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@ Method and apparatus for electric current supply of pots for electrolytic production of metals, particularly aluminium.

@ Method and relevant apparatus for the electric current
supply to pots for the electrolytic production of metals,
particularly aluminium, arranged in side-by-side or end-to-
end relationship and electrically connected in series, consist-
ing in carrying most of the electric current in the circuit of
said series of pots by means of conductors all having the
same cross-section and being always combined, in the
individual circuit sections, in couples of the same length, all
said couples of conductors being furthermore symmetrically
positioned with respect 10 the transverse median vertical
plana and/or to the longitudinal median vertical plane of the
single pots in the series,

By the present invention, and in compliance with the
objects thereof, a high compensation and the total symmet-
rization {with respect to the vertical median planes) of the
components of the induction magnetic field in the single pots
of the series and, by consequence, the minimization and the
total symmetrization of the effects of the magnetic forces
operating in the molten areas of said pots are achieved.
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Method and apparatus for electric current supply to

pots for electrolytic production of metals,particularly

aluminium

The present invention relates to a method and
relevant apparatus for the electric current supply to
pots for the electrolytic production of metals, in
particular for the production of aluminium, said pots
being connected in series and arranged transversally

or longitudinally.

Background of the invention

" As is known, aluminium is commercially produ-
ced in pots electrically connected in series by elec;
trolytic reduction of alumina dissolved in molten
cryolite, each of said pots essentially consisting
of a rectangular crucible having the cathode

{ formed by joined carbon blocks which em-

body iron cathode bars) on the bottom, while the
anodes ( consisting of separate carbon blocks

connected by 1iron yokes to aluminium anode rods)

hang wvertically over each pot and are im-
merged in the elctrolytic molten bath of cryo
lite-alumina. The aluminium produced by electrolysis
deposits onto the cathode, under said molten bath.
The electrical connection in series is accompli-
shed by connecting, by means of aluminium conductor
bars, the cathode outputs of an upstream pot with the
anode bus bar of the adjcining downstream pot, said
upstream and downstream positions being referred - as

is usually conventional - to the prevailing current

direction in the pot-line.
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Generally, in the plents for the electrolytic
production of alunminium, the pots of the pot-line are
arranged, from e geometrical point of view, on one or
more perallel rows, and are oriented in each of such
rows in a so-called end-to-end relstionship, or in a
so-called side-by-side relationship, depending on
whether the long side of said pots is arranged paral-
lelly or perpendicularly to the predominent direction
of the current in the series,

Bach of the iwo arrangements (end-to-end and side-
by-side) exhibits own typical known advantages and draw
backs of various kind ,but for both said arrangements

the electric current carried by whole conductor system
{i.e.:the anodes,the molten electrolyte and metal, the-

cathodes and the outer bus bar system) generates ma-
gnetic fields of comparatively high intensity, which
cause in the electrolysis bath as well as in the molten
metal, due to the interaction with the current flowing
through said fluids, forces of electromagnetic nature
dissymetrically distributed. |

Said magnetic fields and consequent forces (which
are the more intense, the higher is the current inten-
sity involved, being also known that at preéent the
tendency of the technigue is to construct pots operat-
ing a8t 150-200 kA and over ) cause serious disturban-
ces to the behaviour of the pots, with related detrim-
ental effects on the technical-economical results of
the electrolysis process,

More particularly, said disturbances and detrim-

ental effects may be summarized as follows :
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- Localized erosions in the frozen ring of el-
ectrolytic bath and in the side lining materiels of
the pots, with consequent non-homogeneous operation
of the pots and possible damages to the pot iron shell,
such erosions and damages leading of course to s
shortening of the life of said pots. The sbove-men-
tioned drawbacks are imputable chiefly to the mo-
tions induced in the bath and in the metal by the
electromagnetic forces (the forces acting on the two
individuzl fluids being, furthermore, different as

to magnitude and distribution), therefrom resulting
extended horizontal vortexes asymmetrically arranged
with respect to the median axes of the pots and char-

acterized by high peripheral speeds;

- Porming of waves of comparatively considerable amplit
ude on the bathfmetalﬂinterface surface, such waves
causing local reductions of  the current efficien
cy as well as occasional short-circuits between
cathodic metal and anode, with consequent high power
specific consumption. Said forming of waves (which
is strictly connected with the vorticose motions
mentioned hereinabove) is preveilingly due to the
dynamic friction interaction between the two above-
said fluids in motion, said interaction bringing
about phenomena of local accumulation of the mass of
molten metal with respect of the bath and vice-versa.
With 8 view to obviating the 3rawbacks and dis-
turbances cited hereinbefore, severasl methods and

apperatus have been proposed (such &s, e.g., the
ones described in U.S. patents 3 969 213 and
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4 132 521), which however are generelly complicated
or such ss not to sstisfactorily reduce the effects,

of the sbovesaid magnetic forces,

Summary of the invention

Thus, the object of this invention is to provide
an improved method 2nd a relevant spparatus for the
electric current supply to pots for the electrolytic
production of metals, in particuler aluminium, cap-
able of minimizing the detrimental effects of the mag-
netic forces acting on the electrolysis pots, seid
pots being electrically connected in series, and ar~
ranged side-by-side or end-to-end on one row Or more
TOWS.

