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(54) (TITLE OF THE INVENTION) Liquid tank and weir member

(57) (ABSTRACT)

(PROBLEM) To provide: a liquid tank that is a liquid tank having
one, two, or more overflow boxes in order to force the overflow
of impurities that may be suspended in a top layer part of liquid
accumulated in the liquid tank along with liquid from a weir part,
wherein it is possible to perform stable liquid filtration without
causing any marked changes in the liquid amount that may flow
into the overflow box over the weir part even if there is vertical
variation in the position of the liquid surface in the liquid tank
and, furthermore, it is possible to perform efficient liquid filtra-
tion by forcing the inflow of not only the floating impurities that
can easily float on the liquid surface in the liquid, but also of
impurities that may easily float in lower layers, into the overflow
box for recovery; and a weir member for the liquid tank.
(MEANS FOR SOLVING) Each liquid tank 11 to 15 has overflow
boxes Bl and B2 in order to force the overflow of impurities that
may be suspended in the top layer part in the liquid accumulated
in each liquid tank along with the liquid from weir parts 21 and
22, and, in the weir parts 21 and 22, overflow notches 20 are
formed in top margin part of partition walls w1 and w2 between
the overflow box and the liquid tank, or detachable weir mem-
bers 8 and 8’ are provided in which overflow notches 80 are
formed.
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(SCOPE OF PATENT CLAIMS)

(CLAIM 1) A liquid tank, characterized by having one, two, or more
overflow boxes in order to force the overflow of impurities that may
be suspended in the top layer part in liquid accumulated in the liquid
tank along with liquid from a weir part, in which weir part, an overflow
notch is formed in a top margin part of a partition wall between the
overflow box and the liquid tank or a detachable weir member is pro-
vided in which an overflow notch is formed.

(CLAM 2) The liquid tank set forth in Claim 1 wherein there are a
plurality of notches provided in the weir part, each notch being a notch
with an inverted triangular shape or rectangular shape.

(CLAIM 3) A weir member characterized by being a weir member to
provide a weir part of a liquid tank that has one, two, or more overflow
boxes in order to force the overflow of impurities that may be sus-
pended in a top layer part of liquid accumulated in the liquid tank along
with liquid from the weir part, an overflow notch being formed in the
weir member, and the weir member being capable of being attached to
or detached from an upper margin part of a partition wall between the
overflow box and the liquid tank.

(CLAIM 4) The weir member set forth in Claim 3 wherein there are a
plurality of said notches, each notch being a notch with an inverted
triangular shape or rectangular shape.

(DETAILED DESCRIPTION OF THE INVENTION)

(0001)

(TECHNICAL FIELD OF THE INVENTION) The present invention relates
to a liquid tank that can be utilized in an article processing device to
perform processing using a liquid, and in particular, to an article pro-
cessing device that involves a liquid for which filtration of the pro-
cessing liquid is desired, such as a plating device, a photographic de-
veloping device, or a dyeing processing device, or to a liquid pro-
cessing device to perform filtration processing of a liquid such as water
without article processing, and also to a weir member that can be in-
stalled in this type of liquid tank.

(0002)

(PRIOR ART) The processing of an article using a processing liquid may
be performed in a wide variety of fields, such as the well-known plat-
ing of articles using a plating liquid, photographic developing using a
developing liquid, dyeing processing of fabric or the like using a stain,
cleaning treatment for articles, and the like. Also, this type of article
processing using a processing liquid may be performed using a variety
of methods, such as spraying a liquid onto the article or placing the
article in contact with a downward flowing liquid. However, as an ex-
emplary method that may be used, a method can be described in which
the processing liquid is housed in a liquid tank, and processing is per-
formed by immersing the article to be processed in the processing lig-
uid present in said liquid tank while controlling parameters such as the
liquid quality and liquid composition of said liquid, the volume of pro-
cessing liquid in the liquid tank, filtration volume, temperature, and
the like, as necessary. The aforementioned plating, photographic de-
velopment, and dyeing processing or the like may normally be per-
formed using this method.

(0003) This type of immersion treatment may be performed using only
a single liquid tank, but in many cases, multiple liquid tanks are em-

ployed in order to process large quantities or multiple types of products.

In any case, in the case of an article processing device that uses a liquid
and that utilizes an article processing liquid tank, as the number of uses
of the processing liquid in said liquid tank increases, there will be an
increase in the impurities carried over from the article to be processed,

the impurities that may be generated by changes in the processing lig-
uid such as through the degradation of the processing liquid, or impu-
rities that may fall into the liquid in the liquid tank from the outside.
Therefore, it is common to use this processing liquid while filtering it
through a filtration device that includes a pump and filter. A repre-
sentative example is the case in which circulating filtration is per-
formed using a circulating filtration device to filter the processing lig-
uid that includes a liquid circulating pump and filter.

(0004) Also, processing to remove impurities in a liquid without article
processing is also performed. A representative example of this is water
filtration treatment. In any case, the impurities present in the liquid in
the liquid tank may move in the liquid, following a complicated flow
path, but these impurities tend to be sorted based on the size of the
specific gravity, separating sequentially into impurities that are sus-
pended in the topmost layer of the liquid, impurities that float in the
middle layer, impurities with larger specific gravity that float in the
lower layer the liquid, and further, impurities that sink to the bottom
or near the bottom of the liquid tank. In addition, there are many cases
in which aeration may be performed in order to blow air into the liquid
from the bottom of the liquid tank, and in this case, the impurities with
an intermediate specific gravity may disperse and float as though to
draw an oval pattern between the top and bottom of the liquid tank due
to the effects of the upwelling current of said air in the liquid.

(0005) Therefore, during filtering of the liquid, while the liquid in the
liquid tank is being suctioning from the bottom of the liquid tank using
the pump, an overflow box is installed in the top part of the liquid tank
via a weir part for use in liquid overflow, and floating material is
forced to flow into this box along with the liquid, after which the pump
is used to suction the liquid from said box and the suctioned liquid is
filtered through the filter. In an article processing device that uses a
liquid or the like, the liquid after filtration may normally be returned
to the normal liquid tank for reuse.

(0006)

(PROBLEM TO BE SOLVED BY THE INVENTION) However, the conven-
tional method involves the use of a weir part of which the top margin
extends linearly in the horizontal direction (a so-called rectangular
weir) as the weir part in said overflow box, leading to the following
problems. Specifically, when using the rectangular weir that has been
widely used conventionally, if the height of the liquid surface of the
processing liquid in the liquid tank rises just a bit too much over the
top margin of said weir part, the liquid volume that crosses over this
weir part will markedly increase, and if the length of the weir part is
lengthened, the liquid volume to be overflowed will markedly increase
even more.

(0007) In order to perform the appropriate filtration of the processing
liquid in a liquid tank, it is fundamental to establish the amount of lig-
uid to be suctioned from the bottom of the liquid tank and the amount
of liquid to be suctioned from the overflow box in advance according
to the capacity of the filter and pump. However, if the amount of liquid
flowing from the processing liquid tank over the weir part into the
overflow box becomes excessive, the proportion of liquid that is suc-
tioned by the pump from said box will decrease relatively, and over
time, the liquid level in the liquid layer and the liquid level in the box
will reach the same height, resulting in inflow of the processing liquid
into said box without any elevation difference.

(0008) In this way, in the state in which there is no liquid inflow into
the overflow box based on an elevation difference, the flow rate of the
liquid flow from the liquid tank to the overflow box over the weir part
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will be dramatically reduced, and the inflow of impurities in the liquid
into the overflow box will also be reduced. In other words, with the
conventional rectangular weir, the floating impurities that are sus-
pended in the top layer of the processing liquid in the liquid tank will
flow into the overflow box, being carried along with the flow rate of
the liquid, as there is inflow of the liquid into said box based on the
elevation difference between the liquid surface levels in the liquid tank
and said box, but in the state in which this elevation difference is ab-
sent, there will be a marked decrease in the inflow amount of the pro-
cessing liquid into said box, and there will also be a marked decrease
of the amount of inflow of impurities. Therefore, the impurity concen-
tration in the processing liquid in the liquid tank will increase over
time, leading to the occurrence of defective products.

(0009) In addition, the amount of processing liquid in the liquid tank
to be used in article processing will gradually decrease due to evapo-
ration as a result of the working temperature for the processing liquid
in the liquid tank and the extraction of the processing liquid associated
with the transfer of the processed goods to the next process. If the lig-
uid level decreases, the amount of liquid flowing beyond the rectangu-
lar weir into the overflow box will decrease. In this way, the ratio of
liquid that is suctioned from said box by the pump for the circulating
filtration will increase relative to the amount of liquid flowing into said
box, and the amount of liquid stored in said box will gradually de-
crease over time such that, if left as-is, said box will become increas-
ingly dry. In the end, said pump will suction air and it will be necessary
to stop the operation of the pump, thereby stopping the operation of
the entire circulating filtration process.

(0010) In addition, in the conventional so-called rectangular weir in
which the upper margin extends linearly in the horizontal direction,
the floating impurities suspended on the liquid surface will primarily
flow into the overflow box over the weir part, but it will be difficult
for the impurities suspended in lower layers to cross over the weir part.
In other words, most of the impurities that cross over the weir part had
been floating on the liquid surface in the liquid tank, and over time,
the concentration of impurities remaining in the liquid tank will in-
crease, leading to problems in which it is difficult to adequately per-
form filtration of these impurities.

(0011) Therefore, a problem addressed by the present invention is to
provide a liquid tank having one, two, or more overflow boxes to force
the overflow of impurities suspended in the upper layer of the liquid
accumulated in the liquid tank together with the liquid from the weir
part, resulting in the following advantages.

(1) Even if the liquid level position in the liquid tank changes vertically,
there will be no significant change in the amount of liquid flowing over
the weir part into the overflow box.

(2) In addition to the floating impurities that are easily suspended on
the liquid surface in the liquid tank, impurities that are more likely to
be suspended in the lower layers can be efficiently recovered follow-
ing flow into the overflow box.

(3) Therefore, it will also be possible to reduce the amount of impuri-
ties remaining in the liquid tank.

(4) As aresult, when filtration of said liquid is performed by suctioning
the liquid from both the bottom of the liquid tank and the overflow box
using the pump, it will be possible to effectively perform this filtration
processing.

(5) Therefore, when performing article processing using the pro-
cessing liquid in the liquid tank, it will be possible to reduce the effects
of impurities and to improve the quality of the article after processing.
(6) It will be easier to set the volume of liquid flowing into the over-
flow box.

(0012) Furthermore, another problem addressed by the present inven-
tion is to provide a weir member to provide the weir part of a liquid
tank having one, two, or more overflow boxes to force the overflow of
impurities suspended in the upper layer of the liquid accumulated in
the liquid tank together with the liquid from the weir part, resulting in
the following advantages.

(1) When used as the weir part following attachment to the liquid tank,
even if the liquid level position in the liquid tank changes vertically,
there will be no significant change in the amount of liquid flowing into
the overflow box.

(2) In addition to the floating impurities that are easily suspended on
the liquid surface in the liquid tank, impurities that are more likely to
be suspended in the lower layers can be efficiently recovered follow-
ing flow into the overflow box.

(3) Therefore, it will also be possible to reduce the amount of impuri-
ties remaining in the liquid tank.

(4) As aresult, when filtration of said liquid is performed by suctioning
the liquid from both the bottom of the liquid tank and the overflow box
using the pump, it will be possible to effectively perform this filtration
processing.

(5) Therefore, when performing article processing using the pro-
cessing liquid in the liquid tank, it will be possible to reduce the effects
of impurities and to improve the quality of the article after processing.
(6) It will be easier to make changes to the volume of liquid flowing
into the overflow box.

(0013)

(MEANS FOR SOLVING THE PROBLEM) In order to solve the above-
noted problems, the present invention provides a liquid tank, charac-
terized by having one, two, or more overflow boxes in order to force
the overflow of impurities that may be suspended in the top layer part
in liquid accumulated in the liquid tank along with liquid from a weir
part, in which weir part, an overflow notch is formed in a top margin
part of a partition wall between the overflow box and the liquid tank
or a detachable weir member is provided in which an overflow notch
is formed.

(0014) With the liquid tank according to the present invention, when
the liquid is filtered in said liquid tank, the liquid in the liquid tank can
be suctioned from the bottom of the liquid tank together with the im-
purities accumulated therein using a pump, while at the same time, the
liquid can be pumped into the overflow box together with the floating
impurities from the weir part, and these suctioned liquids can be pro-
vided for filtration. In this way, impurities can be suctioned and fil-
tered together with the liquid.

(0015) With the liquid tank according to the present invention, the por-
tion in which the notch for liquid overflow is formed acts as the weir
part, and the liquid overflows from said notch to the overflow box.
Therefore, even if the liquid surface in the liquid tank rises slightly
above the desired liquid surface position for liquid overflow, as long
as the rising liquid surface position is at the notch, there will be no
instance such as is observed with the conventional rectangular weir, in
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which the amount of overflow will increase rapidly over the entire
length of the upper margin of the weir, resulting in a marked increase
in the overall amount of overflow. As a result, the amount of overflow
will increase by only the amount of increase of the cross-sectional area
of the liquid flow due to the rise in the liquid surface at said notch. In
addition, even if the liquid level in the liquid tank falls, there will be
no instance such as that observed with the conventional rectangular
weir in which the overflow amount decreases simultaneously over the
entire length of the upper margin of the weir part, leading to a marked
decrease in the overall overflow amount, and the overflow amount will
decrease by only the amount of the decrease in the cross-sectional area
of the liquid flow due to the drop in the liquid surface at said notch.
Therefore, even if there is vertical variability in the liquid surface in
the liquid tank, the amount of overflow will increase or decrease very
slowly when compared to the conventional rectangular weir. In other
words, even if there are vertical fluctuations in the liquid level in the
liquid tank, the fluctuations in the overflow amount can be suppressed
to a very small extent when compared to the conventional rectangular
weir.

(0016) In order to ensure the appropriate filtration of this liquid, it will
be possible to achieve the appropriate filtration of the liquid by main-
taining the amount of liquid suction from the bottom part of the liquid
tank (such as approximately 70% of the circulation liquid volume in
the case of circulating filtration) and the amount of liquid suction from
the overflow box (such as approximately 30% of the circulation liquid
volume in the case of circulating filtration) as may be configured ac-
cording to the liquid volume during filtration, such as during circulat-
ing filtration, based on the capacity of the filtration pump. In addition,
the liquid tank according to the present invention utilizes a weir part
in which is formed the notch for use in liquid overflow, and the liquid
will overflow into the overflow box from said notch. Because said
notch extends in the depth direction of the liquid before the liquid
crosses over the weir part, it will be easy to ensure the inflow of not
only the floating impurities that may easily float on the liquid surface
in the liquid tank, but also of the impurities that are susceptible to sus-
pension in the lower layers, into the overflow box from said notch,
making it possible to recover and filter out even the impurities that are
suspended in the lower layers below the liquid surface.

(0017) Further, this has the advantage that it will be possible to easily
configure the overflow volume by selecting the shape or number of
notches. The number of weir parts and the number of overflow boxes
that may be combined with these may be established according to the
liquid volume in the liquid tank, the shape of the liquid tank, and the
like, and it is possible to select one, two, or more boxes, placing these
at the appropriate position.

(0018) The overflow box may be located on the upper peripheral side
of the wall surrounding the liquid tank or on the inner peripheral side.
The box may also be provided on both the outer and inner periphery
sides. The number of notches for use in liquid overflow in a single weir
part may be established as needed. It is preferable to provide multiple
notches over a broad range, and it is even more preferable to provide
these notches at uniform spacing to ensure that it is possible to force
the flow of all of the floating impurities that are easily suspended on
the liquid surface and impurities that are more likely to be suspended
in the lower layers into the overflow box over the entirety of the liquid
in the liquid tank.

