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(Gramted under the act of March 3, 1883, as
amended April 30, 1928; 37¢ O. G. 75%)

¥

The invention described herein may be manu-
factured and used by or for the Government of
the United States for governmental purposes
without the payment to me of any royalty there-
on in accordance with the provisions of the act
of April 30, 1928 (Ch. 460, 45 Stat. L. 467).

This invention relates to electrolytic cell ap-
paratus of the diaphragm type wherein a plu-
rality of cells is provided with feeding and with-
drawing means for the electrolytes. More par-
ticularly, this invention relates to electrolytic cell
apparatus of the above type which is adapted to
the independent circulation ¢f anolyte and catho-
1yte under controlled conditions.

Heretofore, in electrolytic cell apparatus of
the liquid permeable diaphragm type wherein
the anolyte and the catholyte are capable of in-
dependent circulation (sometimes known as a
bifluid cell), the apparatus has been chiefly
characterized by its complexity, requiring nu-
merous pipe fittings and construction materials
of great strength in order to withstand the
stresses inherent in these prior arrangements.
Obvicusly, there exists a need for bifluid elec-
trolytic cell apparatus having a minimum of ex-
ternal piping and corrodable metallic construc-
tion members.

Accordingly, this invention has for an object
the wvrovision of electrolytic cell apparatus
adapted to the independent circulation of anolyfe
and catholyte wherein substantially all of the
structural members exposed to fluid contact, can
be made of highly corrosiocn-resistant materials
of & relatively low structural strength, such as
the methacrylate and vinyl polymers. This in-
vention also has for an object the provision of
electrolytic cell apparatus wherein stendardized
anolyte and catholyte units are susceptible of
repeated duplication without additional exterior
piping connections to yield a cell apparatus of
-any desired capacity. Ancther cbject is to pro-
vide as an integral part of the elecirolytic ap-
naratus, self-confained flow-regulating means as
.an integral part of the electrelytic apparatus,
capable of regulating the liquid level in the
‘anclyte and eatholyte compartments and thereby
regulating migration of anolyte or cathclyte
through the permeable diaphragm, while at the
same time permitting wide variations in anolyte
and cathclyte flow rates without substantially
disturbing the controlled migration rate through
the diaphragm. Still another object is to pro-
vide electrolytic cell apparatus of the bifluid type
‘wherein the whole or any part of the apparatus
.can readily be disassembled for inspection and

<t

10

30

35

40

Vim
<]

50

&5

2 .
cleaning. Other related objects will be apparent
or will appear hereinafter as the ensuing de-
scription proceeds.

The foregoing objects are accomplished in ac-
cordance with this invention which provides an
electrolytic cell apparatus of the diaphragm type
adapted to the independent circulation of ano-
lyte and catholyte- and having a plurality of
alternately placed anolyte and catholyte frames,
permeable or pervious diaphragms interposed be-
tween adjacent anolyte and catholyte frames,
supporting means for urging said frames and
diaphragms into fluid sealing engagement with
each other, means including a weir device for
controlling the common liguid level and egress
from said .catholyte frames, measns including a
second weir device for -controlling the common
liguid level and egress from said anolyte frames,
said frameés, diaphragms and weir devices being
provided with a plurality of registering apertures
about the periphery thereof. to define respec-
tively, .an anolyte inlet manifold, a catholyte
inlet manifold, an anolyte outlet manifold, and
a catholyte outlet manifold; said outlet mani-
folds communicating respectively with said
anolyte and catholyte weir devices; inlet means
for introducing said anclyte into said inlet mani-
fold, and inlet means for introducing catholyte
into said catholyte inlet manifold. This inven-
tion also provides, by the combination of anolyte
and catholyte weir devices with the cell appa-
ratus, for the automatic regulation of the liquid
level in the anolyte and catholyte compartments

to thereby automatically regulate migration of

electrolyte through the permeable diaphragms,
while at the same time providing for wide varia-
tion in anolyte and catholyte flow rates without
disturbing the controlled migration rate through
the diaphragm.,

This invention therefore comprises bifluid
electrolytic cell apparatus of the diaphragm type
provided with integral fluid distribution and lig-
uid-level control devices, which apparatus is
susceptible of repeated unit duplication to per-
mit wide variation in electrolytic cell capacities.
This invention will be made clear by reference
to the following detailed description taken in
conjunction with the accompanying drawings in
which: - - - -

