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(57) Abrége/Abstract:

A process for separating an electrodeposited metal from a cathode plate in electrolytic refining Is disclosed. The cathode plate
on which the metal Is electrodeposited is first held. Then, heated air is blown toward the cathode plate and the electrodeposited
metal thereon. As a result, the electro-deposited metal is separated from the cathode plate. An apparatus for carrying out the
same process Is also disclosed. The apparatus includes a separating furnace, a holding assembly, and a device for introducing
heated air Into the separating furnace. The holding assembly Is attached to the separating furnace for holding the cathode plate

In the furnace. The heated air-introducing device introduces heated air, blowing it against the cathode plate, whereby the
electrodeposited metal Is separated from the cathode plate.
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ABSTRACT OF THE DISCLOSURE

A process for separating an electrodeposited metal from a

held. Then, heated air is blown toward the cathode plate and
the electrodeposited metal thereon. As a result, the electro-
deposited metal is separated from the cathode plate. An appa-
ratus for carrying out the. same process is also disclosed. The
apparatus 1ncludes a separating furnace, a holding assembly,
and a device for introducing heated air into the separating
furnace. The holding assembly is attached to the separating
furnace for holding the cathode plate in the furnace. The
heated aif—introducing device introduces heated air, blowing it
against the cathode plate, .whereby the electrodeposited metal

is separated from the cathode plate.
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PROCESS FOR SEPARATING ELECTRODEPOSITED METAL IN ELECTROLYTIC
REFINING AND APPARATUS FOR CARRYING OUT SAME PROCESS

BACKGROUND ART

The present invention pertains to a process for separating
an electrodeposited metal from a cathode plate in electrolytic
refining, and to an apparatus specifically adapted to carry out
the same process.

A conventional electrplytic refining process involves pre-
paring as a cathode plate a starter sheet of the same metal as
the target metal to be refined, and carrying out electrolytic
refining by electrodepositing the metal to be refined on the
cathode plate. Subsequently., the electrodeposited metal is
melted togéther with the starter sheet, and cast into an ingot.

In the above process.-however, a starter sheet must be
prepared every tiﬁe electrolytic refining is carried out.
Furthermore, it 1s necessary to secure a suspension bar of a
conductive material to the starter sheet in order to hold the
sheet in an electrolytic cell and apply electric current to the
sheet, and much workload is required for the securing task
because the starter sheets to be accommodated in a single
electrolytic cell reach a considerable number.

In order to circumvent the above disadvantages., a modified
electrolytic refining proceés has been proposed as disclosed in
Japanese Patent Application, B-Publication Number 59-43896 or
Japanese Patent Application, B-Publication Number 63-42716. In
this process, a hother blank formed of stainless steel or
titanium is used, and the metal to be refined is electrodepos-

ited thereon. Then, the electrodeposited metal is mechanically

l
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separated from the mother blank, and the mother blank is re-
peatedly employed.

However, since the metal is electrodeposited on the entire
outer surface of the mother blank including the edge portions,
the task of separating the electrodeposited metal from the
mother blank has been very laborious.

Furthermore, in order to facilitate the separation of the
electrodeposited metal, another modified process has been pro-

L

posed which includes covering the edge portions of the mother
blank with an edge protector of an insulating materlial, and
electrodepositing the metal only on the front and rear surfaces
of the mother blank without electrodepositing the metal on the
edge portions. With this modification, the mother blank can be

used repeatedly, but when separating the metal from the mother

blank mechanically, the mother blank may be subjected to defor-
mation or damage, or the edge protector may be damaged. Thus,
it has been necessary to repair or reform the mother blank and

the protector.

Moreover, since tin, lead, indium or the like is less

hard, it has been very difficult to separate it mechanically.

