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WASTE FLUID TREATMENT APPARATUS AND PROCESSING WATER 

REGENERATION SYSTEM 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

        The present invention relates to a waste wa ter 

treatment apparatus for removing processing debris 

from processing waste fluid, and also to a processi ng 

water regeneration system for regenerating processi ng 

water. 

Description of the Related Art 

        When workpieces are processed by a grinding  

stone of a processing machine while processing wate r 

is supplied, processing waste fluid is discharged f rom 

the processing machine with the processing debris 

contained therein.  In the processing water 

circulation apparatus disclosed in Japanese Patent 

Laid-Open No. 2004-230527, for example, processing 

water is regenerated by allowing processing debris to 

settle out from such processing waste fluid.  Howev er, 

it takes time to allow small pieces of processing 

debris of 0.5 µm to 5 µm in size to settle in a 

sedimentation tank, thereby posing a problem that a  

sedimentation tank of large capacity is needed.  In  
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the processing waste fluid treatment apparatus 

disclosed in Japanese Patent Laid-Open No. 2009-

095941, for example, downsizing of the apparatus is  

therefore realized by adopting a configuration that  

removes processing debris contained in processing 

waste fluid by filtration with a filter. 

 

SUMMARY OF THE INVENTION 

        With the processing waste fluid treatment 

apparatus disclosed in Japanese Patent Laid-Open No . 

2009-095941, however, periodic replacement of the 

filter is needed.  If a lot of processing debris is  

contained in processing waste fluid discharged from  a 

processing machine, the frequency of filter 

replacement thus becomes higher so that a greater l oad 

is imposed on workers. 

        The present invention hence has, as objects  

thereof, a reduction in load of the workers associa ted 

with a filter replacement and the like and also 

downsizing of a sedimentation tank in a waste fluid  

treatment apparatus for removing processing debris 

from processing waste fluid and a processing water 

regeneration system in which the waste fluid treatm ent 

apparatus is incorporated to regenerate processing 
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water. 

        In accordance with an aspect of the present  

invention, there is provided a waste fluid treatmen t 

apparatus for receiving processing waste fluid 

discharged from a processing machine that processes  a 

workpiece with processing water supplied thereto, t he 

processing waste fluid containing processing debris , 

and for allowing the processing debris to settle fo r 

removal of the processing debris from the processin g 

waste fluid.  The waste fluid treatment apparatus 

includes a sedimentation tank that stores the proce ssing 

waste fluid with the processing debris contained th erein, 

an inflow port provided on the sedimentation tank f or 

introduction of the processing waste fluid into the  

sedimentation tank, an acidification unit configure d to 

acidify the processing waste fluid to be introduced  from 

the inflow port into the sedimentation tank, whereb y the 

processing debris is allowed to settle at a higher rate 

compared with a rate at which the processing debris  would 

settle if the processing waste water is neutral, an d an 

outflow port provided on the sedimentation tank for  

discharge of acidic supernatant that is obtained by  

allowing the processing debris in the processing wa ste 

fluid to settle in the sedimentation tank from the 
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sedimentation tank. 

        Preferably, the acidification unit may incl ude a 

carbon dioxide supply unit configured to supply car bon 

dioxide gas to the processing waste fluid. 

        Preferably, the waste fluid treatment appar atus 

may further include a control unit configured to 

control the waste fluid treatment apparatus, a pH 

measuring instrument that measures a pH value of th e 

processing waste fluid, a material setting section 

incorporated in the control unit and configured to set 

a material of the processing debris, and a 

correspondence table that is incorporated in the 

control unit and that presents pH values at which z eta 

potential is 0 V for a plurality of materials 

respectively including the material of the processi ng 

debris.  The control unit may further be configured  to 

control the acidification unit so that the pH value  

measured by the pH measuring instrument becomes equ al 

to the pH value at which the zeta potential is 0 V for 

the material of the processing debris as selected f rom 

the correspondence table. 

        In accordance with another aspect of the pr esent 

invention, there is provided a processing water 

regeneration system including a waste fluid treatme nt 
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apparatus for receiving processing waste fluid disc harged 

from a processing machine that processes a workpiec e with 

processing water supplied thereto, the processing w aste 

fluid containing processing debris, and for allowin g the 

processing debris to settle for removal of the proc essing 

debris from the processing waste fluid, and a proce ssing 

water regeneration apparatus for regenerating proce ssing 

water by removing organic material and inorganic ma terial 

from acidic supernatant discharged from the waste f luid 

treatment apparatus and removed of the processing d ebris.  

The waste fluid treatment apparatus includes a 

sedimentation tank that stores the processing waste  fluid 

with the processing debris contained therein, an in flow 

port provided on the sedimentation tank for introdu ction 

of the processing waste fluid into the sedimentatio n 

tank, an acidification unit configured to acidify t he 

processing waste fluid to be introduced from the in flow 

port into the sedimentation tank, whereby the proce ssing 

debris is allowed to settle at a higher rate compar ed 

with a rate at which the processing debris would se ttle 

if the processing waste water is neutral, and an ou tflow 

port provided on the sedimentation tank for dischar ge of 

acidic supernatant that is obtained by allowing the  

processing debris in the processing waste fluid to settle 
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in the sedimentation tank from the sedimentation ta nk.  

The processing water regeneration apparatus include s an 

ultraviolet ray irradiation unit that radiates an 

ultraviolet ray to the acidic supernatant to decomp ose 

the organic materials and the inorganic materials i nto 

organic material ions and inorganic material ions, and an 

ion exchange resin that removes the organic materia ls and 

the inorganic materials contained in the acidic 

supernatant, and the acidic supernatant that is del ivered 

from the ultraviolet ray irradiation unit and that 

contains the organic material ions and the inorgani c 

material ions is allowed to flow through the ion ex change 

resin of the processing water regeneration apparatu s to 

neutralize the acidic supernatant, so that the proc essing 

water is regenerated. 