This end still other objects, which will be more
clearly apparent to those skilled in the art from the
detailed description given hereinbelow, are achieved,
according to the present invention, by & process con-
sisting in carrying most of the current in the cir-
cuit of said pot line by means of cunductors having
8l1l the same cross-—section and being always associat-
ed, in each section of the circuit, in couples
of equal length, all said couples of conductors being
furthermore arranged symmetrically to the median vert-
ical longitudinal and/or transverse plane of the
single pots of the series,and being,the reverse bus
bars to the rectifier station - they too divided into
symnetrical pairs of egual length and cross-section -
being positioned side by side, over the whole ex-

tension of the series, with the bus bars which direct-
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ly connect each couple of succeeding pots.

The double symmetrical current paths so prov-
ided permit to obtain a high compensation and
the total symmetrization (with respect to both me-
dian vertical planes of said pots) of the magnetic
field components and, by conseguence, 8 total sym-
metrization of the magnetic forces induced by the
interaction of said magnetic field with the pot cur-
rent.

Said symmetrization of forces, in itself extreme
ly advantageous for the purposes of a uniform dis-
tribution in the pot of the effects of said forces,
is coupled, due .to the particular arrangements of
the conductors adopted in the invention, to a marked
difference in the behaviour and action of said forces
in respect of the prior art, what results, on the
whole, in a substantisl decrease of the abovesaid un-
desired drawbacks and detrimentel effects in the above-
mentioned pots and relevant electrélytic process.

In fact, both the stress action on the side lin-
ing of the pot by the fluids in motion, and the "on-
dulation" of the bath-metal interface become prac-
tically homogeneous and are considerably reduced (in
the four sectors into which‘each'pot in question may
be imagined to be divided by said two median vertical
planes), the whole resulting in an excellent stabili
ty of the operation of said pots , in a sensible im
provement of the current efficiency and in a substan-

tial energy saving.
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Brief description of the draswings

The invention, as schematically illustrated herein-
before and the relevant asdvantages are described here-
inafter more in detail, making reference to figures 1
to 11 for plants with side-by-side pots, =nd to fig-
ures 12 to 18 for plants with end-to-end pots.

Said figures schematically show some arrangements
of the conductors intended for carrying the current in
plants for the electrolytic production of metals, in
particular aluminium, figures 1 to 3 and 12 to 14 refer-
ring to conventional arrangements, while figures 4 to 11
end 15 to 18 refer to errangements according to the pres
ent invention. More pa;ticularly, with reference to the
side-by-side pots : )

— figure 1 shows the arrangement, in a plan view,of a
pot line and relevant bus bar conductors in a known con-
ventional plant, in which said line extends on two par-—
allel rows; '

- figure 2 shows more in detsil a conventional .supply

scheme to a downstream pot C., by the corresponding up-

v

stream pot C, of the same row;

- figure 3 sﬁows a simplified scheme relating to a2 con-
ventional plant of the"mono-row"type in which, as the
pots sre arranged on a single row, the closing of the
series circuit is secured by two independent reverse
bus bars;

— figure 4 shows & simplified scheme concerning a plant

with side-by-side arrangement according to the pres-

ent invention, in which, by way of example, the pot-line

-,

. e e ————
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extends on two parallel rows;

- figure 5 shows 8 scheme of a type of arrangement of

the conductor bus bars sccording to this invention and

referred to as "cross symmetrical arrangement".
(In this figure, like in the following figures 6 to
10 and 16-17, the bus bars lying underneath the bot-

tom plane of the pots are indicated with dashed lines);

- figure 6 shows a variant of the arrangement of fig.5,

referred to as "rhombus symmetrical arrangement";
- figure 7 shows a scheme of another type of arran-
gement of the conductor bus bars according to the

present invention, referred to as " corridor symmetric
al arrangement"™;

-~ figure 8 shows a variant of the arrangement of fig.
7, referred to as " hexagon symmetrical arrangement";
- figure 9 shows a scheme of another type of arrang-
ement of the conductor bus bars according to the pres-
ent invention, referred to a2s " rectangle symmetfical
arrangement™; . .

— figure 10 shows a scheme of still another arrangem-
ent of the conductor bus bars according to the present
invention, referred to as "sheafl symmetrical arrangem
ent;

— figure 11 shows, finally, - in axonometric pro jec—
tion - the whole electric circuit of the cross ar-
rangement as per figure 5 (for the sske of illustrat-
ive completeness, the drawing shows alsoc the series
reverse bus bars).

Making now reference to the pots arranged in end-to-

end relationship :

o,
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- figure 12 shows the srrangement, in a plan view, °
of a series of pots 2nd relevant bus bers in a known
conventional plant, in which said series extends on

two parallel rows;

— figure 13 shows in greater detail a known conven-—
tional scheme of the supply to a downstream pot Cv

by the corresponding upstream pot C the two pots

1
being positioned in the same row; :
~ figure 14 shows a simplified scheme relating to a
known plant of the"mono-row"type in which, since the
pots are arranged on a single row, the closing of
the series circuit is secured by two independent re-
verse bus bars;
~ figure 15 shows z simplified scheme concerning a
plant with the end-to-end arrangement according to
the invention in which, by way of example, the pot-
-line extends on two parallel rows;'

— figure 16 shows & scheme of a type of arrangement
of the conductor bus bars according to the present
invention, referred to as "sheaf symmetrical arrasng-
ement®;

— figare 17 shows 8 scheme of another type of arran
gement of the conductor bus bars according to the pres
ent invention, referred to as "corridor symmetrical
arrangement”;

- figure 1€ finally shows - in axonometric projec-—
tion - the whole electric circuit of the corridor
arrangement of figure 17 (for the sake of illus-
trative completeness, the drawing shows also the

series reverse bus bars).
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Detailed description of the invention

Referring to the above figures, there is completed
hereinbelow the illustretion of the known technijque,
and is provided, in comparison with said technigue, a
detailed description of the present invention.

