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DESCRIPTION 

 

TITLE OF INVENTION: 

ABATEMENT DEVICE, DEPOSITED MATERIAL REMOVING MEANS, AND 

DEPOSITED MATERIAL REMOVING METHOD 5 

 

TECHNICAL FIELD 

[0001] The present invention relates to an abatement device, a deposited material removing 

means for removing deposited material that has been deposited in the abatement device, and a 

deposited material removing method for removing deposited material that has been deposited 10 

in the abatement device. 

 

BACKGROUND ART 

[0002] Because exhaust gases discharged from semiconductor manufacturing equipment 

contain harmful components, the exhaust gases have to be abated by an abatement device. 15 

When exhaust gases are oxidized, oxides are deposited in the abatement device. Therefore, 

this deposited material has to be periodically removed. 

[0003] Patent Document 1 describes a configuration for an abatement device that is 

equipped with a nozzle for treated gas which has a gas introducing outlet on the top surface of 

a combustion chamber for introducing gas to be treated into the combustion chamber, a 20 

cleaning head that moves up and down in the nozzle for treated gas to discharge and remove 

deposited material adhering to the nozzle for treated gas from the gas introducing outlet into 

the combustion chamber, a scraper provided inside the combustion chamber that can rotate 

horizontally relative to the ceiling to remove deposited material adhering to the ceiling of the 

combustion chamber, and a drive device that drives the cleaning head and the scraper so that 25 

the cleaning head and scraper do not interfere with each other. This configuration can easily 

scrape off and remove in a short period of time deposited material that has been deposited on 

the inside walls of the passage for treated gas and the combustion chamber. 

CITATION LIST 

PATENT LITERATURE 30 

[0004] 

 [Patent Document 1] JP 6777472 B2 
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SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

[0005] Because Patent Document 1 uses a scraper to scrape off deposited materials, 

deposited material adhering to places that cannot be physically reached by the scraper is not 

removed. Therefore, there is room to improve Patent Document 1 in terms of more efficient 5 

removal of deposited material. 

[0006] In view of these circumstances, it is an object of the present invention to efficiently 

remove deposited material adhering to the interior of an abatement device. 

SOLUTION TO PROBLEM 

[0007] In order to achieve this object, one aspect of the present invention is an abatement 10 

device equipped with a deposited material removing means for removing deposited material 

produced during abatement of exhaust gas, in which the deposited material removing means 

includes a storage unit that stores a liquid, a gas supply unit that supplies pressurized gas to 

the storage unit, and a valve that sprays a mixed fluid of the liquid stored in the storage unit 

and the gas supplied by the gas supply unit. 15 

[0008] This configuration preferably includes a pressure sensor that detects the pressure at 

the inlet for the exhaust gas, and a control unit that controls the opening and closing operation 

of the valve, in which the control unit opens the valve when the pressure at the inlet exceeds a 

threshold value. 

[0009] In this configuration, the control unit preferably keeps the valve open for a 20 

predetermined period of time after the valve has been opened. 

[0010] In this configuration, the predetermined period of time is preferably a period of time 

exceeding the time at which all of the liquid stored in the storage unit has been sprayed. 

[0011] In this configuration, the control unit preferably keeps the valve closed while the 

abatement device is abating the exhaust gas. 25 

[0012] In order to achieve the object of the present invention, another aspect of the present 

invention is a deposited material removing means, applied to an abatement device for abating 

exhaust gas, for removing deposited material produced during abatement of exhaust gas, in 

which the deposited material removing means includes a storage unit that stores a liquid, a gas 

supply unit that supplies pressurized gas to the storage unit, and a valve that sprays a mixed 30 

fluid of the liquid stored in the storage unit and the gas supplied by the gas supply unit. 

[0013] In order to achieve the object of the present invention, another aspect of the present 

invention is a deposited material removing method for removing deposited material produced 
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by an abatement device for abating exhaust gas, the method including a first step of storing a 

liquid, a second step of supplying pressurized gas to the liquid stored in the first step, and a 

third step of spraying the mixed fluid of the liquid and the gas produced in the second step on 

the deposited material to remove the deposited material. 

ADVANTAGEOUS EFFECTS OF INVENTION 5 

[0014] The present invention is able to efficiently remove deposited material adhering to 

the interior of an abatement device. Other issues, configurations, and effects will be clarified 

in the description of the embodiments that follow. 