Figure 1 is a plan view of suitable apparatus
in accordance with this invention showing-also
g suitable supporting press;

Figure 2 is a sectional elevation, partly broken
away, along the line 2—2 of Fig. 1, looking in
the direction of the arrows;
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Figure 3 is a sectional elevation showing the
weir device and electrodes with diagrammatic
electrical connections looking in the direction of
the arrows shown on the line 3—3 of Fig. 1;

Figure 3a is an enlarged detail, partly broken
away, showing a suitable manner in which the
cathodes may be supported and also showing a
duct for the distribution of catholyte from the
catholyte manifold to the catholyte compart-
ment;

Figure 4 is an elevational view of an anolyte
discharge frame showing the anolyte outlet;

Pigure 5 is an elevation of the anclyte dis-
charge frame of Fig. 4 looking at right angles to
the view of Fig. 4.

Figure 6 is an elevational view of an anolyte
weir riser frame showing the connection with
the anolyte outlet manifolds;

Figure 7 is an elevation of the anolyte weir
riser frame shown in Fig. 6 and taken at right
angles to the view thereof;

Figure 8 is an elevational view of a catholyte
weir plate for regulating the catholvte c=ll level;

Figure 9 is an elevational view of the anolyte
weir plate which is similar to the catholyte weir
plate of Fig. 8 except that the manifold aper-
tures are absent.

Figure 10 is an elevational view of the catho-
lyte weir riser or spacer frame showing also the
inlets for the anolyte manifold.

Figure 11 is an elevation of the catholyte weir
riser or spacer frame shown in Fig. 10 but taken
at right angles to the view of Fig. 10;

Figure 12 is an elevational view, partly in sec-
tion, showing a typical anolyte frame and dia-
phragm-spacing grids;

Figure 13 is an elevational view of an anolyte
spacer frame forming a part of the anolyte com-
partment;

Figure 14 is an elevational view, partly in sec~
tion and partly broken away, of a catholyte
frame showing a fragmentary cathode in posi-
tion;

Figure 15 is an elevation of the catholyte frame
of Fig. 14 taken at right angles thereto.

For a practical embodiment of this invention
and referring now to the drawings, a suitable
support is provided for the frame members of the
electrolytic apparatus capable of urging the
frame members into fluid sealing engagement
with each other while supporting them in hori-
zontal alignment for disassembly and inspection,
cleaning or the like. As shown in Fig. 1, such a
supvorting device may take the form of a press
mechanism similar to that in an ordinary filter
press, and includes a pair of iron backing plates
I holding a pair of corrosion-resistant backing
plates 2 in the vertical position parallel to each
other. A pair of threaded horizontal rods 3 pass
through the backing plates | and a press plate 4
and in conjunction with the nuts 5 limit the
opening of the press. An adjustment screw 6
is threaded through the press plate 4 and is
actuated by a hand wheel T to urge the backing
plates [, 2 toward each other whereby the cell
assembly is supported thereby and firmly held in
place. Rach frame is thus held in fluid sealing
engagement with adjacent frames. Gaskets or
sealing compound may be employed if desired to
provide tight joints.

The tie rods 3 carry a plurality of vertically-
positioned anclyte frames 9 alternating with ver-
tically positioned catholyte frames {8, each
frame being supported by horizontal studs it,
each stud projecting outwardly from the frame
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it supports to rest upon the tie rods 3. Inter-
posed between the anolyte frames 9 and the
catholyte frames 10 are vertically positioned
permeable diaphragms 8. Any suitable material
resistant to the corrosive influence of the electro-
lytic process may be employed in the construc-
tion of the diaphragms 8, such as for example,
canvas, woven or felted asbestos and the like,
but in the electrolytic production of chromium,
for example, it has been found that pre-shrunk
fabric woven of threads composed of a vinyl-
acetate-vinyl chloride copolymer known as
“Vinyon,” is satisfactory when coated with a
suitable resinous material to reduce its porosity.
The alternately spaced anolyte frames 9 and
catholyte frames 10 separated by the diaphragms
8 thus define alfernately spaced anolyte and
catholyte compartments. As shown in the draw-
ings, each anolyte frame includes a spacer frame
2, particularly illustrated in Fig. 13, allowing for
the employment of a pair of anodes {2 for each
cathode {4. For convenience, the spacer frame
i2 will be referred to as a part of the anolyte
frame §.