As is known, the magnetic forces'%rumich influence
ntherbehaviour of an electrolytic poﬁ are generated by
the intersction of the magnetic induction field?g creat
ed by the currents flowing through the outer snd inner
conductors (in respect of the pot),with the current den-
sity field-ghexisting inside  the molten areas of
the pot ( more specifically : bath and metal. ) ac-
cording to the vectorial relationship

7F.= jrz:if

—_ —> -
wherein both F and J and B

are intended in general to be
functions of the point of observation, being such point
referred - in the present case - %0 an orthogonal re-
ference system having the center coinciding with the
center of the cathode plane o0f the pot (metal bottom),
the x axis directed as the genergl flow of the current
in the potline, the y axis arranged at 90° counter
clockwise and the =z axis directed upwards.

At the design and assembling stages there is usual-
ly devised and carryed out a perfect geometrical-structur
gl symmetry of the pot with respect to its two median
vertical planes, such geometry and structure theoretical-
1y securing a symmetrical distribution of the current,
and therefore of_gl inside the cavity containing the
fluids (bath and metal).

A possible dissymmetry in the magnetic force field

-,
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F in said cavity is therefore substantially ascribable

to field'¥£ Such dissymmetry is a consequence, in

turn, of the dissymmetry of the outer conductor
bus bar system of the pot, since the inner condu-
ctors ( from the anode rod system to the ca-
thode block) are usually symmetrically srranged.

In the conventionsl known plants for electrol-
ytic production of aluminium there are two prevailing
types of dissymmetry of the fieldjg-: one 1is
typical of the bi-row (or multi-row) plsnts and is due
to the presence and consequent influence of s ﬁot row
in respect of the other row (adjoining row), since in
szid two rows the electric current carried by the bus
bars flows in opposing directions,as is shown in figures
1 and 12.

The electric current which flows - with direction
parallel to x -~ through the adjoining row causes in the
pots of the other row a systematic unbslance of the field
—ghwith respect to the median vertical plane xz ("transvers
al plane®” in the transversally arranged pots and "lon-
gitudinal plene" in the longitudinally arranged pots).

The second type of dissymmetry, as is shown in fig-
gures 2 and 13, is conversely due to the non-symmetric-
al arrangement of the conductor bus bars and of the cur-
rents with respect to the plane yz,i.e.to the median vert-
icgl plane of the single pot perpendicular to the dir-
ection of the current in the row ("longitudinal plane"
for transversally arranged pots and "transversal plane"
for leongitudinally srranged pots), and causes an un-

balance of field-gpbetween.the upstream and the down
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stream halves of the pot. : )

In the known mono-row pot-lines (as is shown in fig-
ures 3 and 14), the former of sazid two types of dis-
symmetry is not present.

The same may apply to the pot-lines (either mono-row
or multi-row) according to the present invention, since
(as figures 4 and 15 show) the effect of the adjoining
row — which is actually only the effect caused by the
conductor bus bars of suéh’row which are parallel to x
and carry the current from each pot to the succeeding
one — 1is completely annulled by the presence of the re-
verse bus bars positioned side-by-side thereto.
Therefore, for the purpose of eliminating the drawbacks
and detrimental effects cited hereinabove, reference is
to be made in the present case only to the second type
of dissymmetry mentioned hereinabove.

In the connections between pots of the known con-
ventional type (particular reference is to be made to
figure 2 for the case of pots arranged side-by-side,
and to figure 13 for the case of pots arranged end-to-
—end) it is apparent that the arrangement of the bus
bars is remarkably dissymmetrical with respect to me-
dian vertical plane yz (nsmely between upstresm and
downstream) .

Such dissymmetry concerms above all, and with ser-
ious effects in terms of the generated magnetic field, the
direction of the current flowing in the bus bars par-
allel to x, said direction being oriented exclusively
from upstream to downstream (and therefore being com-

pletely absent, for restoring the symmetry ,any corres-
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ponding bus bars directed from downstream to upstream).

Purthermore, although with different slternstives
connected with different schemes of collecting the
currents carried by the output cathode pars, the total
current carried on the two sides of the row from the
two sets of cathode bus bars parallely +to the
X direction is never constant , as is clearly
apparent from the examples illustrated in the
above-mentioned figures 2.and 13.

Turning now to the detailed description of the pres
ent invention - in the form of preferred but not ex-
clusive embodiments thereof - particular reference is
made to figures 5 through 11 (with greater detszil in
figure 11) for pots arranged side-by-side and to fig-
ures 16 through 18 (with greater detail in figure 18)
for pots arranged end-to-end.

