturing device.

[0028] The process chamber 10 and the abatement device 30 are 

connected via the dry pump 20.  With the dry pump 20, the process 

gas G1 and cleaning gas G2 remaining within the process chamber 

10 are sucked and introduced to the abatement device 30. 

[0029] With the abatement device 30, the process gas G1 and 

cleaning gas G2 introduced from the dry pump 20 are converted to 

granular silicon dioxide (SiO2) and hydrogen fluoride (HF) gas G3, 

which are then separated from exhaust gas, incorporated into 

circulating water R2, and discharged into acid drainage water R1 

to be rendered harmless.  Specifically, a concentration of hydrogen 

fluoride contained within the exhaust gas is reduced to less than 

or equal to a predetermined value (e.g., 3 ppm).  The acid drainage 

water R1 with dissolved hydrogen fluoride gas is drained.  The form 

of silicon dioxide is not limited to being granular and may be, 

for example, in paste form.
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[0030] The control means 31 controls an average drainage flow 

of circulating water for the abatement device 30, on the basis of 

the flows of the process gas G1 and cleaning gas G2 sent from the 

mass flow controllers 11a and 11b, an average drainage flow of the 

hydrogen fluoride gas G3 and acid drainage water R1 sent from a 

flow meter 32a, and a flow of makeup water, described later. 

[0031] Next, a specific configuration of the abatement device 

30 will be described with reference to FIGS. 2 and 3.  FIG. 2 is 

a schematic diagram showing the abatement device.  FIG. 3 is a 

perspective view showing a centrifugal separator.

[0032] The abatement device 30 includes a heating means 33, a 

drain tank 34, and a packed tower 35.  The process gas G1 and cleaning 

gas G2 introduced to the abatement device 30 flow through the heating 

means 33, the drain tank 34, and the packed tower 35 in that order 

and are exhausted outside from an outlet port 30a. 

[0033] The heating means 33 heats the process gas G1 and the 

cleaning gas G2 to a high temperature.  A temperature within the 

heating means 33 is set to, for example, 600°C to 800°C.  In this 

embodiment, a gas burner is employed as the heating means 33.  The 

heating means 33 may be of any configuration, as long as the process 

gas G1 and the cleaning gas G2 can be heated.  A heater-type for 

heating with radiation heat of an electric heater, a plasma-type 

for heating with plasma, and the like are acceptable.

[0034] The drain tank 34 is arranged below the heating means 

33 and holds a predetermined amount of the circulating water R2.  

It is preferable that the drain tank 34 be made of 
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corrosion-resistant plastic, such as polypropylene, and a 

temperature of the circulating water R2 be maintained at less than 

or equal to 60 degrees. 

[0035] The packed tower 35 is provided above the drain tank 34.  

The packed tower 35 is filled inside with fine particles made of 

plastic, not shown, and water from a spray nozzle 35a arranged in 

an upper part of the packed tower 35 is sprayed toward the fine 

particles.  Accordingly, water-soluble hydrogen fluoride gas 

dissolves in water on a surface of a fine particle and drips together 

with water to the drain tank 34.

[0036] The drain tank 34 communicates with a circulation path 

r, so that the circulating water R2 within the drain tank 34 

circulates within the circulation path r.  An upstream end of the 

circulation path r is connected to the drain tank 34.  At a 

centrifugal separator 36, the circulation path r divides to connect 

to a heat exchanger 37 on one hand and connect to the drain tank 

34 on the other.  By opening a first valve v1, the circulating water 

R2 is drained outside as the acid drainage water R1.  By opening 

a second valve v2, the circulating water R2 is caused to flow back 

to the drain tank 34.  Reference sign P denotes a booster pump.

[0037] In the circulation path r, the centrifugal separator 36 

is provided to separate out granular silicon dioxide within the 

circulating water R2.  Through centrifugal separation, as shown by 

an arrow in FIG. 3, of the circulating water R2 that has flown in 

from a flow inlet port 36a, the centrifugal separator 36 discharges 

granular silicon dioxide from a lower outlet port 36b and drains 
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the circulating water R2 not containing silicon dioxide from an 

upper outlet port 36c. 