Suitable means are provided for maintaining
the anodes {3 and cathodes {4 in predetermined
spaced relationship to zach other and to the
diaphragms 8. As particularly shown in FPigs.
3a, 14 and 15, each cathode 14 is provided with
a pair of projecting ears 15 adapted to rest upon
and be supported by the catholyte frame {0,
Each side of the catholyte frame is slotted to re-
ceive the metallic cathode {4. By this means
each cathode is held in spaced relation equi-
distant from the adjacent diaphragms 8. Simi-
larly, each anode frame spacer member 12 is
provided with a pair of recesses about ifs in-
terior periphery such that when assembled to-
gether with the diaphragm retaining members
i% of the anolyte compartment frame §, a pair of
grooves IT are provided about the interior
periphery of the anolyte compartment to receive
and retain a pair of anodes I3 in spaced rela-
tionship fto the diaphragms 8. Vertically ex-
tending grids 33 having perforations 35 therein
for circulation of electrolyte are provided in each
anolyte frame 9 in order more perfectly to sup-
port the diaphragms 8 in alignment with the
anodes I3 and cathodes 14. As shown in the
drawings, particularly Figures 3 and 12, the per-
forated grids 33 are positioned on each side of
the anolyte frames 9 against adjacent dia-
phragms, since in general the catholyte is of
superior density to the anolyte and a slightly
higher liquid level is maintained in thzs cathcde
compartments than in the anode compartments
to inhibit diffusion of anolyte into the catholyte.
This causes the diaphragms 8 to be continuously
urged against the grids 33 whereby perfect align-
ment is secured.

Suitable internailly-self-contained means are
provided for separately distributing anolyte
and catholyte to the anolyte frame 9 and
catholyte frames (0 and for separately with-
drawing anolyte and catholyte from the respec-
tive frames. Such means may take the form of
a plurality of apertures about the periphery of
each frame, each aperture registering with a
similar aperture in an adjacent frame to define
the series of manifolds or headers. As shown
more particularly in Figures 12, 13, 14 and 15,
near the upper portion of the vertical anolyte
frames 9 and catholyte frames {8, there is formed
an elongated slot 18 which in conjunction with
adjacent frames in the assembled position, de-
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fines a catholyte inlet header or manifold 22,
as particularly shown in Figure 2. The elon-
gated header slots 18 are formed about an axis
generally parallel to the axis of the electrolytic
cell assembly. An inlet is provided for catholyte,
and as shown, a pipe 28 is vertically positioned
in the spacer frame 24 near one end of the cell
assembly. Referring to Figures 14 and 15, each
catholyte frame 18§ is provided with a series of
ports or holes 24 generally perpendicular to the
catholyte manifold aperture 22 and of smaller
size to form a port 24 from the ecatholyte head-
er into the interior of the catholyte frame (0.
It should be noted that even though the anolyte
frames 9 are provided with a catholyte mani-
fold slot 13, there exists no passageway which
would permit catholyte to enter the central por-
tion of the anolyte frame 9.

Similariy, suitable means are provided for
withdrawing catholyte from each catholyte
compartment intc catholyte outlet manifolds

25. The catholyte outlet manifolds 28, as shown
more particularly in Figures 3, 12 and 14,

comprises a series of generally horizontal aper-

tures 28 formed in the bottom edge of each ¢

anolyte frame § and catholyte frame 8, about
an axis generally perpendicular to the said
frames and generally parallel to the cell assem-
bly. Each catholyte frame (8 has a plurality
of vertical ports 19 from the interior of the
cathode frames to the catholyte cutlet manifold
25 whereby catholyte may be withdrawn from
the catholyte frames 10,

In the operaticn of the cell, for example in
the electrolytic production of metallic chro-
mium, catholyte enters the inlet pipe 23 and
proceeds by way of the catholyte inlet mani-
fold 22 axially along the cell where it is dis-
tributed to each catholyte frame {0 by way of
the ports 24. It then circulates generally down-
wardly across the cathode and is confined by
the diaphragms 8 although a small amount of
controlled diffusion normally tekes place into
the adjacent anolyte frames & The spent
catholyte is withdrawn through the ports 19
into the catholyte outlet manifolds 25 and the
circulation cycle through each cathode frame is
thus completed.

