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CONVEYANCE OF ELECTRODES FOR
ELECTROLYTIC CELLS IN ELECTROREFINING

BACKGROUND OF THE INVENTION

This invention relates generally to material handling
and in particular to a method and a system for convey-
ance of successive sets of anodes and cathodes into and
out of an array of open-top cells in electrolytic refining
of copper, lead, tin and other nonferrous metals.

[t is well known that for electrolytic refining of the
listed metals on an industrial level, anodes and cath-
odes in the form of sheets must ordinarily be arranged
alternately at specified spacings in each of a plurality
of electrolytic cells containing the necessary electrolyte
therein. Heretofore, for thus introducing the anode and
cathode sheets into each electrolytic cell, a prescribed
number of the anode sheets have first been arranged at
constant spacings in the cell, and a corresponding num-
ber of the cathode sheets have then been conveyed by
an overhead crane to be carefully unloaded in the spac-
ings between the anode sheets with the aid of manual
readjustment by several skilled workmen. However, so
small are the spacings between the anode and cathode
sheets, and so thin and pliable are the cathode sheets,
that it involves a highly troublesome and timeconsum-
ing procedure for the workmen on their insecure foot-
hold to arrange the anode and cathode sheets in each
cell at the exact spacings required.

Moreover, since the overhead crane carrying the
anode and cathode sheets is required to travel back and
forth over the workmen, it becomes necessary that rails
or like supporting structures for the crane be mounted
sufficiently high within the building of the refining
plant. This objective can be accomplished only by the
expenditure of considerable costs for reinforcement of
the refining plant building to a sufficient degree to
withstand the full load of the running crane.

SUMMARY OF THE INVENTION

In view of the above described difficulties accompa-
nying the prior art, it is an object of this invention to
provide novel and improved method and system for
conveyance of anodes and cathodes into and out of
electrolytic cells in electrolytic refining of metals, such
that the entire process of the conveyance of the elec-
trodes can be fully automated.

Another object of the invention is to provide a
method of the above stated nature, wherein a traveling
bridge with large inertial mass movable across the elec.
trolytic cells is retained directly above a specific row of
cells until exchange of anode and cathode sheets in all
the cells of that row has been completed and only a
hoist movable on said bridge and having low inertjal
mass is reciprocatingly moved along the length of the
bridge for the exchange of the sheets in that row,
whereby inertial effect on the positioning of the sheets
is lessened with resultant correct positioning thereof,

Still another object of the invention is to provide a
method and a system whereby the anodes and cathodes
can be automatically introduced into each electrolytic
cell in their exact relative positions, without the neces-
sity of manual readjustment.

A further object of the invention is to provide a
method and a system wherein the cathodes, which usu-
ally are in the form of extremely thin sheets, are con-
veyed to a desired electrolytic cell in combination with
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2

the anodes, in such a manner that the possbility of de-
formation of the cathodes during the process of con-
veyance is minimized.

A still further object of the invention is to provide a
system wherein no structures are employed which must
be mounted unduly high above the floor level, thereby
economically utilizing the overhead space within the
building of the tank house and further significantly re-
ducing the costs for its construction.

A further object of the invention is to provide a sys-
tem including means for automatic removal of slime
formed at the bottom of each electrolytic cell as a re-
sult of the refining process.

A still further object of the invention is to provide a
system which is simple and inexpensive in construction
but which contributes greatly toward the increase in
the productivity of refined metals.

According to this invention, in one aspect thereof,
there is provided a method of conveying anode and
cathode sheets into and out of an array of open-top
electrolytic cells mounted on a floor and including a se-
ries of parallel rows of cells, wherein the anode and
cathode sheets are each provided with a pair of lugs or
the like so as to be supported vertically in a suspended
manner throughout the entire process of conveyance
and the method comprises the steps of providing a trav-
eling bridge spanning the array of cells in a direction
parallel to said series of rows and movable transversely
of the rows; conveying fresh anode and cathode sheets
as vertically suspended and alternately arranged suc-
cessive sets of anode and cathode sheets along a con-
veying path transverse to the series of rows to the adja-
cency of said array of electrolytic cells at a position in
alignment with a selected row of cells; moving said
bridge to a position in alignment with the selected row
of cells in the second series; moving a traveling hoist on
the bridge along the length thereof to a starting position
directly above said fresh set of sheets which have been
conveyed to the starting position; moving the hoist re-
ciprocally between the starting position and each of the
positions of all the cells of said selected row to carry
fresh sets of sheets successively into all the cells of said
selected row and to carry used sets of sheets in the cells
to the starting position successively on the way back of
the hoist to the starting position for exchange of the
sets in the cells; maintaining the bridge in said position
alignment with the selected row until the exchange of
the sets in all the cells in the selected row has been
completed; and moving the bridge to another position
in alignment with another selected row of cells to re-
peat the above mentioned operation.,