        Processing debris (SiO 2 debris, SiC debris, resin 

debris, or the like) contained in processing waste fluid 

is generally charged negative.  There is accordingl y a 

problem that pieces of processing debris repel each  

other, remain dispersed or suspended in a sedimenta tion 

tank, and are hard to settle. 

        On the other hand, the waste fluid treatmen t 

apparatus according to the aspect of the present 

invention includes the acidification unit configure d to 
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acidify processing waste fluid to be introduced int o the 

sedimentation tank from the inflow port, whereby a 

repulsive force produced between pieces of processi ng 

debris when the waste fluid is neutral is made smal ler 

and a settling rate of the processing debris is rai sed.  

The settling of the processing debris can therefore  be 

accelerated by acidifying the processing waste flui d, 

thereby enabling reduction of load of the workers f or 

filter replacement and the like in the treatment of  waste 

fluid and also downsizing of the sedimentation tank  of 

the waste fluid treatment apparatus. 

        If the acidification unit includes the carb on 

dioxide supply unit configured to supply carbon 

dioxide gas to the processing waste fluid, the 

processing waste fluid can be easily changed from 

neutral to acidic. 

        If the waste fluid treatment apparatus furt her 

includes the control unit configured to control the  

waste fluid treatment apparatus, the pH measuring 

instrument that is incorporated in the control unit  

and measures the pH value of the processing waste 

fluid, the material setting section incorporated in  

the control unit and configured to set the material  of 

the processing debris, and the correspondence table  
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that is incorporated in the control unit and that 

presents pH values at which zeta potential is 0 V f or 

the plurality of materials respectively including t he 

material of the processing debris, the repulsive fo rce 

between the particles of the processing debris can be 

eliminated by acidifying the processing waste fluid  to 

conduct a pH adjustment so that the zeta potential is 

lowered to 0 V.  As a result, the pieces of process ing 

debris are brought closer to each other, for exampl e, 

by a flow of water in the sedimentation tank, and 

therefore become easier to aggregate together.  If the 

pieces of processing debris come close to each othe r 

at a distance of several nm or less, they aggregate  

together by attraction of van der Walls forces base d 

on the Derjaguin-Landau-Verwey-Overbeek theory (the  

DLVO theory).  Therefore, the processing debris 

becomes greater and easier to settle.  In other wor ds, 

the processing debris is allowed to settle faster, 

thereby enabling downsizing of the sedimentation ta nk 

of the waste fluid treatment apparatus and also 

inprovement of the processing rate of processing wa ste 

fluid. 

        In the processing water regeneration system  

including the waste fluid treatment apparatus and t he 
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processing water regeneration apparatus for regener ating 

the processing water by removing organic materials and 

inorganic materials from the acidic supernatant 

discharged from the waste fluid treatment apparatus  and 

removed of the processing debris, the processing wa ter 

regeneration apparatus includes the ultraviolet ray  

irradiation unit that radiates an ultraviolet ray t o the 

acidic supernatant to decompose the organic materia ls and 

the inorganic materials into organic material ions and 

inorganic material ions, and the ion exchange resin  that 

removes the organic material ions and the inorganic  

material ions contained in the acidic supernatant.  The 

processing water can therefore be regenerated by al lowing 

the acidic supernatant which has been delivered fro m the 

ultraviolet ray irradiation unit and contains the o rganic 

material ions and the inorganic material ions, to f low 

through the ion exchange resin of the processing wa ter 

regeneration apparatus to neutralize the acidic 

supernatant. 

        The above and other objects, features and 

advantages of the present invention and the manner of 

realizing them will become more apparent, and the 

invention itself will best be understood from a stu dy 

of the following description and appended claims wi th 
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reference to the attached drawings showing a prefer red 

embodiment of the invention. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

        FIG. 1 is a schematic perspective view 

illustrating an example of a processing water 

regeneration system; 

        FIG. 2 is a simplified block diagram of the  

processing water regeneration system of FIG. 1, in 

which a sedimentation tank in an example of a waste  

fluid treatment apparatus is illustrated in cross-

section; 

        FIG. 3 is a correspondence table that prese nts pH 

values at which zeta potential is 0 V for a plurali ty of 

materials respectively; and 

        FIG. 4 is a graph illustrating pH value 

dependence of zeta potentials of polystyrene latex 

(PSL) particle surfaces, SiO 2 surfaces, and SiC 

surfaces as processing debris. 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

        With reference to the attached drawings, a 

description will be made in detail about an embodim ent 

of the present invention.  A processing machine A 
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illustrated in FIG. 1 is used in a manufacturing 

process of semiconductor devices, and can be a 

grinding machine that grinds and thins a workpiece 

(for example, a silicon wafer, a silicon ingot, or the 

like) held on a chuck table by a rotating grinding 

stone while processing water is supplied (for examp le, 

pure water), a cutting machine that causes a rotati ng 

cutting blade to cut into a workpiece (for example,  a 

silicon wafer or the like) held on a chuck table wh ile 

processing water is supplied, or the like. 