(0019) A variety of shapes may be used for the shape of the notch,
such as an inverted triangle shape (in other words, a V-shape), a U-

shape, or a rectangular shape. Among these shapes, it is possible to use
a rectangular notch with a narrow opening or an inverted triangular
notch that is formed such that the opening gradually narrows from the
top of the notch towards the bottom as shapes that facilitate the con-
figuration of the desired overflow volume and that are easy to produce,
and it is even more preferable to provide a plurality of these notches.
(0020) If an inverted triangular notch is adopted, an example of this
type of notch may have a lower vertical angle of the inverted triangular
shape of 40° to 90°, although there are no particular restrictions on the
angle. It is even more preferable to use an angle of approximately 50°
to 60°. In any case, said weir part may form the overflow notch at the
upper margin part of the partition wall between the overflow box and
the liquid tank, or a weir member in which the overflow notch is
formed may be detachably provided.

(0021) When detachably providing a weir member forming the over-
flow notch at the upper margin of the partition wall between the over-
flow box and liquid tank as the weir part, it will be possible to easily
configure the overflow volume by selecting the appropriate weir mem-
ber for use from among weir members for which various types of over-
flow volumes have been established. Also, for instance, by changing
the attachment height of the weir member or replacing the weir mem-
ber using an easy method such as inserting a liner of the appropriate
thickness between the weir member and the upper margin of the parti-
tion wall, it will also be possible to easily change the overflow volume.
(0022) Therefore, the present invention also provides a weir member
characterized in that it is a weir member to provide the weir part of a
liquid tank that has one, two, or more overflow boxes in order to force
the overflow of impurities that may be suspended in the top layer part
in the liquid accumulated in the liquid tank along with the liquid from
said weir part, an overflow notch being provided in the weir part, and
the weir part being capable of being attached to or detached from the
upper margin part of the partition wall between the overflow box and
liquid tank.

(0023) The same as was said of the weir part in the discussion related
to said liquid tank can also be said regarding the number, shape, and
the like of the notches of this weir member. In order to collect the im-
purities that tend to accumulate in the bottom of the liquid tank and
facilitate the smooth suctioning of these impurities, an internal bottom
groove that has been formed as one, two, or more inserts along the
periphery at the bottom inside the liquid tank may also be provided in
said liquid tank. Also, if this type of internal bottom groove is provided,
the liquid present in the liquid tank from the start or cleaning liquid
will flow into this groove during the cleaning of the liquid tank, ensur-
ing smooth cleaning. The number of such internal bottom grooves may
be set to be one, two, or more depending on the liquid volume in the
liquid tank, the shape of the liquid tank, and the like. This type of in-
ternal bottom groove may be provided along an appropriate site, for
example, at the periphery at the bottom inside the tank.

(0024) In order to enable suctioning of the impurities accumulated in
said internal bottom groove from the entirety of the internal bottom
groove to the extent that is possible, a first suction head having a plu-
rality of liquid suction holes that extends along the longitudinal direc-
tion of said groove may be installed. In addition, by installing the first
suction head in the internal bottom groove in this way, even when in-
stalling an aeration device at the bottom of the liquid tank, it will be
possible to inhibit any intake of air that may be emitted from said of
air, which is the worst-case scenario for filters, thereby making it pos-
sible to ensure the smooth suctioning and filtration of impurities.
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(0025) The liquid tank may further be equipped with one, two, or more
suction heads (the third suction head to be described below) for suc-
tioning impurities that tend to accumulate in the bottom of the liquid
tank in a portion other than said internal bottom groove in the periph-
ery of the bottom inside the tank. If said first suction head and the third
suction head are connected to a centrifugal pump to suction the liquid
for liquid filtration, it is preferable for the aperture of each liquid suc-
tion hole in these suction heads to be the same as or smaller than the
height of the impeller blades in said centrifugal pump. By setting the
aperture of each liquid suction hole in this manner, it will be possible
to inhibit damage to said pump, such as when there is a decrease in the
volume of liquid for suction following the intake into the centrifugal
pump of part of the article to be processed that may have fallen into
the liquid tank or contaminants that may have been carried over into
the liquid from the outside, leading to entrainment against the impeller
blades or the like.

(0026) The processing liquid that flows along with impurities into the
overflow box will be suctioned by the pump from the outflow port
(liquid flow port) for the processing liquid that was provided in the
bottom part inside said box to be transported to the filter. However, the
inorganic and organic impurities in the processing liquid that flow into
said box over the weir part that range in size from large to small parti-
cle diameters, and further, the bits of the article being processed that
have dropped into said box from the outside may clog the outflow port
at the bottom of said box, leading to repeated marked obstruction of
liquid suction by the pump from inside the overflow box, presenting a
significant obstacle to the filtration processing.

(0027) Therefore, a further suction head (second suction head) with a
plurality of liquid suction holes may also be provided at the inner bot-
tom part of the overflow box. This second suction head allows the lig-
uid in the box to be sucked up once, making it possible to avoid the
need to form the liquid outflow port (liquid flow port) at the bottom of
the conventional box and to avoid the associated clogging of this port.
If said second suction head is connected to a centrifugal pump to suc-
tion the liquid for liquid filtration, the aperture of each suction hole of
said second suction head may also be the same as or smaller than the
height of the impeller blades of said pump.

(0028) An aeration device can be installed on the inner bottom of said
liquid tank in order to agitate the liquid, making it possible to achieve
the homogenization of each part of the liquid as a result. In addition,
when performing article processing using the liquid in the liquid tank,
it will also be possible to inhibit the adhesion of impurities floating in
the liquid onto the article to be processed using the air that is emitted
from the aeration device. If an aeration device is installed, it is prefer-
able to provide an air shut-off wall between said aeration device and
said first suction head installed in said internal bottom groove, thereby
preventing the first suction head from drawing in the air that was emit-
ted from the aeration device. When the third suction head is installed,
it is also desirable to place an air barrier wall adjacent to the third suc-
tion head to inhibit air suction into the suction head between the third
suction head and the aeration device.

(0029) For said first suction head, it is preferable for said liquid suction
holes to be formed so as to be scattered within the range of the desired
angle towards the side opposite to said air shut-off wall from the bot-
tom edge of the suction head around the central axis of the suction
head in the longitudinal direction of the suction head (such as within a

range of approximately 90°) and within the range of the desired angle
towards the side of said air shut-off wall from the bottom edge of the
suction head (such as within a range of approximately 45°), and for
said liquid suction holes to be formed to be scattered such that it will
be possible to suction equivalent volumes of liquid at each part over
the longitudinal direction of said first suction head. As a result, it will
be difficult to draw in air, making it possible to perform smooth suc-
tion of the impurities that can easily settle at the bottom of the internal
bottom groove uniformly from the entire portion of the internal bottom
groove to the extent that is possible.

(0030) Even when providing said third suction head and said air shut-
off wall with this, it is preferable to ensure that the liquid suction holes
of said head have the same mutual arrangement relationship with the
corresponding air shut-off wall as the liquid suction holes of said first
suction head. Furthermore, it is preferable for the liquid suction holes
to be formed to be scattered such that it will be possible to perform
liquid suction of equivalent volumes at each part over the longitudinal
direction of the third suction head.

(0031) Also, in said second suction head as well, it is preferable to
form said liquid suction holes in said second suction head such that
they are scattered towards the bottom surface of said box to enable the
suction of equivalent volumes of liquid at each part over the longitu-
dinal direction of said second suction head, extending along the longi-
tudinal direction at the internal bottom part of said overflow box such
that it will be possible to smoothly suction all of the impurities uni-
formly from said overflow box.

(0032) In the case in which the primary suction head to perform liquid
suction from the bottom part of the liquid tank is said first suction head
(and therefore, when this head is larger than the third head), when that
first suction head is installed without providing an internal bottom
groove in the internal bottom part of the liquid tank, or when installing
said air shut-off wall facing said first suction head, if that liquid tank
is a processing liquid tank (such as a plating liquid processing tank), it
is often necessary to increase the liquid level of the processing liquid
in the liquid tank by an amount that is equivalent to the height of the
air shut-off wall or said first suction head. This is because there is a
risk that a hook member that is immersed in the processing liquid, the
article to be plated that is suspended on said hook member, or the like
will catch on the upper edge of said first suction head and air shut-off
wall plate, causing the article to be plated or the hook member to fall
into the processing liquid. If there is this type of fallen object, the work
to remove the object sometimes necessitates the interruption of the
production of the article to be plated, including the repair of the plating
device, and this work may require significant expenditures. Therefore,
the height (depth) of the liquid tank must be increased to compensate
for the height (depth) of the first suction head or air shut-off wall.
(0033) At this time, the increase in the liquid volume due to the in-
crease in the height of the liquid tank may be significant, correspond-
ing to the height of said suction head or air shut-off wall in relation to
the liquid tank area. Further, the cost of the liquid tank production for
the increased liquid volume, the liquid cost for the increased liquid
volume, the cost for improving the performance of the filter and circu-
lating pump, and the management costs associated with these will lead
to a significant increase in the production cost to manufacture the arti-
cle to be processed.
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(0034) Thus, it can be said that it is preferable to provide an internal
bottom groove in the bottom of the liquid tank as described above, and
to provide the first suction head or air shut-off wall for this, in order to
avoid this type of significant increase in the volume of the processing
liquid and the like. The liquid tank according to the present invention
may be applied to an article processing liquid tank in an article pro-
cessing device that uses various types of liquids, such as a plating de-
vice that uses a plating liquid for articles, a dyeing device that uses a
stain liquid, a developing device that uses a photographic developing
liquid, or an article processing liquid tank in an article cleaning device,
and it can also be applied to the liquid tank of a liquid processing de-
vice to perform filtration processing of a liquid such as water without
article processing.

(0035)

(EMBODIMENTS OF THE INVENTION) Embodiments of the present in-
vention will be described below, with reference to the drawings. Fig-
ure 1 shows a plating device that is one example of an article pro-
cessing device that uses a liquid utilizing the liquid tank according to
the present invention. The plating device shown in Figure 1 is provided
with five article processing liquid tanks 11, 12, 13, 14, and 15. Each
liquid tank is a plating liquid tank in which an article may be plated.
Each liquid tank may contain a different amount of plating liquid, and
for instance, a different amount of plating liquid may be housed in each
of the liquid tanks containing the same liquid, but in this example, each
liquid tank has a volume housing the same amount of plating liquid.
(0036) These five liquid tanks may be divided into three groups. Spe-
cifically, there is a first group that includes the single liquid tank 11,
there is a second group that includes the two liquid tanks 12 and 13,
and there is a third group that includes the liquid tanks 14 and 15. Each
liquid tank contains the specified plating liquid L. In the figure, the left
side of the liquid tank 11 has a pre-treatment water washing tank 16
that houses wash water W such that the article to be plated can be
washed as needed prior to plating. A work deck D1 is installed further
to the left of liquid tank 16.

(0037) In addition, a work deck D2 is installed between liquid tanks
11 and 12, a work deck D3 is installed between the liquid tanks 13 and
14, and a work deck D4 is installed outside the liquid tank 15. Each
liquid tank has substantially the same structure. The structure of the
liquid tanks 12 and 13 will be described with reference to Figures 1 to
4 as an example. Figure 2 is an enlarged plan view of the liquid tanks
12 and 13 and the area surrounding these, while Figure 3 is an enlarged
side view of the liquid tank 12 and its peripheral area. In addition, a
clearing and replacement device 51 is also shown in Figure 3, which
will be described later. Figure 4 is a perspective view of one portion
of the liquid tank 12.

(0038) Each liquid tank is rectangular when viewed from the front
(from a plane perspective), and has a liquid overflow box B1 along one
long side of said rectangular shape and a liquid overflow box B2 along
one short side of said rectangular shape. The box Bl is formed to be
shallower than the box B2, while the box B2 is formed to be deeper
than the box B1. The box B1 is connected to the top of the box B2 in

order to allow liquid overflowing here to flow into the box B2, and the
bottom of the box B1 is inclined downward toward the box B2. The
bottom of the box B1 does not necessarily have to be inclined in this
manner.

(0039) The box Bl is installed via a weir part 21 that is provided along
the long side of the liquid tank, and the box B2 is installed via a weir
part 22 that is provided along the short side of the liquid tank. Each of
the weir parts 21 and 22 will be described in detail later. As shown in
Figures 2, 3, and 6 (C), an internal bottom groove 102 is integrally
made in one of the peripheral edges of an inner bottom 101 of the lig-
uid tank. An internal bottom groove 102 extends over the length of one
side along a short side direction of the liquid tank in this example.
(0040) Anode busbars A are erected parallel to each other above each
side of the longitudinal direction of the liquid tank, and cathode bus-
bars C are erected parallel to the anode busbars above the center of the
liquid tank. When plating an article, for example, one, two, or more
conductive hangers H (see Figure 5 (C)) may be hung at the specified
intervals on the cathode busbar C, as shown in Figure 2, Figure 3, and
Figure 5, and at the same time, a conductive anode case CS (see Figure
5 (A)) that houses an anode material m’ may be hung at the specified
position of each anode busbar A and immersed in the plating liquid L
such that the articles to be plated al and a2 may be suspended and
supported on the hanging member S (see Figure 5 (C)), and this hang-
ing member S may be hung on the hanger H in order to enable immer-
sion along with the articles al and a2 in the plating liquid L. CSb
shown in Figure 5 (B) is an anode bag consisting of a filtering cloth,
and this is deposited onto anode case CS in order to prevent leakage of
impurities occurring on the anode side into the plating liquid.

(0041) While there are many [plating] treatments that may be per-
formed on the material to be treated, such as plating with copper,
nickel, zinc, tin, or alloys thereof, in one example in the case of nickel
plating, the plating liquid L is used as a nickel plating liquid, the anode
case CS is a corrosion-resistant titanium cage, and nickel chips are
housed inside this cage as the anode material m'. An aeration device
103 may be installed on the inner bottom 101 of each liquid tank. This
device is constructed by linking a series of perforated pipes for air jet-
ting, and it may be connected to a compressed air supply device that is
not shown in the figure, enabling air bubbles 103a to be blown into
each part of the processing liquid L in order to perform the so-called
aeration. The processing liquid L will be agitated by this aeration, and
in addition to homogenizing the liquid in each part in terms of the lig-
uid composition or the like, the liquid temperature will also be homog-
enized. In addition, the impurities in the liquid may be forced to move
to a suitable extent such that they can be smoothly suctioned from each
part of the processing liquid during the circulating filtration operation
that will be described later. Furthermore, aeration also works to inhibit
the attachment of impurities in the liquid to articles al and a2.

(0042) The internal bottom groove 102 of each liquid tank is posi-
tioned such that a first suction head 104 shown in Figure 6 will extend
in the longitudinal direction of the internal bottom groove 102. The
suction head 104 has a pipe connection port 104a at one end, while the
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other end is a closed cylinder, and there are a plurality of the liquid
suction holes 104b. An air shut-off wall plate 105 is installed between
the first suction head 104 and the aeration device 103. An air shut-off
wall plate 105 is slightly upraised from the bottom of internal bottom
groove 102 by a support piece 105a to enable liquid to flow under the
wall plate 105. A support plate 105b is further provided on the support
piece 105a and the air shut-off wall plate 105, supporting the first suc-
tion head 104.

(0043) The first suction head 104 is also slightly upraised from the
bottom of the internal bottom groove 102 by the support piece 105a,
ensuring that liquid can also be distributed under the suction head 104.
Liquid suction holes 104b of the first suction head 104 are formed to
be scattered within an angle range of 41 that is no more than 90° to the
side that is opposite the air shut-off wall plate 105 from the bottom
edge of the suction head around the central axis line in the longitudinal
direction of the suction head, and also within the range of 8 (01 + 62)
= 135° as the central angle within an angle range of 62 that is no more
than 45° to the side of air shut-oft wall plate 105 from the bottom edge
of said head. Said angle @ is a range of angles for directing the liquid
suction holes to enable the smooth suctioning of precipitated impuri-
ties accumulated in internal bottom groove 102 and to make it difficult
to suction air from the aeration device 103. In this example, the angle
is approximately 135°.

(0044) In addition, the liquid suction holes 104b of the first suction
head 104 are formed to be scattered such that an equal amount of liquid
can be suctioned in each part in the longitudinal direction of said suc-
tion head. In order to enable an equal amount of liquid suction at each
part of the suction head, the number of liquid suction holes and/or the
diameter of the liquid suction holes may be adjusted in order to make
the total cross-sectional area of the liquid suction holes at the site close
to the pipe connection port of the suction head smaller than the total
cross-sectional area of the liquid suction holes at sites that are farther
away. Here, the diameter of each liquid suction hole is the same, and
when looking at the sites close to the pipe connection port 104a and at
sites farther away, the liquid suction holes 104b are formed to be more
loosely scattered at close sites and more densely scattered at distant
sites.