According to this invention, in another aspect
thereof, there is provided a conveying system in an
electrolytic metal refining plant, for conveyance of
anode and cathode sheets into and out of an array of
open-top electrolytic cells mounted on a floor and in-
cluding a series of parallel rows of cells, wherein the
anode and cathode sheets are each provided with a pair
of lugs or the like so as to be supported vertically in a
suspended manner throughout the entire process of
conveyance, and the system comprises: means for con-
veying the anode and cathode sheets as a vertically sus-
pended and alternately arranged set of anode and cath-
ode sheets along a conveying path parallel to the series
of rows to the adjacency of the array of electrolytic
cells; a pair of spaced apart rail means parallel to the
conveying path with the array of electrolytic cells and
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the conveying path interposed therebetween; a travel-
ing bridge riding on said spaced apart rail meuns so as
to be movable in both directions along the same and
spanning the array and the conveying path in a dircc-
tion parallel to series of rows at a height close to the top
of the array, and a traveling hoist movable on the
bridge along the length of the same, said hoist including
means for picking up a set of alternating anode and
cathode sheets from the conveying means and then
lowering the set into a desired one of the electrolytic
cells in such a manner that the anode and cathode
sheets are released in the desired electrolytic cell with
their relative positions unchanged.

The features which are believed to be novel and char-
acteristic of this invention are set forth with particular-
ity in the appended claims. The invention itself, how-
ever, both as to its organization and mode of operation,
together with the further objects and advantages
thereof, will be best understood from the following de-
scription taken in conjunction with the accompanying
drawings which illustrate, by way of example only,
some preferred embodiments of the invention, and in
which like reference numerals denote like parts of the
several views.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partly broken-away to plan view showing
the entire arrangement of a system for conveyance of
electrodes into and out of an array of electrolytic cells
in accordance with the principles of this invention;

FIG. 2 is a partly broken-away vertical sectional view
taken along the plane of line [I—II in FIG. 1 as viewed
in the direction of the arrows;

FIG. 3 is a view similar to FIG. 2 but showing another
preferred embodiment of the invention; and

FIG. 4 is a partly broken-away top plan view of the
arrangement of FIG. 3.

DETAILED DESCRIPTION

A first preferred embodiment of this invention will
now be described in detail with reference to FIGS. 1
and 2. The reference numeral 10 in these figures gener-
ally designates a plurality of open-top electrolytic cells
containing an electrolyte the nature of which is dic-
tated by a particular metal to be refined therein, the
electrolytic cells 10 being arrayed in columns and rows
on the floor of the refining plant.

First and second chain conveyors 11 and 12 are dis-
posed in parallel spaced relationship to each other on
one side of the array of electrolytic cells 10. Each of
these first and second chain conveyors 11 and 12 con-
sists essentially of a pair of parallel spaced endless
chains 11a and 12a extending horizontally at a suitable
height above the refining plant floor. The first chain
conveyor 11 is adapted to support vertically a pre-
scribed number of anode sheets 13 of a desired impure
metal such as blister copper in side-by-side relationship
and at prescribed spacings from one to the next. For
being thus supported by the first chain conveyor 11,
each of the anode sheets 13 has a pair of lugs 13a pro-
jecting laterally from its top, as seen in FIG. 2, which
lugs are adapted to rest on the respective chains of the
first conveyor. Ordinarily, the anode sheets 13 may be
cast into the desired shape and size in a separate casting
plant and may then be shipped to the refining plant,
where they are transported one by one by the first
chain conveyor 11 to the position illustrated in FIG. 1.