        To the processing machine A, a waste fluid 

treatment apparatus 9 according to the embodiment i s 

connected via a processing waste fluid inflow pipe 90 

formed from metal piping, a tube having flexibility , 

or the like.  The waste fluid treatment apparatus 9  

receives processing waste fluid L that is discharge d 

from the processing apparatus A and contains 

processing debris B (for example, SiO 2 debris, PSL 

debris, SiC debris, or the like; see FIG. 2), allow s 

the processing debris B to settle, and hence remove s 

the processing debris B from the processing waste 

fluid L.  The waste fluid treatment apparatus 9 is 

incorporated in a processing water regeneration sys tem 

1 according to the embodiment.  In the embodiment, the 
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material of the processing debris B will be assumed  to 

be SiC. 

        In the embodiment, the processing waste flu id L 

which flows through the processing waste fluid infl ow 

pipe 90 is introduced into a sedimentation tank 91 of the 

waste fluid treatment apparatus 9 after being chang ed 

from neutral to acidic by an acidification unit 99 that 

accelerates setting of the processing debris B (rai ses a 

rate at which the processing debris B settles). 

        The waste fluid treatment apparatus 9 inclu des the 

sedimentation tank 91, an inflow port 910, the 

acidification unit 99, and an outflow port 919.  Th e 

sedimentation tank 91 stores the processing waste f luid L 

with the processing debris B contained therein.  Th e 

inflow port 910 is provided on the sedimentation ta nk 91 

and introduces the processing waste fluid L into th e 

sedimentation tank 91.  The acidification unit 99 i s 

configured to acidify the processing waste fluid L to be 

introduced from the inflow port 910 into the 

sedimentation tank 91, whereby a repulsive force pr oduced 

between pieces of the processing debris B is made s maller 

compared with a repulsive force that would be produ ced if 

the waste fluid is neutral, and a settling rate of the 

processing debris B is raised.  The outflow port 91 9 is 
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provided on the sedimentation tank 91 and discharge s 

acidic supernatant L1 obtained by allowing the proc essing 

debris B in the processing waste fluid L to settle in the 

sedimentation tank 91. 

        The sedimentation tank 91 in the embodiment  is a 

vessel which is open on an upper side thereof and h as a 

substantially parallelepiped shape in the example 

illustrated in the FIG, and includes a bottom wall 913 

having a substantially rectangular shape as seen in  plan 

and four side walls integrally extending upward in a +Z 

direction from an outer periphery of the bottom wal l 913.  

In FIGS. 1 and 2, two of the side walls, the two si de 

walls opposing each other in an X-axis direction, a re 

assumed to be side walls 914, while the remaining t wo 

side walls opposing each other in a Y-axis directio n are 

assumed to be side walls 915. 

        In an upper part of the sedimentation tank 91, an 

unillustrated overflow pipe is disposed to prevent an 

overflow of the processing waste fluid L.  The over flow 

pipe is communicated to an unillustrated tank, and leads 

the processing waste fluid L, which would otherwise  

overflow from the sedimentation tank 91, to the tan k.  The 

sedimentation tank 91 may include a detachable lid.  

        In the example illustrated in FIGS. 1 and 2 , the 
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inflow port 910 is formed through the side wall 914  on a 

side in a +X direction, while the outflow port 919 is 

formed through the side wall 914 on a side in a -X 

direction. 

        In the sedimentation tank 91, a plurality o f 

baffles 916 is disposed side by side in the X-axis 

direction and extending vertically upright from the  

bottom wall 913.  Each baffle 916 intersects the X- axis 

direction, which runs from the inflow port 910 towa rd the 

outflow port 919, in a horizontal direction (in oth er 

words, is disposed extending also in the Y-axis dir ection 

that intersects the X-axis direction).  The baffles  916 

are set at upper ends thereof lower than upper ends  of 

the side walls 914.  Whenever the processing waste fluid L 

introduced from the inflow port 910 overflows the b affles 

916 sequentially while flowing toward the outflow p ort 

919, the processing debris B settles gradually.  Th e 

baffles 916 may be set to have an equal height or m ay be 

set to become sequentially higher toward the side i n the 

+X direction.  Further, a flow channel as viewed fr om 

above may be formed in the sedimentation tank 91 by  the 

baffles 916. 

        In the embodiment, the acidification unit 9 9 

includes, as illustrated in FIG. 2, a carbon dioxid e 
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supply unit 990 that supplies carbon dioxide gas to  the 

processing waste fluid L. 

        For example, the carbon dioxide supply unit  990 

with carbon dioxide gas stored therein is communica ted to 

an intermediate portion of the processing waste flu id 

inflow pipe 90 via a three-way pipe connector 900 o r the 

like.  Carbon dioxide gas delivered from the carbon  

dioxide supply unit 990 is supplied to the processi ng 

waste fluid L that is flowing through the processin g 

waste fluid inflow pipe 90 toward the waste fluid 

treatment apparatus 9.  As an alternative, the carb on 

dioxide supply unit 990 may supply carbon dioxide g as to 

the processing waste fluid L in the sedimentation t ank 

91. 

        For example, the carbon dioxide supply unit  990 can 

adjust the carbon dioxide gas supply rate per unit volume 

of the processing waste fluid L, for example, by a 

control valve 991 as illustrated in FIG. 2.  The co ntrol 

valve 991 is, for example, a proportional control 

solenoid valve, and can freely perform adjustment o f the 

supply rate, in other words, the flow rate of carbo n 

dioxide gas which the carbon dioxide supply unit 99 0 

supplies to the processing waste fluid L, between 0 % to 

100% by changing the quantity of a current that a b elow-
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described control unit 98 applies to the control va lve 

991.  The control valve 991 may also be a flow rate  

control valve such as, a variable orifice valve or a 

butterfly valve, for example. 