(0045) As a result of using this first suction head 104, it will be diffi-
cult to draw in air, making it possible to perform smooth suction of the
impurities that can easily settle at the bottom of the internal bottom
groove 102 uniformly from the entire portion of the internal bottom
groove to the extent that is possible. In addition to the first suction head
104, one, two, or more third suction heads may be installed in a part of
the inner base 101 other than the internal base groove 102, such as a
part of the peripheral edge of the inner bottom 101, in order to more
efficiently suction impurities that tend to accumulate in the bottom of
the liquid tank. Figure 3 shows an example of the installation of third
suction head 108 at a peripheral edge along the longitudinal direction
of the liquid tank bottom 101 using a dot-dash line.

(0046) The third suction head 108 may also be structured in the same
way as the first suction head 104, and the liquid suction holes may be
formed to be scattered such that an equal amount of liquid can be
drawn in each part of said suction head in the longitudinal direction.
An air shut-off wall plate 109 may also be installed between the third
suction head 108 and the aeration device 103. Further, for each liquid

suction port of the third suction head 108, the ports may be formed to
be scattered within an angle range of 41 that is no more than 90° to the
side that is opposite the air shut-off wall plate 109 from the bottom
edge of the suction head around the central axis line in the longitudinal
direction of the suction head, and also within the range of 6 (1 + 62)
= 135° as the central angle within an angle range of 2 that is no more
than 45° to the side of air shut-off wall plate 109 from the bottom edge
of said head.

(0047) The second suction head 106 as shown in Figure 6 (C) or Figure
7 (not shown in Figure 1 or Figure 4) may be installed in the internal
bottom part of the overflow box B2, which is the deeper box as de-
scribed above. The second suction head 106 is supported via a support
piece 106¢ and a support plate 106d mounted thereon, and liquid can
also pass below the suction head 106. The suction head 106 extends
generally parallel to the short side of the liquid tank and is a cylinder
with a pipe connection opening 106a at one end and that is a closed
cylinder at the other end, with a plurality of liquid suction holes 106b.
Liquid suction holes 106b are formed to be scattered such that an equal
amount of liquid can be suctioned in each part in the longitudinal di-
rection of the suction head 106.

(0048) For the second suction head that may be installed in the over-
flow box B2 as well, in order to enable an equal amount of liquid suc-
tion at each part of said suction head, the number of liquid suction
holes and/or the diameter of the liquid suction holes may be adjusted
in order to make the total cross-sectional area of the liquid suction
holes at the site close to the pipe connection port of the suction head
less than the total cross-sectional area of the liquid suction holes at
sites that are farther away. Here, the diameter of each liquid suction
hole 106D is the same, and when looking at the sites close to the pipe
connection port 106a and at sites farther away, the liquid suction holes
106b are formed to be more loosely scattered at close sites and more
densely scattered at distant sites.

(0049) Due to this second suction head 106, fluid and impurities can
be suctioned as uniformly and smoothly as possible from the entire
overflow box B2. Conventionally, when suctioning liquid from an
overflow box, an external liquid flow port was provided at the bottom
of the overflow box, the liquid suction tube was connected to said lig-
uid flow port, and liquid suction was performed downwards in said
liquid suction tube. Therefore, impurities in the liquid could easily be-
come clogged in the liquid flow port and its connection site, causing
significant obstruction of the filtration work. In this embodiment, the
liquid suction tube of second suction head 106 can enable liquid suc-
tion upward from the bottom part of said box, making it possible to
adequately inhibit any clogging due to impurities in head 106 or the
liquid suction tube connected to it.

(0050) This point will be explained further here. Figure 16 shows a
conventional example (one example of a plating liquid tank). In Figure
16 (A) and (B), 10’ is a liquid tank, B1’, B2', and B3’ are overflow
boxes attached to the liquid tank, 21, 22, and 23’ are conventional
rectangular weirs provided in the overflow boxes, and V' is a conven-
tional foot valve installed at the bottom of the liquid tank.

(0051) In Figure 16 (A), the overflow box B1’ is a groove-shaped box,
and a processing liquid L' that has flowed in here flows into box B2'.
The bottom of the overflow box B2’ shown in Figure 16 (A) is provided
with a liquid flow port Lb, which is connected by piping to the liquid
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inlet of liquid filter F via valves v1’ and v2' and a pump P. The foot
valve V' in the liquid tank is connected via valves v7' and v2' and the
pump P to the liquid inlet of a liquid filter F. A liquid outlet port of the
filter F is connected to a heat exchanger H for liquid warming via
valves v3', v4', and v5’, and further to a liquid return port 100’ that
leads to the liquid tank 10 via a valve v6', while also being connected
from between the valves v3' and v4', via a valve V8, to a liquid dis-
charge port 511’ that leads to a clearing and replacement tank 511. In
addition, a foot valve 511v for liquid suctioning is installed at the bot-
tom of the clearing and replacement tank 511, which is connected to a
liquid suction port of the pump P via a valve v9'.

(0052) The bottom of overflow box B3’ shown in Figure 16 (B) is pro-
vided with liquid flow port Lb’, which is piped to valve v2' in the same
manner as that shown in Figure 16 (A) via valve v1’, and via foot valve
V' and valve v7' in the liquid tank. The other points are similar to the
liquid circuit shown in Figure 16 (A). The circuit for the precoating of
the filter auxiliary in the filter is not shown in the figure.

(0053) The opening, closing, and the like of each valve is performed
as follows.

Valves During When transferring the When returning the

normal liquid to tank 511 for liquid from tank 511 to
plating clearing and replacement 10’ for clearing and
filtration replacement filtration

Pump Operation Operation Operation

vl Open Open Closed

v2' Open Open Closed

v3' Open Open Open

v4' Open Closed Open

\~ Open Closed Open

vo' Open Closed Open

v7' Open Open Closed

vl Open Open Closed

v7" Open Open Closed

v8' Closed Open Closed

v9' Closed Closed Open

During the plating operation, when there is a decrease in the amount
of overflow liquid to the overflow box B2’ (B3’) and the inside of the
box starts to become dry, the valve V1’ (V1") will be closed in order
to prevent air suction in the pump P.

(0054) As shown in Figure 16, conventionally, when suctioning liquid
from the overflow box B2’ or B3’, liquid suction was performed from
the liquid flow ports Lb and Lb’ at the bottom of the overflow box, so
impurities in the liquid could easily become clogged in said liquid flow
port and its connection site, causing significant obstruction of the fil-
tration work. However, in this example of embodiment, the liquid suc-
tion tube of the second suction head 106 can enable liquid suction up-
ward from the bottom part of said box, making it possible to ade-
quately inhibit any clogging due to impurities in the head 106 or the
liquid suction tube connected to it.

(0055) This can be explained by returning to the start. The aperture of
each liquid suction hole 104b of the first suction head 104, each liquid
suction hole 106b of the second suction head 106, and each liquid suc-
tion port of the third suction head 108 may be configured to be equal
to or less than the height of impeller blades in a centrifugal pump used
for liquid circulation that may be connected to each suction head via a
manifold or the like that will be described later.

(0056) By keeping the apertures small in this manner, it will be possi-
ble to prevent said pump from failing, such as when parts of the article
to be plated that may fall into the liquid tank or contaminants or the
like that may be carried into the tank from the outside are sucked into

the centrifugal pump and entrained on the impeller blades. It should be
noted that other forms of suction heads may be employed instead of
the second suction head 106. For example, a suction head 107 shown
in Figure 8 may be used.

(0057) The suction head 107, which can also be referred to as a dust
removal strainer, has the form of a small box, with a pipe connection
port 107a at the top and multiple scattered liquid suction holes 107b
formed on the peripheral wall and the bottom wall. A foot 107c is at-
tached to this head, enabling the head to stand at the bottom of the
overflow box B2. Each suction hole 107b may also have its aperture
set to be equal to or less than the height of the impeller blade in the
centrifugal pump for liquid circulation.

(0058) The first suction head 104, the second suction head 106 (or 107),
or even a third suction head 108 as described above may be compo-
nents of a circulating filtration device to be described next. The circu-
lating filtration device may be provided for each of the groups de-
scribed above, including a first group including the single liquid tank
11, the second group including the two liquid tanks 12 and 13, and the
third group including the liquid tanks 14 and 15. In addition, a circu-
lating filtration device is provided for a fourth group, which includes
all of the liquid tanks from the liquid tank 11 to the liquid tank 15.
(0059) In Figure 1, the circulating filtration device for the liquid tank
11 is indicated by the symbol 3, the circulating filtration device for the
liquid tanks 12 and 13 is shown as 4A, the circulating filtration device
for the liquid tanks 14 and 15 is shown as 4B, and the circulating
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filtration device for the liquid tanks 11 to 15 is shown as 6. Among the
circulating filtration devices, the circulating filtration device 3 for the
first group is a single circulating filtration device for a single liquid
tank that uses a single liquid circulating pump (a centrifugal pump in
this case), while the circulating filtration device 4A for the second
group and the circulating filtration device 4B for the third group are
each a circulating filtration device that uses a single liquid circulating
pump (a centrifugal pump in this case) for two processing liquid tanks.
In addition, the circulating filtration device 6 for the fourth group is a
circulating filtration device that uses a single liquid circulating pump
(here, a centrifugal pump) for all five of the processing liquid tanks.
(0060) The filtration device 4A for the second group and the filtration
device 4B for the third group are circulating filtration devices for two
liquid tanks that use a single liquid circulating pump; during the pro-
cess of circulating filtration, the liquid flow rate for the processing lig-
uids in the two liquid tanks in each group will differ slightly in the
circulation circuit, and the liquid level will decrease in one of the two
liquid tanks over time. Conversely, in the other liquid tank, an increase
in the amount equivalent to the liquid loss in the liquid tank suffering
the liquid level decrease will occur, the processing liquid level in one
liquid tank will overflow from the other liquid tank, and the liquid
level of the processing liquid in one liquid tank will decrease too much,
making it impossible to prevent plating operations with the processing
liquid in either liquid tank.

(0061) Therefore, for all five of the liquid tanks, the circulating filtra-
tion device 6, which performs circulating filtration at the same time, is
installed and operated using a single liquid circulating pump, the liquid
level is controlled so as to suppress any vertical difference between the
liquid levels between the liquid tanks, and liquid mixing is performed
in order to enable circulating filtration while homogenizing the com-
position and liquid temperature in each liquid tank. In other words, the
circulating filtration device 6 acts as a circulating filtration device as
well as a device for liquid mixing and liquid level control.

(0062) Also, this device that performs liquid mixing and liquid level
position control can perform circulating filtration while performing
liquid mixing and liquid level position control in each liquid tank, even
if the volume of each liquid tank is different. The circulating filtration
device 3 for the liquid tank 11 includes a filter 31 and a circulating
pump 32 for liquid circulation (a centrifugal pump is used in the pre-
sent embodiment). The liquid tank 11 may be connected to a liquid
suction port of the circulating pump 32 via a liquid suction circuit. The
filter 31 can be connected to the liquid tank 11 via a liquid delivery
circuit.

(0063) As shown in Figure 1, the liquid suction circuit includes the
first suction head 104 and the second suction head 106 (not shown in
Figure 1, but shown in Figure 2, Figure 6, and Figure 7), a manifold
33 for liquid merging, a pipe connecting pipe connection ports 104a
(see Figure 6) and 106a (see Figure 6) of the suction heads 104 and
106 to branch pipes of the manifold 33 through manual opening/clos-
ing valves v11 and v12, respectively, and a pipe connecting a main
opening of the manifold 33 through a manual opening/closing valve
v13 to the liquid suction port of circulating pump 32.

(0064) When the third suction head 108 is employed, the liquid that is
suctioned by the suction head is eventually mixed with the liquid that
was suctioned through the valves v11 and v12 and is piped to the pump
32 via the valves and the like, ensuring that the liquid will merge and
flowed into the pump 32. The liquid delivery circuit includes a pipe

that branches the liquid delivery port of the filter 31 to two locations
of the liquid tank 11 via a manual opening/closing valve v14 and a
temperature control circuit 45, as well as two manual opening/closing
valves v15. The connection to the liquid tank 1 does not have to be at
two locations in this way, and it is acceptable to have a connection at
one location or three or more locations.

(0065) A discharge port of the circulating pump 32 is connected to a
liquid supply port of the filter 31 via a check valve v16. While a variety
of types of filters adapted to the liquid type and filtration volume may
be used for the filter 31, in this case, the filter that is used is a type of
filter in which impurities may be filtered and purified by passing the
liquid that is pressed into the filter through a filter bed having a pre-
coated layer with an appropriate filter auxiliary. The filters in the fol-
lowing circulating filtration devices 4A and 4B and also in the device
6 for liquid mixing and liquid level position control are the same type
of filter.

(0066) In addition, a clearing and replacement device 51 (see Figure 1
and Figure 3) is attached to the liquid delivery circuit in order to restore
the liquid constitution, which may change with the degradation or con-
sumption of the plating liquid in a single liquid tank, and further, to
filter and remove any impurities that may have been accumulated. The
temperature control circuit 45 and the clearing and replacement device
51 in the circulating filtration device 3 are identical in basic structure
to the temperature control circuit 45 and the clearing and replacement
device 51 in the circulating filtration devices 4A and 4B, respectively,
so the circuit 45 and the device 51 in the filtration device 4A will be
described later, while the description of temperature control circuit 45
and the device 51 shall be omitted here.

(0067) Because the circulating filtration device 4A and the circulating
filtration device 4B have exactly the same structure and operation,
only the device 4A shall be explained, and the description of device
4B shall be omitted. The same parts in the devices 4A and 4B are
marked with the same reference numbers in the figures. The circulat-
ing filtration device 4A includes a filter 41 and a circulating pump 42
for liquid circulation, as shown in Figure 1. The liquid tanks 12 and 13
can communicate with a liquid suction port of the circulating pump 42
via the liquid suction circuit. The filter 41 can be connected to the lig-
uid tanks 12 and 13 via the liquid delivery circuit.

(0068) The liquid suction circuit includes the first suction head 104
and the second suction head 106 (not shown in Figure 1, but shown in
Figure 2) for each of the liquid tanks 12 and 13, manifolds 431, 432,
and 430 for liquid merging, piping to connect the pipe connection ports
104a (see Figure 6) and 106a (see Figure 6 and Figure 7) of the suction
heads 104 and 106 of one liquid tank 12 to the branch pipes of one
manifold 431 via manual opening/closing values v41 and v42, piping
to connect the pipe connection ports 104a and 106a of the suction
heads 104 and 106 of the other liquid tank 13 to the branch pipes of
the other manifold 432 via opening/closing values v41 and v42 like
those of the liquid tank 12, piping to connect the main opening of the
manifolds 431 and 432 to the branch pipes of the manifold 430, and
piping to connect the main opening of the manifold 430 to a liquid
suction port of the circulating pump 42 via a manual opening/closing
valve v43.

(0069) When the third suction head 108 is employed in the liquid tanks
12 and 13, the liquid suctioned by this head will be eventually mixed
with the liquid suctioned through the valves v41 and v42, and said
head is connected to pump 42 via valves and the like such that the
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liquid will be merged to flow into the pump 42. The liquid delivery
circuit includes piping connecting the liquid delivery port of the filter
41 to the main opening of the manifold 433 for liquid distribution via
a manual opening/closing valve v44 and a temperature control circuit
45, piping connecting one of the branch pipes of the manifold 433 to
two locations of the liquid tank 12 via two manual opening/closing
valves v45, and piping connecting the other branch pipe of the mani-
fold 433 to two locations of the liquid tank 13 via two manual open-
ing/closing valves v45 like those of liquid tank 12.

(0070) A discharge port of the pump 42 is connected to a liquid supply
port of the filter 41 via a check valve v46. The filter 41 is the same
type of filter as the filter 31 of the circulating filtration device 3. How-
ever, the filter may also be a different type of filter. In addition, a clear-
ing and replacement device 51 (see Figure 3) is provided in the liquid
delivery circuit to restore the liquid constitution, which may change
with the degradation or consumption of the plating liquid in a liquid
tank after selecting a single liquid tank from among the two liquid
tanks 12 and 13, and further, to filter and remove any impurities that
may have been accumulated.