SUMMARY OF THIE INVENTION

It is therefore a primary object of the present invention
to provide a process for separating an electrodeposited metal
~ from a'cathode plate by which the electrodeposited metal can be
easily separated without damaging the cathode plate, so that
the cathode plate can be repeatedly employed without any re-

pair.
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Another object of the present invention is to provide an
apparatus speclfically adapted to carry out the above process.

According to a first aspect of the present invention,
there is provided a process for separating an electrodeposited

——

metal from a cathode plate in electrolytic refining, comprising

the steps of:

holding the cathode plate on which the metal is electrode-
posited; and

blowing heated air f£owards the cathode plate and the
electrodeposited metal thereon to separate the electrodeposited
metal from the cathode plate.

According to a second aspect of the present invention,
there is provided an apparatus for separating an electrodepos-
ited metai from a cathode plate in electrolytic refining,
comprising:

a separating furnéce;

holding means attached to the separating furnace for hold-
ing in the furnace the cathode plate on which the metal is
électrodeposited;

means fTor introducing heated air into the separating
.furnacé to blow the heated alr against the cathode plate and
the electrodeposited metal thereon, whereby the electrodeposit-

ged metal is separated from the cathode plate.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic plan view of a separating apparatus
in accordance with the present invention:

Fig; 2 is a plan view of a part of the apparatus of Fig.



Fig. 3 1s a longltudinal cross-sectional view of the part

shown by Fig. 2; and
Fig. 4 is a cross-sectional view of the part shown by Fig.

.2 taken along the line 1IV-1IV in Fig. 3.

DETAILED DESCRIPTION OF THE INVENTION

A separatihg process in accordance with the present inven-
tion is characterized by the steps of: (a) holding a mother
blank on which a metal toobe refined is electrodeposited: and
(b) blowing heated air toward the mother blank and the electro-
deposited metal thereon to separate the electrodeposited metal
from the mother blank. The process is applied in the case
where the metal to be refined is tin, indium, lead, copper or
the 1like, while the mother-blank, i.e., a cathode plate, 1is
formed of a stainless steel, titanium or the like.

In the process of the present invention, the mother blank
on which the metal to be refined 1is electrodeposited is first
held in a prescribed chamber or the like using suitable means.
Then;-heated air of a prescribed elevated temperature is blown
téward the mother blank and the electrodeposited metal thereon.
AS a résult, the electrodeposited metal is heated by the hot
'air:and.separated frOm the cathode plate.

‘More Specifically, the electrodeposited metal to be re-
‘fined,- such as tin, indium, 1ead'or the like, has a greater
'coefficient of thermal expansion and a lower melting point than
the mother blank of a material such as stainless steel or

titanium. For example, tin, indium, and lead have coefficients

of thermal expansion of 23.5 x 1078, 24.8 x 107%, and 29.0 x
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10”6, respectively, whereas stainless steel 316L and titanium
have coefficients of thermal expansion of 9.0 x 10°% and 8.9 x
10"6, respectively. Furthermore, tin, indium, and lead have
melting points of 2329C, 155°Cc, 327°C, respectively, whereas

>

the same stainless steel and titanium have melting points of
1200°C and 1725°C, respectively.

In this situation, when heated air having an elevated
temperature less than the melting point of the electrodeposited
metal is blown against the mother blank on which the metal is
electrodeposited, the electrodeposited metal is subjected to
greater thermal expansion than the mother blank, and is ulti-
mately separated from the mother blank. Furthermore, when the
temperature of the heated air is even more elevated so as to
exceed the melting point of the metal, the electrodeposited
metal begins to melt and fali from the mother blank. Thus, the
electrodeposited meral is separated by blowing the heated air
against the mother blank. This separation occurs due to the
melting of the electrodeposited metal or a large thermal expan-
sion ef the electrodeposited metal relative to the mother
blank.