        As illustrated in FIG. 2, the waste fluid t reatment 

apparatus 9 in the embodiment includes a pH measuri ng 

instrument 95, a material setting section 96, a 

correspondence table 97, and the control unit 98.  The pH 

measuring instrument 95 measures the pH value of th e 

processing waste fluid L.  The material setting sec tion 96 

sets the material of the processing debris B.  The 

correspondence table 97 presents pH values at which  zeta 

potential is 0 V for a plurality of materials 

respectively including the material of the processi ng 

debris B.  The control unit 98 controls the 

acidification unit 99 so that the pH value measured  by 

the pH measuring instrument 95 becomes equal to the  pH 

value at which the zeta potential is 0 V for the 

material selected from the correspondence table 97.   

The term “zeta potential” is defined to be an 

electrical potential at a slipping plane in an 

electrical double layer formed around a particle of  

the processing debris B when the electrical potenti al 

in an electrically neutral region sufficiently dist ant 
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from the particle of the processing debris B is 

assumed to be 0 V and a measurement is made using t his 

zero point as a reference. 

        In the example illustrated in FIG. 2, the p H 

measuring instrument 95 is arranged to measure the pH 

value of the processing waste fluid L in the 

sedimentation tank 91 of the waste fluid treatment 

apparatus 9, but may also be arranged to enable 

measurement of the pH value of the processing waste  fluid 

L that is flowing in the processing waste fluid inf low 

pipe 90 on a downstream side of the three-way pipe 

connector 900 and contains carbon dioxide gas mixed  

therein. 

        The control unit 98 is configured from a ce ntral 

processing unit (CPU) that performs processing in 

accordance with a control program, a storage device  such 

as a memory, and the like, and is electrically conn ected 

to the pH measuring instrument 95, the control valv e 991, 

and the like, via unillustrated, wired or wireless 

communication paths. 

        In the embodiment, the material setting sec tion 96 

and the correspondence table 97 are incorporated in  the 

control unit 98.  The material setting section 96 i s set 

in an area of the storage device of the control uni t 98.  
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On the other hand, the correspondence table 97 is s tored 

as data, for example, in another area of the storag e 

device of the control unit 98.  The correspondence table 

97 illustrated in detail in FIG. 3 is an extract of  pH 

values, at which zeta potential is 0 V, from a grap h 

illustrated in FIG. 4 and successfully obtained fro m past 

experimental results that demonstrate pH value depe ndence 

of zeta potentials of polystyrene latex (PSL) parti cle 

surfaces, SiO 2 particle surfaces, and SiC surfaces. 

        A description will hereinafter be made abou t a case 

in which using the waste fluid treatment apparatus 9, the 

processing waste fluid L discharged from the proces sing 

machine A, which processes workpieces while supplyi ng 

processing water to the workpieces, and containing the 

processing debris B is received, and the processing  

debris B is then allowed to settle, thereby removin g the 

processing debris B from the processing waste fluid  L. 

        First, the processing waste fluid L which h as been 

discharged from the processing machine A illustrate d in 

FIGS. 1 and 2 and contains the processing debris B,  

organic materials, and inorganic materials flows th rough 

the processing waste fluid inflow pipe 90 into the 

sedimentation tank 91 of the waste fluid treatment 

apparatus 9 from the inflow port 910, is progressiv ely 
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stored in the sedimentation tank 91, and also flows  

through the zigzag flow channel formed by the baffl es 916 

in the sedimentation tank 91. 

        As illustrated in FIG. 2, the processing de bris B 

contained in the processing waste fluid L is allowe d to 

gradually and progressively settle in the sedimenta tion 

tank 91.  As also illustrated in FIG. 2, the sedime ntation 

volume of the processing debris B is the greatest o n a 

side of the inflow port 910 located on a side in th e +X 

direction, and is the least on a side of the outflo w port 

919 located on a side in the -X direction.  As a re sult of 

the settling of the processing debris B in the 

sedimentation tank 91, the acidic supernatant L1 is  

obtained, and is then discharged from the outflow p ort 

919. 

        In the waste fluid treatment apparatus 9 ac cording 

to the embodiment, to accelerate the sedimentation of the 

processing debris B, a worker, for example, inputs the 

material (SiC in the embodiment) of the processing debris 

B which is contained in the processing waste fluid L 

continuously discharged from the processing machine  A, 

through unillustrated input means (a touch panel, 

keyboard, or the like) attached to the waste fluid 

treatment apparatus 9, whereby the material is set 
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(stored) in the material setting section 96.  As an  

alternative, the waste fluid treatment apparatus 9 may be 

configured, for example, to transmit information 

regarding the material of the processing debris B f rom 

the processing machine A to the control unit 98 and  to 

further set (store) the material to the material se tting 

section 96 from the control unit 98. 

        Under the control by the control unit 98 

illustrated in FIG. 2, a current is then applied to  the 

control valve 991 so that the control valve 991 is 

opened.  As a result, carbon dioxide gas, specifica lly 

compressed carbon dioxide gas, is delivered from th e 

carbon dioxide supply unit 990 and is allowed to di ssolve 

into the processing waste fluid L inside the proces sing 

waste fluid inflow pipe 90.  As a result, the neutr al 

processing waste fluid L is acidified while flowing  

toward the sedimentation tank 91 through the proces sing 

waste fluid inflow pipe 90. 

        In the embodiment, the pH value of the proc essing 

waste fluid L in the sedimentation tank 91 is measu red by 

the pH measuring instrument 95, and information reg arding 

the pH value measured is transmitted to the control  unit 

98.  The control unit 98 selects a pH value (= 4.2)  at 

which zeta potential is 0 V for the material (SiC) of the 
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processing debris B, from the correspondence table 97 

stored beforehand in the control unit 98 and illust rated 

in FIG. 3.  The control unit 98 then adjusts the va lue of 

a current to be applied to the control valve 991, t hereby 

adjusting the opening of the control valve 991 to s et the 

supply rate of carbon dioxide which the carbon diox ide 

supply unit 990 supplies to the processing waste fl uid L, 

at a desired supply rate.  As a result, the pH valu e of 

the processing waste fluid L in the sedimentation t ank 91 

drops, for example, to 4.2. 