(0071) The temperature control circuit 45 connects the flow rate ad-
justment valve V in parallel to a circuit that serially connects a manual
opening/closing valve va’, a heat exchanger 451, and a manual open-
ing/closing valve vb’, with an inlet of the valve va’ on the heat ex-
changer inlet side and an inlet of the flow rate adjustment valve V be-
ing connected by piping to the aforementioned valve v44 (the valve on
the filter outlet side) via a manifold 452 for liquid distribution, and an
outlet of the a valve vb’ and an outlet of the flow adjustment valve V
being connected by piping to the aforementioned liquid distribution
manifold 433 for the liquid tank.

(0072) The temperature control circuit 45 in the circulating filtration
device 3 has basically the same structure as this temperature control
circuit 45. However, in the temperature control circuit 45 in the circu-
lating filtration device 3, the valve corresponding to the valve vb" and
the valve outlet corresponding to the flow rate adjustment valve V are
collected in a single pipe without using a manifold, and are further
branched into two locations of the liquid tank 11 via the two manual
opening/closing valves v15.

(0073) As shown in Figure 3, the clearing and replacement device 51
has piping to enable the liquid delivery port of the filter 41 communi-
cate with a clearing and replacement tank 511 via a manual open-
ing/closing valve v51 and has piping to connect the liquid suction port
of pump 42 to the conventional foot valve v53 installed in a bottom
part of the clearing and replacement tank 511 via a manual open-
ing/closing valve v52. This clearing and replacement device 51 has
basically the same structure as the clearing and replacement device 51
in the circulating filtration device 3. “Manifolds” as used previously
and later in this specification includes a manifold main body, which
has a closed cylindrical shape in which one end of said manifold is
closed, as well as a plurality of branch pipes connected to the manifold
main body. In a circulating filtration device using such a manifold in
a liquid suction circuit from liquid tank and in a liquid delivery circuit
from a filter to a liquid tank relying on circulation pumps, the liquid
flow volume during liquid suctioning or liquid delivery in each of a
plurality of branch pipes that may have the same or different cross-
sectional areas and that are provided in the main manifold unit is de-
termined by the cross-sectional area of that branch pipe.

(0074) To further explain, the liquid flow volume per unit cross-sec-
tional area in each of the plurality of branch pipes will essentially be
the same as long as there are no problems such as marked clogging in
excess of the permissible range for the removal of impurities in the
pre-coating layer of the filter auxiliary in the filter or marked changes

in the pressure differential before and after the pre-coating layer, or in
other words, marked changes in the pressure differential between the
stock liquid chamber in the filter and the filtration chamber. Each
branch pipe has the cross-sectional area to achieve the specified liquid
flow volume judged to be required based on the equivalent liquid flow
volume per unit cross-sectional area. The main manifold unit has the
same cross-sectional area over generally the entire length of the cylin-
der that constitutes the manifold and has a cross-sectional area that is
slightly greater than the total cross-sectional area of the plurality of
branch pipes. The pressure inside the main body of the manifold will
be subject to the same negative pressure or positive pressure under the
same cross-sectional area over the entire length of the cylinder, and the
specified liquid flow volume for each branch pipe may be achieved
without excess or shortage. Returning to the start and continuing with
the explanation, manifold 33 for liquid merging and the manifold (not
shown in the figure) in the temperature control circuit 45 in the circu-
lating filtration device 3 described above, as well as the manifolds 431,
432, and 430 for liquid merging, manifold 433 for liquid distribution,
and manifold 452 in temperature control circuit 45 in circulating fil-
tration devices 4A and 4B all have essentially the same structure as the
manifolds shown in Figure 9, while the fabrication material is vinyl
chloride resin (PVC), and the manifold shown in Figure 10 below is
made of the same material. These manifolds may also be made of other
materials, such as other synthetic resins or metals.

(0075) In other words, the manifold 33 for liquid merging in circulat-
ing filtration device 3, the manifold (not shown in the figure) in tem-
perature control circuit 45, as well as the manifolds 431, 432, and 430
for liquid merging, the manifold 433 for liquid distribution, and the
manifold 452 in the temperature control circuit 45 in the circulating
filtration devices 4A and 4B have the structure shown in Figure 9, alt-
hough the structure is not limited to this example. In this case, the
structure consists of two units connected to a manifold main body 401
with a round cross-section, and while not limited to this example, there
are two branch pipes 402 and 403 with round cross-sections here. The
manifold main body 401 has a main opening 401a at one end for con-
nection to other pipes, while a closed end 401b is a closed cylinder
with a generally uniform internal diameter (the cross-sectional area for
liquid flow is generally uniform).

(0076) Further, the cross-sectional area of the opening 401a of the
manifold main body 401, which is subject to the same positive or neg-
ative pressure with respect to the branch pipes 402 and 403, has a
cross-sectional area corresponding to the total cross-sectional area of
the branch pipes 402 and 403, which provides the required specified
liquid flow volume. In addition, the cross-sectional area of the mani-
fold main body 401 has a cross-sectional area that is slightly larger
than the opening 401a, as a cross-sectional area that affords some free-
dom in relation to the total cross-sectional area of the plurality of
branch pipes.

(0077) The branch pipes 402 and 403 are inserted as projections into
the main body of the manifold from a direction that is orthogonal to
the longitudinal direction of the manifold main body 401 at two loca-
tions in the longitudinal direction, and the degree of projection (pro-
jecting insertion height) o of each of the branch pipes 402 and 403 into
the main body of the manifold is approximately at least one-half and
no more than three-fifths of the internal diameter R of the manifold
main body 401. The projecting insertion heights of the branched pipe
402 and 403 into the manifold main body 401 should be such that the
pressure (negative or positive pressure) in the manifold main body will
be uniform whether under the pump liquid suction pressure (negative
pressure) or the liquid delivery pressure (positive pressure) on the
manifold main body.
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(0078) The manifold main body 401 may be connected to the two
branch pipes 402 and 403 using a liquid-tight adhesive, by welding, or
the like. The manifolds shown in Figure 10, to be discussed later, a
manifold main body 600, and branch pipes 601 to 605 have the same
basic structure as the manifolds described above. In addition, there are
no particular restrictions on the connection sites of the branch pipes to
the manifold main body in any of these manifolds, and the connections
may be made at the desired sites around the manifold main body ac-
cording to the structure of the liquid circuit. Also, the angle of the
branch pipes in these connections do not necessarily have to be in a
direction that is orthogonal to the longitudinal direction of the mani-
fold main body.

(0079) With a manifold having this type of structure, when the mani-
fold is used for liquid merging by connecting the liquid suction port of
the liquid circulating pump to the main opening 401a of the manifold
main body 401, the suction pressure (negative pressure) of the pump,
in other words, the liquid pressure (suction pressure) in the manifold
main body, will be homogenized in each part of the manifold main
body, so the liquid suction volume into the manifold main body 401
from each of the branch pipes 402 and 403 will match the cross-sec-
tional area for liquid passage in each branch pipe.

(0080) In addition, when the pump delivery port is connected to the
main opening 401a of the manifold main body 401 and the manifold
is used for liquid distribution, the pump delivery pressure (positive
pressure), in other words, the liquid pressure (positive pressure) in the
manifold main body will be homogenized in each part of the manifold
main body, so the amount of liquid that is delivered from each of the
branch pipes 402 and 403 corresponds to the liquid distribution cross-
sectional area of said branch pipe. In this example, because a manifold
with this type of structure is utilized as the manifold 33 in the circulat-
ing filtration device 3 and the manifold (not shown in the figure) in the
temperature control circuit 45, as well as the manifolds 431, 432, and
430 for liquid merging, the manifold 433 for liquid distribution, and
the manifold 452 in the temperature control circuit 45 in the circulating
filtration devices 4A and 4B, it will be possible to suction liquid in
batches of a specified amount from the internal bottom groove 102 of
the liquid tank and from the overflow box B2, to return the filtered
liquid in the specified amount to the liquid tank 11 in the circulating
filtration device 3, and to return the filtered liquid in batches of the
specified amount to the plurality of liquid tanks in the circulating fil-
tration devices 4A and 4B that are provided for said plurality of liquid
tanks. Further, by providing the manifold 452 as shown in Figure 3 in
each of the temperature control circuits 45, it will be possible to easily
deliver the liquid to the heat exchanger at the desired heat exchange
flow rate, which may be set using the flow rate adjustment valve V.
(0081) A manifold 9 that is in conventional use has a main opening
91a for use in liquid flow in one location, as shown in Figure 15, and
branch pipes 92 are connected in multiple locations, excluding the po-
sition of the main opening 91a. The connection of the branch pipes 92
may be made by connecting one end of the branch pipe to match a hole
91b that is provided in the wall of the manifold main body 91. How-
ever, with this type of conventional manifold, the liquid pressure in
each part of the entire length of the manifold main body will not act
uniformly, and when there has been an increase in the over-pressure in
the filter due to the removal of impurities in particular, the liquid pres-
sure in each part will not act uniformly even if that over-pressure is
within the permissible range for the filter main unit. For instance, if a
liquid is introduced into the manifold main body 91 under normal pres-

sure from the main opening 91a using a pump, the majority of the lig-
uid will flow out into the branch pipes that are closest to the main
opening 91a, and at each position moving sequentially farther away
from main opening 91a, there will be a decrease in the liquid pressure
as a result of the liquid outflow into the branch pipes at positions be-
fore those positions, meaning that only a small amount of liquid will
flow out into the branch pipes at those farther positions.

(0082) On the other hand, if the liquid is allowed to flow into the
branch pipes 92 from the outside under the liquid suction pressure
(negative pressure) of the pump, when suctioning this liquid from the
main opening 91a, it will be possible to suction a large quantity of the
liquid from the branch pipes closest to main opening 91a, but the liquid
suction action of the pump will decrease moving sequentially further
from the main opening 91a, and it will only be possible to suction a
small volume of liquid from the branch pipes 92 at those farther posi-
tions.

(0083) If this type of manifold is utilized in a liquid circuit for filtration
of a processing liquid, in a liquid circuit to maintain homogeneity in a
processing liquid in a plurality of liquid tanks, which will be discussed
later, or in a liquid circuit to control the liquid level position in each
liquid tank, the result will be to obstruct the desired filtration pro-
cessing, maintenance of processing liquid quality, or liquid level con-
trol. In order to solve these types of problems, a flow rate adjustment
valve 90 must be provided for each branch pipe, but in addition to be-
ing expensive, it is extremely difficult to adjust the degree of opening
and narrowing of the flow rate adjustment valve 90 in order to homog-
enize the amount of filtration, which decreases over time depending
on the amount of filtration removal of impurities, as well as the de-
crease in the amount of liquid passing through each suction and liquid
delivery tube due to pipe resistance.

(0084) Regarding this point, by using a manifold with the structure
shown in Figure 9, there will be no need to provide the flow rate ad-
justment valve 90 to adjust the flow rate as shown in Figure 15 in each
branch pipe, making it possible to simply, easily, and cheaply achieve
the liquid flow amount according to the liquid flow cross-sectional
area. For convenience in the explanation, the description of the filtra-
tion device and the like described above will start from the filtration
device 4A.

(0085) With the circulating filtration device 4A, during the normal cir-
culating filtration, the valves v41 to v45 are opened, while the valves
va’, vb', and V in the temperature control circuit 45 may each be set to
the desired specified degree of openness (or they may always remain
open), and the manual opening/closing valves v51 and v52 leading to
the clearing and replacement device 51 are closed.

(0086) Further, by operating the circulating pump (a centrifugal pump
in this embodiment) 42, it will be possible to suction the plating liquid,
which contains primarily precipitated impurities, using the first suction
head 104 from the internal bottom grooves 102 of the liquid tanks 12
and 13 via the valve 43, and, when third suction head 108 has also been
installed in another site of the bottom inside the liquid tank, as indi-
cated by the dashed line in Figure 3, it will be possible to suction the
plating liquid containing impurities in the bottom part of the liquid
tank and the surrounding area from the third suction head as well. On
the other hand, it will also be possible to use the second suction head
106 to suction the floating impurities collected in the overflow box B2
along with the plating liquid in the box B2 when these impurities have
flowed along with the plating liquid over the weir parts 21 and 22 to-
wards the overflow boxes B1 and B2 in the liquid tanks 12 and 13,
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making it possible to filter these impurities in the filter 41 and to return
the plating liquid after filtering to two locations in each of the liquid
tanks 12 and 13. In this way, because the filtered liquid is returned to
multiple locations rather than one location in each liquid tank, the
cleanliness of the liquid may be improved to that degree in each part
of said liquid tank.

(0087) During this circulating filtration, the plating liquid may be con-
trolled to a predetermined temperature using the heat exchanger 451

in the temperature control circuit 45. When the operation of the plating
processing device is started during consecutive days off, at the begin-
ning of a holiday, or the like, if the temperature of the plating liquid is
significantly outside of the range of the predetermined temperature,
the flow rate adjustment valve V in the temperature control circuit 45

can be tightened or closed until the temperature reaches or nears the
predetermined temperature, and the plating liquid can be made to flow
centrally to the heat exchanger 451 in order to quickly reach the pre-
determined plating liquid working temperature.

(0088) In general, in the case of an article processing liquid tank, im-
purities that may be initially attached to the article to be treated and
that are carried into the treatment liquid, impurities that adhere to the
article being treated following generation during the pretreatment pro-
cess for the article to be treated, impurities that are generated due to
electrolysis, degradation, or the like during the treatment process of
the article to be treated in the processing liquid, and the like may act
synergistically, resulting in the daily accumulation of impurities.
Therefore, it is necessary to perform frequent cleaning and restoration
of the filtration bed in the filter, as well as frequent clearing and re-
placement filtration of the liquid tank, which increases costs.

(0089) To take the example of an article plating liquid tank, the plating
liquid contains impurities that may be initially attached to the article
to be treated and that are carried into the plating liquid, impurities that
adhere to the article being treated following generation during the pre-
treatment process for the article to be treated, impurities that are gen-
erated due to anode electrolysis, degradation of the processing liquid,

and the like during the treatment process of the article to be treated in
the plating liquid tank, and impurities that may fall into the liquid tank
from the outside, and these impurities may act synergistically, result-
ing in the daily accumulation of the impurities. Therefore, it is neces-
sary to perform frequent cleaning and restoration operations on the fil-
tration bed in the filter, and to perform clearing and replacement filtra-
tion of the liquid tank as well. Further, due to these operations, there
will be an increase in interruptions of production of plated products
and overtime work, leading to an accompanying increase in labor costs,
loss of expensive plating liquids, increased management costs for var-
ious chemical products or waste liquid, and excessive consumption of
energy such as electricity, all of which will result in a steep increase in
the cost of the plated product.

(0090) To take an example of clearing and replacement filtration, the
cycle for the implementation of clearing and replacement filtration will
differ significantly depending on the type of product being produced,

but these operations are generally performed every one to three months.
Through clearing and replacement filtration, the liquid composition
may be regenerated and restored by performing processing such as ac-
tivated carbon processing, filtration, and the like to remove inorganic
and organic impurities, making it possible to return the restored liquid
once again to the original liquid tank. The following type of clearing
and replacement filtration processing may be performed in plating lig-
uid tanks 11 to 15, which will be discussed here.

(0091) Specifically, when performing clearing and replacement filtra-

tion of the plating liquid inside the liquid tank 12, the valve v42 on the
liquid tank 12 side, the valves v41 and v42 on the liquid tank 13 side,
the valve 44 that connects to the inlet of the temperature control circuit
45, and the valve v52 of the clearing and replacement device 51 are
closed, while the valve v41 on the liquid tank 12 side, the valve v43

that connects to the liquid suction port of pump 42, and the valve v51

in the clearing and replacement device 51 are opened, and the pump
42 is operated in the circulating filtration device 4A.