As will be understood from the foregoing, it is preferable
‘that the temperature of the heated air be regulated so that the
electrodeposited metal is at least partly melted while leaving
| ‘.the mother blank unmelted in order to ensure separation.
HOWever, when copper or the like which has a relatively high
meltirrg point is to be refined, the temperature of the heated
air may be regulated to a reduced temperature at which the
' electrodeposited metal is separated from the mother blank only

-due to the difference in thermal expansion between the electro-

5



deposited metal and the mother blank.

As described above, in the process of the invention, the
electrodeposited metal can be separated simply by blowing
heated-air, and hence separating work using mechanical means is
no longer required, so that the electrolytic refining process

1s substantially simplified.

Next, an apparatus for carrying out the above process will

be explained with reference to the drawings.

&

The apparatus, generally designated by the numeral 1,
comprises a separating furnace 2, a device 3 or means for
introducing heated air into the separating furnace 2, and a
holding assembly 4 or means attached to the separating furnace
2 for holding mother blénks in the furnace 2.

Each mother blank, designated by M, is formed of a metal
such as stainless steel or titanium, and has a rectangular
shape. As is the case with the conventional mother blank, a
suspension bar 7 of a metal similar to that of the mother blank
is securely fixed to the upper end portion thereof by welding
or using joining bolts. The suspension bar 7 is adapted to be
engaged at one end thereof with an electric conductor when the
mother blank M is placed in an electrolytic cell. The mother
blank M is hung in the electrolytic cell by the suspension bar
7, and electric current is supplied to the mother blank M
“through the bar 7.

As shown in Figs. 3 and 4, the separating furnace 2 in-
cludes an upper chamber 8 1in which a prescribed number of the

_moth'er blanks M are placed, and a lower chamber 9 disposed

below the upper chamber 8. The upper chamber 8 is open at its
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bottom while the lower chamber 9 is open at its top, and hence
the upper chamber 8 and the lower chamber 9 are communicated
with each other so that the electrodeposited metal separated
from the mother blanks M will fall into the lower chamber 9.

Tge upper chamber 8 has an upper opening 8a for receiving
the mother blanks. A pair of door leaves 11 are pivotally
secured at one end to the upper ends of the peripheral walls of
the chamber through hinge assemblies 10, so that the opening 8a
is closed and opened by the door leaves 11. Each hinge assem-
bly 10 includes a rod 13 rotatably supported by the upper end
of the chamber wall through two brackets 12, and a pair of
connecting plates 14 secured at one end fo the two longitudi-
nally spaced portions of the rod 13 and at the other end to the
two longifudinally spaced portions of each door lieaf 11.

Furthermore, as shown in Figs. 2 and 3, a drive mechanism
15 for opening and élosing the above door leaves 11 is attached
to one end of each rod 13. The drive mechanism 15 includes a
spfocket 16 mounted on one end of the rod 13, an electric motor
18 disposed adjacent to the hinge assembly 10 and secured to
the outer surface of the chamber wall through stays 17, and a
chain 19 Wound dn a driving shaft of the electric motor 18 and
the sprocket 16 for transferring the driving force of the motor
18 to the rod 13. Thus, when the electric motor 18 is actuat-
ed, the door leaves 11 are angularly moved in a reciprocal
manner, sb that the opening 8a is opened and closed.

. The holding assembly 4, which is disposed adjacent to the

-opening 8a of the uppér chamber 8, 1includes a generally rectan-
gular;guiding member 21 having inclined faces sloping ocutwardly

in the upper direction, and a pair of parallel supporting



plates 22 disposed along the elongated frame portions of the
guiding member 21 and secured to the inner wall of the upper
chamber through a plurality of stays 20. The supporting plates
.22 are formed so as to protrude slightly inward from the guid-
ing member 21 such that the distance between the supporting
plates is greater than the width of the mother blank M but is
smaller than the length of the suspension bar 7. Thus, when
inserted between the supporting plates 22, tﬁe mother blanks M_
are hung with the opposité ends of each suspension bar 7 being
supported on the supporting plates 22. Additionally, the
supporting plates 22 are dimensioned so as to have a length
such that the mother blanks to be accommodated 1n a single
electrolytic cell are all supported.