Suitable self-contained means are likewise
provided for the distribution of anolyie into
each anolyte frame and for individually with-
drawing spent anolyte into an anoclyte outlet
manifold. As shown, such internal anolyte dis-
tribution means may take the form of an anolyte
inlet pipe 27 communicating with a horizontal
anolyte inlet manifold 28 having a terminus in
the catholyte riser or spacer frame 29 particu-
larly shown in Figure 10. The anolyte inlet
manifold 28 comprises a pair of slots 30 one
on each side of each anolyte frame 9 and each
catholyte frame [0 about the mid-point of each
vertical side member and is formed about an
axis perpendicular to each frame but parallel to
the axis of the entire electrolytic cell assembly.
Each anolyte manifold slot 230 in each frame
registers with adjacent slots 38 in adjacent
frames and extends through interposed per-
meable diaphragms 8 to form an elongated head-
er or manifold 28 limited at one end by a cor-
resion resistant backing plate 2 and terminated
by a catholyte weir plate 3i at the other end.

Each anolyte frame 8 is provided with ports
32 extending from the interior of the anolyte
inlet manifold 28 into the interior of the anolyte
frame 9 perpendicular to the axis of the anolyfe
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slot 30 and communicating therewith to dis-
tribute anolyte from . the manifold 28 infto the
anolyte frame 9. Preferably, as shown in Fig.
12, the ports 32 extend upwardly in order to
insure complete circulation of incoming anolyte
throughout the anolyte compartment defined
by the anolyte frame $ and adjacent dia-
phragms 8.

Since the anolyte is generally of a Ilesser
density than the catholyte, and the permeable
diaphragms 8 are usually flexible, suitable
means are provided in the anolyte frames 9 for
spacing the diaphragms 8 a controlled distance
from the anodes {3. As particularly shown in
Figs. 3 and 12, such diaphragm spacing means
may take the form of a plurality of vertically
ranging grid members 33 retained in the top
imember 24 and the bottom member 35 of the -
anolyte frame 8, and they are preferably spaced
equi-distant from each other. In order to min-
imize the compartment size while at the same
time providing for a controlled flow of anolyte
across the face of the anode {3, the vertically
ranging grid members 33 are of such a depth as
to fill the space between the diaphragms 8 and
the adjacent anodes 13. In order to provide a
controlled circulation of anolyte from the inlet
ports 32 across the face of each anode 13 and
diaphragm 8, the grid members 33 are provided
with a series of apertures 36 on horizontal axes
located in a plane normal to the axis of the as-
sembled electrolytic cell anparatus.

Sujtable g»If-contained means are provided for
individuallvy withdrawing anclvie from each cell
throueh a lig:id level rezulating devies to a dis-
charge outlet.- As shown more particularly in
Wieures 2. 12, 13. 14 and 15, such means may take
the form of 2 pair of elongated clots 37 formed
in the unright vertical «ides of each frame aboub
an axis generally rarallel to the axis of the as-
sembled electrolvtic ecell abnaratns. o  define
annlyte outlet manifelds 38 terminated at cne
end bhv the corrosicn resistant backing plate #
and at the other end by an anolyte weir nlate 38,

= In each anolyte frame 2 a series of ports 49 ex-

tend from the anolytzs outlet slot 37 about an axis
normal thereto to nermit withdrawsal of anolyte
from the interior of the anolvte frame § through
the ports 48 into each anolyte cutlet manifold
38, from which spent or impure anolyte is with-
irawn through a liguid-level control device and
thence diccharged from the cell.

In operation, anolyte enters the anolyte inlet
ripes 27 and then passes longitudinally in a gen-
erally horizontal direction through the anolyte
inlet manifolds 28 to he distributed through the
rorts 82 info and through each anclyie com-
partment defined by the anolyts frama § and ad.-
jacent diaphrasms $. After passing over ths
anode {3 via the grid aperturas 38 in the grid
members 33, the anolyte, together with any eatho-~ .
lyte which may have seeped or diffused through
the diaphragms 8, is withdrawn through the ports
48 into the anclyte outlet manifolds 38. From
thare it travels through a suitable liguid lsvel
control device to be discharged.

