PROCESSI NG LI QUI D Cl RCULATI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a processi ng
liquid circulating apparatus for supplying a proces sing
liquid such as pure water to a processing apparatus

Description of the Related Art

For example, a processing liquid circulatin g
apparatus disclosed in JP 2009-190128A or JP 2008-0 37695A
produces clear water free of swarf by storing in a tank a
processing waste liquid containing swarf delivered from a
processing apparatus and passing the processing was te
liquid pumped from the tank by a pump through a fil ter to
remove the swarf from the processing waste liquid. The
processing liquid circulating apparatus then applie san
ultraviolet radiation to the produced clear water t o turn
organic substances in the clear water into ions, an d
passes the clear water through an ion exchange resi n to
cause the ion exchange resin to adsorb organic subs tance
ions and inorganic substance ions, thereby reproduc ing

the clear water as pure water. The pure water is

delivered to the processing apparatus.



SUMVARY OF THE | NVENTI ON

The clear water free of the swarf contains organic
substances immediately before the clear water flows from
the tank to an ultraviolet radiation applying unit that
applies an ultraviolet radiation to the clear water . When

the processing liquid circulating apparatus is not

operating, therefore, saprophytic bacteria tend to grow
due to the organic substances contained in the clea r
water. If the processing liquid circulating appara tus

shuts down for a long period of time, saprophytic

bacteria are likely to multiply to the extent that they
cannot be eliminated by the application of an ultra violet
radiation, and hence, the clear water is not suffic iently

sterilized. Once saprophytic bacteria have been
reproduced in the water in the tank, it is necessar yto
discard the water in the tank and pure water has to be

produced by refining city water. Since it is time-

consuming to produce pure water by refining city wa ter, a
problem arises in that the processing apparatus nee ds to
be left on standby during the refinement of city wa ter.

In addition, there have been needs in the art for t he
reusing of clear water from which swarf has been re moved

to produce pure water.

It is therefore an object of the present in vention



to provide a processing liquid circulating apparatu
prevents saprophytic bacteria from being multiplied
processing waste liquid and clear water that stay i
tanks and pipes for interconnecting tanks and other
components, etc., when the processing liquid circul
apparatus shuts down for a long period of time, i.e
when the processing liquid circulating apparatus do
deliver pure water to be supplied to a processing
apparatus, for a long period of time.

In accordance with an aspect of the present
invention, there is provided a processing liquid
circulating apparatus including a waste liquid tank

storing a processing waste liquid containing swarf

discharged from a processing apparatus that process

workpiece, a waste liquid pump for pumping the proc

waste liquid from the waste liquid tank, a filter u

for removing swarf from the processing waste liquid
pumped from the waste liquid tank by the waste liqu
pump, to thereby produce clear water, a clear water
for storing clear water, a clear water pump for pum
clear water from the clear water tank, an ultraviol
radiation applying unit for applying an ultraviolet
radiation to the clear water, an ion exchange resin

for passing the clear water to which the ultraviole
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radiation has been applied through an ion exchange
to produce pure water, and a cleaning unit for clea
water flow passageway from the waste liquid tank to
clear water pump. In the processing liquid circula
apparatus, the ultraviolet radiation applying unit
ultraviolet lamp, a quartz glass tube defining ther
first space surrounding the ultraviolet lamp, a fra
defining therein a second space surrounding the qua
glass tube, a gas inlet for introducing gas into th
first space, a gas outlet for discharging the gas f

the first space, a water inlet for introducing clea
water into the second space, and a water outlet for
discharging the clear water from the second space,
cleaning unit has an oxygen charge unit for introdu
gas containing oxygen into the first space, a first
interconnecting the gas outlet and the clear water
and a second pipe interconnecting the water outlet
the waste liquid tank, and the gas containing oxyge
has been introduced into the first space is irradia
with the ultraviolet radiation, generating ozone, t
containing the ozone is mixed with the clear water
clear water tank, producing ozone water, and the o0z
water is then introduced into the waste liquid tank

circulated successively through the waste liquid pu
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the filter unit, the clear water tank, the clear wa
pump, the ultraviolet radiation applying unit, the
pipe, and the waste liquid tank, thereby cleaning t
waste liquid tank, the waste liquid pump, the filte
the clear water tank, the clear water pump, the
ultraviolet radiation applying unit, the second pip
the waste liquid tank.

According to the aspect of the present inve
the filter unit may have a filter that is of a tubu
shape having a charge port defined centrally therei
charging the processing waste liquid therethrough i
the filter and discharges clear water from openings
defined in side walls, a tray on which the filter i
placed, and a filter housing that houses the filter
the tray therein, and the cleaning unit may further
include a gas charge unit for drawing gas in the fi
housing and introducing the gas into the first spac
drawing gas in the waste liquid tank and charging t
into the first space, and drawing gas in the clear
tank and charging the gas into the first space.