(0092) As a result, it will be possible to recover the plating liquid in-
side the liquid tank 12 into the clearing and replacement tank 511 via
the valve 41 and the manifold 431 on the liquid tank 12 side and the
valve v43, the pump 42, the check valve v46, the filter 41, and the
valve v51 on the pump liquid suction side. Activated carbon filtration
processing, liquid composition restoration processing, and the like are
performed on the liquid that was recovered into the clearing and re-
placement tank 511. In order to return the processed liquid from the
clearing and replacement tank 511 to the liquid tank 12, the valve v51
of the clearing and replacement device 51, the valve v43 that connects
to the liquid suction port of the pump 42, and the valve v45 on the
liquid tank 13 side are closed, while valve v52 of the clearing and re-
placement device, the valve v44 that connects to the temperature con-
trol circuit 45, the valve V of temperature control circuit, and the valve
v45 on the liquid tank 12 side are opened, and the pump 42 is operated.
(0093) As a result, the restored plating liquid is drawn in from the foot
valve v53 at the bottom of the clearing and replacement tank 511 and
is returned to the liquid tank 12 from the valve v45 on the liquid tank
12 side via the valve v52 of the clearing and replacement device, the
pump 42, the check valve v46, the filter 41, the valve v44, the manifold
452 of the temperature control circuit 45, the valve V, and the manifold
433. On the other hand, when performing clearing and replacement
filtration of the plating liquid in the liquid tank 13, the valve v42 on
the liquid tank 13 side, the valves v41 and v42 on the liquid tank 12
side, the valve 44 that connects to the temperature control circuit 45,
and the valve v52 of the clearing and replacement device 51 are closed,
while the valve v41 on the liquid tank 13 side, the valve v43 that con-
nects to the liquid suction port of the pump 42, and the valve v51 in
the clearing and replacement device 51 are opened, and the pump 42
is operated in the circulating filtration device 4A.

(0094) As a result, it will be possible to recover the plating liquid in-
side the liquid tank 13 into the clearing and replacement tank 511 via
the valve 41 on the liquid tank 13 side, the manifold 432, the manifold
430, the valve v43 on the pump liquid suction side, the pump 42, the
check valve v46, the filter 41, and the valve v51. Filtration processing
or the like may be performed on the liquid that was recovered into the
clearing and replacement tank 511. In order to return the processed
liquid from the clearing and replacement tank 511 to the liquid tank
13, the valve v51 of the clearing and replacement device 51, the valve
v43 that connects to the liquid suction port of the pump 42, and the
valve v45 on the liquid tank 12 side are closed, while the valve v52 of
the clearing and replacement device, the valve v44 that connects to the
temperature control circuit 45, the valve V of temperature control cir-
cuit, and the valve v45 on the liquid tank 13 side are opened, and the
pump 42 is operated.

(0095) As a result, the restored plating liquid is drawn in from the foot
valve v53 at the bottom of the clearing and replacement tank 511 and
is returned to the liquid tank 13 from the valve v45 on the liquid tank
13 side via the valve v52 of the clearing and replacement device 51,
the pump 42, the check valve v46, the filter 41, the valve v44, the man-
ifold 452 of the temperature control circuit 45, the valve V, and the
manifold 433. In this way, it will be possible to perform the clearing
and replacement filtration of a part or the entirety of the plating liquid
in each of the liquid tanks 12 and 13.

(0096) The reason for enabling the clearing and replacement filtration
of the plating liquid in the liquid tanks 12 and 13 individually is that
attempting to replace the liquid in the two tanks together would neces-
sitate an increase in the capacity of the clearing and replacement tank
511, which would result in an increased installation space for the clear-
ing and replacement tank 511, leading to higher costs. Further, it is
common to have to perform clearing and replacement filtration of each
tank.
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(0097) If there is installation space for a large-capacity clearing and
replacement tank 511, the clearing and replacement filtration work
may be performed for the two tanks at the same time. In the case of the
circulating filtration device 4B, as in the case of the filtering device
4A, the plating liquid in the liquid tanks 14 and 15 can be subjected to
circulating filtration. In addition, the temperature of the plating liquid
can be controlled. Further, a part or the entirety of the plating liquid in
the liquid tanks 14 and 15 can be subjected to clearing and replacement
filtration.

(0098) With the circulating filtration device 3, the valves v11 to v15
are opened during normal circulating filtration, while the open-
ing/closing valves and flow rate adjustment valves in the temperature
control circuit 45 may each be set to a predetermined degree of open-
ing, and the opening/closing valves leading to the clearing and replace-
ment device 51 are closed. Then, by operating the circulating pump 32,
primarily the precipitated impurities will be suctioned along with the
plating liquid by the second suction head 104 from the internal bottom
groove 102 of the liquid tank 11. Further, when the third suction head
108 is also provided in another side at the bottom inside the liquid tank,
as shown by the dashed line in Figure 3, it will be possible to suction
the plating liquid containing impurities at the bottom inside the liquid
tank and the surrounding area using the third suction head as well.
(0099) On the other hand, it will also be possible to use the second
suction head 106 to suction the floating impurities collected in the
overflow box B2 along with the plating liquid in the box B2 when
these impurities have flowed along with the plating liquid over the
weir parts 21 and 22 towards the overflow boxes Bl and B2 in the
liquid tank 11, making it possible to filter these impurities in the filter
31 and to return the filtered plating liquid to two locations in the liquid
tank 11. In this way, because the filtered liquid is returned to multiple
locations rather than one location in the liquid tank 11, the cleanliness
of the liquid may be improved in each part of the liquid tank 11.
(0100) During this circulating filtration process, the plating liquid can
also be controlled to a predetermined temperature by the temperature
control device 45. When the operation of the plating processing device
is started during consecutive days off, at the beginning of a holiday, or
the like, if the temperature of the plating liquid is significantly outside
of the range of the predetermined temperature, the flow rate adjust-
ment valve V in the temperature control circuit 45 can be tightened or
closed until the temperature reaches or nears the predetermined tem-
perature, and the plating liquid can be made to flow centrally to the
heat exchanger in order to quickly reach the predetermined plating lig-
uid working temperature.

(0101) When performing clearing and replacement filtration of the
plating liquid in the liquid tank 11, as is the case with the clearing and
replacement device 51 for the liquid tanks 12 and 13 as described
above in the filtration device 3, the valve v11 on the liquid tank 11 side
is opened, v12 is closed, the valve v44 that connects to temperature
control circuit 45 and valve v52 of device 51 are closed, and the open-
ing/closing valve v51 for the delivery of liquid to the clearing and re-
placement tank 511 is opened, after which the pump 32 can be oper-
ated in order to recover the plating liquid in liquid tank 11 into the
clearing and replacement tank.

(0102) Furthermore, the plating liquid that was recovered, regenerated,
and restored may be returned to the liquid tank 11 in the same manner
as the liquid was returned to the liquid tanks 12 and 13 described above

in the clearing and replacement device 51. The plating processing de-
vice described above may be further provided with a device 6 for liquid
mixing and liquid level position control in order to control the liquid
level position in each liquid tank while recovering and mixing the plat-
ing liquid from each of the liquid tanks 11 to 15 and returning the lig-
uids back to each liquid tank again. This will be explained below.
(0103) As shown in Figure 1, the device 6 for liquid mixing and liquid
level position control is provided with: a liquid circulating pump 61; a
circuit to draw the liquid to the liquid suction port of a pump 61 from
the respective overflow boxes B2 of the liquid tanks 11 to 15 via a
manual opening/closing valve v71, a first manifold J1 for liquid merg-
ing, a second manifold J2 for liquid merging, and a manual open-
ing/closing valve v62; a circuit that can draw the liquid from the re-
spective overflow boxes B2 of the liquid tanks 11 to 15 to a third man-
ifold J3 for liquid merging via a manual opening/closing valve v61 and
corresponding motorized valves Va (of which there are a total of five)
for liquid discharge from each liquid tank and from the third manifold
J3 to a liquid suction port of the pump 61 via the second manifold J2
and the manual opening/closing valve v62; a circuit that can draw the
liquid from a discharge port of the pump 61 to the liquid tanks 11, 12,
13, 14, and 15 via a check valve Vo and a filter 60 and via a manual
opening/closing valve v6, a fourth manifold J4 for liquid distribution,
and a fifth manifold J5 for liquid distribution; and a circuit that can
draw the liquid from the discharge port of the pump 61 to the liquid
tanks 11, 12, 13, 14, and 15 via the check valve VO and the filter 60
and via the valve v63, the fourth manifold J4, a sixth manifold J6 for
liquid distribution, corresponding motorized valves Vb (of which there
are a total of five) for liquid supply to each liquid tank, and a manual
opening/closing valve v64. The device 6 for liquid mixing and liquid
level position control further includes a liquid level position detection
device 62 that may be installed in the overflow box B2 of each liquid
tank.

(0104) The motorized valve Va for liquid discharge and the motorized
valve Vb for liquid supply are both valves that are provided with a
valve opening/closing drive motor. The plating processing device
shown in the figure is provided with a control unit 7 that controls the
operation of the entire device as shown in Figure 11 (A), and a portion
of the control unit 7 comprises a portion of the device 6 for liquid mix-
ing and liquid surface position control, which is currently being de-
scribed.

(0105) The control unit 7 is connected to an operation panel 71, which
is equipped with switches or the like to start and stop each pump. As
shown in Figure 11 (A), each pump 32, 42, 42, and 61 is connected to
the control unit and may be operated based on instructions from the
control unit, and the control unit is also connected to the motorized
valve Va for liquid discharge, the motorized valve Vb for liquid supply,
and the liquid level position detection device 62 in each liquid tank in
the device 6 for liquid mixing and liquid level position control.
(0106) Each liquid level position detection device 62 has the same
structure, including a total of five electrodes 621 to 625 that may be
inserted from above to hang inside the overflow box B2 as shown in
Figure 11 (B), which shows the general structure of one of these de-
vices. These electrodes are shortest to longest in the sequence 621, 622,
623, and 624 and are inserted deeply into box B2 in this sequence. An
electrode 625 is a ground electrode and may be inserted into box B2
to approximately the same depth as, or deeper than, the electrode 624.
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(0107) Inside the overflow box B2 of each of the liquid tanks, the elec-
trode 621 is an electrode for detecting the upper limit of an abnormal
liquid surface, while the electrode 622 is an electrode for detecting
when the liquid surface position reaches the upper limit of the permis-
sible range, the electrode 623 is an electrode for detecting when the
liquid surface position reaches the lower limit of the permissible range,
and the electrode 624 is an electrode for detecting that the overflow
box is drying out.

(0108) In any of the liquid tanks 11 to 15, if the liquid level height of
the liquid housed inside the overflow box is within the prescribed up-
per and lower limits beyond the weir parts 21 and 22 in the liquid tank,
in other words, if the liquid level position inside the box 82 is located
below the lower end of the electrode 622 and above the lower end of
the electrode 623, the motorized valve Va for liquid discharge and the
motorized valve Vb for liquid supply in that liquid tank will remain
open as per the instructions of the control unit 7, and the liquid dis-
charge and supply will continue for said liquid tank.

(0109) However, when the height of the liquid level of the liquid
housed in the box B2 flows over the weir parts 21 and 22 in the liquid
tank and exceeds a predetermined range, coming into contact with the
lower end of the electrode 622, under the instructions of the control
unit 7, the motorized valve Vb for liquid supply that is connected via
the valve v64 (normally, this valve is open) to that liquid tank will
close, stopping the supply of liquid to the liquid tank. On the other
hand, the motorized valve Va for liquid discharge will open, discharg-
ing the liquid from the liquid tank via the valve v61 (normally, this
valve is open).

(0110) Separately from the discharge circuit via motorized valve Va,
the liquid that is to be discharged via the valve v71 (normally, this
valve is open) and the manifold J1 will be merged with the discharge
liquid from the motorized valve Va and the manifold J3 inside the
manifold J2, and this merged liquid will be suctioned into the pump 61
via the valve v62. In addition, when the liquid level position inside the
liquid tank falls and separates from the lower end of the electrode 623,
the motorized valve Va for liquid discharge will be closed under the
instructions of the control unit 7, while the motorized valve Vb for
liquid supply will be opened and the liquid will be delivered to the
liquid tank via the valve v64. At this time, the liquid from the pump
61 is delivered, via the check valve Vo and the filter 60, to the afore-
mentioned manifold J6 and the motorized valve Vb by one of the two
branch pipes of the manifold J4, and at the same time, the liquid is
returned from the other branch pipe of the manifold J4 to the manifold
J5 and to a liquid outflow port 63 to the liquid tank.

(0111) Then, @ the total liquid discharge volume that may be obtained
by adding the liquid discharge volume from the valve v61 via the mo-
torized valve Va in the liquid suction circuit of the pump 61 and the
liquid volume that may be discharged from the valve v71 via the man-
ifolds J1 and J2 without passing through the motorized valve Va in the
circulating filtration device 6 is set from the start to be approximately
the same amount as @ the total liquid delivery volume that may be
obtained by adding the liquid delivery volume to be returned to the
liquid tank via the motorized valve Vb and the valve v64 in the liquid
delivery circuit of said pump and the liquid volume to be returned to

the liquid tank from the liquid outflow port 63 via the manifolds J4 and
J5 without passing through the motorized valve Vb.

(0112) During this period, the pump 61 continues to operate. Inside
the overflow box B2, if the liquid level of the processing liquid is lower
than the predetermined height due to unforeseen circumstances or the
like and the liquid level of the processing liquid separates from the
electrode 624, or if the liquid level of the processing liquid is higher
than the predetermined height and the liquid level comes into contact
with the electrode 621, the pump 61 as well as all of the other pumps
will be stopped on an emergency basis at the direction of the control
unit 7. An alarm device may be provided for safety management in
order to issue an alarm in this case.

(0113) The aforementioned manifolds J1 to J3 for liquid merging are
provided with a manifold main body having a liquid merging space for
liquid merging, a liquid distribution main opening that is connected to
said liquid merging space in one location, and branch pipes that may
be connected at each of a plurality of predetermined locations exclud-
ing said main opening of said manifold main body, such that liquid can
flow into each branch pipe and flow out from the main opening after
mixing in the manifold main body.

(0114) Also, the aforementioned manifolds J4 to J6 for liquid distribu-
tion are provided with a manifold main body having a liquid delivery
space for liquid delivery, a liquid flow main opening that is connected
to said liquid delivery space in one location, and branch pipes that may
be connected at each of a plurality of predetermined locations exclud-
ing said main opening of said manifold main body, such that liquid can
flow into each main opening and flow out from each branch pipe.
(0115) The first manifold J1, the third manifold J3, the fifth manifold
J5, and the sixth manifold J6 are each provided with branch pipes in a
quantity that matches the number of liquid tanks (in this case, there are
five branch pipes), while the second manifold J2 and the fourth mani-
fold J4 each have two branch pipes. The manifold J2 for liquid merg-
ing and the manifold J4 for liquid distribution that are utilized in the
device 6 have the same basic structure as the manifold shown in Figure
9 that was utilized in the circulating filtration device, so it will be pos-
sible to obtain a liquid flow volume according to the liquid flow cross-
sectional area of each branch pipe. Also, the manifold J1 and the man-
ifold J3 for liquid merging and the manifold J5 and the manifold J6 for
liquid distribution that are utilized in the device 6 have the same struc-
ture as the manifold shown in Figure 10 and are manufactured of pol-
yvinyl chloride (PVC) resin. These manifolds may be constructed of
other materials, for example other synthetic resins or metal, depending
on the quality of the processing liquid or the like. In other words, each
of the various manifolds J1, J3, J5, and J6 may, as shown in Figure 10,
have a manifold main body 600 with a circular cross-section and five
branch pipes 601, 602, 603, 604, and 605 with circular cross-sections
that are connected to the main body, although the structure is not lim-
ited to this example.

(0116) The manifold main body 600 has a main opening 600a at one
end for connection to other pipes, while a closed end 600b is a closed
cylinder with a generally uniform internal diameter (the cross-sec-
tional area for liquid flow is generally uniform). Furthermore, the
cross-sectional area of the opening 600a of the manifold main body
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600, which is subject to the same positive or negative pressure with
respect to the branch pipes 601 to 605, has a cross-sectional area cor-
responding to the total cross-sectional area of the branch pipes 601 to
605, which provides the required specified liquid flow volume. The
liquid flow cross-sectional area of each branch pipe is the same in this
example. In addition, the cross-sectional area of the manifold main
body 600 is slightly larger than said opening 601a, as a cross-sectional
area that affords some freedom in relation to the total cross-sectional
area of the plurality of branch pipes.