[0038] The heat exchanger 37 cools the circulating water R2 to 

maintain a water temperature of the circulating water R2 to less 

than or equal to a predetermined value (e.g., 60 degrees).  The 

circulating water R2 cooled by the heat exchanger 37 is caused to 

flow back to the drain tank 34. 

[0039] The circulation path r is provided with a conductivity 

sensor 38 as an acidity measuring means.  An increase in an acidity 

within the circulating water R2 causes a conductivity of the 

circulating water R2 to rise.  A decrease in the acidity causes the 

conductivity to lower.  Accordingly, the acidity of the circulating 

water R2 is determined.  The acidity determined by the conductivity 

sensor 38 is sent to the control means 31.  While the inexpensive 

and maintenance-friendly conductivity sensor 38 has been employed, 

the acidity measuring means may be a pH meter or the like that can 

measure an acidity more accurately.

[0040] A makeup water supply means 39 supplies makeup water 

(pure water) to the packed tower 35.  A water level detecting means, 

not shown, installed within the drain tank 34 sends a water level 

of the circulating water R2 within the drain tank 34 to the control 

means 31.  When the water level of the circulating water R2 is below 

a predetermined value, the control means 31 causes the makeup water 

supply means 39 to supply makeup water.  Further, by the control 

means 31 opening a third valve v3 and closing a fourth valve v4, 

makeup water is supplied into the packed tower 35.  An amount of 
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supply of makeup water is controlled such that a concentration of 

the hydrogen fluoride gas G3 is less than or equal to a predetermined 

value.  Reference sign 39a denotes a flow meter that measures a flow 

of makeup water.

[0041] The control means 31 opens or closes the first valve v1, 

the second valve v2, the third valve v3, and the fourth valve v4, 

on the basis of flows of the process gas G1, the cleaning gas G2, 

the hydrogen fluoride gas G3, and the acid drainage water R1 and 

the acidity of the circulating water R2.  Specifically, upon a rise 

in the acidity of the circulating water R2 to greater than or equal 

to a threshold value, the first valve v1 and the third valve v3 

are opened to lower the acidity by discharging the acid drainage 

water R1 and diluting the circulating water R2 with water.  When 

the acidity of the circulating water R2 is less than the threshold 

value, the second valve v2 and the fourth valve v4 are opened to 

circulate the circulating water R2 within the circulation path r.  

By controlling an opened or closed time of the drain valve v1, an 

average drainage flow of the circulating water R2 can be adjusted.

[0042] Next, a process with the process gas G1 using the 

abatement device 30 will be described.  An example is described 

below in which the process gas G1 is monosilane (SiH4) and the 

cleaning gas G2 is nitrogen trifluoride (NF3).  However, the process 

gas G1 is not limited to monosilane, and the cleaning gas G2 is 

not limited to nitrogen trifluoride. 

[0043] Heating, with the heating means 33, of monosilane 

introduced to the abatement device 30 from the process chamber 10 
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produces granular silicon dioxide (SiO2), on the basis of a chemical 

equation of equation 1. 

[Equation 1] 

[0044] Much of silicon dioxide that has flown into the drain 

tank 34 exists within the circulation path r as dust with fine 

particle diameters mixed within the circulating water R2.  A part 

of silicon dioxide passes through the packed tower 35 and is 

exhausted outside from the outlet port 30a.  Proportions of silicon 

dioxide existing within the drain tank 34 and silicon dioxide 

exhausted outside vary depending on a type or the like of the 

abatement device 30, but are, for example, 60% for the former and 

40% for the latter.

[0045] Next, a process with the cleaning gas G2 using the 

abatement device 30 will be described. 

[0046] Heating, with the heating means 33, of nitrogen 

trifluoride introduced to the abatement device 30 from the process 

chamber 10 produces gaseous hydrogen fluoride (HF), on the basis 

of a chemical equation of equation 2. 

[Equation 2] 

[0047] Because hydrogen fluoride that has flown into the packed 

tower 35 via within the drain tank 34 dissolves in water upon passing 

within the packed tower 35 and drips to the drain tank 34, a 

��������	
��


��������	

�




14 

concentration of hydrogen fluoride exhausted outside from the 

outlet port 30a is small (e.g., less than or equal to 3 ppm). 