 

BRIEF DESCRIPTION OF DRAWINGS 10 

[0015] 

[Fig. 1] Fig. 1 is a diagram showing the overall configuration of an exhaust gas treating 

system using the present invention. 

[Fig. 2] Fig. 2 is a diagram showing the configuration of the abatement device in an 

embodiment of the present invention in greater detail. 15 

[Fig. 3] Fig. 3 is a diagram showing the configuration of the deposited material removing 

means in Fig. 2. 

[Fig. 4] Fig. 4 (a) to (d) are diagrams showing the order in which the deposited material 

removing means performs operations. 

 20 

DESCRIPTION OF EMBODIMENTS 

[0016] The following is a description of embodiments of the present invention with 

reference to the drawings. 

[0017] Fig. 1 is a diagram showing the overall configuration of an exhaust gas treating 

system using the present invention. The exhaust gas treating system in Fig. 1 is used to 25 

detoxify exhaust gases (process gas, cleaning gas) discharged from a processing chamber 1 in 

manufacturing equipment such as semiconductor manufacturing equipment, flat panel display 

manufacturing equipment, or solar panel manufacturing equipment. 

[0018] Chemical vapor deposition (CVD) to form film using a chemical vapor phase 

reaction and etching (referred to below collectively as the processing operations) are 30 

performed inside the processing chamber 1, and various types of gases are used in the 

processing chamber 1. These gases include silane (SiH4), NH3 and H2, which are gases used 

to form film on semiconductor devices, liquid crystal panels and solar cells, gaseous fluorides 
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such as NF3, CF4, C2F6, SF6, CHF3, CF6, which are used as cleaning gases when, for 

example, cleaning the interior of a processing chamber in a plasma CVD device with plasma, 

and inert gases such as nitrogen gas (N2). 

[0019] A vacuum pump such as a turbo molecular pump (TMP) 2 is connected to the 

processing chamber 1 and a dry pump (DRP) 3 is connected in series to the turbo molecular 5 

pump 2 downstream from turbo molecular pump 2 to evacuate and remove these harmful 

exhaust gases. When removing the exhaust gas from the processing chamber 1, the dry pump 

3 is used at the start of operations to evacuate the chamber to some extent, and then the turbo 

molecular pump 2 is used evacuate the chamber to the required low pressure. A rotary pump 

may be used instead of the dry pump 3, and the dry pump 3 can be omitted depending on the 10 

specifications for the exhaust gas treating system. 

[0020] The harmful exhaust gases discharged from the processing chamber 1 via the turbo 

molecular pump 2 and the dry pump 3 are incinerated and broken down by the abatement 

device 4 and electrostatically collected by an electrostatic precipitator 5 before reaching a 

central scrubber 6. At this time, the exhaust gases are guided through the abatement device 4 15 

and the electrostatic precipitator 5 while being slightly depressurized by the central scrubber 

6. The abatement device 4 and the electrostatic precipitator 5 are sometimes configured as a 

single device. 

[0021] The abatement device 4 among the devices constituting this exhaust gas treating 

system will now be described. Because the configurations of the other devices are known in 20 

the art, a detailed explanation of them has been omitted. Fig. 2 is a diagram showing the 

configuration of the abatement device 4 in an embodiment of the present invention in greater 

detail. The abatement device 4 in Fig. 2 is a combustion-type abatement device that detoxifies 

exhaust gases containing harmful components by combustion and pyrolysis. 

[0022] The abatement device 4 has a main unit 12 equipped with a combustion chamber 11 25 

for receiving exhaust gases, an inlet nozzle 16 from a gas passage for introducing exhaust 

gases into the combustion chamber 11, a main burner 13 that forms a flame on one side of the 

combustion chamber 11, a sub-burner 15 that forms a flame near the outlet from the inlet 

nozzle 16, a pilot burner 14 that forms the pilot flame needed to ignite the main burner 13 and 

the sub-burner 15, a deposited material removing means 40 (see Fig. 3) for removing 30 

deposited material 17 such as silica (SiO2) deposited near the outlet from the inlet nozzle 16, 

a pressure sensor 19 provided in the inlet nozzle 16 that detects the pressure of the introduced 

exhaust gases, and a controller 50 that controls the abatement device 4. 
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[0023] The main unit 12 has a first cylindrical wall 21 with a substantially cylindrical 

shape and a second cylindrical wall 22 with a substantially cylindrical shape installed to the 

outside the first cylindrical wall 21. The upper surfaces of the first cylindrical wall 21 and the 

second cylindrical wall 22 are closed by the inlet head 23, and the lower surfaces are closed 

by a bottom wall (not shown). The interior space of the first cylindrical wall 21 is the 5 

combustion chamber 11, and the annular space between the first cylindrical wall 21 and the 

second cylindrical wall 22 is the burner gas chamber 24 receiving combustible fuel 25 and air 