(0117) The branch pipes 601 to 605 are inserted as projections into the
main body of the manifold from a direction that is orthogonal to the
longitudinal direction of the manifold main body 600 at five locations
in the longitudinal direction, and the degree of projection (projecting
insertion height)  of each branch pipe to the main body of the mani-
fold is approximately at least half and no more than three-fifths of the
inner diameter R’ of the manifold main body 600. The projecting in-
sertion heights of the branched pipes 601 to 605 into the manifold main
body 600 should be such that the pressure (negative or positive pres-
sure) inside the manifold main body will be uniform whether under the
pump liquid suction pressure (negative pressure) or the liquid delivery

pressure (positive pressure) of the pump 61 on the manifold main body.

The manifold main body 600 may be connected to the branch pipes
601 to 605 using a liquid-tight adhesive, by welding, or the like.
(0118) With a manifold having this type of structure, when the mani-
fold is used for liquid merging by connecting the liquid suction port of
the pump 61 to the main opening 600a of the manifold main body 600,
the suction pressure (negative pressure) of the pump, in other words,
the liquid pressure (suction pressure) inside the manifold main body,
will be homogenized in each part inside the manifold main body, so
the liquid suction volume into the manifold main body 600 from each
of the branch pipes 601 to 605 will match the cross-sectional area for
liquid passage in that branch pipe. In this case, the liquid suction vol-
umes are equal.

(0119) In addition, if the discharge port of the pump 61 is connected
to the main opening 600a of the manifold main body 600 and the man-
ifold is used for liquid distribution, the liquid pressure (positive pres-
sure) inside the manifold main body will be homogenized in each part
of the manifold main body, so the amount of liquid that is discharged
from each of the branch pipes 601 to 605 will correspond to the liquid
flow cross-sectional area of that branch pipe. In this case, the liquid
discharge volume will be equal. As explained above, manifolds that
can obtain a liquid flow volume that matches the liquid flow cross-
sectional area of each branch pipe are used as the manifolds J1 to J6
(see Figure 1), and as a result, it will be possible to appropriately per-
form control of the liquid surface position in each of the liquid tank 11
to 15 while continuing to perform liquid mixing in each liquid tank
while watching the liquid surface height in each liquid tank. Further-
more, it will be possible to reduce the number of opening/closing
events for each of the valves Va and Vb (see Figure 1) due to the con-
trol of the liquid surface position as a result, making it possible to ex-
tend the durability of the motorized valves Va and Vb in addition to
extending the opening/closing cycle for these valves by that amount.
(0120) With the device 6 for liquid mixing and liquid level position
control described above, when the liquid level in the overflow box B2
of each liquid tank is in the normal position, each of the valves Va and
Vb will be opened and the liquid circulating pump 61 will be operated,
ensuring that the liquid is suctioned from the overflow box B2 of each
of the plurality of liquid tanks 11 to 15 via the valve v42 for the second
suction head and the valves v61 and v71. When the liquid in each tank
reaches each branch pipe of the first manifold J1 and the third manifold
J3 for liquid merging, it will flow into the main body of said manifold

to be merged, further flowing to the branch pipes of the second mani-
fold J2 for liquid merging from said manifold main body, after which
the liquid of each tank will be drawn into the liquid circulating pump
61 after having been mixed via the main body of said manifold J2.
(0121) The liquid drawn into the liquid circulating pump 61 will be
discharged from said pump and filtered through the filter 60, after
which it will flow into the main body of the fourth manifold J4 for
liquid distribution, and furthermore, the liquid will flow from said
manifold into the main body of fifth manifold J5 and sixth manifold J6
for liquid distribution and will then flow back to each of the liquid
tanks 11 to 15 via the corresponding branch pipe of said manifold. In
this way, the plating liquid that was suctioned from each of the liquid
tanks is merged in the manifolds J1 and J3, further merged in the man-
ifold J2, and drawn and discharged into the liquid circulating pump 61.
Furthermore, the liquid will pass through the filter 60 to be distributed
by the fourth manifold J4. Then, in the process of distribution by the
fifth and sixth manifolds J5 and J6, the plating liquid from the plurality
of liquid tanks 11 to 15 will be mixed, and this mixing will be contin-
uously performed to maintain homogeneity of the plating liquid com-
position of each liquid tank.

(0122) In addition, the liquid level position of each liquid tank may be
controlled as described above. In this way, the processing liquid in
each liquid tank can be mixed to continuously perform production op-
erations with a homogeneous liquid composition. Moreover, these lig-
uid mixing and liquid level control operations may be achieved by the
single liquid circulating pump 61. In this way, the homogeneity of the
processing liquid can be maintained between the liquid tanks while
suppressing any increase in the complexity, size, or price of the device
structure. Further, it will also be possible to suppress any fluctuations
in the liquid surface position in each liquid tank relative to the prede-
termined liquid surface position.

(0123) It should be noted that, by providing the circuits for guiding the
liquid to the liquid circulating pump 61 and the liquid level position
detection device 62 in the overflow box B2, as in the device 6 for liquid
mixing and liquid level position control described above, plating can
be performed with little interference in the area housing the liquid be-
fore the liquid level exceeds the weir part of the liquid tank. In addition,
it will be possible to perform the appropriate liquid level position con-
trol by enabling more precise detection of any fluctuations of the liquid
level position in the liquid tank in the overflow box, in which there
may be significant fluctuations of the liquid level due to fluctuations
of the liquid level in the entire liquid tank.

(0124) The filter 60 may be smaller than the filters 31 and 41 that may
be used for the conventional circulating filtration and that can handle
the amount of liquid flowing into the overflow box. Further, as already
mentioned, it is also adequate to use a single filter 60. With regard to
the circulating filtration that may be performed by means of the circu-
lating filtration devices 3, 4A, and 4B on the plating liquid in the plat-
ing processing device shown in Figure 1, when looking at each liquid
tank, it is possible to perform circulating filtration approximately three
times per hour for the volume of liquid housed in a single liquid tank,
for example, according to the conventional procedure. In other words,
approximately three times the liquid capacity of the tank can be used
as a standard. In addition, the liquid processing volume for liquid mix-
ing and liquid level control using the circulating filtration device 6 can
be, for example, an amount of circulating filtration that is approxi-
mately half of the liquid capacity of a single liquid tank per hour. In
other words, approximately 0.5 times the liquid capacity of the tank
can be made a standard.

(0125) For example, if the normal volume of liquid that is housed in
each of the five liquid tanks shown in Figure 1 is 5 m3, the filtration
volume per minute can be set as shown in the following table.

Number of filtration operations x liquid capacity x number of liquid tanks + filtration time = filtration amount per minute
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Filtration device 3
Filtration device 4A
Filtration device 4B

Filtration device 6

Next, the weir parts 21 and 22 (see also Figure 4) in the overflow boxes
B1 and B2 in each of the liquid tanks 11 to 15 will be described.
(0126) The weir parts 21 and 22 are the same in all of the liquid tanks,
so this discussion will look at the weir parts provided in the liquid tank
12 as a representative example. The following explanation applies to
the weir parts in the other liquid tanks as well. The weir part 21 is
provided at the upper edge of the partition wall wl (see Figure 4) be-
tween the liquid tank 12 and the overflow box Bl so as to form an
overflow notch 20. The weir part 22 is provided so as to form an over-
flow notch 20 at the upper edge of the partition wall w2 (see Figure 4)
between the liquid tank 12 and the overflow box B2. Here, the over-
flow notches 20 in the weir parts 21 and 22 each have the same shape
and size.

(0127) Each notch 20 has an inverted triangular shape in this example,
and pluralities of the weirs 21 and 22 are formed. In this way, the weir
parts 21 and 22 that formed notch 20 for liquid overflow are employed
to allow the liquid to overflow from the notches 20 into the overflow
boxes B1 and B2, so the liquid from the weir parts 21 and 22 can be
made to flow into the overflow boxes B1 and B2 together with floating
impurities, and as described above, this material can be suctioned from
said box using a pump in order to provide this suctioned material for
filtration.

(0128) Further, because the weir parts 21 and 22 in which the liquid
overflow notches 20 are formed are used to enable overflow of liquid
from said notches 20 into the overflow boxes B1 and B2, even if the
liquid surface inside the liquid tank rises slightly above the desired
liquid surface position for liquid overflow, as long as the rising liquid
surface position is at the notches 20, there will be no instance such as
is observed with the conventional rectangular weir, in which the
amount of overflow will increase rapidly over the entire length of the
upper margins of the weirs, resulting in a marked increase in the over-
all amount of overflow. As a result, the amount of overflow will in-
crease by only the amount of increase of the cross-sectional area of the
liquid flow due to the rise in the liquid surface at the notches 20.
(0129) In addition, even if the liquid level inside the liquid tank falls,
as long as that dropping liquid level position is at the notches 20, there
will be no instance such as that observed with the conventional rectan-
gular weir in which the overflow amount decreases simultaneously
over the entire length of the upper margins of the weir parts, leading
to a marked decrease in the overall overflow amount, and the overflow
amount will decrease by only the amount of the decrease in the cross-
sectional area of the liquid flow due to the drop in the liquid surface at
the notches 20.

(0130) Therefore, even if there is vertical variability in the liquid sur-
face in the liquid tank 12, the amount of overflow will increase or de-
crease very slowly when compared to the conventional rectangular
weir. In other words, even if there are vertical fluctuations in the liquid
level in the liquid tank 12, the fluctuations in the overflow amount can

3 x5m’x 1+ 60min=0.25 m*/min
3 x5m’ %2+ 60min= 0.5 mmin
3 x5m’ %2+ 60min= 0.5 m*min

0.5 x 5m? x 5+ 60 min = 0.208 m*/min

be kept very small when compared to the conventional rectangular
weir. In order to ensure the appropriate filtration of this liquid, appro-
priate filtration of the liquid is achieved by maintaining the amount of
liquid suction from the bottom part of the liquid tank 12 (such as ap-
proximately 70% of the circulation liquid volume) and the amount of
liquid suction from the overflow box (such as approximately 30% of
the circulation liquid volume), which can be set in accordance with the
liquid volume subjected to circulating filtration based on the capacity
of the filtration pump.

(0131) Also, by utilizing the weir parts 21 and 22 in which the liquid
overflow notches 20 are formed, the liquid will overflow into the over-
flow boxes B1 and B2 from said notches 20. Because the notches 20
extend in the depth direction of the liquid before crossing over the weir
parts 21 and 22, it is easy to ensure the inflow of not only the floating
impurities that may easily float on the liquid surface inside liquid tank
12, but also of the impurities that are susceptible to suspension in the
lower layers, into the overflow boxes B1 and B2 from the notches 20,
making it possible to recover and filter out even the impurities that are
suspended in the lower layers below the liquid surface.

(0132) Furthermore, there is the advantage that the overflow amount
can be easily set by selecting the shape and quantity of the notches 20
(in particular, the angle of the apex at the bottom of the inverted trian-
gular shape of the notch and the depth of the notch). Although the
notches 20 shown in this figure have an inverted triangular shape, they
may be of other shapes, such as rectangular shapes, U-shapes, or the
like. If inverted triangular notches is adopted as shown in the figure,
an example of this type of notch may have a lower vertical angle of the
inverted triangular shape of 40° to 90°, although there are no particular
restrictions on the angle. It is even more preferable to use an angle of
approximately 50° to 60°.

(0133) As shown in Figure 12 (A), there is a weir 200 having a con-
ventional rectangular shape and a width of 500 mm, and the standard
liquid level of the liquid tank is at the position h = 10 mm raised from
the upper end of the rectangular weir 200, so the standard liquid level
(specified liquid level) that overflows over the rectangular weir 200 at
this time is approximately 55.2 liters/min. If the liquid level of the lig-
uid tank increases to h = 15 mm, 20 mm, or 25 mm, the amount of
liquid that overflows the rectangular weir 200 will be 101.4 liters/min,
156.1 liters/min, or 218.2 liters/min, respectively.

(0134) If, as shown in Figure 12 (B), (C), and (D), in lieu of the rec-
tangular weir 200 here, weir parts 201, 202, and 203 having rectangu-
lar notches N1 40 mm in width, inverted triangular notches N2 with a
lower apex angle of 90°, and inverted triangular notches N3 with a
lower apex angle of 60° are used, in order to obtain the same standard
overflow liquid volume of 55.2 liters/min as with the rectangular weir
200, the number P of notches N1 and the height h1 of the liquid distri-
bution cross-section of each notch N for the weir part 201 may be set
as shown in the table below.
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(0135) For the weir part 202, if the number P of the notches N2 i1s set
to 5, the height h2 of the liquid distribution cross-section of each notch
N2 may be set to 28 mm_ For the weir part 203, if the number P of the
notches N2 is set to 4, the height h3 of the liquid distribution cross-
section of each notch N3 may be set to 38.1 mm. In other words, in
each of the weir parts 201, 202, and 203, there are notches for Liquid
overflow and the notches extend in the depth direction of the liquid, so
they are cut to be deeper than the height h = 10 mm from the upper end
of the rectangular weir 200 to the liquid surface. As a result, it 1s clear
that not only floating impurities that may easily float on the liquid sur-
face, but also impurities that are susceptible to suspension in the lower
layers can overflow from the notches.

(0136) In addition, in order to obtain the same amount of overflow
liquid as the amount of overflow liquid over the weir 200 if the Liquid
level of the liquid tank is raised to h = 15 mm, 20 mm, and 25 mm

an

from the upper end of rectangular weir 200 as described above, the
heights h1, h2, and h3 of the liquid distribution cross-sections and the
number P of notches in each of the notched weir parts 201, 202, and
203 will be as shown in the following table. In other words, the fol-
lowing table shows that, even if the height of the liquid surface
changes by 5 mm (h = 15 mm), 10 mm (h =20 mm), or 15 mm (h=
25 mm) from the normal liquid surface position, the variation of the
overflow liquid volume can be suppressed by the notched weir parts
201, 202, and 203 to be smaller than observed with the rectangular
weir 200.

(0137) In the following table, M indicates the overflow liquid volume
liter/min over the rectangular weir 200, m indicates the overflow hiquid
volume liter/min at each notch, and P indicates the number of notches.
The units of h, hl, h2, and h3 are millimeters.

Rectangular | Weir part 201 with | Weir part 202 with | Weir part 203
weir 200 rectangular notch N1 notch N2 having a with notch N3
with a width having a width of 40 | tower apex angle of I having a lower
of 500 m mm 90° | apex angle of 60°
| | |
h N | b1 m P| h2 m P| B3 m P
| | |
10 55.2 10| 18.4 11,0 5] 280 11.0 5 | 3.1 13.8 4
15 101.4 15| 27.6 20.3 5| 39.0 25.2 4 | 48.6 25.2 4
20 186.1 20| 36.8 31.2 5| 46.5 39.2 4 | 57.9 39.2 4
25 218.2 25| 46.0 43.6 5| 53.0 54.3 4 | 66.0 54.3 4

When using the conventional so-called rectangular weir in which the
upper edge extends in a horizontal line, even if the amount of liquid to
be suctioned from the bottom of the liquid tank and the amount of liq-
uid to be suctioned from the overflow box are set at a predetermined
ratio depending on the capacity of the filtration pump, if there is a sig-
nificant increase in the amount of overflow due to a slight increase in
the liquid surface in the liquid tank, the amount of liquid in the over-
flow box will increase excessively beyond the capacity of the pump to
suction the liquid from the overflow box. Gradually, the liquid surface
in the liquid tank and the overflow box will near the same position,
resulting in a small gap, and in the end, it will not be possible to fully

recover floating impurities in the overflow box, as has already been
described. This point will be described in a bit more detail.

(0138) For example, during the electroplating liquid processing of an
article, the amount of circulating filtration of the plating liquid in the
plating processing liquid tank will be depending on the article to be
plated, but the standard filtration amount may be treated as being three
times greater than the processing liquid volume in the liquid tank per
hour. Therefore, the following is an example of the circulating filtra-
tion amount of a iquid tank provided with the overflow boxes B1 and
B2 as described above, which are used to force the overflow the plating
processing liquid over the conventional so-called rectangular weir.