[0048] Dissolution of hydrogen fluoride in the circulating 

water R2 and an increase in the acidity of the circulating water 

R2 pose a problem of corrosion resistance of the abatement device 

30.  For example, when stainless steel (grade SUS 316) is used as 

a constituent material that makes direct contact with the 

circulating water R2, the concentration of hydrogen fluoride is 

preferably managed to less than or equal to 0.5% in order to inhibit 

corrosion of the constituent material in a short period of time.  

Taking too much margin for an allowed concentration of hydrogen 

fluoride for the abatement device 30 increases an average drainage 

flow, consequently increasing a running cost of the abatement 

device 30.  Thus, the conductivity sensor 38 measures the 

conductivity of the circulating water R2, and, if the acidity is 

greater than or equal to the threshold value, the first valve v1 

and the third valve v3 are opened to raise the flow of the acid 

drainage water R1 and increase the amount of supply of makeup water, 

so that the acidity of the circulating water R2 is lowered.  The 

threshold value of the acidity can be set at will.  For example, 

a setting of 0.5% is conceivable.

[0049] When, for example, the threshold value is set to 0.5% 

and only hydrogen fluoride exists within the circulating water R2, 

i.e., when silicon dioxide does not exist within the circulating 

water R2, there is a risk of hydrogen fluoride within the circulating 

water R2 re-volatilizing to increase a concentration of hydrogen 
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fluoride in hydrogen fluoride gas to be exhausted. 

[0050] However, in an abatement process with the CVD process, 

granular silicon dioxide that has existed within the circulating 

water R2 circulating within the drain tank 34 and the circulation 

path r and hydrogen fluoride dissolved in the circulating water 

R2 exist in the abatement device 30 to which monosilane and nitrogen 

trifluoride has been introduced.  Silicon dioxide and hydrogen 

fluoride produce hydrofluorosilicic acid on the basis of a chemical 

equation of equation 3. 

[Equation 3] 

[0051] When dissolved in the circulating water R2, 

hydrofluorosilicic acid produced on the basis of the chemical 

equation of equation 3 shows acidity, i.e., raises the conductivity 

of the circulating water R2, in a similar manner to hydrogen fluoride, 

but without the risk of re-volatilizing as with hydrogen fluoride.  

Thus, reliability of the abatement device 30 is ensured through 

management of the acidity of the circulating water R2 to less than 

or equal to the threshold value using the conductivity sensor 38 

described above.  A flow of acid drainage water can be reduced, 

since rising of the acidity due to hydrogen fluoride described above 

is inhibited by a decrease in hydrogen fluoride and production of 

hydrofluorosilicic acid.  As shown in equation 3, a mole ratio of 

silicon dioxide and hydrogen fluoride necessary for production of 

hydrofluorosilicic acid is 1:6.  Thus, when a mole ratio of silicon 
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dioxide over hydrogen fluoride within the circulating water R2 is 

greater than 1/6, i.e., about 0.17, hydrogen fluoride and silicon 

dioxide react to cause a reaction that produces hydrofluorosilicic 

acid.

[0052] The control means 31 calculates a concentration of 

silicon dioxide within the circulating water R2 on the basis of 

the flow of the process gas G1 and the average drainage flow of 

the circulating water R2.  A part of silicon dioxide remains within 

the abatement device 30, and the rest is exhausted outside.  A part 

of silicon dioxide that remains within the abatement device 30 is 

held within the circulating water R2, and the rest is held within 

the abatement device 30.  Thus, the concentration of silicon 

dioxide within the circulating water R2 is calculated by 

multiplying a mole number of silicon dioxide, i.e., a mole number 

of monosilane within the process gas G1, by a proportion of silicon 

dioxide held within the abatement device 30 and a proportion held 

within the circulating water R2.  For example, consider a value of 

60% for the former and a value of 75% for the latter.  In this case, 

the mole number of silicon dioxide within the circulating water 

R2 is, from multiplying 0.6 and 0.75, 0.45 times the mole number 

of monosilane.

[0053] The concentration of silicon dioxide within the 

circulating water R2 is calculated on the basis of an integrated 

amount of flow of the process gas G1, the flow of makeup water, 

and the average drainage flow of the circulating water R2.  

Accordingly, even when only the cleaning gas G2 is introduced upon 
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the process chamber 10 being cleaned or the like, the flow of the 

acid drainage water R1 can be inhibited, when hydrofluorosilicic 

acid can be produced on the basis of a remaining amount of silicon 

dioxide within the abatement device 30. 