        In the manner as described above, the zeta 

potential comes close to 0 V so that the repulsive force 

between the particles of the processing debris B is  

eliminated.  As a result, the pieces of the process ing 

debris B are brought closer to each other, for 

example, by a flow of water in the sedimentation ta nk 

91, and therefore become easier to aggregate togeth er.  

For example, if the pieces of processing debris B c ome 

close to each other at a distance of several nm or 

less, they aggregate together by attraction of van der 

Walls forces based on the DLVO theory.  Therefore, the 

processing debris B becomes greater and easier to 

settle.  In other words, the processing debris B is  

allowed to settle faster, thereby enabling to downs ize 
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the sedimentation tank 91 of the waste fluid treatm ent 

apparatus 9 and also to improve the processing rate  of 

processing waste fluid L, in other words, increase of 

the inflow rate of the processing waste fluid L int o 

the waste fluid treatment apparatus 9 compared with  

conventional inflow rates. 

        In the embodiment, the acidification unit 9 9 

includes the carbon dioxide supply unit 990 to supp ly 

carbon dioxide gas to the processing waste fluid L,  

thereby enabling to easy change of the processing 

waste fluid L from neutral to acidic.  However, the  

acidification unit 99 is not limited to its 

configuration in the embodiment.  For example, the 

acidification unit 99 may be configured to supply 

acetic acid or citric acid to the sedimentation tan k 

91 or the processing waste fluid inflow pipe 90. 

        The processing water regeneration system 1 of 

the embodiment as illustrated in FIGS. 1 and 2 

includes the waste fluid treatment apparatus 9 alre ady 

described above and a processing water regeneration  

apparatus 6 that regenerates processing water L5 by  

removing organic materials (organic material ions) and 

inorganic materials (inorganic material ions) from the 

acidic supernatant L1 discharged from the waste flu id 
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treatment apparatus 9 and removed of the processing  

debris B (see FIG. 2). 

        In the processing water regeneration system  1 

of the embodiment, a supernatant pump-up pump 22 

connected to the waste fluid treatment apparatus 9 as 

illustrated in FIG. 1 pumps up the acidic supernata nt 

L1 which has been discharged from the outflow port 919 

of the waste fluid treatment apparatus 9, by a 

negative pressure produced by itself, and delivers it 

to an introduction pipe 24 connected at an end ther eof 

to the supernatant pump-up pump 22 and at an opposi te 

end thereof to a filter unit 3. 

        A pressure meter 249 is arranged, for examp le, 

in the introduction pipe 24.  It is hence possible to 

monitor by the pressure meter 249 for any delivery 

rate of the acidic supernatant L1 by the supernatan t 

pump-up pump 22 greater than the treatment capacity  of 

the filter unit 3. 

        The processing water regeneration system 1 may 

not include the filter unit 3, and the acidic 

supernatant L1 discharged from the waste fluid 

treatment apparatus 9 and pumped up by the supernat ant 

pump-up pump 22 may be introduced as it is into a 

clear water tank 40 illustrated in FIG. 1. 
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        The filter unit 3 further removes fine 

processing debris and the like that may still remai n 

in the acidic supernatant L1 pumped up by the 

supernatant pump-up pump 22, whereby the acidic 

supernatant L1 is purified into clearer acidic 

supernatant (hereinafter called “clear water L2”).  In 

the embodiment, the filter unit 3 is configured, fo r 

example, of “CC FILTER UNIT” (trade name; manufactu red 

by DISCO Corporation).  The filter unit 3 includes,  

for example, a cylindrical first filter 31 and a 

cylindrical second filter 32, and the acidic 

supernatant L1 is introduced from the introduction 

pipe 24 to the first filter 31 or the second filter  

32. 

        The first filter 31 includes, for example, a 

cylindrical housing 311 having a plurality of 

unillustrated openings in a side wall thereof, an 

input port 312 centrally formed in a top wall of th e 

cylindrical housing 311 for use in charging the aci dic 

supernatant L1, and an unillustrated cylindrical 

filter paper disposed in the cylindrical housing 31 1.  

In the first filter 31, the acidic supernatant L1 

introduced into the cylindrical filter paper from t he 

input port 312 is filtered through the cylindrical 
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filter paper, the fine processing debris B is remov ed 

further, and the resulting acidic supernatant L1 is  

then discharged as clear water L2 to an outside 

through the openings in the side wall of the 

cylindrical housing 311. 

        Similarly, the second filter 32 includes, f or 

example, a cylindrical housing 321 having a plurali ty 

of unillustrated openings in a side wall thereof, a n 

input port 322 centrally formed in a top wall of th e 

cylindrical housing 321 for use in charging the aci dic 

supernatant L1, and an unillustrated cylindrical 

filter paper disposed in the cylindrical housing 32 1.  

In the second filter 32, the acidic supernatant L1 

introduced into the cylindrical filter paper from t he 

input port 322 is filtered through the cylindrical 

filter paper, the fine processing debris B is remov ed 

further, and the resulting acidic supernatant L1 is  

then discharged as clear water L2 to an outside 

through the openings in the side wall of the 

cylindrical housing 321. 