According to the aspect of the present inve
the processing liquid circulating apparatus may fur
include an inactive gas charge unit for charging an

inactive gas into the first space, and when clear w
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is delivered from the ultraviolet radiation applyin
to the ion exchange resin unit, the inactive gas ch
unit may fill the first space with the inactive gas

According to the aspect of the present inve
when the processing liquid circulating apparatus sh
down for a long period of time, i.e., when the proc
liquid circulating apparatus does not deliver pure
to be supplied to a processing apparatus, for a lon
period of time, it is possible to prevent saprophyt
bacteria from being multiplied in the waste liquid
the filter unit, the clear water tank, the clear wa
pump, the ultraviolet radiation applying unit, the
pipe, and the waste liquid tank. When the processi
liquid circulating apparatus is to deliver pure wat
again to the processing apparatus, clear water in t
processing liquid circulating apparatus can be reus
without being discharged.

In a case where the filter unit has a filte
is of a tubular shape having a charge port defined
centrally therein for charging the processing waste
liquid therethrough into the filter and discharges
water from openings defined in side walls, a tray o
which the filter is placed, and a filter housing th

houses the filter and the tray therein and the clea
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unit further includes a gas charge unit for drawing
in the filter housing and introducing the gas into
first space, drawing gas in the waste liquid tank a
charging the gas into the first space, and drawing
the clear water tank and charging the gas into the
space, when the ozone water containing the ozone
generated in the first space is circulated through
waste liquid tank, the filter unit, and the clear w
tank, ozone vaporized in the various components is
retrieved back into the first space and is hence
prevented from leaking out of the processing liquid
circulating apparatus. The operator is thus free o
danger of inhaling ozone in the processing liquid
circulating apparatus.

In a case where the processing liquid circu
apparatus further includes an inactive gas charge u
for charging an inactive gas into the first space,
clear water is delivered from the ultraviolet radia
applying unit to the ion exchange resin unit, e.g.,
the processing liquid circulating apparatus is to d
pure water again to the processing apparatus after
having delivered pure water to the processing appar
for a long period of time, the inactive gas charge

fills the first space with the inactive gas. The
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ultraviolet radiation emitted by the ultraviolet la
transmitted through the quartz glass tube without b
attenuated in the first space and is applied to cle
water in the second space. The ultraviolet radiati
has not been attenuated sufficiently sterilizes the
water in the second space and also decomposes organ
substances to generate pure water, thereby deliveri
pure water of high purity to the processing apparat
The above and other objects, features and
advantages of the present invention and the manner
realizing them will become more apparent, and the
invention itself will best be understood from a stu
the following description and appended claims with
reference to the attached drawings showing a prefer

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a schematic perspective view illu
by way of example the structure of a processing liq
circulating apparatus according to an embodiment of
present invention;

FIG. 2 is a view illustrating by way of exa
structure of an ultraviolet radiation applying unit

the manner in which the ultraviolet radiation apply

8

mp is
eing
ar

on that

clear

ng

us.

of

dy of

red

strating
uid

the

mple the

and

ing



unit, a cleaning unit, an inactive gas charge unit,
clear water tank, a clear water pump, and a waste |
tank are held in fluid communication with each othe
while ozone water is being circulated; and

FIG. 3 is a view illustrating the manner in
clear water is delivered from the ultraviolet radia

applying unit to an ion exchange resin.

iquid

which

tion

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A processing apparatus A illustrated in FIG
for example, either a grinding apparatus, used in a
process of fabricating semiconductor devices, for
grinding a workpiece such as a silicon wafer, for e
with a rotating grinding stone while supplying a
processing liquid, i.e., pure water, to the workpie
thin the workpiece, or a cutting apparatus, used in
process of fabricating semiconductor devices, for ¢
a workpiece held on a chuck table by causing a cutt
blade that is rotating with respect to the workpiec
cut into the workpiece while supplying a processing
liquid.

A processing liquid circulating apparatus 1
according to a preferred embodiment of the present

invention is connected to the processing apparatus

.1is,

xample,

ce, to

utting
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A. The



processing liquid circulating apparatus 1 includes
least a waste liquid tank 20 for storing a processi
waste liquid containing swarf discharged from the
processing apparatus A that processes a workpiece w
supplying a processing liquid thereto, a waste liqu
pump 22 for pumping the processing waste liquid fro
waste liquid tank 20, a filter unit 3 for removing
from the processing waste liquid pumped from the wa
liquid tank 20 by the waste liquid pump 22, to ther
produce clear water, a clear water tank 40 for stor
the clear water from the filter unit 3, a clear wat
pump 42 for pumping the clear water from the clear
tank 40, an ultraviolet radiation applying unit 5 f
applying an ultraviolet radiation to the clear wate
ion exchange resin unit 6 for passing the clear wat
which an ultraviolet radiation has been applied, th
an ion exchange resin, to produce pure water, and a
cleaning unit 7 for cleaning a water flow passagewa
the waste liquid tank 20 to the clear water pump 42
The processing waste liquid containing swar
silicon swarf, discharged from the processing appar
passes through a processing waste liquid pipe 23 th
be in the form of a metal tube, a flexible tube, or

like and flows into the waste liquid tank 20.
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The waste liquid pump 22 that is connected
waste liquid tank 20 pumps the processing waste liq
from the waste liquid tank 20 under a negative pres
produced by the waste liquid pump 22 and delivers t

processing waste liquid into a filter unit inlet pi

whose one end is connected to the waste liquid pump

The other end of the filter unit inlet pipe
held in fluid communication with the filter unit 3.
pressure gage 249 is connected to the filter unit i
pipe 24 for monitoring whether the rate at which th
processing waste liquid delivered by the waste liqu
pump 22 exceeds the processing capacity of the filt
unit 3 is reached.