Pots arranged side-by-side :
g k73

a) The total current carried by the output cathode
bars is always symmetrically collected in four equal
portions along the two long sides of the pot and con-
veyed through the cathode bus . bars +to the four
y A

points A ’ B1, B2 symnetrical with respect to the

two medi;n virtical planes of the pot, said points be-
ing positioned

— for the arrangements as per figures 5 =znd 6 :
at the four cathode outputs closest $o the transversal
median plane;

— for the arrangemenis as per figures 7 and 8 :
at four intermediate cathode outputs on the four
half long sides;

— for the srrangements as per figures 9 and 10 :

at the four cathode outputs farest from the transvers-
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al median plane.

b) The current so conveyed is carried downward -
by meens of two couples of conductors a,s a2; b1,b2
(fig. 11) of equael length and cross-section, prefer-

ably vertically arranged and symmetrically positioned
with respect to the two medisn vertical planes, up

1 For By

to the four symmetrical points A' ;, A!', B', Bé (fig.
11) arranged on a plane (hereinafter referred to as

"lower plane") lying beneath the bottom of the pot
and parallel to the reference‘plane Xy.

The level at which said lower plane is position-
ed has no relevant influence on the distribution and
magnitude of the magnetic forces in the bath and in
the metal, at least from a certsin value onward.

Por exasmple, the difference -~ in terms of induc-
ed forces -~ is minimum from a level of -1.5 m to a
level of 2,0 m with respect to the plane xy.

¢) The current so carried to the four abovesaid
points A1', 2', B1', B_ ' is conveyed by two cou-

2
ples of conductors of equal length and cross sec-

c2, d2, preferably horizontal, which fol

17 G497

low symmetrical paths with respect to median verticsal

planes xz and yz - according to the abovesaid 2l tern—
ative "cross arrangement " (fig. 5), "rhombus arrang-
ement" (fig.6), "corridor arrangement" (fig.7), "hex-
agon arrangement" (fig. 8), " rectangle arrangement"
(fig. 9) — to two points M1, Mé of the longitudinal
medisn plane, symmetrical with respect to the trans-
versal median plane, being it also possible to as-~

semble said points M1, M, to a single point M - in

2 ) i
the "sheaf arrangement" alternative (fig. 10) - cor-

responding to the vertical projection of the pot
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centre on the lower plane.

d) From said points M_, M2 (or M), by means of o

1

couples of side-by-side conductors e_, f1; e, f

of same length snéd cross-section, the lurrent is cir-
ried, parallelly to the general flow of the current

in the series, from the longitudinal median plane of the
upstream pot to the longitudinal median plane of the
downstream pot,up to the points N_,N

172
substantielly homologous - when ta2king into consider-

(or N in figure 10),

ation  the connection in series of 211 the pots ~
to the aforessid points s EZ (or M).
sy N

e) TFrom said points N (or N),by means of two

1 2
couples of side~by-side conductors gqs h1; gz, h

(figure 11) of same length and cross-section, the iur—
rent is carried upward - 2ccording to paths symmetric-
21 with respect to the two vertical median planes -
up to the anode bus bar t in the two symmetricsl points
P1, P2 (fig. 11), said anode bus bar being so symmetric-
2lly supplied at the hesds of the pot .

f) The total feeding curremtI which, coming from
the rectifier station, supplies the first pot
in the series is distributed (at least from a cert-
ain point onward) in four egual portions in two paral-
lel couples of side-by-side conductors of egual length
and cross—section,said couples being lined, up to
the intersection points with the longitudinal median
plane of the abovesaid first pot, with the aforecited
1? f1; e2, f2, so that a
"continuous™ is practically obtained from the rectif-

couples of conductors e

ier station to the longitudinzl median plane of the
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last pot in the series, such "continuous" being re-
presented by two couplesof side~by-side conductors,
each couple' carrying,in the x direction, a current e;ual
to I/2.

g) The four reverse bus bars are divided in-

to two couplesm,,n ; m, n, (fig. 11) of egual length

and cross—section,1arr§nged allthrough the potline
and up to the rectifier station in proximity of and
parallelly to the two cited couples representing
the "continuous"™ mentioned in point f) above,
each of sald couples of reverse bus bars carrying a
current egqual to I/2 having a direction opposite to the
general flow direction of the current in the potline,
wherefore a complete compensation between the cur-
rent feeding the series and the reverse current is
provided in the four couples of ssid = conductor
bus bars; as a consequence thereof, the magnetic
field generated by them is fully annulled and, there-
fore, any cause of dissymmetry due %o the currents
with respect to the longitudinal vertical planes of
the pots is removed,

Pots arranged end-to-end :

- h) ‘The total current carried by the output ca-
thode bars,always symmetrically collected - by

means of the cathode bus bars - in two halves at
middle points A, B of the sides of the pot,is carried
downward - by means of a coupe of conductors a, b of
equsl length and cross—section belonging to the trans
verszl median plane, symmetrically positioned with

respect to the longitudinal median plane — up to a
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plane lying, optionally, underneath the pot bottom
(hereinafter referred to as "lower plane") in two °
points C, D symmetrically arranged with respect to
the longitudinal median plane. In the "sheaf arrang
ement’ of figure 16, said two points C, D are assembl-
ed in a position corresponding to the vertical projec
tion of the pot centre; in the “corridor sarrsngem-
ents of figures 17 snd 18, the two points are separ-
ated, being respectively outside (figure 17) or

at {figure 18) the vertical projections of abovesaid
points 4, B.

i) PFrom said points C, D - by means of 2 couple
of conductors ¢, d of egual length and cross-section -
the current is carried, according to & path parallel
to the general direction of the current in the series,
from the transversal median plane of the upstream pot
to the transversal median plane of the dovnsiream pot,
up to points C', D', which are substantisglly homolo-
gous — when tsking into consideration the connection in
series of 211 the pots - to the aforesaid points C,D.
In the "sheaf arrangement®alternative of figure 16,
s2id conductors ¢, @ are positioned side-by-side.