5

20

25

30

35

40

45

55

60

65

4

The motion of the first chain conveyor 11 stops tempo-
rarily when the prescribed number of the anode sheets
13 to be accommodated in a single electrolytic cell
have thus been arranged in position in the manner pre-
viously set forth.

The second chain conveyor 12 is likewise adapted to
support vertically a prescribed number of cathode
sheets 14 or starting sheets, in side-by-side relationship
and at prescribed spacings from one to the next. Al-
though not clearly seen in the drawings, it is assumed
that each of the cathode sheets 14 has a tubular ribbon
affixed to its top to receive a crossbar therethrough,
and both ends of the crossbar project laterally from the
ribbon so as to rest on the respective chains 124 of the
second chain conveyor 12. After having been made flat
by a prior art finishing process, the cathode sheets 14
are successively transported by the second chain con-
veyor 12 to the position of FIG. 1, and the second chain
conveyor comes to a temporary stop when the pre-
scribed number of the cathode sheets to be ac-
comodated in a single electrolytic cell in combination
with the prescribed number of the anode sheets 13
have been arranged in position in the above mentioned
manner.

A pair of overhead rails 15 extend horizontally above
the first and second chain conveyors 11 and 12 at right
angles thereto. A traveling hoist 16 supported by these
overhead rails 15 so as to be capable of moving in both
directions thereon has first and second sets of paired.
hooks, not shown, which are movable up and down in-
dependently to engage the lugs 134 of the anode sheets
13 and the lateral projections of the crossbars on the
cathode sheets 14, respectively. Thus, when the hoist
16 is located above the first chain conveyor 11, the first
set of paired hooks only are caused to descend there-
from to receive the anode sheets 13 and to lift them up
from the first chain conveyor. When the hoist 16 is suc-
ceedingly brought to a position above the second chain
conveyor 12, the second set of paired hooks are caused
to descend in their turn to receive the cathode sheets
14 and to lift them up from the second chain conveyor,
with the result that the anode and the cathode sheets
are suspended in alternate disposition under the hoist
16. The hoist 16 is then caused to run further to the
right, as seen in FIG. 1, on the rails 185.

A pair of rails 17 are laid on the refining plant floor
at right angles to the pair of overhead rails 15 so as to
extend alongside the array of electrolytic cells 10, An
open-top truck 18 movable on these rails 17 is
equipped with upright means 18a for receiving the
complete set of anode and cathode sheets 13 and 14
from the hoist 16 by engaging their lugs and lateral
crossbar projections as the first and second sets of
paired hooks are caused to descend by the hoist 16. It
will therefore be understood that the anode and cath-
ode sheets 13 and 14 are held vertically within the
truck 18 is alternating, parallel relationship with the re-
quired spacings therebetween.

If desired, another pair of rails 19 can be laid on the
refining plant floor parallel to the pair of rails 17, and
pairs of turnover rails 20 with a transverse transfer car-
riage 20a thereon may be provided adjacent both ex-
tremities of the rails 17 and 19, respectively, so that the
truck 18 as well as another truck 21 of identical con-
struction is enabled to shift from one to the other. The
trucks 18 and 21 will thus move along the complete
loop formed by the parallel pairs of rails 17 and 19 and
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the turnover rails 20, for purposes hereinafter made ap-
parent.

A movable bridge 22 extends horizontally across the
array of electrolytic cells 10 and the parallel pairs of
rails 17 and 19 to support thercon a pair of overheud
rails 23. As best shown in FIG. 2, the bridge 22 is itself
movably mounted on a pair of elevated rails 24 at both
extremities thereof, the elevated rails 24 being disposed
in height substantially flush with the top of the electro-
lytic cells 10. The bridge 22 is thus made movable in
the longitudinal direction of the array of electrolytic
cells 10 at a height close to the top of the cells.