According to the present embodiment, the fi
unit 3 that removes swarf from the processing waste
liquid pumped from the waste liquid tank 20 by the
liquid pump 22, to thereby produce clear water is a
incorporating the product name “CC Filter” manufact
by DISCO Corporation, for example. The filter unit
includes a first filter 31 and a second filter 32,
example, as illustrated in FIG. 1. The processing
liquid flowing through the filter unit inlet pipe 2
introduced into the first filter 31 and the second

32.
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The first filter 31 and the second filter 3
in a tubular form, include respective tubular bodie
and 321 having a plurality of unillustrated opening
defined in side walls thereof, respective charge po
312 and 322 defined centrally in respective upper
surfaces of the tubular bodies 311 and 321 for
introducing the processing waste liquid therethroug
the tubular bodies 311 and 321, and respective
unillustrated tubular filter papers disposed in the
tubular bodies 311 and 321, respectively. In the f
and second filters 31 and 32, the processing waste
introduced from the charge ports 312 and 322 into t
filter papers is filtered by the tubular filter pap
and discharged as clear water from the tubular bodi
and 321 through the openings defined in the side wa
thereof.

The first filter 31 and the second filter 3
constructed are arrayed on a tub-like tray 34. Cle
water from which swarf has been removed by the firs
second filters 31 and 32 is discharged therefrom in
tray 34. A pipe 340 has an upstream end connected
tray 34 and a downstream end connected to the clear
tank 40.

The first and second filters 31 and 32 and
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34 are housed in a box-shaped filter housing 35. T
filter housing 35 is able to hold gas therein.

As illustrated in FIG. 1, the other end of
filter unit inlet pipe 24 is branched into a first
unit inlet pipe 241 and a second filter unit inlet
242. The first filter unit inlet pipe 241 is conne
the charge port 312 of the first filter 31, whereas
second filter unit inlet pipe 242 is connected to t
charge port 322 of the second filter 32.

A first solenoid valve 241a is connected to
first filter unit inlet pipe 241, and a second sole
valve 242a is connected to the second filter unit i
pipe 242. The first solenoid valve 241a and the se
solenoid valve 242a operate to selectively connect
first filter unit inlet pipe 241 and the second fil
unit inlet pipe 242 to the first filter 31 and the
filter 32, respectively, or disconnect the first fi
unit inlet pipe 241 and the second filter unit inle
242 from the first filter 31 and the second filter
respectively.

If only the first filter 31 continues to pr
the processing waste liquid, for example, swarf is
deposited on the inside of the unillustrated filter

of the first filter 31, tending to prevent the proc
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waste liquid from passing through the filter paper
hence to cause the first filter 31 to malfunction.
result, the pressure gage 49 that measures the pres
in the filter unit inlet pipe 24 detects that the
pressure has exceeded an allowable value. On the b
a signal from the pressure gage 49, the first solen
valve 241a is controlled to close itself to disconn

the first filter unit inlet pipe 241 from the first

filter 31. Furthermore, the second solenoid valve
controlled to open itself to connect the second fil

unit inlet pipe 242 to the second filter 32. At th

the pressure gage 49 detects the pressure in the fi
unit inlet pipe 24 has increased and has exceeded t
allowable value, unillustrated alarm means is activ

to issue an alarm and display on a screen a message
indicating to the operator that the first filter 31
malfunctioned and needs to be replaced.

As a consequence, the processing waste liqu
delivered by the waste liquid pump 22 flows into th
second filter 32, which processes the processing wa
liquid in the same manner as the first filter 31.
the first filter 31 has its filter paper ready to b
replaced, the operator can replace the filter paper

the first filter 31. Consequently, even when the f
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filter 31 is being replaced, the processing liquid
circulating apparatus 1 does not need to shut down
second filter 32 is able to continuously process th
processing waste liquid.

The clear water from the tray 34 flows thro
pipe 340 into the clear water tank 40. The clear w
stored in the clear water tank 40 is pumped therefr
the clear water pump 42 illustrated in FIG. 1 and f
through an ultraviolet radiation applying unit inle
422 whose one end is connected to the clear water p
into the ultraviolet radiation applying unit 5.