(0139)
Liquid tank Length inside the Liquid height Liquid volume
inner width liquid tank and (liquid depth)
length of the weir
L Liquid tank internal
Liqud tank 10m 10m 1.1m liquid volume 11 m®
Box Bl 02m 10m 03m Box Bi Rquid volmne
0.6 m
Box B2 04m 1m 05m Box B2 liquid volume
02m

The total circulating filtration volume per hour for the above-noted
liquid volume of 11.8 m® will be 11.8 m* x 3 =354 m*/hr.

Amount of filtration of liquid in the liquid tank
Overflow box
Amount of filtration of the internal liquid

Total of 11.8 m®

(0140) Further, if the filtration volume of the treatment liquid in the
liquid tank and in the overflow box 1s set to 70% and 30%, respectively,
of the total filtration volume, the result will be as shown below.

35.4 m’/hr x 70% = 24.8 m3/hr
35.4 m’/hr x 30% = 10.6 m*/hr

Total of 35.4 m*/hr
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However, if the height h from the top edge to the liquid surface (see
Figure 12 (A)) is set to the general average of h = 10 mm, the amount
of overflow over the conventional rectangular weir will be as follows.
(0141) When h = 10 mm, if the weir width is set to 500 mm as de-
scribed above, the overflow amount will be approximately 55.2 li-
ters/min, and because the weir width is a total of 11 m when combining
the length of the box B1 (10 m) and the length of the box B2 (1 m), the
result will be 55.2 liters/min + 500 mm x 11 m x 60 min = 72.86 m*/hr,
which greatly exceeds the above-noted circulating filtrate amount of
10.6 m3/hr that was set for the overflow boxes.

(0142) This means that the amount of liquid in the overflow box is too
large and will exceed the capacity of the pump to suction the liquid
from the overflow box, and as the liquid surface in the liquid tank and
the liquid surface in the overflow box rapidly near the same position,
there will be no difference between these liquid levels, and it will not
be possible to sufficiently recover the floating impurities in the over-
flow box. As a result, there will be occurrence of a serious problem of
a large number of defective products, with the occurrence of issues
such as insufficient liquid filtration and the adhesion of impurities to
the surface of the plated product, resulting in roughness.

(0143) Further, because the position of the liquid surface in the liquid
tank varies from time to time due to the introduction of liquid that had
adhered to the article to be processed during the pretreatment process
of the article, due to the drawing of the liquid onto the article, and due
to the evaporation of water during warming of the liquid by the heat
exchanger described above, the adjustment of the position of the liquid
surface in each liquid tank and the adjustment of the amount of liquid
flow into the overflow box frequently became both troublesome and
yet critical work.

(0144) To this point, the present invention employs weir parts with
notches for liquid overflow as described above, so even if there is ver-
tical variability in the liquid surface inside the liquid tank, the amount
of overflow may be kept smaller than may be observed with the con-
ventional rectangular weirs, thereby maintaining the amount of liquid
to be suctioned from the bottom of the liquid tank and the amount of
liquid to be suctioned from the overflow box as set according to the
liquid volume of circulating filtration based on the filtration pump ca-
pacity. Therefore, it will be possible to achieve the appropriate filtra-
tion of the liquid, thereby greatly reducing the occurrence of defective
products.

(0145) In the aforementioned weir parts 21 and 22, notches 20 are
formed, and the weir parts are anchored at the upper edge of partition
walls w1l and w2 between the liquid tank and the overflow boxes Bl
and B2. However, in order to further simplify and facilitate the proper
filtration of the liquid, it is also possible to adopt weir members that
can be detachably installed at the upper edge of the partition wall be-
tween the liquid tank and the overflow box as the weir parts. Figure 13
shows one example of such a detachable weir member, while Figure
14 similarly shows another example of a detachable weir member.
(0146) Figure 13 (A) is a perspective view of a weir member 8. Figure
13 (B) shows the weir member in use and depicts a cross-section along
the X—X line in Figure 13 (A). The weir member 8 integrally forms a
wall insertion portion 800 with a cross-sectional gate shape (or U-
shape) in a plate 81 formed with four rectangular notches 80 for use in
liquid overflow and further integrally forms reinforcement ribs 83
away from the notches §0.

(0147) While not limited to this example, the wall insertion portion
800 here is in the form of a recess, and a flexed plate part 82 having
an inverted L-shape is integrally provided in the middle part of one
side of a plate 81. The flexed plate part 82 and the bottom portion of
the plate 81, which overlaps this part, are each provided with a long
hole 82a for bolt penetration that is long in the vertical direction. The
weir member 8 is not limited to this example, but here, it is integrally
formed entirely of a synthetic resin (for example, vinyl chloride resin
if the processing liquid is an electroplating liquid) that is resistant to
corrosion by the liquid in the liquid tank.

(0148) This weir member 8 may be inserted from above into the parti-
tion wall between the liquid tank 11 (12, 13, 14, and 15) and the over-
flow boxes B1 and B2. Figure 13 (A) shows the weir member § being
inserted into the partition wall w2 between the liquid tank 11 and the
overflow box B2 from above at the wall insertion portion 800. The
weir member 8 may be used in as a single member or as two or more
members according to the liquid amount in the liquid tank, the sizes of
the notches 80, or the like. If more than one member is used, the adja-
cent weir members 8 may be brought into contact with each other and
inserted into the partition wall w2. Although not shown in the figure,
a weir member similar to the weir member 8 may also be inserted into
the partition wall w1 between the liquid tank and the overflow box B1.
(0149) As shown in Figure 13 (A), when the weir member 8 is inserted
into the partition wall w2, a liner LN for height adjustment can be
placed at the top end of the aforementioned wall insertion portion 800
as necessary, and the weir member 8 may be mounted directly or via
the liner LN to the top end of the partition wall w2. Further, if the weir
member 8 is inserted into the partition wall w2 in this manner, for ex-
ample, a bolt 84 may be passed through the long holes 82a for bolt
penetration from the side of the flexed plate portion 82 with an inverted
L-shape, a bolt hole with an inner diameter that is just large enough to
enable passage of the bolt 84 that was provided in the wall w2 in ad-
vance, and the long hole 82a for bolt penetration in the plate 81, and
the bolt may be tightened with a nut. At this time, as necessary, a liquid
sealant 840 that was integrated onto the bolt 84 may be applied to outer
surfaces of the flexed plate portion 82 and plate 81, thereby ensuring
liquid-tightness in the closure of the open portion of the long hole 82a
for bolt penetration.

(0150) In this way, the weir member 8 may be attached to the partition
wall between the liquid tank and the overflow box at the predetermined
height, which is to say, the height positions of the notches 80 may be
set to a height position at which the predetermined liquid overflow
amount may be obtained. With this weir member 8, because liquid
overflow notches 80 are formed in the weir member, the weir member
has the same advantages as the weir parts 21 and 22, in which the
notches 20 were formed as described above.

(0151) Furthermore, according to this weir member 8, an appropriate
weir member can be selected from among weir members 8 for which
the overflow amount has been set, and the overflow amount can be
easily changed by changing the mounting height of weir member 8,
such as by changing liner LN to a different height, or by replacing weir
member 8.

(0152) When the partition walls w2 and w1l are made of metallic ma-
terials that are inferior in terms of corrosion resistance to the treatment
liquid, and the surface is coated with a corrosion-resistant synthetic
resin or the like, the portion of the exposed metallic materials or the
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like should be protected by inserting a corrosion-resistant sealant into
the bolt holes or the like when providing the holes for the insertion of
the bolt 84. Figure 14 (A) is a perspective view of the weir member 8'.
Figure 14 (B) shows the weir member in use and depicts a cross section
along the Y=Y line in Figure 14 (A). The weir member 8’ is a variant
of the aforementioned weir member 8, and it differs from the weir
member 8 in the respects noted below. It is the same in all other re-
spects to the weir member 8, and the same parts are marked with the
same reference numbers.

(0153) In this weir member &', long holes 82a for bolt penetration are
also formed at the top of the plate 81, in which are formed rectangular
notches 80 for liquid overflow. The long hole 82a is formed here in
top sections at both ends of the plate 81. Further, an upper horizontal
portion of the flexed plate part 82 with an inverted L-shape has been
removed at the outer position of the reinforcement rib 83 at both ends
of the plate 81.

(0154) As with the weir member 8, this weir member 8’ is also inserted
into the partition wall w2 at the wall insertion part 800 as shown in
Figure 14 (B). This time, however, a rising wall W', which was inte-
grally extended upwards from the top end of the partition wall w2 in
advance, penetrates the site of the removal of said upper horizontal
portion of flexed plate part 82 with an inverted L-shape and overlaps
the upper parts of both ends of the plate 81. Although not shown in the
figure, a weir member similar to the weir member 8' may also be in-
serted into the partition wall w1 between the liquid tank and the over-
flow box B1.

(0155) Furthermore, the weir member 8’ is not only bolted to the par-
tition wall w2 at the bottom of the plate, as is the case with the weir
member 8, but it may also be bolted to the rising wall W’ at the top of
the plate 81. In other words, the bolt 84’ may be passed through a bolt
hole that has an inner diameter that is just large enough to be penetrated
by the bolt 84’ and a long hole 82a for bolt penetration at the top of the
plate 81 that was provided in advance in rising wall W’, and this bolt
may be tightened with a nut. At this time, as necessary, liquid sealant
840 that was integrated onto the bolt 84’ may be applied to the plate
81, thereby ensuring liquid-tightness in the closure of the open portion
of the long hole 82a for bolt penetration. In this way, the weir member
8’ may be attached to the partition wall between the liquid tank and the
overflow box at the predetermined height, which is to say, the height
positions of the notches 80 may be set to a height position at which the
predetermined liquid overflow amount may be obtained.

(0156) This weir member 8’ also has the same advantages as the weir
member 8. Furthermore, in the weir member 8’, the wall W' corre-
sponding to a part of the partition wall w2 is overlaid and anchored to
that part, so even if there is a risk of damage due to the application of
significant liquid pressure in the liquid tank in the case of the weir
member 8, there is no such risk with the weir member 8'. With the weir
members 8 and 8', described with reference to Figures 13 and 14, the
liquid overflow notches 80 are rectangular notches, but in the weir
members 8 and §', the liquid overflow notches may be inverted trian-
gular notches in the weir parts 21 and 22 as described above, or may
be notches of yet another shape.

(0157) Also, in place of the through-bolt 84 described above for secur-

ing the weir members 8 and 8’ to the partition walls wl and w2, it is
also acceptable to secure said weir members to the partition walls w1

and w2 by threading them into the weir members 8 and 8’ such that
they abut the wall surfaces of the partition walls wl and w2.

(0158)

(EFFECT OF THE INVENTION) With the present invention as described
above, it is possible to provide a liquid tank having one, two, or more
overflow boxes to force the overflow of impurities suspended in the
upper layer of a liquid accumulated in a liquid tank together with liquid
from a weir part, resulting in the following advantages.

(1) Even if the liquid level position in the liquid tank changes vertically,
there will be no significant change in the amount of liquid flowing over
the weir part into the overflow box as may be observed with the con-
ventional rectangular weir.

(2) In addition to the floating impurities that are easily suspended on
the liquid surface in the liquid tank, impurities that are more likely to
be suspended in the lower layers can be efficiently recovered follow-
ing flow into the overflow box.

(3) Therefore, it will also be possible to reduce the amount of impuri-
ties remaining in the liquid tank.

(4) As aresult, when filtration of said liquid is performed by suctioning
the liquid from both the bottom of the liquid tank and the overflow box
using the pump, it will be possible to effectively perform this filtration

processing.

(5) Therefore, when performing article processing using the pro-
cessing liquid in the liquid tank, it will be possible to reduce the effects

of impurities and to improve the quality of the article after processing.

(6) It will be easier to set the volume of liquid flowing into the over-

flow box.

(0159) Also, with the present invention, it is possible to provide a weir
member that provides a weir part of a liquid tank having one, two, or
more overflow boxes to force the overflow of impurities suspended in
the upper layer of the liquid accumulated in the liquid tank together
with the liquid from the weir part, resulting in the following ad-
vantages.

(1) When used as the weir part following attachment to the liquid tank,

even if the liquid level position in the liquid tank changes vertically,
there will be no significant change in the amount of liquid flowing into
the overflow box.

(2) In addition to the floating impurities that are easily suspended on
the liquid surface in the liquid tank, impurities that are more likely to
be suspended in the lower layers can be efficiently recovered follow-
ing flow into the overflow box.

(3) Therefore, it will also be possible to reduce the amount of impuri-
ties remaining in the liquid tank.

(4) As aresult, when filtration of said liquid is performed by suctioning
the liquid from both the bottom of the liquid tank and the overflow box
using the pump, it will be possible to effectively perform this filtration
processing.

(5) Therefore, when performing article processing using the pro-
cessing liquid in the liquid tank, it will be possible to reduce the effects

of impurities and to improve the quality of the article after processing.
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(6) It will be easier to make changes to the volume of liquid flowing
into the overflow box.

(BRIEF DESCRIPTION OF THE DRAWINGS)

(FIGURE 1) This is a schematic plan view showing a plating device,
which is one example of an article processing device that uses a liquid,
that utilizes liquid tanks according to the present invention.

(FIGURE 2) This is an enlarged plan view of part of the liquid tanks and
the surrounding area.

(FIGURE 3) This is an enlarged side view of one of the liquid tanks
shown in Figure 2 and the surrounding area.

(FIGURE 4) This is a perspective view of one portion of the liquid tank.
(FIGURE 5) (A) is a perspective view of an anode case, (B) is a per-
spective view of an anode bag, and (C) is a perspective view of a cath-
ode, a hanger, a hook member, and the like.

(FIGURE 6) (A) is a plan view of a first suction head, (B) is a side view
of the first suction head, and (C) is a cross-sectional view of a bottom
groove in the liquid tank, the bottom of an overflow box, and the re-
lated parts thereof.

(FIGURE 7) This is a side view of a second suction head.

(FIGURE 8) This is a perspective view of another example of a second
suction head.

(FIGURE 9) This is a side view showing a cross-section of part of a
manifold with two branch pipes.

(FIGURE 10) This is a side view showing a cross-section of part of a
manifold with five branch pipes.

(FIGURE 11) (A) is a block diagram of a control circuit of the plating
processing device shown in Figure 1, and (B) is a diagram showing a
schematic configuration of the liquid level position detection device.
(FIGURE 12) (A) is a diagram showing an example of a conventional
rectangular weir member, (B) is a diagram showing an example of a
weir member having rectangular notches for liquid overflow, and (C)
and (D) are diagrams showing examples of weir member having in-
verted triangular notches for liquid overflow.

(FIGURE 13) (A) is a perspective view of one example of a detachable
weir member according to the present invention, and (B) is a cross-
sectional view along the X—X line of (A) showing the weir member in
use.

(FIGURE 14) (A) is a perspective view of another example of a detach-
able weir member according to the present invention, and (B) is a
cross-sectional view along the Y=Y line of (A) showing the weir mem-
ber in use.

(FIGURE 15) This is a side view showing a cross-section of part of a
conventional example of a manifold.

(FIGURE 16) This is a schematic perspective view of a conventional
liquid tank and its surrounding area.