26. The first cylindrical wall 21 and the second cylindrical wall 22 do not have to be 

cylindrical. 

[0024] The main burner 13 is provided in the burner gas chamber 24. The main burner 13 10 

discharges a mixed fluid 27 of combustible fuel 25 and air 26 toward the combustion chamber 

11 via a plurality of holes 21a provided in the first cylindrical wall 21. Therefore, the second 

cylindrical wall 22 is provided with a first flammable gas supply nozzle 28 which supplies 

combustible fuel 25 to the burner gas chamber 24, and a second flammable gas supply nozzle 

29 that supplies air 26 to the burner gas chamber 24. 15 

[0025] The sub-burner 15 is provided on the inlet head 23. More specifically, the sub-

burner 15 is provided near the outlet from the inlet nozzle 16. A third flammable gas supply 

nozzle 30 is provided in the middle of the inlet nozzle 16, and combustible fuel 25 and 

oxygen (or air 26) are supplied from the third flammable gas supply nozzle 30 to the inlet 

nozzle 16. The sub-burner 15 discharges a mixed fluid of combustible fuel 25 and oxygen (or 20 

air 26) toward the combustion chamber 11 to burn the exhaust gases. In the present 

embodiment, the sub-burner 15 burns at a higher temperature than the main burner 13 in order 

to effectively detoxify certain gases (for example, CF4). 

[0026] The inlet nozzle 16 is provided with an auxiliary nozzle 31 through which a mixed 

fluid of water and nitrogen gas sprayed from the deposited material removing means 40 25 

(described below) flows. The auxiliary nozzle 31 is attached to the inlet nozzle 16 at an angle 

so that the mixed fluid sprayed from the auxiliary nozzle 31 strikes near the center of the 

deposited material 17. 

[0027] The pilot burner 14 is provided on the inlet head 23. The pilot burner 14 discharges 

a mixed fluid of combustible fuel 25 and air 26 (or oxygen) from the upper surface of the 30 

combustion chamber 11 toward the interior of the combustion chamber 11 to produce a pilot 

flame. 

[0028] Film-like deposited material 17 is deposited in the abatement device 4 near the 
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outlet from the inlet nozzle 16 while abatement treatment is being performed. In order to 

remove this deposited material 17, the abatement device 4 is provided with a deposited 

material removing means 40. 

[0029] Fig. 3 is a diagram showing the configuration of the deposited material removing 

means 40 in Fig. 2. As shown in Fig. 3, the deposited material removing means 40 is equipped 5 

with nitrogen gas piping P1 through which nitrogen gas flows serving as a gas supply unit, 

water piping P2 through which water flows, storage piping P3 serving a as a storage unit for 

storing a mixed fluid of water and nitrogen gas, vent piping P4, injection piping P5 for 

spraying the mixed fluid toward the auxiliary nozzle 31 in the abatement device 4, check 

valves 43, 44, 45, and three-way valves 41, 42. Opening and closing of the three-way valves 10 

41, 42 is controlled by the controller 50 (see Fig. 2). 

[0030] Nitrogen gas is supplied to the nitrogen gas piping P1 at a pressure of, for example, 

0.6 MPa, and is stored in the storage piping P3. Water is supplied to the water piping P2 at a 

pressure of, for example, 0.3 MPa, and is stored in the storage piping P3. The mixed fluid of 

water and nitrogen gas stored in the storage piping P3 flows through the injection piping P5 15 

and is sprayed into the combustion chamber 11 via the auxiliary nozzle 31. The air in the 

storage piping P3 is vented into the atmosphere via the vent piping P4. 

[0031] Here, the nitrogen gas and water do not have to be adjusted to the pressure 

mentioned above in order to be supplied to the deposited material removing means 40. 