1) TFrom the sbovesszid couple of points C', D' -
by means of a couple of conductors a', b' of egusl
cross-section , which follow paths parallel to
the preceding couple of conductors a, b ( and
therefore having the same length of the latter and
being likewise symmetricelly arranged with respect
to the longitudinal median plane) - the current is
carried again -from said lower plane-— to the level

of the cathode outputs of the pots, till reaching,

v,



10

15

20

25

30

0084142
- 17 -

at the long sides of the downstream pot, the two
points A', B' ,which are substantially homologou; to
the two points A, B of the upstream pot.

Taking into account the connection in series of the
pot-line there are by consequence - in a same pot -
two couples of side-by-side conductors (nemely a, a';
b, b') symmetrically arranged,on the transversal me-
dian plane, with respect to the longitudinal median
plane; furthermore - within each couple - the two
conductors carry the éame currents (equal exact-

1ly to I/2),but directed in opposing directions.

m) From preceding points A', B' - by means of
two conductors e, f (anode risers) of equal length
and cross-section, and arranged on the transversal
plane, which follow symmetrical paths with respect
to the longitudinal median plane - the current is
finally carried upward, up to anode bus baf t, at
points E, F (figure 18), so that such anode bus bar
is symmetrically supplied in correspondence of the
central points of the long sides of the pot.

n) The total feeding current I which, coming
from the rectifier station, flows to supply the
first pot in the series, is divided (at least from
a certain point onward) into two equal portions on a
couple of parallel conductors of equal length end
cross-section, said.couple being 1ined, wup to the
intersection points with the transversal median
plene of the abovesaid first pot, with the cited
couple of conductors c, d, so that 2 "continuous" is

practically provided from the rectifier station

s
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to the transversal medien plane of the last pot in
the series, such "continuous" consisting of a couple
of conductors parallel to direction x, each carrying
g current eoual to I1/2.

o) The reverse current is carried by two conduct-
ors m, n (fig. 1€) of ezusl length 2nd cross-section,
arranged along the all pot-line and up to the rec-
tifier station close and psrallelly to the two con-
ductors constituting the "continuous" mentioned
in point n) above, each of said reverse conductors car-
rying a. current equal to I/2 having a direction opposite
to the general direction of the current in the series,
wherefore a complete compensation between feeding cur-
rent and reverse current is obtained in the two couples
of abovesaid conductors; as a consequence thereof, the
magnetic field generated by them is completely annul-
led, and any cause of dissymmetry of the currents with
respect to the transversal vertical plénes of- the pots

is therefore eliminated,

From what has been explained and exemplified herein
before there are apperent the advantages of the present
invention, which are listed and illustrated in the fol-
lowing :

I) The conductors utilized for carrying the ca-
thode current can have uniform cross-sections in the
whole plant. This depends on the fact (clearly evidenc
ed by figures 11 and 18) that from the current collec-
ting points at the long sides of each single up-
stream pot up to the joins to the anode bus bar of the

adjoining downstream pot,the conductors - having the

same length and cross-section in the single sections -



A .
Pl

10

15

20

25

30

- 19 - 0084142
follow total paths of equal length snd 2 constant
current equal to I/2 flows therein on each side of
the row.

In the prior art, conversely (for exsmple ac~
cording to the arrangement of figures 2 and 13),
the connection between upstream pot and downstream
pot is oprovided by conductors which follow

paths . of different length and carry different cur

rents, what forces ~ in order to secure the elec-
trical balance of the pot - to utilize conductors
with different cross sections.
Besides, the calculatioh of these sections, due to
the presence of parasite contact resistances of
various types in the circuits, is often affected by
errors which involve non-homogeneity in the output
of current from the pot, especially between upstream
and downstream.

The utilizatioh of the abovesaid uniform cross-—

section, extensible, on the basgsis of whst illus-—

trated at points f), g), n) and o) hereinsbove, also

to the separate bus bars from snd to the rectifier
station, involves undeniable technical advantages

end economicsl saving as regsrds design, assembly

and maintenance.

II) The working floor of the pots is left fully
free - in all of the alternatives - with the excep~
tion of the space required for the amode risers.
This results in advantages and simplifications with
regard to the operation of the mechanical equipments

around the pots.

111) The ordered and simple geometrical errangem-
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ent of the conductors results in a simplification

bf the bar systeﬁ essembly and disessembly oper- .
ations, &s well as in a uniformity 2nd homogeneity

of access to the outer walls of the iron pot-shell under
operative conditions {for example, for accomplishing
neasurements and checks).