        The first filter 31 and the second filter 3 2 

configured as described above are disposed side by 

side on a pan-shaped tray 34.  The clear water L2 i s 

discharged from the first filter 31 or the second 
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filter 32 onto the tray 34.  A piping 340 is 

communicated on an upstream side thereof to the tra y 

34 and is communicated on a downstream side thereof  to 

the clear water tank 40. 

        The introduction pipe 24 is branched on 

another side into a first introduction branch pipe 241 

and a second introduction branch pipe 242.  The fir st 

introduction branch pipe 241 is communicated to the  

input port 312 of the first filter 31, and the seco nd 

introduction branch pipe 242 is communicated to the  

input port 322 of the second filter 32. 

        A first solenoid valve 241a is disposed in the 

first introduction branch pipe 241, and a second 

solenoid valve 242a is disposed in the second 

introduction branch pipe 242.  The first solenoid 

valve 241a switches the first introduction branch p ipe 

241 between a state in which it is communicated to the 

first filter 31 and a state in which it is not 

communicated to the first filter 31.  Similarly, th e 

second solenoid valve 242a switches the second 

introduction branch pipe 242 between a state in whi ch 

it is communicated to the second filter 32 and a st ate 

in which it is not communicated to the second filte r 

32. 
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        For example, if the treatment of the acidic  

supernatant L1 is continuously performed through th e 

first filter 31 alone, the processing debris B 

deposits on an inner side of the unillustrated filt er 

paper of the first filer 31, it becomes difficult f or 

the acidic supernatant L1 to pass through the 

unillustrated filter paper, and therefore the 

filtering function is lost.  As a result, the press ure 

meter 249 measures a pressure that has risen beyond  a 

tolerance due to an increase in pressure inside the  

introduction pipe 24.  Control is performed by the 

control unit 98 to bring the first solenoid valve 2 41a 

into a closed state, so that the communication betw een 

the first introduction branch pipe 241 and the firs t 

filter 31 is cut off.  Further control is performed  by 

the control unit 98 to bring the second solenoid va lve 

242a into an open state, so that the second 

introduction branch pipe 242 and the second filter 32 

are communicated together.  If the pressure meter 2 49 

measures a pressure that has risen beyond the 

tolerance due to an increase in pressure inside the  

introduction pipe 24, the control unit 98 controls 

unillustrated alarm means to trigger an alarm and a lso 

to present a display, thereby notifying the worker 
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that a need has risen to replace the first filter 3 1. 

        As a result, the acidic supernatant L1 

delivered by the supernatant pump-up pump 22 flows 

into the second filter 32 and is treated by the sec ond 

filter 32 in a similar manner as that by the first 

filter 31.  As the first filter 31 is now ready for  

replacement of the filter paper or the like, the 

worker can perform replacement of filter paper for the 

first filter 31.  It is therefore unnecessary to st op 

the waste fluid treatment apparatus 9 in the 

processing water regeneration system 1 because the 

treatment of the acidic supernatant L1 can still be  

performed by the second filter 32 when the filter 

paper or the like of the first filter 31 is replace d. 

        The processing water regeneration apparatus  6 

illustrated in FIG. 1 includes an ultraviolet ray 

irradiation unit 60 and an ion exchange resin 630.  

The ultraviolet ray irradiation unit 60 radiates an  

ultraviolet ray to the acidic supernatant in which the 

processing debris B has been removed to a still hig her 

level by the filter unit 3 (specifically, the clear  

water L2 in the embodiment).  The ion exchange resi n 

630 removes organic material ions and inorganic 

material ions contained in the clear water L2. 
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        The clear water L2 flows down from the tray  34 

via the piping 340 and is temporally stored in the 

clear water tank 40.  Then, the clear water L2 is 

pumped up by a clear water pump 42 illustrated in F IG. 

1, flows through an introduction pipe 422 connected  at 

an end thereof to the clear water pump 42 and at an  

opposite end thereof to the ultraviolet irradiation  

unit 60, and is delivered to the ultraviolet 

irradiation unit 60. 

        The ultraviolet irradiation unit 60 is 

detachably disposed, for example, on a support base  14 

illustrated in FIG. 1.  A partition board 140 is 

disposed upright on the support base 14, and the 

ultraviolet irradiation unit 60 is located behind ( on 

a side in a +Y direction of) of the partition board  

140 on the support base 14.  Further, a microfilter  17 

is detachably disposed adjacent to the ultraviolet 

irradiation unit 60 behind (on the side in the +Y 

direction of) the partition board 140 on the suppor t 

base 14. 

        The ultraviolet irradiation unit 60 radiate s 

an ultraviolet ray of a predetermined wavelength fr om 

an unillustrated ultraviolet lamp to the clear wate r 

L2 passing, for example, through the ultraviolet 
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irradiation unit 60, and decomposes (ionizes) organ ic 

materials and inorganic materials in the clear wate r 

L2. 

        In the embodiment, the ion exchange resin 6 30 

is incorporated, for example, in first ion exchange  

means 61 and second ion exchange means 62.  The fir st 

ion exchange means 61 and the second ion exchange 

means 62 are detachably disposed side by side on a 

front side (on a side in a -Y direction) of the 

partition board 140 on the support base 14. 

        In the embodiment, an anion exchange resin 

630a and a cation exchange resin 630b are used in 

combination as the ion exchange resin 630, and are 

packed at a predetermined ratio in a casing 611 of the 

first ion exchange means 61 and a casing 621 of the  

second ion exchange means 62, respectively. 

        After the organic materials and the inorgan ic 

materials are decomposed into organic material ions  

and inorganic material ions in the ultraviolet ray 

irradiation unit 60, the acidic clear water L2 with  

the organic material ions and the inorganic materia l 

ions contained therein is introduced into the first  

ion exchange means 61 or the second ion exchange me ans 

62 via a piping 602. 
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        In the piping 602, a solenoid on-off valve 

602a and a solenoid on-off valve 602b are disposed.   