Nitrogen gas and water can be provided from permanent supply sources in the plant where the 20 

abatement device 4 is installed. In other words, the nitrogen gas and water do not have to be 

specially pressurized or depressurized for the abatement device 4. 

[0032] The volume of water to be stored in the present embodiment can be as low as 

several cubic centimeters. In this way, the storage piping P3 can serve as a storage unit. 

[0033] While not shown in the drawings, the controller 50 is composed of hardware 25 

including a CPU that performs various operations, storage devices such as a ROM and an 

HDD that store programs used by the CPU to perform computations, a RAM that is the work 

area used by the CPU to execute programs, and a communication interface that is an interface 

for exchanging data with other devices, as well as software stored in the storage devices and 

executed by the CPU. The various functions of the controller 50 are realized by the CPU 30 

which loads the various programs stored in the storage devices into RAM and executes them. 

[0034] The following is an explanation of the operations performed by the deposited 

material removing means 40, that is, the method performed by the deposited material 
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removing means 40 to remove deposited material 17. Fig. 4 (a) to (d) are diagrams showing 

the order in which the deposited material removing means 40 performs operations. In these 

diagrams, a black port for the three-way valves 41, 42 indicates the valve is closed, and a 

white port indicates the valve is open. 

[0035] When processing is not being performed and the pressure detected by the pressure 5 

sensor 19 exceeds a predetermined threshold value, the controller 50 determines that the start 

conditions for the deposited material removing means 40 have been met, and starts operation 

of the deposited material removing means 40. Here, the controller 50 determines whether or 

not processing is being performed based on processing signals received from the processing 

chamber 1. 10 

[0036] When processing is being performed or the pressure detected by the pressure sensor 

19 is equal to or less than the threshold value, the controller 50 stops operation of the 

deposited material removing means 40. In other words, the controller 50 does not spray the 

mixed fluid from the deposited material removing means 40 while the abatement device 4 is 

abating exhaust gases. The threshold value is set in advance to a value believed to indicate 15 

that the pressure inside the inlet nozzle 16 has increased and that deposited material 17 is 

being formed. 

[0037] When the start conditions mentioned above have been met, the controller 50 first 

activates three-way valve 41 and three-way valve 42 as shown in Fig. 4 (a). This closes off 

communication between the nitrogen gas piping P1 and the storage piping P3, closes off 20 

communication between the storage piping P3 and the injection piping P5, and opens 

communication between water piping P2, the storage piping P3, and the vent piping P4. As a 

result, water flows in order through the water piping P2, storage piping P3, and vent piping 

P4, and the air inside the storage piping P3 is released into the atmosphere. 

[0038] Next, the controller 50 activates three-way valve 41 and three-way valve 42 as 25 

shown in Fig. 4 (b). This opens communication between the nitrogen gas piping P1 and the 

storage piping P3, opens communication between the water piping P2 and the storage piping 

P3, closes off communication between the storage piping P3 and the vent piping P4, and 

closes off communication between the storage piping P3 and the injection piping P5. As a 

result, the mixed fluid of pressurized nitrogen gas and water is stored in the storage piping P3 30 

(first step, second step). 

[0039] Next, the controller 50 activates three-way valve 41 and three-way valve 42 as 

shown in Fig. 4 (c). This closes off communication between the nitrogen gas piping P1 and 
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the storage piping P3, closes off communication between the water piping P2 and the storage 

piping P3, closes off communication between the storage piping P3 and the vent piping P4, 

and opens communication between the storage piping P3 and the injection piping P5. As a 

result, the mixed fluid of nitrogen gas and water stored in the storage piping P3 flows through 

the injection piping P5. The mixed fluid of nitrogen gas and water flowing through the 5 

injection piping P5 is sprayed via the auxiliary nozzle 31 toward the deposited material 17 

built up near the outlet from the inlet nozzle 16 (third step). 

[0040] At this time, the deposited material 17 undergoes a sharp temperature change due to 

the water sprayed in the form of water droplets, and cracks develop due to the state change on 

the surface. The deposited material 17 is then broken up and removed by the impact of the 10 

pressurized nitrogen gas. In the present embodiment, the controller 50 maintains the state 

shown in Fig. 4 (c) for a predetermined period of time. More specifically, this state is 

maintained so that nitrogen gas is jetted for a while after all of the water stored in the storage 

piping P3 has been discharged. In this way, the broken up deposited material 17 can be more 

reliably removed by the pressurized nitrogen gas. Here, the predetermined period of time is, 15 

for example, 5 seconds, but this period of time may be determined based on the volume of the 

storage piping P3 for storing water and nitrogen gas. 