[0054] The control means 31 calculates a concentration of 

hydrogen fluoride within the circulating water R2 on the basis of 

the flow of the cleaning gas G2, the flow of makeup water, and the 

average drainage flow of the circulating water R2.  Hydrogen 

fluoride almost entirely dissolves in the circulating water R2.  

Thus, a mole number of hydrogen fluoride is three times a mole number 

of nitrogen trifluoride.

[0055] The concentration of hydrogen fluoride is calculated on 

the basis of an integrated amount of flow of the cleaning gas G2.  

Accordingly, even when only the process gas G1 is introduced from 

the process chamber 10 to the abatement device 30, the flow of the 

acid drainage water R1 can be inhibited, when hydrofluorosilicic 

acid can be produced on the basis of a remaining amount of hydrogen 

fluoride within the abatement device 30. 

[0056] In this manner, the concentration of silicon dioxide and 

the concentration of hydrogen fluoride within the circulating water 

R2 are calculated.  When a ratio of the concentration of silicon 

dioxide and the concentration of hydrogen fluoride is greater than 

or equal to a predetermined value, i.e., greater than or equal to 

about 0.17, the average drainage flow of the circulating water R2 

is lowered to a low flow (e.g., 10 L/min), since hydrofluorosilicic 

acid is produced.  When the ratio of the concentration of silicon 
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dioxide and the concentration of hydrogen fluoride is less than 

the predetermined value, i.e., less than about 0.17, the average 

drainage flow of the circulating water R2 is raised to a high flow 

(e.g., 20 L/min) in order to inhibit re-volatilization of hydrogen 

fluoride.  When the concentration of silicon dioxide and the 

concentration of hydrogen fluoride within the circulating water 

R2 are sufficiently low, the average drainage flow of the 

circulating water R2 can be made zero.

[0057] The flow of the circulating water R2 circulating within 

the drain tank 34 and the circulation path r will be described with 

an example of when a flow per unit time of the process gas G1 is 

set to 20 SLM and a flow per unit time of the cleaning gas G2 is 

set to 50 SLM. 

[0058] In normal circulation mode (when the concentration of 

silicon dioxide and the concentration of hydrogen fluoride within 

the circulating water R2 are sufficiently low), the average 

drainage flow of the circulating water R2 and the flow of makeup 

water are each zero, and the flow of the circulating water R2 

circulating within the drain tank 34 and the circulation path r 

are set to 80 L/min as a flow necessary for an abatement process 

in the abatement device 30.  Specifically, in the normal 

circulation mode, a returning flow of the circulating water R2 

circulating via the heat exchanger 37 is set to 70 L/min.  The second 

valve v2 is opened, and a returning flow to the drain tank 34 is 

set to 10 L/min. 

[0059] In low flow mode (when the acidity of the circulating 
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water R2 is less than or equal to the threshold value and a condition 

to produce hydrofluorosilicic acid is satisfied), the drain valve 

v1 is opened to drain the circulating water R2 as the acid drainage 

water R1.  A drainage flow upon opening the drain valve v1 is set 

to 30 L/min, and the average drainage flow of the circulating water 

R2 is controlled to 10 L/min through control of opening and closing 

the drain valve v1.  Thus, the flow of the circulating water R2 

within the drain tank 34 and the circulation path r is set to 80 

L/min to 100 L/min.  Specifically, a minimum flow of the circulating 

water R2 for when the drain valve v1 is closed is set to 80 L/min, 

which is a sum of the returning flow (70 L/min) of the circulating 

water R2 circulating via the heat exchanger 37 and the returning 

flow (10 L/min) to the drain tank 34.  A maximum flow of the 

circulating water R2 for when the drain valve v1 is opened is set 

to 100 L/min, which is a sum of the returning flow (70 L/min) of 

the circulating water R2 circulating via the heat exchanger 37 and 

the drainage flow (30 L/min) for drainage outside via the drain 

valve v1.  The flow of makeup water upon opening the third valve 

v3 is set to 20 L/min, and an average flow of makeup water is 

controlled to 10 L/min through control of opening and closing the 

third valve v3.