A traveling hoist 25 is supported on the overhead
rails 23 so as to be movable in the transverse direction
of the array of electrolytic cells 10. Like the aforemen-
tioned hoist 16 on the overhead rails 15, this hoist 25
is equipped with a plurality of paired hooks 254 which
are simultaneously movable up and down through an
aperture in the movable bridge 22 to receive the com-
plete set of anode and cathode sheets 13 and 14 from
the open-top truck 18 or 21 by engaging their lugs and
lateral crossbar projections when the truck is brought
to a position under the movable bridge. The hoist 25
can then carry the anode and cathode sheets 13 and 14
over to a desired one of the electrolytic cells 10, and as
the anode and cathode sheets are succeedingly lowered
by the paired hooks 254 of the hoist 25, their lugs and
lateral crossbar projections will come to rest on bus
bars (not shown) lying along the respective lateral
edges of the desired cell, in such a manner that the
hooks 254 are now free to move up by leaving the
anode and cathode sheets within the cell. It will be ap-
parent that the anode and cathode sheets 13 and 14
thus loaded into the desired electrolytic cell are like-
wise held vertically in alternating, parallel relationship
with the required spacings therebetween. It will also be
appreciated that thanks to the combined motion of the
hoist 25 along the overhead rails 23 and of the over-
head rails 23 along the elevated rails 24, the complete
set of anode and cathode sheets 13 and 14 can be
charged into, and removed from, any desired one of the
array of electrolytic cells 10.

The process of electrolysis in each of the cells 10 pro-
ceeds in accordance with the prior art, with the sub-
stantial transfer of the desired metal from the anode
sheets 13 to the cathode sheets 14. The ultimate results
will be the deposit of the pure metal on the cathode
sheets 14 and the formation of a slime at the cell bot-
tom containing the various insoluble inpurities liber-
ated from the anode sheets 13.

Upon completion of this electrolytic process in any
of the cells 10, the hoist 25 is brought into vertical reg-
istration with that particular cell in the manner previ-
ously set forth, and its paired hooks are operated to lift
out of the cell the residue anode sheets and the cathode
sheets having the pure metal deposited thereon. The
hoist 25 is then caused to move to the right, as viewed
in FIG, 1, along the overhead rails 23 and to lower the
used anode and cathode sheets onto, say, the truck 18
which has been held standing by on the rails 17 after
having previously given the complate set of fresh anode
and cathode sheets 13 and 14 over to the hoist 25.

Upon reception of the used anode and cathode sheets
from the hoist 25, the truck 18 is caused to travel along
the rails 17 in a direction away from the overhead tails
IS to shift to the rails 19 via the turnover rails 20 and
then to travel toward the other extremity of the rails 19.
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As the loaded truck 18 is thus brought to the position
where the rails 19 intersect with the turnover rails 20
and therefore with the overhead rails 15, the used
anode and cathode sheets are taken over by another
traveling hoist 26 on the overhead rails 15, which hoist
is identical in construction to the first mentioned hoist
16, and are thereby transported to a desired locution
for further processing.

The thus unloaded truck 18 is then caused to travel
along the turnover rails 20 back to the position illus-
trated in FIG. 1, ready to receive the next set of fresh
anode and cathode sheets 13 and 14 from the hoist 16
on the overhead rails 15 in the above described man.
ner. It will be apparent that the above explained proce-
dure can be greatly facilitated by the provision of the
second truck 21 movable along the rails 17 and 19, the
operation of which second truck follows suit after that
of the first truck 18.

Although not shown in the drawings, it is assumed
that the trucks 18 and 21 are each equipped with a
drive mechanism of any known or suitable construction
to be driven along the rails 17, 19 and 20 and with a
control mechanism of any known or suitable organiza-
tion to control the operation of the drive mechanism in
relation with the operation of the hoists 16, 25 and 26.
Likewise, the hoists 16 and 26 are assumed to be
equipped with their own drive mechanisms, while the
hoist 16 is assumed to be further equipped with a con-
trol mechanism to control the operation of its drive
mechanism in relation with the operation of the first
and second chain conveyors 11 and 12. The hoist 25
and the apertured bridge 22 are also assumed to be
equipped with their own drive mechanisms and with
control mechanisms to control the operation of the re-
spective drive mechanisms in relation with the progress
of the electrolytic processes in the respective cells 10,
In this manner the entire operation of the system shown
in FIGS. 1 and 2 can be performed fully automatically
in accordance with a predetermined program.