If the solenoid on-off valve 602a is brought into a n 

open state, the clear water L2 is introduced into t he 

first ion exchange means 61.  If the solenoid on-of f 

valve 602b is brought into an open state, on the ot her 

hand, the clear water L2 is introduced into the sec ond 

ion exchange means 62. 

        While passing through the ion exchange resi n 

630 of the first ion exchange means 61 or the ion 

exchange resin 630 of the second ion exchange means  

62, the organic material ions and inorganic materia l 

ions are removed from the acidic clear water L2, an d 

at the same time, carbon dioxide gas contained in t he 

acidic clear water L2 is adsorbed on the anion 

exchange resin 630a.  As a result, the acidic clear  

water L2 is purified to the neutral processing wate r 

L5. 

        In the neutral processing water L5 purified  by 

the removal of the ions from the acidic clear water  L2 

as described above, what may still be mixed are fin e 

materials including resin debris of the ion exchang e 

resin 630 that make up the first ion exchange means  61 

and the second ion exchange means 62.  Therefore, t he 
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processing water L5 delivered from the first ion 

exchange means 61 and the second ion exchange means  62 

is introduced into the microfilter 17 via a piping 

171, and the fine materials such as the resin debri s 

of the ion exchange resin 630 which is still mixed in 

the processing water L5 are captured by the 

microfilter 17. 

        Pressure detection means 173 is disposed, f or 

example, in the piping 171 to detect the pressure o f 

the processing water L5 that is being delivered fro m 

the first ion exchange means 61 and the second ion 

exchange means 62 to the microfilter 17.  If the 

pressure in the piping 171 as detected by the press ure 

detection means 173 has reached a predetermined 

pressure value or higher, the control unit 98 

determines that fine materials such as resin debris  

have deposited on the microfilter 17 and the 

microfilter 17 has lost its filtering function, and  

controls the unillustrated alarm means to trigger a n 

alarm and also to present a display, thereby notify ing 

that the microfilter 17 should be replaced. 

        A resistivity meter 175 may also be dispose d 

in the piping 171 to detect the specific resistance  of 

the processing water L5 that is being delivered fro m 
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the first ion exchange means 61 or the second ion 

exchange means 62 to the microfilter 17. 

        After passage through the microfilter 17, t he 

processing water L5 is delivered to processing wate r 

temperature adjustment means 18 via a piping 180.  The 

processing water L5 which has been delivered to the  

processing water temperature adjustment means 18 is  

adjusted to a predetermined temperature there, and is 

circulated via a piping 181 to unillustrated 

processing water supply means in the processing 

machine A illustrated in FIG. 1. 

        As described above, the processing water 

regeneration system 1 includes the waste fluid 

treatment apparatus 9 and the processing water 

regeneration apparatus 6.  The processing water 

regeneration apparatus 6 regenerates the processing  

water by removing organic materials (organic materi al 

ions) and inorganic materials (inorganic material i ons) 

from the acidic supernatant (in the present 

embodiment, the clear water L2) discharged from the  

waste fluid treatment apparatus 9 and removed of th e 

processing debris B.  In the processing water 

regeneration system 1, the processing water 

regeneration apparatus 6 further includes the 
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ultraviolet ray irradiation unit 60 that radiates a n 

ultraviolet ray to the clear water L2 and the ion 

exchange resin 630 that removes organic material io ns 

and inorganic material ions contained in the clear 

water L2.  The processing waste fluid L is acidifie d 

by the acidification unit 99 of the waste fluid 

treatment apparatus 9, and the processing debris B is 

allowed to settle out.  The resulting acidic clear 

water L2 is allowed to pass through the ion exchang e 

resin 630 of the processing water regeneration 

apparatus 6, whereby the clear water L2 is neutrali zed 

to regenerate the processing water L5.  The 

regenerated processing water L5 can then be supplie d 

to the processing machine A again. 

        The waste fluid treatment apparatus 9 and 

processing water regeneration system 1 according to  

the present invention are not limited to the 

embodiment, and may obviously be practiced in a 

variety of different modes within the scope of the 

technical concept of the present invention.  Furthe r, 

the shapes and the like of the individual elements of 

the waste fluid treatment apparatus 9 and the 

processing water regeneration system 1 illustrated in 

the attached drawings are not limited thereto, and can 



35 

be changed as desired within a scope in which the 

advantageous effects of the present invention can b e 

obtained. 

        The present invention is not limited to the 

details of the above-described preferred embodiment .  

The scope of the invention is defined by the append ed 

claims and all changes and modifications as fall 

within the equivalence of the scope of the claims a re 

therefore to be embraced by the invention.   
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WHAT IS CLAIMED IS: 

        1.  A waste fluid treatment apparatus for 

receiving processing waste fluid discharged from a 

processing machine that processes a workpiece with 

processing water supplied thereto, the processing 

waste fluid containing processing debris, and for 

allowing the processing debris to settle for remova l 

of the processing debris from the processing waste 

fluid, comprising: 

        a sedimentation tank that stores the proces sing 

waste fluid with the processing debris contained th erein; 

        an inflow port provided on the sedimentatio n tank 

for introduction of the processing waste fluid into  the 

sedimentation tank; 

        an acidification unit configured to acidify  the 

processing waste fluid to be introduced from the in flow 

port into the sedimentation tank, whereby the proce ssing 

debris is allowed to settle at a higher rate compar ed 

with a rate at which the processing debris would se ttle 

if the processing waste water is neutral; and 

        an outflow port provided on the sedimentati on tank 

for discharge of acidic supernatant that is obtaine d by 

allowing the processing debris in the processing wa ste 

fluid to settle in the sedimentation tank, from the  
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sedimentation tank. 