IV) The presence of only one direct connection
between the median planes yz of two succeeding pots fa-
cilitates the by-pass operation of one or more pots
which need to be separated from the rem=zining pots
in the series {(a comparison should be made with the
more complex situation existing in the case of the
mown arrangements of figures 2 and 13).

v) The conductor arrangement adopted reduces
to the essential the portions of ocuter conductors
which are unshielded, from a magnetic point of view,
by the steel xhell of the pot.
Furthermore it should be noted that a bene-
ficial and symmetrical shielding action is exerted
by the iron structures employed for the contain-
ment and support of the pot-shell on the conductors,if
any, placed underneath the bottom of the pot.
VI) The double geometriéal and structural symmetry

of the steel shell and of the totality of conductors
secures, finally, a double symmeiry of the steel

shell shielding action.

Vii) The symmetrical distribution of the "resid-
usl" conductors (i.e. the ones which determine a
non identically null field) with respect to the two
medien vertical plenes (therefore, 2 "doubly sym-

metrical" distribution) causes in the bath =znd in



10

15

20

25

30

0084142
- 21 -

the metal "doubly" end totally symmetrical distrib-
utions of the magnetic induction fidhii?énd of the’
magnetic forces field.gz what generally involves a
uniform operation of the pot in the four portions
whereinto it may be imaginarily supposed to be divid-
ed by the abovesaid median vertical planes, the un-
balances between upstreasm and dovnstream and between
right side and left side (with respect to the gener-
al direction of the current flow in the series) hav-
ing been eliminsted.

VIII) The "doubly" symmetrical distribution of the
magnetic forces in the pot leads to a "doubly" sym-
metrical distribution of fhe horizontal velocity
field in the bath anéd in the metal, with.consequent:

- elimination of the extended asymmetrical horizont
al vortexes typical of the pots with conventionally
arranged conductors;

- generalized reduction of the velocities in the

metal;

~ reduction of the waves amplitude at the bath-
-metal interface,
Thus, while eliminating, on one side, both erosion
and damages of the side 'linings ,» it Dbecomes
possible, on the other sidé, -~ by lowering the anode-
—cathode distance - to reduce the power dissipation
in the bath due to the Joule effect (and therefore
the ohmic drop of the pot), still simultaneously im-
proving the current efficiency.

IX) There is obtained a substantial absence of abnor

mal behaviours in the pots placed at the beginning

-~ -,
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and at the end of the series - as is found in the
known conventionzl plants - because the magnetic ef-
fects induced by each pot in the adjoining ones are
extremely reduced.

This fact permits slso to avoid known extensions

(for mesgnetic compensation) of the bus bars connected

to the terminal pots of the rows.

X) 1In the side-by-side pots, the conductor
arrangements,as previously described znd illustrat-
ed in figures 4 through 11, cause a considerable
reduction, in 211 the 2rea of the molten metal, of
the detrimental portion of the longitudinal compon-
ent of the magnetic force , such detrimental
portion being expressed by -JXBZ, where Jx is the
transversasl component of current density J and B
is the verticsl component of magnetic induction B.
Such reduction has 2 considerable practiczl advant-
age as it permits to the pot to operate -without any
harmful effects - with a transversal horizontal com-
ponent Jx of the current by far higher than the one
existing in the conventional pots. This permits to
sensibly reduce the height of liquid metal deposit
in the pot, with consequent saving in the deferred
costs for the metal.

XI) 1In the end-to-end pots, the side-by-side ar-
rangement of conductors in countercurrent allthrough

the bus bar system -~ from the points collecting the

cathode outputs in correspondence of the centers of the

long sides of the upstream pot up to the homologous

points on the long sides of the downstream pat -secu

‘e
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res the total elimination of the magnetic effects cau
sed by said conductors.In other words, the "residualf
magnetic field (i.e.: non .identically null field)
is only @he one generated by outer portions of cathode
by the bars, running along the pot long sides, by
the risers, by the anode bus bar and by
the conductors inside the pot; 211 the abovesaid
conductors being symmetrically srranged with res-
pect to both median vertical plenes.
It should be pointed out, in particular, that
there is eliminated the magnetic field generated
(in the conventional plants) by the currents paral-
lel to y, carried by the conductors arranged in the
corridors between one pot and the succeeding one,
such currents - as is known - csusing very high
values of the vertical magnetic field at the heads
of the pots.
It should be also noted in particulsr that, as
.the anode risers are placed in corfespondence of the
middle points of the pot long sides, there is a
lowering — with respect to the known arrangements - of
the transversal component B} of the magnetic field,
which is responsible for the detrimental longitudin-
al forces, against a rising of the longitudinal compon
ent Bx,responsible for the less harmful transversal
forces.
XII') 1In the end-to-end pots, the conductors ar-
rangements (as previously described and illustrated

in figures 15 through 18) involve the practical el-

imination - in the fluid areas of metal and of bath -
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of the harmful totzl longitudinal component of the
magnetic force, expressed now by Fx = Jsz - Jsz’
such practical elimination being due to the simult-
aneous sensible reduction of the values of By and
Bz' 7
In particular, in the whole area of molten metal, an
almost total elimination of term Jsz is obtained,
such term representing the product of the transvers-—
2l component of the current b& the verticsl compon-
ent of the magnetic field. Said elimination of JyBZ
permits the pot to operate -without detrimental ef-
fects- with a transversal cémponent of the current
Jy much higher than the one existing in the knbwn
conventional pots.This entails the possibility of re
markably reducing the liquid metal deposit inside the
pot , with a consequent appreciable saving in the

deferred costs for the metal.