Hlustrated in FIGS. 3 and 4 is another preferred em-
bodiment of the invention, in which a truck 30 is mov-
ably supported on the overhead rails 23 on the bridpe
22 in addition to the aforesaid hoist 25. With a view to
removal of the slime formed at the bottom of each of
the electrolytic cells 10 as a result of the refining opera-
tion, the truck 30 is equipped with a suction pump 31
and a vertically extensible suction conduit 32 having
ports at their respective lower ends in communication
with the suction pump 31. The suction conduit 32 is
further movable horizontally along the truck 30, for
purposes hereinafter made apparent. On both sides of
the suction conduits 32 there are provided a pair of hot
water ejectors 30q.

For the discharge of the slime removed from the bot-
tom of each electrolytic cell 10 by the suction conduit
32, a trough 33 is formed in the upper surface of the
bridge 22 so as to be in communication with another
trough 34 provided immovably alongside the course of
reciprocation of the bridge. Other details of construc-
tion are substantially as above described in connection
with the preceding embodiment of the invention.

The operation of this second embodiment is also sub-
stantially identical with that of the preceding embodi-
ment. However, while the hoist 25 is in operation to
carry the set of used anode and cathode sheets 13 and
14 away from one of the electrolytic cells 10 into one
of the trucks 18 and 21 and to bring a set of fresh anode
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and cathode sheets back from the other of the trucks
18 and 21, the truck 30 on the overhead rails 23 is
caused to travel to its position in registration with the
emptied electrolytic cell. The suction conduit 32 of the
truck 30 is then extended downwardly close to the bot-
tom of the cell, and with the suction pump 31 in opera-
tion, the port at the lower end of the suction conduit is
caused to move from one end to the other of the cell.
The slime thus removed by suction from the bottom of
the cell is directed into the trough 33 and thence into
the trough 34, for discharge in any convenient manner.
The ejectors 30a operate to eject hot water down-
wardly against the upper edges of the cells, which tend
to be stained by the electrolyte, to keep the edges
clean.

According to this method of slime removal, most of
the electrolyte can be left in each of the cells, so that
the process of electrolysis with a fresh set of anode and
cathode sheets can be resumed only by a slight replen-
ishing of the electrolyte into the cell. It is also notewor-
thy that the array of electrolytic cells 10 need not be
mounted on any elevated level as is the case where the
slime is removed by gravity through the bottoms of the
cells.

While the various objects of the invention, either ex-
plicitly stated or otherwise set forth, are believed to be
fully accomplished by the preferred embodiments
herein disclosed, it will also be appreciated that such
specifically recited embodiments are susceptible to var-
jous modifications or changes within the usual knowl-
edge of those skilled in the art.

What we claim is:

1. A method of conveying anode and cathode sheets
into and out of an array of open-top electrolytic cells
mounted on a floor and including a series of parallel
rows of cells, wherein said anode and cathode sheets
are each provided with a pair of lugs or the like so as
to be supported vertically in a suspended manner
throughout the entire process of conveyance, said
method comprising the steps of:

providing a traveling bridge spanning said array of

cells in a direction parallel to said series of rows
and movable transversely of said rows;
conveying fresh anode and cathode sheets as verti-
cally suspended and alternately arranged succes-
sive sets of anode and cathode sheets along a con-
veying path transverse to said series of rows to the
adjacency of said array of electrolytic cells at a po-
sition in alignment with a selected row of cells;

moving said bridge to a position in alignment with
said selected row of cells;

moving a traveling hoist on said bridge along the

length thereof to a starting position directly above
said fresh set of sheets which have been conveyed
to said starting position;

moving said hoist reciprocally between said starting

position and each of the positions of all the cells of
said selected row to carry fresh sets of sheets suc-
cessively into all the cells of said selected row and
to carry used sets of sheets in the cells to said start-
ing position successively on the way back of said
hoist to the starting position for exchange of the
sets in the cells;

maintaining said bridge in said position in alignment

with said selected row until the exchange of the sets
in all the cells in said selected row has been com-
pleted; and
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moving said bridge to another position in alignment
with another selected row of cells to repeat the
above mentioned operation.