Furthermore, in the upper chamber 8, an air inlet 8b and
an air outlet 8c¢c are respectively formed through the peripheral
walls opposed to each other, and all of the mother blanks M
held by the holding assembly 4 are adapted to be located be-
tween the air inlet 8b and the air outlet 8c¢. Specifically, as
shown in Fig. 4, the inlet 8b and the outlet 8c are arranged so
that the direction of the flow of the heated air is parallel to
the front and rear surfaces of the mother blanks M in order to
enhance the heating‘efficiency.

The aforesaid device 38 for introducing heated air is
attached to the inlet 8b and the outlet 8c, and includes an air
supply duct 23 connected to the inlet 8b, an air discharge duct
24 Connected to the outlet 8¢, a blower 25 connected to the up-

stream end of the air supply duct 23, and a burner 26 or heat-

ed-air producing means connected between the intake portion of
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the blower 25 and the downstream end of the discharge duct 24.
With this construction, the air heated by the burner 26 is
pressurized by the blower 25, and as indicated by the arrows in

Fig. 1, the heated air 1s introduced into the upper chamber 8

-of thé separating furnace 2 through the air supply duct 23.
Furthermore, the air discharged from the upper chamber 8 1is
returned through the discharge duct 24 to the burner 26 and
reused repeatedly.

Moreover, accommodated in the lower chamber 9 is a melting
pot 5 or container of a semicircular cross section which has
closed opposite ends and an opening directed toward the upper
chamber 8. As illustrated in Fig. 3, the‘pot 5 has an elongat-
ed shape so as to correspond to the side-by-side arrangement of
the mother blanks M in the upper chamber 8. Thus, the electro-
deposited metal separated fxlom the mother blanks M is adapted
to fall due to its éwn welight into the pot 5.

In addition, the pot 5 is received in the lower chamber 9
sOo as to define a space G under the pot 5, and a burner 6 is
attached to the side wall of the lower chamber 9 for heating
- the air in the space G. Thus, the metal W received in the pot
5 is melted by heating the pot 5 with the burner 6. Addition—
ally, a flue 28 for exhausting the air in the space G is se-
cured to the side wall of the lower chamber 9 in opposed rela-
tion to the burner 6.

Furthermore, as best shown in Fig. 3, the lower chamber 9
as well as the pot 5 are formed somewhat.greater in length than
theupper chamber 8 so that one longitudinal end portion of the
pot. .5 is disposed at the outside with respect to the upper

chambér 8. An opeﬁing ga for drawing the molten metal from the

9



pot 5 is formed in the upper portion of the above one end
portion, and the opening 9a is covered with a removable 1lid
member 27.

Moreover, the separating apparatus 1 further includes a
raking member or plate 29 disposed in the pot 5 for raking
dross from the molten metal W in the pot 5, and - a driving
mechanism 30 for moving the raking plate 29 toward the opening

9a of the lower chamber 9.

>

More specifically, a pair of shafts 31 are rotatably ar-
ranged on the lower chamber 9 through bearing members 32, in
such a manner that the shafts extend transversely of the pot 5
and are spaced from each other in the longitudinal direction of
the pot 5, Sprockets 33 are fixedly secured to opposite ends
of each shaft'3l, and a chain 34 is wound on the two sprockets
secured at one end of each of the two shafts. In addition, as
shown in Fig. 2, an electric motor 36 1s connected to one of
the shafts 31 through a chain 35, and another chain 37 is wound
on the two sprockets secured at the other end of each of the
two shafts. The above raking plate 29 is secured at its upper
end to these two chains 34. Thus, the reciprocal movement of
| the electric motor 36 allows the raking plate 29 to move for-
ward and backward along the entire longitudinal length of the
B pbt 5. In the foregoing, the shafts 31, the bearing members
'32, the electric motor 36, and the chains 34, 35 and 37 consti-
tute the aforesaid driving mechanism 30.