FIG. 2 illustrates the structure of the ult
radiation applying unit 5 in vertical cross section
illustrated in FIG. 2, the ultraviolet radiation ap
unit 5 includes an ultraviolet lamp 50, a quartz gl
tube 52 defining therein a first space 521 surround
the ultraviolet lamp 50, a frame 54 defining therei
second space 542 surrounding the quartz glass tube
gas inlet 55 for introducing gas into the first spa
a gas outlet 56 for discharging the gas from the fi
space 521, a water inlet 57 for introducing clear w
into the second space 542, and a water outlet 58 fo
discharging the clear water from the second space 5

The ultraviolet lamp 50 is, for example, a
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pressure mercury lamp that efficiently radiates
ultraviolet radiations laterally at respective shor
wavelengths of approximately 185 nm and approximate
nm as main wavelengths. However, the ultraviolet |
Is not limited to such details. The ultraviolet la
is, for example, of a columnar shape extending vert
in Z-axis directions and has connection terminals 5
disposed respectively on upper and lower ends there
connected to a power supply 59.

The frame 54 is made of stainless steel of
the like and is of a cylindrical shape. The frame
includes a bottom plate 541, a top plate 543 axiall
spaced from and facing the bottom plate 541, and a
wall 544 interconnecting the top plate 543 and the
plate 541.

The quartz glass tube 52 is made of quartz
that is much purer than general glass and is able t
transmit ultraviolet radiations well therethrough.
guartz glass tube 52 is, for example, of a hollow
cylindrical shape and has upper and lower ends fixe
the top plate 543 and the bottom plate 541, respect
of the frame 54. In the example illustrated in FIG
the gas inlet 55 for introducing gas into the first

521 is defined thicknesswise through the top plate
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and the gas outlet 56 for discharging the gas from
first space 521 is defined thicknesswise through th
bottom plate 541.

In the example illustrated in FIG. 2, the w
inlet 57 for introducing clear water into the secon
space 542 is defined thicknesswise through the top
543. The other end of the ultraviolet radiation ap
unit inlet pipe 422 is connected to the water inlet

The water outlet 58 for discharging the cle
from the second space 542 is defined thicknesswise
through the bottom plate 541.

The cleaning unit 7 for cleaning the water
passageway from the waste liquid tank 20 to the cle
water pump 42 illustrated in FIGS. 1 and 2 includes
least an oxygen charge unit 70 for introducing gas
containing oxygen, i.e., air, into the first space
first pipe 71 interconnecting the gas outlet 56 and
clear water tank 40, and a second pipe 72 interconn
the water outlet 58 of the ultraviolet radiation ap
unit 5 and the waste liquid tank 20. The cleaning
according to the present embodiment further include
gas charge unit 79 for drawing gas in the filter ho
35 of the filter unit 3 and introducing the gas int

first space 521, drawing gas in the waste liquid ta
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and introducing the gas into the first space 521, a
drawing gas in the clear water tank 40 and introduc
the gas into the first space 521.

As illustrated in FIG. 2, a main pipe 550 i
connected to the gas inlet 55 that introduces gas i
the first space 521 in the ultraviolet radiation ap
unit 5.

The oxygen charge unit 70 includes an air s
i.e., an oxygen source, 700 such as a compressor or
blower, for example, an air charge pipe 701
interconnecting the main pipe 550 and the air sourc
and an air source on/off valve 702 connected to the
charge pipe 701.

The gas charge unit 79 illustrated in FIGS.
includes a waste liquid tank gas drawing pipe 790 h
an end connected to the waste liquid tank 20, a hou
gas drawing pipe 791 having an end connected to the
filter housing 35 of the filter unit 3, and a clear
tank gas drawing pipe 792 having an end connected t
clear water tank 40. The other end of the waste i
tank gas drawing pipe 790, the other end of the hou
gas drawing pipe 791, and the other end of the clea
water tank gas drawing pipe 792 are connected to th

pipe 550 connected to the gas inlet 55 through a su

18

nd

ing

nto

plying

ource,

e 700,

air

land?2
aving

sing

water
o the
quid

sing

e main

ction



fan 794.

According to the present embodiment, the fi
71 that interconnects the gas outlet 56 and the cle
water tank 40 is also connected to the clear water
42, as illustrated in FIGS. 1 and 2. A first pipe
valve 711 is connected to the first pipe 71.

The second pipe 72 branches into an ion exc
inlet pipe 583 connected to the ion exchange resin
An inlet pipe on/off valve 583a is connected to the
exchange inlet pipe 583, and a second pipe on/off v
72a is connected to the second pipe 72.

The processing liquid circulating apparatus
according to the present embodiment includes an ina
gas charge unit 16 for introducing an inactive gas
the first space 521 in the ultraviolet radiation ap
unit 5 illustrated in FIG. 2. The inactive gas cha
unit 16 includes an inactive gas source 160 for sto
nitrogen gas, for example, a gas charge pipe 161
interconnecting the main pipe 550 and the inactive
source 160, and a gas source on/off valve 162 conne
to the gas charge pipe 161. The inactive gas sourc
stores an argon gas instead of the nitrogen gas.