(EXPLANATION OF REFERENCES)

11, 12, 13, 14, 15: Plating processing liquid tank (example of an article
treatment liquid tank)

16: Pretreatment water washing tank

L: Plating liquid

W: Wash water

D1, D2, D3, D3, D4: Work deck

101: Internal bottom of the liquid tank
102: Internal bottom groove provided in the liquid tank
103: Aeration device

103a: Air bubbles

104: First suction head

104a: Pipe connection port

104b: Liquid suction hole

105: Air shut-off wall plate

105a: Support piece

105b: Support plate

106: Second suction head

106a: Pipe connection port

106b: Liquid suction hole

106¢: Support piece

106d: Support plate

107: Suction head

107a: Pipe connection port

107b: Liquid suction hole

107c: Foot

108: Third suction head

B1, B2: Overflow box

w1, w2: Partition wall between the liquid tank and overflow box
21, 22: Weir part

20: Notch of the weir part

A: Anode busbar

C: Cathode busbar

H: Hanger

S: Hook member

m’: Anode material

CS: Anode case

CSb: Anode bag

al, a2: Article to be plated

3: Circulating filtration device

31: Filter

32: Circulating pump (in this case, a centrifugal pump)
33: Manifold for liquid merging

vl11 to v15: Manual opening/closing valve
v16: Check valve

4A, 4B: Circulating filtration device

41: Filter

42: Circulating pump (in this case, a centrifugal pump)
430, 431, 432: Manifold for liquid merging
433: Manifold for liquid distribution

v41 to v45: Manual opening/closing valve
v46: Check valve

45: Temperature control circuit

451: Heat exchanger

va’, vb": Manual opening/closing valve

V: Flow rate adjustment valve

452: Manifold for liquid distribution
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@n
51: Clearing and replacement device 600a: Main opening of manifold main body 600
v51, v52, v61 to v64, v71: Manual opening/closing valve 600b: Other end of manifold main body 600
511: Clearing and replacement tank 200: Conventional rectangular weir
v53: Foot valve 201 to 203: Weir part
401: Manifold main body N1, N2, N3: Notch
402, 403: Branch pipe 8, 8': Weir member
401a: Main opening of manifold main body 401 80: Rectangular notch for liquid overflow
401b: Other end of manifold main body 401 81: Plate
9: Conventional manifold 82: Inverted L-shaped flexed plate
91: Manifold main body 82a: Long hole for bolt penetration
91a: Main opening 83: Reinforced rib
91b: Hole 84, 84" Bolt
92: Branch pipe 800: Wall insertion portion
90: Flow rate adjustment valve 840: Liquid sealant
6: Device for liquid mixing and liquid level position control LN: Liner
60: Filter W': Rising wall
61: Circulating pump (in this case, a centrifugal pump) 10": Liqud tank
62: Liquid level position detection device L’ Liquud
621 to 625: Electrode Bl’, B2', B3": Overflow box
63: Liquid outflow port 21', 22', 23": Rectangular weir
Vo: Check valve vl'to v7’, v1”, v7", v8', v9': Manual opening/closing valve
J1, J2, J3: Manifold for liquid merging V': Foot valve
J4, J5, J6: Manifold for iquid distribution Lb, Lb': Liquid flow port
Va: Motorized valve for liquid discharge F: Filter
Vb: Motorized valve for liquid supply P: Circulating pump
7: Control unit H: Heat exchanger
71: Operation panel 100": Liquid return port
600: Manifold main body 511v: Foot valve
601 to 605: Branch pipe 511": Liquid discharge port
(FIGURE 2) (FIGURE 7)
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(AMENDMENT)

(DATE OF SUBMISSION) November 2, 2000 (11/02/2000)
(AMENDMENT 1)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) 0041

(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(0041) While there are many plating treatments that may be performed
on the material to be treated, such as plating with copper, nickel, zinc,
tin, or alloys thereof, in one example in the case of nickel plating, the
plating liquid L is used as a nickel plating liquid, the anode case CS is
a corrosion-resistant titanium cage, and nickel chips are housed inside
this cage as the anode material m'.

(AMENDMENT 2)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) 0064

(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(0064) When the third suction head 108 is employed, the liquid that is
suctioned by the suction head is eventually mixed with the liquid that
was suctioned through the valves v11 and v12 and is piped to the pump
32 via the valves and the like, ensuring that the liquid will merge and
flowed into the pump 32. The liquid delivery circuit includes a pipe
that branches the liquid delivery port of the filter 31 to two locations
of the liquid tank 11 via a manual opening/closing valve v14 and a
temperature control circuit 45, as well as two manual opening/closing
valves v15. The connection to the liquid tank 11 does not have to be at
two locations in this way, and it is acceptable to have a connection at
one location or three or more locations.

(AMENDMENT 3)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) 0067

(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(0067) Because the circulating filtration device 4A and the circulating
filtration device 4B have exactly the same structure and operation,
only the device 4A shall be explained, and the description of device
4B shall be omitted. The same parts in the devices 4A and 4B are
marked with the same reference numbers in the figures. The circulat-
ing filtration device 4A includes a filter 41 and a circulating pump 42
for liquid circulation, as shown in Figure 1. The liquid tanks 12 and 13
can communicate with a liquid suction port of the circulating pump 42
(here, a centrifugal pump) via the liquid suction circuit. The filter 41
can communicate with the liquid tanks 12 and 13 via the liquid deliv-
ery circuit.

(AMENDMENT 4)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) 0072

(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(0072) The temperature control circuit 45 in the circulating filtration
device 3 has basically the same structure as this temperature control
circuit 45 in the circulating filtration devices 4A and 4B. However, in
the temperature control circuit 45 in the circulating filtration device 3,

the valve corresponding to the valve vb’ and the valve outlet corre-
sponding to the flow rate adjustment valve V are collected in a single
pipe without using a manifold, and are further branched into two loca-
tions of the liquid tank 11 via the two manual opening/closing valves
vl1s.

(AMENDMENT 5)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) 0077

(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(0077) The branch pipes 402 and 403 are inserted as projections into
the main body of the manifold from a direction that is orthogonal to
the longitudinal direction of the manifold main body 401 at two loca-
tions in the longitudinal direction, and the (projecting insertion height)
o of each of the branch pipes 402 and 403 into the main body of the
manifold is in the range from approximately one-half to no more than
three-fifths of the internal diameter R of the manifold main body 401.
(AMENDMENT 6)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) 0092

(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(0092) As a result, it will be possible to recover the plating liquid in-
side the liquid tank 12 into the clearing and replacement tank 511 via
the valve 41, the manifold 431, and the manifold 430 (not shown in
figure 3; see figure 1) on the liquid tank 12 side and the valve v43, the
pump 42, the check valve v46, the filter 41, and the valve v51 on the
pump liquid suction side. Activated carbon filtration processing, liquid
composition restoration processing, and the like are performed on the
liquid that was recovered into the clearing and replacement tank 511.
In order to return the processed liquid from the clearing and replace-
ment tank 511 to the liquid tank 12, the valve v51 of the clearing and
replacement device 51, the valve v43 that connects to the liquid suc-
tion port of the pump 42, and the valve v45 on the liquid tank 13 side
are closed, while valve v52 of the clearing and replacement device, the
valve v44 that connects to the temperature control circuit 45, the valve
V of temperature control circuit, and the valve v45 on the liquid tank
12 side are opened, and the pump 42 is operated.

(AMENDMENT 7)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) 0095

(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(0095) As a result, the restored plating liquid is drawn in from the foot
valve v53 at the bottom of the clearing and replacement tank 511 and
is returned to the liquid tank 13 from the valve v45 on the liquid tank
13 side via the valve v52 of the clearing and replacement device 51,
the pump 42, the check valve v46, the filter 41, the valve v44, the man-
ifold 452 of the temperature control circuit 45, the valve V, and the
manifold 433. In this way, it will be possible to perform the clearing
and replacement filtration of the entirety of the plating liquid in each
of the liquid tanks 12 and 13.

(AMENDMENT 8)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) 0097
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(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(0097) If there is installation space for a large-capacity clearing and
replacement tank 511, the clearing and replacement filtration work
may be performed for the two tanks at the same time. In the case of the
circulating filtration device 4B, as in the case of the filtering device
4A, the plating liquid in the liquid tanks 14 and 15 can be subjected to
circulating filtration. In addition, the temperature of the plating liquid
can be controlled. Further, the entirety of the plating liquid in the liquid
tanks 14 and 15 can be subjected to clearing and replacement filtration.
(AMENDMENT 9)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) 0103

(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(0103) As shown in Figure 1, the device 6 for liquid mixing and liquid
level position control is provided with: a liquid circulating pump (here,
a centrifugal pump) 61; a circuit to draw the liquid to the liquid suction
port of a pump 61 from the respective overflow boxes B2 of the liquid
tanks 11 to 15 via a manual opening/closing valve v71, a first manifold
J1 for liquid merging, a second manifold J2 for liquid merging, and a
manual opening/closing valve v62; a circuit that can draw the liquid
from the respective overflow boxes B2 of the liquid tanks 11 to 15 to
a third manifold J3 for liquid merging via a manual opening/closing
valve v61 and corresponding motorized valves Va (of which there are
a total of five) for liquid discharge from each liquid tank and from the
third manifold J3 to a liquid suction port of the pump 61 via the second
manifold J2 and the manual opening/closing valve v62; a circuit that
can draw the liquid from a discharge port of the pump 61 to the liquid
tanks 11, 12, 13, 14, and 15 via a check valve Vo and a filter 60 and
via a manual opening/closing valve v6, a fourth manifold J4 for liquid
distribution, and a fifth manifold JS for liquid distribution; and a circuit
that can draw the liquid from the discharge port of the pump 61 to the
liquid tanks 11, 12, 13, 14, and 15 via the check valve V0 and the filter
60 and via the valve v63, the fourth manifold J4, a sixth manifold J6
for liquid distribution, corresponding motorized valves Vb (of which
there are a total of five) for liquid supply to each liquid tank, and a
manual opening/closing valve v64. The device 6 for liquid mixing and
liquid level position control further includes a liquid level position de-
tection device 62 that may be installed in the overflow box B2 of each
liquid tank.

(AMENDMENT 10)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) 0106

(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(0106) Each liquid level position detection device 62 has the same
structure, including a total of five electrodes 621 to 625 that may be
inserted from above to hang inside the overflow box B2 as shown in
Figure 11 (B), which shows the general structure of one of these de-
vices. These electrodes are shortest to longest in the sequence 621, 622,
623, and 624, and are inserted more deeply into box B2 the longer the
electrodes are. An electrode 625 is a ground electrode and may be in-
serted into box B2 to approximately the same depth as, or deeper than,
the electrode 624.

(AMENDMENT 10)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) 0110

(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(0110) Separately from the discharge circuit via motorized valve Va,
the liquid that is to be discharged via the valve v71 (normally, this
valve is open) and the manifold J1 will be merged with the discharge
liquid from the motorized valve Va and the manifold J3 inside the
manifold J2, and this merged liquid will be suctioned into the pump 61
via the valve v62. In addition, when the liquid level position inside the
liquid tank falls and separates from the lower end of the electrode 623,
the motorized valve Va for liquid discharge will be closed under the
instructions of the control unit 7, while the motorized valve Vb for
liquid supply will be opened and the liquid will be delivered to the
liquid tank via the valve v64. At this time, the liquid from the pump
61 is delivered, via the check valve Vo and the filter 60 and via the
aforementioned manifold J6, the motorized valve Vb, and a valve V64
by one of the two branch pipes of the manifold J4, to the liquid tank,
and at the same time, the liquid is returned from the other branch pipe
of the manifold J4 to the manifold J5 and to a liquid outflow port 63
to the liquid tank.

(AMENDMENT 12)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) 0117

(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(0117) The branch pipes 601 to 605 are inserted as projections into the
main body of the manifold from a direction that is orthogonal to the
longitudinal direction of the manifold main body 600 at five locations
in the longitudinal direction, and the degree of projection (projecting
insertion height) f of each branch pipe to the main body of the mani-
fold is in the range from approximately one-half to no more than three-
fifths of the internal diameter R’ of the manifold main body 600. The
projecting insertion heights of the branched pipes 601 to 605 into the
manifold main body 600 should be such that the pressure (negative or
positive pressure) inside the manifold main body will be uniform
whether under the pump liquid suction pressure (negative pressure) or
the liquid delivery pressure (positive pressure) of the pump 61 on the
manifold main body.

(AMENDMENT 13)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) 0120

(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(0120) With the device 6 for liquid mixing and liquid level position
control described above, when the liquid level in the overflow box B2
of each liquid tank is in the normal position, each of the valves Va and
Vb will be opened and the liquid circulating pump 61 will be operated,
ensuring that the liquid is suctioned from the overflow box B2 of each
of the plurality of liquid tanks 11 to 15 via the valves v61 and v71.
When the liquid in each tank reaches each branch pipe of the first man-
ifold J1 and the third manifold J3 for liquid merging, it will flow into
the main body of said manifold to be merged, further flowing to the
branch pipes of the second manifold J2 for liquid merging from said
manifold main body, after which the liquid of each tank will be drawn
into the liquid circulating pump 61 after having been mixed via the
main body of said manifold J2.
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(28)
(AMENDMENT 14) as a standard. In addition, the liquid processing volume for liquid mix-
(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification ing and liquid level control using the circulating filtration device 6 can
(NAME OF ITEM SUBJECT TO AMENDMENT) 0124 be, for example, an amount of circulating filtration that is approxi-
(AMENDMENT METHOD) Modification mately half of the liquid capacity of a single liquid tank per hour. In
(AMENDMENT DETAILS) other words, approximately 0.5 times the liquid capacity of the tank
(0124) The filter 60 may be smaller than the filters 31 and 41 that may can be used as a standard.
be used for the conventional circulating filtration and that can handle (AMENDMENT 10)
the amount of liquid flowing into the overflow box. Further, as already (DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification
mentioned, 1t 1s also adequate to use a single filter 60. With regard to (NAME OF ITEM SUBJECT TO AMENDMENT) 0137
the circulating filtration that may be performed by means of the circu- (AMENDMENT METHOD) Modification
lating filtration devices 3, 4A, and 4B on the plating liquid in the plat- (AMENDMENT DETAILS)
ing processing device shown in Figure 1, when looking at each liquid (0137) In the following table, M indicates the overflow liquid volume
tank, it 1s possible to perform circulating filtration approximately three liter/min over the rectangular weir 200, m indicates the overflow liquid
times per hour for the volume of liquid housed in a single liquid tank, volume liter/min at each notch, and P indicates the number of notches.
for example, according to the conventional procedure. In other words, The units of h, hl, h2, and h3 are millimeters.
approximately three times the liquid capacity of the tank can be used
Rectangular [Weir part 201 with | Weir part 202 with | Weir part 203
weir 200 |rectangular notch N1 | notch N2 having a I with notch N3
with a width having a width of 40 ' lower apex angle of having a lower
of 500 m mm | 90° | apex angle of 60°
| I I
h N | Bl m P| h2 m P| B m P
| I I
10 55.2 | 18.4 11.0 5| 28.0 1.0 5| 381 13.8 4
15 101.4 | 27.6 20.3 5] 39.0 25.2 4 | 48.6 25.2 4
20 156.1 | 36.8 31.2 5| 46.5 39.2 4| 57.9 39.2 4
25 218.2 | 46.0 43.6 5| 53.0 54.3 4 | 66.0 54.3 4

When using the conventional so-called rectangular weir in which the
upper edge extends in a horizontal line, even if the amount of liquid to
be suctioned from the bottom of the liquid tank and the amount of lig-
uid to be suctioned from the overflow box are set at a predetermined
ratio depending on the capacity of the filtration pump, if there is a sig-
nificant increase in the amount of overflow due to a slight increase n
the liquid surface in the liquid tank, the amount of liquid in the over-
flow box will increase excessively beyond the capacity of the pump to
suction the liquid from the overflow box. Gradually, the liquid surface
in the liquid tank and the overflow box will near the same position,
resulting in a small gap, and in the end, 1t will not be possible to fully
recover floating impurities in the overflow box, as has already been
described. This point will be described in a bit more detail.
(AMENDMENT 16)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) 0148

(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(0148) This weir member 8 may be inserted from above into the parti-
tion wall between the liquid tank 11 (12, 13, 14, and 15) and the over-
flow boxes B1 and B2. Figure 13 (B) shows the weir member 8 being
inserted into the partition wall w2 between the liquid tank 11 and the
overflow box B2 from above at the wall insertion portion 800. The
weir member 8 may be used 1n as a single member or as two or more
members according to the liquid amount in the liquid tank, the sizes of
the notches 80, or the like. If more than one member 1s used, the adja-
cent weir members 8 may be brought into contact with each other and
inserted into the partition wall w2. Although not shown in the figure,
a weir member similar to the weir member 8 may also be inserted into
the partition wall w1 between the liquid tank and the overflow box B1.
(AMENDMENT 17)

(DOCUMENT TITLE SUBJECT TO AMENDMENT) Specification

(NAME OF ITEM SUBJECT TO AMENDMENT) Figure 5

(AMENDMENT METHOD) Modification

(AMENDMENT DETAILS)

(FIGURE 5) (A) 1s a perspective view of an anode case, (B) 1s a per-
spective view of an anode bag, and (C) 1s a perspective view of a cath-
ode bar, a hanger, a hook member, and the like.
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