[0041] Maintaining a state in which nitrogen gas is jetted for a while after all of the water 

stored in the storage piping P3 has been discharged also keeps water from remaining inside 

the auxiliary nozzle 31, especially near the outlet. Because water droplets inside the auxiliary 20 

nozzle 31 are blown away by the nitrogen gas, buildup of deposited material 31 inside the 

auxiliary nozzle 31 can also be prevented. 

[0042] Next, the controller 50 activates three-way valve 41 and three-way valve 42 as 

shown in Fig. 4 (d). This closes off communication between the nitrogen gas piping P1 and 

the storage piping P3, closes off communication between the water piping P2 and the storage 25 

piping P3, opens communication between the storage piping P3 and the vent piping P4, and 

opens communication between the storage piping P3 and the injection piping P5. As a result, 

any nitrogen gas lingering inside the storage piping P3 is released via the vent piping P4 into 

the atmosphere. 

[0043] In this way, when the pressure inside the inlet nozzle 16 exceeds the threshold value 30 

while processing is not being performed, the controller 50 determines that there has been 

buildup of deposited material 17 and removes the deposited material 17 by having the 

deposited material removing means 40 perform the operations in Fig. 4 (a) to (d). The 
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controller 50 repeats these operations every time the start conditions are met. 

[0044] The following actions and effects can be realized by an abatement device 4 with the 

configuration described above. 

[0045] By spraying nitrogen gas containing water droplets on the deposited material 17, the 

deposited material 17 is subjected to a steep temperature change. As a result, cracks develop 5 

in the deposited material 17. By spraying pressurized nitrogen gas containing water droplets 

onto the deposited material 17, the impact force is increased relative to nitrogen gas alone, 

and the cracked deposited material 17 can be broken up and removed. Because a sharp 

temperature change is used to develop cracks in the deposited material 17, only a small 

amount of water (water droplets) has to be sprayed onto the deposited material 17. In other 10 

words, the deposited material is broken up not by the impact force from a large volume of 

water, but by a small amount of water sprayed onto deposited material 17 at a high 

temperature (for example, about 800 to 900°C). 

[0046] In the present embodiment, because a mixed fluid of water and nitrogen gas can be 

produced using the permanent nitrogen gas system installed in a plant, the pressure of the 15 

water does not have to be increased using, for example, a pressure pump. Therefore, the 

abatement device 4 does not require special equipment. 

[0047] Deposited material that has built up in portions that cannot be scraped off by the 

scraper can be efficiently removed in the present embodiment, and no scraper is required to 

scrape off deposited material 17. Of course, the deposited material removing means 40 in the 20 

present embodiment can be combined with a scraper to remove deposited material 17 even 

more effectively. 

[0048] Because the controller 50 operates the deposited material removing means 40 when 

it has determined that processing is not being performed, the abatement processing performed 

by the abatement device 4 is not adversely affected. Because nitrogen gas flows into the 25 

abatement device 4 even when processing is not being performed, the pressure sensor 19 can 

detect an increase in pressure inside the inlet nozzle 16 when deposited material 17 has been 

produced. Therefore, deposited material 17 can be efficiently removed even though the 

deposited material removing means 40 only operates when processing is not being performed. 

[0049] Even though the amount of water used to remove deposited material 17 is a low 30 

several cubic centimeters, the temperature change affected by the water for the purpose of 

removing deposited material has a sufficient effect and operation of the abatement device 4 is 

not adversely affected. More specifically, because a low amount of water is sprayed into the 
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abatement device 4, it evaporates immediately after the deposited material 17 has been 

removed. Even when water droplets remain in the abatement device 4, they do not change the 

temperature inside the combustion chamber 11. In this way, deposited material 17 can be 

effectively removed without causing a decline in the abatement performance of the abatement 

device 4. 5 

[0050] The present invention is not limited to the embodiment described above, and several 

modifications and combinations can be realized without departing from the scope and spirit of 

the present invention. All technical matters included in the technical concept described in the 

claims are the subject of the present invention. The embodiment described above is a 

preferred example, and those skilled in the art can realize alternative examples, modified 10 

examples, amended examples, combined examples, and improved examples from the 

information disclosed in the present specification. These examples fall within the technical 

scope described in the appended claims. 