As illustrated in FIG. 1, the ultraviolet r

applying unit 5 is detachably disposed on a support
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14 illustrated in FIG. 1, for example. A partition

140 is erected on the support base 14 so as to exte
the Z-axis directions. The ultraviolet radiation a
unit 5 is positioned behind the partition plate 140
the support base 14, i.e., rearwardly of the partit
plate 140 in a + Y direction that is one of Y-axis
directions. A precision filter 17 is detachably mo

on the support base 14 rearwardly of the partition
140 in the + Y direction, adjacent to the ultraviol
radiation applying unit 5.

According to the present embodiment, the io
exchange resin unit 6 illustrated in FIG. 1 include
first ion exchanger 61 and a second ion exchanger 6
example. The first ion exchanger 61 and the second
exchanger 62 are detachably disposed forwardly of t
partition plate 140 in a - Y direction that is the
of the Y-axis directions and are arrayed on the sup
base 14.

The clear water supplied to the ultraviolet
radiation applying unit 5 is sterilized, and organi
substances contained therein are ionized by the
ultraviolet radiation applied by the ultraviolet
radiation applying unit 5. The clear water thus pr

is discharged from the second space 542 (see FIG. 2
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through the water outlet 58, then flows through the
exchange inlet pipe 583, and is branched so as to b
introduced into the first ion exchanger 61 and the
ion exchanger 62

The ion exchange inlet pipe 583 is branched
downstream of the inlet pipe on/off valve 583a into
branch pipes to which a first solenoid-operated on/
valve 581 and a second solenoid-operated on/off val
are connected, respectively. When the first soleno
operated on/off valve 581 is opened, the clear wate
sterilized by the ultraviolet radiation is introduc
therethrough into the first ion exchanger 61. When
second solenoid-operated on/off valve 582 is opened
clear water sterilized by the ultraviolet radiation
introduced therethrough into the second ion exchang
The clear water introduced into the first ion excha
61 or the second ion exchanger 62 is refined into p
water by way of an ion exchange. When the first io
exchanger 61 is to be replaced, for example, the fi
solenoid-operated on/off valve 581 is closed, and t
clear water is temporarily introduced into only the
second ion exchanger 62.

The pure water thus produced from the clear

by way of an ion exchange may contain fine particle
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as of resin debris of the ion exchange resin of the
and second ion exchangers 61 and 62. For this reas
pure water produced from the clear water by way of
exchange by the first and second ion exchangers 61
is introduced through a pipe 171 into the precision
filter 17, which traps fine particles such as of re
debris of the ion exchange resin that may be contai
the pure water.

As illustrated in FIG. 1, a pressure gage 1
measuring the pressure of pure water delivered from
first and second ion exchangers 61 and 62 to the
precision filter 17 is connected to the pipe 171.

the pressure in the pipe 171 that is measured by th

pressure gage 173 has reached a predetermined press

value or higher, the pressure gage 173 decides that
precision filter 17 has malfunctioned due to a depo
fine particles such as of resin debris in the preci
filter 17, and issues an alarm and displays on a sc
message indicating to the operator that the precisi
filter 17 needs to be replaced.

Moreover, a specific resistance meter 175 f
detecting the specific resistance of pure water del
from the first ion exchanger 61 or the second ion

exchanger 62 to the precision filter 17 may be conn
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to the pipe 171.

Pure water that has passed through the prec
filter 17 is delivered through a pipe 180 to a pure
temperature regulator 18. The pure water delivered
pure water temperature regulator 18 is regulated to
predetermined temperature and is then supplied to a
unillustrated processing liquid supply unit in the
processing apparatus A illustrated in FIG. 1.

Operation of the various components of the
processing liquid circulating apparatus 1 for preve
saprophytic bacteria from being multiplied in the
processing waste liquid and the clear water that st
the waste liquid tank 20, the waste liquid pump 22,
filter unit 3, the clear water tank 40, the clear w
pump 42, the ultraviolet radiation applying unit 5,
the various pipes interconnecting those components
the processing liquid circulating apparatus 1 shuts
for a long period of time, i.e., when the processin
liquid circulating apparatus 1 does not deliver pur
water to be supplied to the processing apparatus A,
long period of time, will be explained.

First, as illustrated in FIG. 2, with the a
source on/off valve 702 being open, the air source

supplies a predetermined amount of air, i.e., oxyge
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the air charge pipe 701. The air flows from the ai
charge pipe 701 into the main pipe 550 and then flo
from the main pipe 550 through the gas inlet 55 int
first space 521 in the ultraviolet radiation applyi
unit 5.