        2.  The waste fluid treatment apparatus 

according to claim 1, wherein 

        the acidification unit includes a carbon 

dioxide supply unit configured to supply carbon 

dioxide gas to the processing waste fluid. 

        3.  The waste fluid treatment apparatus 

according to claim 1, further comprising: 

        a control unit configured to control the wa ste 

fluid treatment apparatus; 

        a pH measuring instrument that measures a p H 

value of the processing waste fluid; 

        a material setting section incorporated in the 

control unit and configured to set a material of th e 

processing debris; and 

        a correspondence table that is incorporated  in 

the control unit and that presents pH values at whi ch 

zeta potential is 0 V for a plurality of materials 

respectively including the material of the processi ng 

debris, wherein 

        the control unit is further configured to 

control the acidification unit so that the pH value  

measured by the pH measuring instrument becomes equ al 

to the pH value at which the zeta potential is 0 V for 
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the material of the processing debris as selected f rom 

the correspondence table. 

        4.  The waste fluid treatment apparatus 

according to claim 2, further comprising: 

        a control unit configured to control the wa ste 

fluid treatment apparatus; 

        a pH measuring instrument that measures a p H 

value of the processing waste fluid; 

        a material setting section incorporated in the 

control unit and configured to set a material of th e 

processing debris; and 

        a correspondence table that is incorporated  in 

the control unit and that presents pH values at whi ch 

zeta potential is 0 V for a plurality of materials 

respectively including the material of the processi ng 

debris, wherein 

        the control unit is further configured to 

control the acidification unit so that the pH value  

measured by the pH measuring instrument becomes equ al 

to the pH value at which the zeta potential is 0 V for 

the material of the processing debris as selected f rom 

the correspondence table. 

        5.  A processing water regeneration system 

comprising: 
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        a waste fluid treatment apparatus for recei ving 

processing waste fluid discharged from a processing  

machine that processes a workpiece with processing water 

supplied thereto, the processing waste fluid contai ning 

processing debris, and for allowing the processing debris 

to settle for removal of the processing debris from  the 

processing waste fluid, the waste fluid treatment 

apparatus including 

                a sedimentation tank that stores th e 

processing waste fluid with the processing debris 

contained therein, 

                an inflow port provided on the sedi mentation 

tank for introduction of the processing waste fluid  into 

the sedimentation tank, 

                an acidification unit configured to  acidify 

the processing waste fluid to be introduced from th e 

inflow port into the sedimentation tank, whereby th e 

processing debris is allowed to settle at a higher rate 

compared with a rate at which the processing debris  would 

settle if the processing waste water is neutral, an d 

                an outflow port provided on the 

sedimentation tank for discharge of acidic supernat ant 

that is obtained by allowing the processing debris in the 

processing waste fluid to settle in the sedimentati on 
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tank from the sedimentation tank; and 

        a processing water regeneration apparatus f or 

regenerating processing water by removing organic 

materials and inorganic materials from acidic super natant 

discharged from the waste fluid treatment apparatus  and 

removed of the processing debris, the processing wa ter 

regeneration apparatus including 

                an ultraviolet ray irradiation unit  that 

radiates an ultraviolet ray to the acidic supernata nt to 

decompose the organic materials and the inorganic 

materials into organic material ions and inorganic 

material ions, and 

                an ion exchange resin that removes the 

organic material ions and the inorganic materials i ons 

contained in the acidic supernatant, and 

        the acidic supernatant that is delivered fr om the 

ultraviolet ray irradiation unit and that contains the 

organic material ions and the inorganic material io ns is 

allowed to flow through the ion exchange resin of t he 

processing water regeneration apparatus to neutrali ze the 

acidic supernatant, so that the processing water is  

regenerated. 

        6.  The processing water regeneration syste m 

according to claim 5, wherein 
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        the acidification unit of the waste fluid 

treatment apparatus includes a carbon dioxide suppl y 

unit configured to supply carbon dioxide gas to the  

processing waste fluid. 

        7.  The processing water regeneration syste m 

according to claim 5, further comprising: 

        a control unit configured to control the wa ste 

fluid treatment apparatus; 

        a pH measuring instrument that measures a p H 

value of the processing waste fluid; 

        a material setting section incorporated in the 

control unit and configured to set a material of th e 

processing debris; and 

        a correspondence table that is incorporated  in 

the control unit and that presents pH values at whi ch 

zeta potential is 0 V for a plurality of materials 

respectively including the material of the processi ng 

debris, wherein 

        the control unit is further configured to 

control the acidification unit so that the pH value  

measured by the pH measuring instrument becomes equ al 

to the pH value at which the zeta potential is 0 V for 

the material of the processing debris as selected f rom 

the correspondence table. 
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        8.  The processing water regeneration syste m 

according to claim 6, further comprising: 

        a control unit configured to control the wa ste 

fluid treatment apparatus; 

        a pH measuring instrument that measures a p H 

value of the processing waste fluid; 

        a material setting section incorporated in the 

control unit and configured to set a material of th e 

processing debris; and 

        a correspondence table that is incorporated  in 

the control unit and that presents pH values at whi ch 

zeta potential is 0 V for a plurality of materials 

respectively including the material of the processi ng 

debris, wherein 

        the control unit is further configured to 

control the acidification unit so that the pH value  

measured by the pH measuring instrument becomes equ al 

to the pH value at which the zeta potential is 0 V for 

the material of the processing debris as selected f rom 

the correspondence table.   