[0051] For example, the abatement device 4 does not have to be the combustion-type 

device mentioned above but can be a plasma-type device or some other type of device. In the 15 

case of a plasma-type abatement device, the power consumed by the plasma generator can be 

reduced. 

[0052] Also, the device may have the same configuration as above except for using two-

way valves instead of three-way valve 41 and three-way valve 42. 

[0053] Also, plant air or some other gas supply permanently installed in the plant may be 20 

used instead of nitrogen gas. Similarly, a liquid antifreeze or some other liquid may be used 

instead of water. The mixed fluid used here can depend on the type of available gas used for 

purposes other than those of the abatement device 4 and the usage environment. 

[0054] Depending on the amount of water to be stored, a storage tank may be used instead 

of the storage piping P3. 25 

[0055] The deposited material removing means 40 can be operated manually to spray the 

mixed fluid of nitrogen gas and water onto the deposited material 17 instead of using a 

controller 50. 

 

REFERENCE SIGNS LIST 30 

[0056] 

4: Abatement device 

11: Combustion chamber 
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12: Main unit 

13: Main burner 

14: Pilot burner 

15: Sub-burner  

16: Inlet nozzle (entrance) 5 

17: Deposited material 

19: Pressure sensor 

21: First cylinder wall 

22: Second cylinder wall 

23: Inlet head 10 

24: Burner gas chamber 

28: First flammable gas supply nozzle 

29: Second flammable gas supply nozzle 

30: Third flammable gas supply nozzle 

31: Auxiliary nozzle 15 

40: Deposited material removing means 

41: Three-way valve (valve) 

42: Three-way valve 

43, 44, 45: Check valve 

50: Controller (control unit) 20 

P1: Nitrogen gas piping (gas supply unit) 

P2: Water piping 

P3: Storage piping (storage unit) 

P4: Vent piping 

P5: Injection piping 25 
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CLAIMS 

 

[Claim 1] 

 An abatement device equipped with a deposited material removing means for 

removing deposited material produced during abatement of exhaust gas, 5 

 wherein the deposited material removing means comprises: 

 a storage unit that stores a liquid; 

 a gas supply unit that supplies pressurized gas to the storage unit; and 

 a valve that sprays a mixed fluid of the liquid stored in the storage unit and the gas 

supplied by the gas supply unit. 10 

 

[Claim 2] 

 An abatement device according to claim 1, further comprising: 

 a pressure sensor that detects the pressure at the inlet for the exhaust gas; and 

 a control unit that controls the opening and closing operation of the valve,  15 

 wherein the control unit opens the valve when the pressure at the inlet exceeds a 

threshold value.  

 

[Claim 3] 

 An abatement device according to claim 2, wherein the control unit keeps the valve 20 

open for a predetermined period of time after the valve has been opened. 

 

[Claim 4] 

 An abatement device according to claim 3, wherein the predetermined period of 

time is a period of time exceeding the time at which all of the liquid stored in the storage unit 25 

has been sprayed. 

 

[Claim 5] 

 An abatement device according to any one of claims 2 to 4, wherein the control unit 

keeps the valve closed while the abatement device is abating the exhaust gas. 30 

 

[Claim 6] 

 A deposited material removing means, applied to an abatement device for abating 
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exhaust gas, for removing deposited material produced during abatement of exhaust gas, 

 wherein the deposited material removing means comprises: 

 a storage unit that stores a liquid; 

 a gas supply unit that supplies pressurized gas to the storage unit; and 

 a valve that sprays a mixed fluid of the liquid stored in the storage unit and the gas 5 

supplied by the gas supply unit. 

 

[Claim 7] 

 A deposited material removing method for removing deposited material produced 

by an abatement device for abating exhaust gas, the method comprising: 10 

 a first step of storing a liquid; 

 a second step of supplying pressurized gas to the liquid stored in the first step; and 

 a third step of spraying the mixed fluid of the liquid and the gas produced in the 

second step on the deposited material to remove the deposited material. 

  15 