The ultraviolet lamp 50 is energized by the
supply 59, simultaneously applying ultraviolet radi
at respective wavelengths of approximately 185 nm a
approximately 254 nm to the air, i.e., gas, contain
oxygen introduced into the first space 521. Asar
oxygen molecules contained in the air in the first
521 absorb the ultraviolet radiation having the
wavelength of approximately 185 nm and are decompos
into oxygen atoms. In other words, the ultraviolet
radiation is attenuated by the air containing oxyge
generated oxygen atoms are combined with oxygen mol
therearound, generating ozone. Therefore, the air
first space 521 takes on sterilizing power based on
generated ozone, i.e., active oxygen.

The ozone, i.e., gas, generated in the firs
521 is discharged from the gas outlet 56, flows thr
the first pipe 71 with the first pipe on/off valve
being open into the clear water tank 40 and/or the

water pump 42. The introduced ozone is mixed and/o
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combined with clear water stored in the clear water
40 and/or the clear water pump 42, turning the clea
water into ozone water.

The ozone water generated in the clear wate
40 and/or the clear water pump 42 is pumped by the
water pump 42 and delivered through the ultraviolet
radiation applying unit inlet pipe 422 illustrated
1 to the ultraviolet radiation applying unit 5. Th
ozone water flows from the water inlet 57 of the
ultraviolet radiation applying unit 5 illustrated i
2 into the second space 542.

The ozone water that has flowed into the se
space 542 is discharged from the water outlet 58 an
flows through the second pipe 72 with the second pi
on/off valve 72a being open into the waste liquid t
The inlet pipe on/off valve 583a that is connected
ion exchange inlet pipe 583 branched from the secon
72 has been closed, stopping the ozone water from f
to the ion exchange resin unit 6.

A predetermined amount, e.g., approximately
liters, of processing waste liquid stored in the wa
liquid tank 20 is now cleaned by the ozone water.
other words, saprophytic bacteria contained in the

processing waste liquid in the waste liquid tank 20
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sterilized. Thereafter, the ozone water is pumped
the waste liquid tank 20 by the waste liquid pump 2
cleans the processing waste liquid in the waste lig
pump 22, and flows through the filter unit inlet pi
while cleaning the inside thereof.

The ozone water flowing through the filter
inlet pipe 24 flows into the first and second filte
and 32 of the filter unit 3 and passes through the
and second filters 31 and 32, removing swarf theref
and flowing into the tray 34. Then, the ozone wate
out of the tray 34 into the pipe 340, from which th
ozone water flows into the clear water tank 40. In
manner, the filter unit 3 is sterilized and cleaned
the ozone water.

Furthermore, the ozone water pumped from th
water tank 40 by the clear water pump 42 flows thro
the water inlet 57 of the ultraviolet radiation app
unit 5 into the second space 542 therein, circulati
through the same route as described above.

As described above, the processing liquid
circulating apparatus 1 according to the present
invention includes the ultraviolet radiation applyi
unit 5 and the cleaning unit 7 for cleaning the wat

flow passageway from the waste liquid tank 20 to th
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clear water pump 42. The ultraviolet radiation app
unit 5 has the ultraviolet lamp 50, the quartz glas

52 defining therein the first space 521 surrounding
ultraviolet lamp 50, the frame 54 defining therein
second space 542 surrounding the quartz glass tube
the gas inlet 55 for introducing gas into the first

521, the gas outlet 56 for discharging the gas from
first space 521, the water inlet 57 for introducing
water into the second space 542, and the water outl
for discharging the clear water from the second spa
The cleaning unit 7 has the oxygen charge unit 70 f
introducing gas containing oxygen into the first sp
521, the first pipe 71 interconnecting the gas outl
and the clear water tank 40, and the second pipe 72
interconnecting the water outlet 58 and the waste |
tank 20. The gas containing oxygen that has been
introduced into the first space 521 is irradiated w
the ultraviolet radiation, generating ozone. The g
containing the ozone is mixed with the clear water
clear water tank 40, producing ozone water. The 0z
water is then introduced into the waste liquid tank
and circulated successively through the waste liqui
22, the filter unit 3, the clear water tank 40, the

water pump 42, the ultraviolet radiation applying u
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the second pipe 72, and the waste liquid tank 20,
cleaning, i.e., sterilizing, the processing waste |

and the clear water that are stored in those compon
It is thus possible to prevent saprophytic bacteria
being multiplied in the waste liquid pump 22, the f
unit 3, the clear water tank 40, the clear water pu
the ultraviolet radiation applying unit 5, the seco
pipe 72, and the waste liquid tank 20 when the proc
liquid circulating apparatus 1 shuts down for a lon
period of time, i.e., when the processing liquid
circulating apparatus 1 does not deliver pure water
supplied to the processing apparatus A, for a long
of time. Moreover, in a case where the processing
circulating apparatus 1 delivers pure water again t
processing apparatus A, clear water in the processi
liquid circulating apparatus 1 can be reused withou
being discharged, i.e., discarded.

The cleaning unit 7 of the processing liqui
circulating apparatus 1 according to the present
embodiment includes the gas charge unit 79 illustra
FIGS. 1 and 2. The gas charge unit 79 operates whe
water starts being circulated in the processing lig
circulating apparatus 1.