In operation, the drive mechanism 15 is activated to pivot
' the'doorleaves 11 to open the opening 8a of the upper chamber

8. A number of the mother blanks M, which are picked out from

10
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the electrolytic cell using a crane or the like, are introduced

into the upper chamber 8 through the opening 8a, and are locat-
ed at a position as shown in Figs. 3 and 4 by placing both ends
of each suspension bar 7 on the opposed supporting plates 22 of
'the ho#lding assembly 4. Subsequently, the drive mechanism 15
is again activated to pivot the door leaves 11 reversely to
close the opening 8a of the upper chamber 8. Thereafter,
heated air 1is intfoduced into the upper chamber 8 through the
air supply duct 23 to heat. the mother blanks M.

When the mother blanks are heated by the hot air, the
metal electrodeposited on the mother blanks M 1is caused to
partly melt and is separated from the motﬁer blanks M.

The electrodepositeq metal that has been separated fall
into the bot 5 due to its own weight.

The pot 5 1is heated iﬁ advance by the burner 6 giving
consideration to the separation of the electrodeposited metal
W. Theréfore, the metal received in the pot 5 is melted there-
in.

The surface of the electrodeposited metal melted in the
pot 5 may‘be partly oxidized before the completion of the sepa-
ration of all the electrodeposited metal on the mother blanks,
‘and dross'floats'on the melt. Therefore, by observing the
- formation of dross on the surface of the melt or at a pre-
sCribed time interval, the electric motor 36 of the driving
assembly 30 is actuated, and the raking plate 29 is caused to
 m6Ve lewiy toward the opening 9a of the'lower chamber 9. As a
" result, the dross is moved'to a position adjacent to the open-
ing Qa; The dross thus gathered is removed from the opening 9a
uSing'a SCOOp Or a SUCtion'pump.

11
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Furthermore, the opening 8a is opened by activating the
door leaves 11, and the mother blanks M from which the electro-
deposited metal W is separated are picked out therefrom. After
subjection to after-treatments such as washing, the mother
blanks thus recovered are transferred to the electrolytic
cells.

The mother blanks thus recovered are neither deformed nor

damaged, and hence they can be put into repeated use. When the

molten metal W received in the pot 5 reaches a prescribed
amount, it 1is drawn up by a suction pump or the like from the
opening 9%a, and is transferred to the casting facility at the
next step.

The present invention will now be lllustrated in more

detall by way of the following examples.

EXAMPLE 1
Nineteen plates of stainless steel 316L were prepared as
‘mother blanks, and a suspension bar of stainless steel 304 was
securéd to each mother blank. Each mother blank was 3.0 mm
thick and had a size such that its portion to be immersed in
the electrolyte was 1,000 mm x 1,000 mm. Furthermore, twenty
anode plates of tin were prepared. Then, the mother blanks and
the anode plates were placed in an electrolytic cell so that
they are alternately disposed in opposed relation to each other
at an intervening distance of 110 mm. Subsequently, electro-
'lyi:ic refining of tin was conducted under the conditions otf a

reflux rate of electrolyte (hydrofluosilic acid) of 20 lifers

- per minute to 30 liters per minute, a solution temperature of

12
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36°C, and an applied current of 1,450 amperes. The anode 1life

was 336 hours. As a result, 1,000 kg of tin was electrodepos-

ited on the mother blanks per cell.

Thereafter, the resulting mother blanks were introduced
.into fﬁe furnace and hot air of 330°C was blown thereagainst
for 30 minutes. As a result, all of the electrodeposits on the
mother blanks were successfully separated therefrom.

The mother blanks from which the electrodeposited metal
was thus.separated were .then recycled to the electrolytic
refining step, and these procedures were repeated. However,

Little deformation or damage of the mother blanks was observed

in spite of the repeated use.