XI1I) In the plants with pots arranged end-to-end

- where the compensation of the current carried by

the cathode bus bar system is in any case total- it is
not necessary to carry the current on a "lower plane”,

as it is possible to eliminate (fig. 18) the conduct—

or sections a, b, 2', b' in order to place the sections .
¢, @ (and@ consequently the reverse conductors m, n of the
series) 211 at the level of the cathode outputs plane,

so as to provide a variant of the conductors' arrang-
ement as per fig. 17, referred to as "plane symmetric-

al arrangement". (Such arrangement, or scheme, is re-
presented once again by fig. 17, provided also the

conductors indicated in dashed lines are imagined to be

‘.
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positioned on the plane of the cathode outputs).
Such variant results - for said longitudinally ar- .
ranged plants - to be the most advantageous from +the
point of view of the use and conseguent requirementr
of aluminium conductor bars,because in said variant such
conductor bars are reduced to the absolutely essential.
The present invention, which is mainly and pre-
dominently deviced for plants equipped with sin
gle reverse conductors symmetrically arrsnged side-
-by-side to feeding conductors, can be advantageous-—
ly applied also to plants in which the potline, ar-
ranged on two or more parallel rows (figures 1 and
12)does not have,according to the conventiocnal schemes
said reverse conductors arranged in countercurrent.
In such case, however, the benefits induced by the
symmetrical arrangement of the cathode bus bars
around a single pot are attenuated due to the per-
manence of asymmetries in the magnetic field, and by
consequence in the field of forces, Qith respect to
the median vertical planes of the pot.
For said case, the asymmetry with respect to plane x=z
caused by the "adjoining row" (this being a known
problem common to all the normal bi-row or multi-row
plants) can be corrected - as is known - by separ-
ate compensation circuits (as is disclosed, for ex-—
ample, in U.S. patent 3,616,317).
As regards the asymmetry with respect to plans yz
caused by the current flowing in the conductors con-
necting the median planes of adjoining pots perpend-

icular to the generasl direction of the current in the
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series, it is to be pointed out, however, thst, due
to the fact that said conductors are eguivalent to .
two unique conductors in which costent current I/2
flows glong 2ll1 +the length of the series, their ef-
fect is systematic and uniform, In other words, the
magnetic field generated by such conductors is cons-
tant along a straight line parallel to axis x, where-
fore the effects of greater unbalance of the magnetic
field between upstream and downstream existing

in the known conventional arrangements ( for
example the ones of figures 2 and 13) are eliminated.

Additionally, the optional positidning of the
aforesaid conductors underneath the pot bottom (on
the"lower plane") ensures in any case — as compared
with the conventional kmown plants - a sensible reduc-
tion of the vertical magnetic field.

Finally, it is to be noted that the symmetrical ar-
rangement of the conductors accoriing to the present
invention always provides the advantages indicated at
points I) through V) hereinasbove also in the case of
plants in which the potline is arranged on itwo or more
rows and the circuit does not have single reverse cond
uctors arranged side-by-side symmeirically to the feed

ing conductors.

The invention, as is described and illustrated
hereinbefore snéd claimed hereinbelow, may be modified
with technically eguivalent eleménts, but all included
in the scope of the inventive concept of the invention,

In particular, each single conductor may be splitted

into two conductors, each of which having & cross-sec-

‘o
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Method and zpparatus for electric current supply to

pots for electrolytic production of metals, particularly

aluminium

Claims

1. A method for the electric current supply to
pots for the electrolytic production of metsls, part-
icularly eluminium, srranged in side-by-side or end-
—to-e2nd relationship and connected in series on one or
more rows, capzble of minimizing the magnetic effects
in said pots, characterized in that it comprises car-
rying most of the current in the circuit of said pot
series by means of conductors all having the same
cross—section and being always combined,in the single
circuit sections, in couples of equel length, all said
couples of conductors being furthermore symmetricslly
positioned with respect to the median vertical longit-—
udinal snd/or transverssl plane of the single pots in

the series.

2. A method according to claim 1, chsracterized in
that the current carried by the reverse conductors of
the series, which follows a2 path parsllel to but
directed in opposite direction with respect to the gen
eral direction of the current in the series, is dis-
tributed in egual portions on couples of conductors of
equal length, said conductors being symmetrically ar-
ranged with respect to the vertical median plane paral
lel to the géneral direction of the current in the
series and being placed externally and close to the cor
responding couples of feeding conductors,furthermore

the cross-secticn of said reverse conductors beeing
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always the same and equal to the cross-section of the
feeding conductors,including those which feed the cur

rent to the first pot in said series. .