When the ozone water is introduced into the
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liquid tank 20 illustrated in FIG. 1, some ozone is
vaporized from the ozone water in the waste liquid
20 and stays in an upper portion of the space in th
waste liquid tank 20. The suction fan 794 of the g
charge unit 79 is actuated to draw the ozone releas
from the ozone water in the waste liquid tank 20 th
the waste liquid tank gas drawing pipe 790 and to ¢
the ozone through the main pipe 550 and the gas inl
(see FIG. 2) into the first space 521 in the ultrav
radiation applying unit 5.

When the ozone water is introduced into the
water tank 40, some ozone is vaporized from the o0zo
water in the clear water tank 40 and stays in an up
portion of the space in the clear water tank 40. T
suction fan 794 draws the ozone released from the o
water in the clear water tank 40 through the clear
tank gas drawing pipe 792 and charges the ozone thr
the main pipe 550 and the gas inlet 55 into the fir
space 521 in the ultraviolet radiation applying uni

When the ozone water is introduced into the
filter 31 or the second filter 32, some ozone is
vaporized from the ozone water discharged from the
filter 31 or the second filter 32 into the tray 34

stays in an upper portion of the space in the filte
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housing 35. The suction fan 794 draws the ozone re
from the ozone water in the filter housing 35 throu
housing gas drawing pipe 791 and charges the ozone
through the main pipe 550 and the gas inlet 55 into
first space 521 in the ultraviolet radiation applyi

unit 5.

As described above, as the cleaning unit 7
processing liquid circulating apparatus 1 according
the present embodiment includes the gas charge unit
when the ozone water containing the ozone generated
the first space 521 is circulated through the waste
liquid tank 20, the filter unit 3, and the clear wa
tank 40, ozone vaporized in the various components
retrieved back into the first space 521 and is henc
prevented from leaking out of the processing liquid
circulating apparatus 1. The operator is thus free
danger of inhaling ozone in the processing liquid
circulating apparatus 1.

Operation of the processing liquid circulat
apparatus 1 at the time clear water is to be delive
from the ultraviolet radiation applying unit 5
illustrated in FIGS. 1 and 3 to the ion exchange re
unit 6, i.e., at the time the processing liquid

circulating apparatus 1 is to deliver pure water ag
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the processing apparatus A after not having deliver
pure water to the processing apparatus A for a long
period of time, will be explained.

First, as illustrated in FIG. 3, the air so
on/off valve 702 of the oxygen charge unit 70 of th
cleaning unit 7 is closed, stopping charging oxygen
the first space 521 in the ultraviolet radiation ap
unit 5. The bottom plate 541 of the frame 54 has a
discharge hole 730 held in communication with an oz
retrieval duct 73 through an on/off valve 731. Whe

on/off valve 731 is opened, ozone remaining in the

space 521 is discharged therefrom through the ozone

discharge hole 730. Alternatively, ozone remaining
first space 521 may be allowed to be self-decompose
after oxygen has stopped being charged into the fir
space 521, instead of being discharged therefrom th
the ozone discharge hole 730 into the ozone retriev
duct 73.

Then, the on/off valve 731 is closed, and a
inactive gas, e.g., a nitrogen gas, is charged from
inactive gas source 160 of the inactive gas charge
16 through the gas source on/off valve 162 as it is
the gas charge pipe 161, the main pipe 550, and the

inlet 55 into the first space 521 in the ultraviole
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radiation applying unit 5, filling up the first spa
with the inactive gas. The first pipe on/off valve
closed to prevent the inactive gas from flowing int
clear water tank 40.

The ultraviolet lamp 50 simultaneously appl

ultraviolet radiations at respective wavelengths of

approximately 185 nm and approximately 254 nm, whic

transmitted through the quartz glass tube 52 withou
being attenuated by the inactive gas and reach the
water in the second space 542. Saprophytic bacteri
contained in the clear water are now sterilized, an
organic substances in the clear water are decompose
l.e., ionized.

Since no new ozone has been introduced into
clear water delivered from the clear water tank 40
illustrated in FIGS. 1 and 3 into the second space
the ultraviolet radiation applying unit 5, any ozon
remaining in the clear water has been self-decompos
eliminated.

The clear water in the second space 542 is
discharged through the water outlet 58 and flows th
the ion exchange inlet pipe 583 with the inlet pipe
on/off valve 583a being open into the ion exchange

unit 6. The second pipe on/off valve 72a is closed

32

ce 521

711is

o the

ies

h are

clear

the

542 in

ed and

rough

resin

to



prevent the clear water from flowing into the waste
liquid tank 20.

The clear water introduced into the ion exc
resin unit 6 is turned into pure water by way of an
exchange by the ion exchange resin unit 6. The pur
flows through the precision filter 17, which traps
particles such as of resin debris of the ion exchan
resin that may be contained in the pure water. The
water is delivered to the pure water temperature
regulator 18, regulated to a predetermined temperat
and then supplied to the unillustrated processing |
supply unit in the processing apparatus A illustrat
FIG. 1.