EXAMPLE 2
The same procedures as ‘in Example 1 were repeated except
that electrolytic refining of indium was carried out using
titanium mother blanks, and that the temperature of the hot air
to be blown against the mother blanks was regulated to about
- 1809°C to about ZOOOC. As a result, the electrodeposited indium

was completely separated from the mother blanks.

EXAMPLE 3
The same procedures as in Example 1 were repeated except
that electrolytic refining of lead was carried out, and that
fhé temperature of the hot air to be blown against the mother
blanks'was'regulated to about 350°C to about 400°C. As a re-
 sult, the electrodepOSited lead was completely separated from

" the mother blanks.

13
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The embodiments of the invention in which an exclusive property

or privilege is claimed are defined as follows:

1. A process for separating an electrodeposited metal from a cathode
plate in electrolytic refining, comprising the steps of:

holding said cathode plate on which the metal is electrodeposited and
which is formed of a material having a higher melting point than said
electrodeposited metal has; and

blowing heated air, which is regulated so as to have a temperature at
which said electrodeposited metal i1s at least partly melted to be
separated from said cathode plate while leaving the cathode plate
unmelted, toward said cathode plate and said electrodeposited metal

thereon to separate the electrodeposited metal from the cathode plate.

2. A process for separating an electrodeposited metal from a cathode
plate in electrolytic refining, comprising the steps of:

holding said cathode plate on which the metal is electrodeposited and
which is formed of a material having a different coefficient of thermal
expansion from said electrodeposited metal; and

blowing heated air, which is regulated so as to have a temperature at
which the electrodeposited metal is separated from said cathode plate
due to the difference in thermal expansion between the electrodeposited

metal and the cathode plate, toward said cathode plate and said

14
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electrodeposited metal thereon to separate the electrodeposited metal

from the cathode plate.

3. A process as claimed in claim 1 or 2, wherein said electrodeposited

metal is a metal selected from the group consisting of tin, indium and

lead.

4. A process as claimed in claim 1, 2 or 3, wherein said material of
said cathode plate is a metal selected from the group consisting ot

stainless steel and titanium.

So. An apparatus for separating an electrodeposited metal from a
cathode plate in electrolytic refining, comprising;:

a separating furnace;

holding means attached to said separating furnace for holding in said
furnace said cathode plate on which said metal is electrodeposited; and

means for introducing heated air into said separating furnace to blow
the heated air toward said cathode plate and said electrodeposited metal

thereon, whereby the electrodeposited metal is separated from the

cathode plate.

0. An apparatus as claimed in claim 5, wherein said separating
furnace includes an upper chamber in which said cathode plate is held,

and a lower chamber disposed below said upper chamber, said upper

15
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chamber and said lower chamber being in communication with each
other so that the electrodeposited metal separated from the cathode plate

falls into said lower chamber.

7. An apparatus as claimed in claim 6, wherein said heated air-
introducing means includes means for producing the heated air, and an
air supply duct connected between said heated air-producing means and

said upper chamber of said separating furnace.

8. An apparatus as claimed in claim 6 or 7, wherein said cathode
plate includes a suspension bar secured to an upper end thereof, said
holding means including a pair of parallel supporting plates fixedly
secured to said upper chamber, said supporting plates being spaced
from each other so that said cathode plate is hung between the
supporting plates with the opposite ends of said suspension bar being

supported on said supporting plates.

9. An apparatus as claimed in claim 6, 7 or 8, wherein said lower
chamber includes a melting pot accommodated therein for receiving the

electrodeposited metal separated from said cathode plate and melting the

Sailllc.

16
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10. An apparatus as claimed in claim 9, further comprising a raking

means attached to said pot for raking dross floating on the melt in said

pot.

11. An apparatus as claimed 1n any one of claims 6 to 10, wherein said
upper chamber includes an opening formed at a top thereof, a door
means disposed on said opening, and a drive mechanism disposed
adjacent to said opening for operating said door means to open and close

said opening.

17
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