3. A method according to claim 1, in which the pots
are arranged side-by-side, characterized in that :

- the total cathode output current of each single

pot in the series is symmetrically assembled in

four equal portions along the four half long sides of
said pot and is conveyed -~ by means of cathode

bus bars -~ to four points symmetricelly positioned
with respect to both median vertical planes - lon-

gitudingl and transverssl, respectively - of said

~pot; whereafter

~ from said four points, the current is casrried down-
ward - by means of féur conductors of egual length
and cross-section, symmetrically arranged with res-
pect to both said median vertical planes - up to

four points lying on a "lower plane" underlying and
perallel to the bottom of said pot, said four points
resulting to be symmetrically positioned with respect
to the abovesaid two median vertical plsnes; where-—
after

- the current is conveyed ~ by means of two couples
of conductors of equal length and cross-section which
follow preferably horizontal paths symmetrically ar-
rénged with respect to the aforesaid median vertical
planes — to two points in the median longitudinsal
plane, such points resulting to be symmetrically ar-
ranged with respect to the medisn transversal pleane,

such points being furthermore optionally coincident;

4
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whereafter
- from the abovesaid two points -~ by means of two
couples of side-by-side arranged conductors of equal
length and cross-section, optionally combined to form
a single sheaf - the current is carried, parallelly
to the general direction of the current in the series,
up to the longitudinal median plane of the adjoining
downstream pot, being said plane intersected
by said conductors in two points substantially homo-
logous to the eferecited preceding points; and finglly
- thescurrent is carried upward - by means of two
couples of side—by-side arranged conductors of equal
length and cross-section which extend symmetrically
with respect to the median transversal plane of the
abovesaid downstream pot — up to the level of the anode
bus bar, in order to zllow the symmetrical supply to
said bus bar in correspondence of the median area of

the heads of said pot.

4, A method according to claim 3, characterized in
that the current carried by the cathode bus bars,
once conveyed to said four symmetrical points of the
long sides of each single pot, is directly carried -
by means of four conductors of equal length and cross-
-section which follow prevailingly horizontal paths
outside the outline of the pot, said paths being
furthermore syrmmetrical with respect to the two me-—
dian vertical planes - to two points of the median

longitudinal plane, said two points resulting to be

symmetrically arranged with respect to the median
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trensversal plane and placed outside the heads of said
pot, and said two points belonging, furthermore, to the
plene of the cathode outputs or to a plene close there-
to, in order to permit the prevailing pert of the con-
ductors cerrying the cathode current to extend on a
plene substantially coincident with the plane of the
cathode oufputs.

5. A method according to claim 1 in which the pots
are arranged end-to-end, characterized in that :

~ the current cerried by the cathode output bars of
each single pot in the series is symmetrically collected
on the four helf long sides of the pot =znd is carried,
by means of four identical cathode bus bars, to two
collecting points belonging to the transversal me-
dian plane and symmetricaly positioned with respect to

the median longitudinal plane; whereafter
- the current, from the two aforesaid collecting

points, is carried -~ by means of a couple of conductors
of equal lenght and cross-section, which, on the me-
dian transversal plane, are symmetrically arranged with
respect to the longitudinal median plane - up to two
symmetrical points of the median transversal plane,
optionally 1lying on a "lower plane'" underlying the bot

tom of the pot, such points being furthermore optional-

ly coincident; where after

- from the aforesaid points - by means of a couple
of conductors oflequal length and cross-section, op-
tionally arranged side-by-side - the current is carried,
parallelly to the general direction of the current in

the series, up to the median transversal plane of the

> n,



10

15

20

25

30

-5— 0084142

adjoining pot in downstream position,being this plane
intersected by said conductors in two points substan—.
tially homologous to the préceding points; whereafter
- the current is carried -~ by means of a couple of
conductors of egual length and cross-section which, 6n
the transversal plane of the downstream pot,are paral-
lelly srranged to the abovesaid conductors on the trans-

versal plane of the preceding upstream pot (and there-

fore have the same length of the latter and are equal-
ly symmeirically arranged with respect to the median
longitudinal plane) - up to two points of the long
sides of said downstream pot, which are substantially
homologous to the two above-mentioned collecting po-
ints of the upstream pot; finally )

— the current is carried upward - by means of
two conductors of egual length and cross-section which,
on the median transverszl plane, are symmetrically ar-
ranged with respect to the longitudinal median plane -
up to the anode bus bar of said downstream pot in cor

respondence of the median areas of the long sides.

6. A method according to claim 5, charzcterized in
that the current carried by the output cathode bars
once conveyed by means of the cathode bus bars
to said two symmetrical points at the half sides of
each single pot, is directly carried - by mesns of two
conductors of equal length and cross-section, parallel
with the general direction of the current in the series
and symmetrically arranged with respect to the median

longitudinal plsne - to the two homologous points of
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the transversal plsne of the adjoining downstream pot;
in order to permit the prevailing part of the conduct~
ors carrying the cathode current to extend on a plane
substantially coincident with the plane of the cathode

outputs.

7. An apparatus for the electric current supply

of pots for the electrolytic production of metals,part-
icularly aluminium, according to the method as claimed
in any of the preceding claims, characterized in that
it consists of conductors all of equal cross-section
and always combined, in the single sections of the cir
cuit, in coupleé of equal lenght, all said conductors
being furthermore divided into couples positioned al-

ways symmetrically with respect to the median longitud-

inal and/or transversal vertical plane of the 'single

pots in the series, furthermore, the reverse conductors
to the rectifier station - they too divided into sym
metrical couples of equal cross-section and length

- being side-%o0-side arranged along the total exten

.sion of the series to the feeding conductors which di

rectly connect each couple of succeeding pots.
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