The processing liquid circulating apparatus
according to the present invention includes the ina
gas charge unit 16 for introducing an inactive gas
the first space 521 in the ultraviolet radiation ap
unit 5. When the ultraviolet radiation applying un
to deliver clear water to the ion exchange resin un
i.e., when the processing liquid circulating appara
Is to deliver pure water again to the processing
apparatus A after not having delivered pure water t
processing apparatus A for a long period of time, t

inactive gas charge unit 16 fills the first space 5
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with the inactive gas. As there is no oxygen in th
space 521, the energy of the ultraviolet radiation
emitted by the ultraviolet lamp 50 is not attenuate
the first space 521, but is transmitted through the
guartz glass tube 52 and applied to the clear water
the second space 542. The ultraviolet radiation th
not been attenuated sterilizes saprophytic bacteria
contained in the clear water in the second space 54
also decomposes organic substances and turns them i
ions. The first ion exchanger 61 and the second io
exchanger 62 adsorb the organic substance ions,
generating and delivering pure water of high purity
the processing apparatus A. Moreover, in a case wh
processing liquid circulating apparatus 1 delivers
water again to the processing apparatus A, clear wa
the processing liquid circulating apparatus 1 can b
reused without being discharged.

The processing liquid circulating apparatus
according to the present invention is not limited t
illustrated details according to the above embodime
The present invention is not limited to the structu
details illustrated in the accompanying drawings, a
various changes and modifications may be made there

without departing from the scope of the invention.
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The present invention is not limited to the
of the above described preferred embodiment. The s
the invention is defined by the appended claims and
changes and modifications as fall within the equiva
of the scope of the claims are therefore to be embr

by the invention.
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WHAT | S CLAIMED | S:

1. A processing liquid circulating apparat
comprising:

a waste liquid tank for storing a processin
liquid containing swarf discharged from a processin
apparatus that processes a workpiece;

a waste liquid pump for pumping the process
waste liquid from the waste liquid tank;

a filter unit for removing swarf from the
processing waste liquid pumped from the waste liqui
by the waste liquid pump, to thereby produce clear

a clear water tank for storing clear water;

a clear water pump for pumping clear water
clear water tank;

an ultraviolet radiation applying unit for
an ultraviolet radiation to the clear water;

an ion exchange resin unit for passing the
water to which the ultraviolet radiation has been a
through an ion exchange resin, to produce pure wate

a cleaning unit for cleaning a water flow
passageway from the waste liquid tank to the clear
pump,

wherein the ultraviolet radiation applying

an ultraviolet lamp, a quartz glass tube defining t
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a first space surrounding the ultraviolet lamp, a f
defining a second space surrounding the quartz glas
a gas inlet for introducing gas into the first spac
gas outlet for discharging the gas from the first s
a water inlet for introducing clear water into the
space, and a water outlet for discharging the clear
from the second space,

the cleaning unit has an oxygen charge unit
introducing gas containing oxygen into the first sp
first pipe interconnecting the gas outlet and the ¢
water tank, and a second pipe interconnecting the w
outlet and the waste liquid tank, and

the gas containing oxygen that has been int
into the first space is irradiated with the ultravi
radiation, generating ozone, the gas containing the
Is mixed with the clear water in the clear water ta
producing ozone water, and the ozone water is then
introduced into the waste liquid tank and circulate
successively through the waste liquid pump, the fil
unit, the clear water tank, the clear water pump, t
ultraviolet radiation applying unit, the second pip
the waste liquid tank, thereby cleaning the waste |
tank, the waste liquid pump, the filter unit, the c

water tank, the clear water pump, the ultraviolet
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radiation applying unit, the second pipe, and the w
liquid tank.

2. The processing liquid circulating appar
according to claim 1,

wherein the filter unit has a filter that i
tubular shape having a charge port defined centrall
the filter for charging the processing waste liquid
the filter and discharges clear water from openings
defined in side walls, a tray on which the filter i
placed, and a filter housing that houses the filter
the tray, and

the cleaning unit further includes a gas ch
unit for drawing gas in the filter housing and
introducing the gas into the first space, drawing g
the waste liquid tank and charging the gas into the
space, and drawing gas in the clear water tank and
charging the gas into the first space.

3. The processing liquid circulating appar
according to claim 1, further comprising:

an inactive gas charge unit for charging an
inactive gas into the first space,

wherein, when clear water is delivered from
ultraviolet radiation applying unit to the ion exch

resin unit, the inactive gas charge unit fills the

38

aste

atus

sofa

yin

into

and

arge

as in

first

atus

the
ange

first



space with the inactive gas.

4. The processing liquid circulating appar
according to claim 2, further comprising:

an inactive gas charge unit for charging an
inactive gas into the first space,

wherein, when clear water is delivered from
ultraviolet radiation applying unit to the ion exch
resin unit, the inactive gas charge unit fills the

space with the inactive gas.
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