2. The method as recited in claim 1, wherein said
anode sheets are successively fed by first conveyor
means in a vertically suspended, parallel spaced man-
ner and said cathode sheets are successively fed by sec-
ond conveyor means in parallel to said first conveyor
means in a vertically suspended, parallel space manner,
and wherein a second traveling hoist is moved across
said first and second conveyor means to pick up said
anode and cathode sheets in a manner such that said
anode and cathode sheets are in alternate disposition
with spacings therebetween, said second traveling hoist
transferring said anode and cathode sheets to said con-
veying path.

3. A conveying system in an electrolytic metal refin-
ing plant, for conveyance of anode and cathode sheets
into and out of an array of open-top electrolytic cells
mounted on a floor and including a series of parallel
rows of cells, wherein said anode and cathode sheets
are each provided with a pair of lugs or the like so as
to be supported vertically in a suspended manner
throughout the entire process of conveyance, said sys-
tem comprising:

means for conveying said anode and cathode sheets
as a vertically suspended and alternately arranged
set of anode and cathode sheets along a conveying
path parallel to said series of rows to the adjacency
of said array of electrolytic cells;

a pair of spaced apart rail means parallel to said con-
veying path with said array of electrolytic cells and
said conveying path interposed therebetween;

a traveling bridge riding on said spaced apart rail
means so as to be movable in both directions along
the same and spanning said array and said convey-
ing path in a direction parallel to said series of rows
at a height close to the top of said array; and

a traveling hoist movable on said bridge along the
length of the same, said hoist including means for
picking up a set of alternating anode and cathode
sheets from said conveying means and then lower-
ing the set into a desired one of said electrolytic
cells in such a manner that said anode and cathode
sheets are released in the desired electrolytic cell
with their relative positions unchanged.

4. The system as recited in claim 3, further including:

first conveyor means for successively conveying said
anode sheets to the adjacency of said array of elec-
trolytic cells in a vertically suspended, parallel
spaced manner;

second conveyor means extending parallel to said
first conveyor means for successively conveying
said cathode sheets to the adjacency of said array
of electrolytic cells in a vertically suspended, paral-
lel spaced manner;

overhead rail means extending at right angles to said
first and second conveyor means; and

a second traveling hoist supported on said overhead
rail means so as to be movable in both directions
along the same, and including means for succes-
sively picking up said anode and cathode shects
from said first and second conveyor means in a
manner such that said anode and cathode sheets
are in alternate disposition with spacings therebe-
tween, said second hoist operating to carry said



3,887,094

9

picked up anode and cathode shecets to transfer the
same to said conveying means.

5. The system as recited in cluim 3, wherein said
means for conveying said anode and cathode sheets is
an open-top truck and said conveying path is floor-level
rail means for supporting and guiding said truck.

6. The system as recited in claim 3, further including
rail means mounted on said bridge for supporting and
guiding said first traveling hosit.

7. The system as recitcd in claim 5, further including
second floor-level rail means extending parallel to said
first mentioned floor-level rail means, turnover. means
interconnecting said first and second floor-level rail
means at both extremities thereof to form a substan-
tially complete loop, and at least one other open-top
truck movable in said one direction along said first and
second floor-level rail means, said other truck being
identical in construction to the first mentioned truck.

8. The system as recited in claim 7, further including
a third traveling hoist supported on said first overhead
rail means so as to be movable in both directions along
the same, said third hoist including means for picking
up a complete set of used anode and cathode sheets
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from the successive open-top trucks for transportation
in a direction away from said first and second conveyor
means.

9. The system as recited in cluim 4, wherein said first
and second conveyor means are each in the form of a
chain conveyor comprising a pair of parallel spaced
endless chains adapted to engage said lugs of said
anode and cathode sheets.

10. The system as recited in claim 3, further includ-
ing a truck movable along the length of said bridge,
suction conduit means extensible downwardly from
said truck and having a suction inlet at its lower end,
and means mounted on said truck for creating a desired
degree of vacuum in said suction conduit means,
whereby slime at the bottom of each of said electrolytic
cells can be removed by suction exerted through said
inlet of said suction conduit means.

11. The system as recited in claim 10, further includ-
ing trough means formed on said bridge for the dis-
charge of the slime removed through said suction con-

duit means.
* * * * *