[0060] In high flow mode (when the acidity of the circulating 

water R2 is greater than or equal to the threshold value and the 

condition to produce hydrofluorosilicic acid is not satisfied), 

the drain valve v1 is opened to drain the circulating water R2 as 

the acid drainage water R1.  The average drainage flow of the 
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circulating water R2 is controlled to 20 L/min through control of 

opening and closing the drain valve v1.  Thus, the flow of the 

circulating water R2 within the drain tank 34 and the circulation 

path r is set to 80 L/min to 100 L/min, in a similar manner to the 

low flow mode.  In the high flow mode, the third valve v3 is always 

opened, and the flow of makeup water is constant at 20 L/min.

[0061] In this manner, when hydrofluorosilicic acid can be 

produced with silicon dioxide and hydrogen fluoride, the abatement 

device according to the present invention can reduce the flow of 

acid drainage water, since volatilization of hydrogen fluoride 

within the circulating water R2 is inhibited even with the average 

drainage flow of the circulating water R2 lowered to the low flow.  

Further, clogging with granular silicon dioxide in equipment on 

a downstream side of the centrifugal separator 36 provided within 

the circulation path r can be inhibited. 

[0062] Further, the present invention allows for various 

changes other than a modification described above, without 

departing from the spirit of the present invention.  It is needless 

to say that such changes are covered in the present invention. 

[0063] The present invention can be applied also a liquid 

crystal panel manufacturing device, a solar cell manufacturing 

device, or the like, other than a semiconductor manufacturing 

device. 

[0064] 

10 Process chamber 
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20 Dry pump 

30 Abatement device 

31 Control means 

32a Flow meter 

33 Heating means 

34 Drain tank 

35 Packed tower 

36 Centrifugal separator 

37 Heat exchanger 

38 Conductivity sensor (acidity measuring means) 

39 Makeup water supply means 

G1 Process gas 

G2 Cleaning gas 

G3 Hydrogen fluoride gas 

R1 Acid drainage water 

R2 Circulating water 

r Circulation path 

v1 First valve (drain valve) 

v2 Second valve 

v3 Third valve 

v4 Fourth valve 
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CLAIMS 

1. An abatement device that processes exhaust gas containing 

silicon and exhaust gas containing fluorine, the abatement device 

comprising: 

 a drain tank for holding circulating water that dissolves 

silicon dioxide produced from the exhaust gas containing the 

silicon and hydrogen fluoride produced from the exhaust gas 

containing the fluorine; 

 a circulation path communicating with the drain tank; 

 a drain valve provided to the circulation path to drain a part 

of the circulating water outside; 

 a makeup water supply means for supplying makeup water to the 

circulation path; and 

 a control means for controlling the drain valve and the makeup 

water supply means to control an average drainage flow of the 

circulating water within the circulation path, wherein 

 the control means lowers the average drainage flow of the 

circulating water to a low flow, when a ratio of a concentration 

of the silicon dioxide within the circulating water and a 

concentration of the hydrogen fluoride within the circulating water 

is greater than or equal to a predetermined value at which 

hydrofluorosilicic acid can be produced, and raises the average 

drainage flow of the circulating water to a high flow higher than 

the low flow, when the ratio of the concentration of the silicon 

dioxide within the circulating water and the concentration of the 

hydrogen fluoride within the circulating water is less than the 
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predetermined value. 

2. The abatement device according to claim 1, wherein the control 

means determines the concentration of the silicon dioxide on the 

basis of an integrated amount of flow of the exhaust gas containing 

the silicon, the average drainage flow of the circulating water, 

and a flow of the makeup water. 

3. The abatement device according to claim 1 or 2, wherein the 

control means determines the concentration of the hydrogen fluoride 

on the basis of an integrated amount of flow of the exhaust gas 

containing the fluorine, the average drainage flow of the 

circulating water, and a flow of the makeup water. 

4. The abatement device according to any one of claims 1 to 3, 

further comprising an acidity measuring means for measuring an 

acidity of the circulating water. 

5. The abatement device according to claim 4, wherein the acidity 

is determined on the basis of a concentration of the hydrogen 

fluoride within the circulating water measured by a conductivity 

sensor. 

6. The abatement device according to any one of claims 1 to 5, 

further comprising a centrifugal separator that separates the 

silicon dioxide from the circulating water.