In combination with the above described elec-
trolyte internal distribution means, this inven-
‘tion provides suitable means separately regulat-
ing the lquid levels of the anolyte and catholyie
while permitting, independently thersof, a wide
variation in electrolyte flow rates. Conirol of the
liquid levels as provided herein, contrels the mi-
gration of electrolyie from the cathode compart-
ments into the anode compartments.. As shown
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more particularly in Figures 3, 4, 5, 6,7, 8, and 10,
means for regulating the catholyte cell liquid
level are combined with means for discharging
the catholyte from the apparatus and with
means for admitting anolyte into the cell struc-~
ture. Referring now to Figure 3, positioned next
adjacent an outer anolyte frame 9 is a blind
frame 41 containing the marginal anolyte and
catholyte manifolds 22, 25, 28, 38, as well as the
catholyte inlet pipe 23. Next adjacent the blind
frame 41 is a catholyte discharge or spacer frame
42 having a pair of horizontal pipes 43 communi-
cating with the interior thereof to permit the
withdrawal of spent catholyte therefrom. Next
adjacent the catholyte discharge or spacer frame
42 is a catholyte weir plate 44, similar to Fig. 8,
which has three horizontal slots 45 near the uppsar
portion thereof for regulating catholyte liquid
level. Next adjacent the catholyte weir plate
44 is a catholyte riser or spacer frame 29 shown
in Figures 10 and 11. Another catholyte weir
pvlate 31, a second catholyte discharge or spacer
frame &7 and a second hlind plate 48, follow in the
order named. Hach of these plates and frames
is supported in a generally vertical position by
horizontal studs ({ and is provided with anolyte
outlet manifolds 28. In the operation of the
catholyte liquid level control device, catholyte is
withdrawn from the catholyte frames 10 via
ports 19 and cutlet manifolds 25 to the catholyte
weir riger section shown in Figure 10. The cath-
olyte weir riser section is provided with a vent
49 in the top horizontal member to permit escape
of hydrogen or other entrained gases and to
equalize the pressure between the atmosphere
and the catholyte compartments. The spent
catholyte proceeds upwardly through the cath-
olyte riser or spacer frame 29 being confined
therein by the two adjacent catholyte weir plates
31, 44. The regulating slots 45 are suitably placed
co that all of the cathode frames will have a suit-
able liquid level. The spent catholyte is dis-
charged over the weir plates 31, 44 and falls
downwardly into the adjacent sandwiched pair
of catholyte discharge frames 41, 42. From these
plates, the spent catholyte is discharged through
the outlet pipes 47 to be reclaimed or otherwise
disposed of. It will be seen that within very wide
variations in catholyte flow rates, the catholyte
weir plates 31, 44 in combination with the cath-
olyte outlet manifolds and catholyte compart-
ments, regulate the liquid level of catholyte in the
catholyte compartments within very close limits,

In a2 similar fashion to the foregoing, the
liquid level of anolyte in the anolyte compart-
ments is closely regulated within predetermined
limits by a weir regulating device forming a
part of the electrolytic cell apparatus. As shown
in Figure 3, and in more detail in Figures 4, 5 and
9, there is provided next adjacent the corrosion
resistant backing plate 2, a series of frames com-
prising an anolyte discharge section. In the
following order proceeding from the backing
plate 2, there is provided an anolyte discharge
frame 33 having a pair of anolyte outlets com-
prising horizontal pipes 51 communicating with
the interior of the anolyte discharge frame 5.
Mext is provided a vertical anolyte weir plate 39
shown in more detail in Figure 8, an anolyte riser
frame 52 and the previously described bhlind
plate 48, all of these frames and plates closely
nest together in fiuid sealing engagement as
previously described in connection with the anode
and cathode frames. The anolyte weir plate 39
is provided with a vertically extending vent 53
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as shown in Figure 3, and a series of horizontal
slots 54 provided with bevelled edges 55 on the
bottom portion of the slots £4 in order that fluid
level may be closely controlled. The heighth of
the anolyte in the apparatus as well as in the
anolyte riser frame 52 is determined by the ele-
vation of the lower bevelled edge 55 of the weir
slots 54. In general, since it is desired that mi-
gration of electrolyte proceed from cathode com-
partments to anode compartments rather than
vice versa, the lower bevelled edges 35 of the
anolyte weir slots 54 are placed at a slightly
lower horizontal elevation than the correspond-
ing catholyte slots 45 and lower catholyte weir
bevelled edges 56. As shown in Figure 2, the
anolyte weir plate 3¢ forms the closure for the
anolyte outlet manifold 38. Correspondingly, the
anolyte riser frame 52 shown in Figure 6 is pro-
vided with a pair of channels 57 registering with
the anolyte outlet manifolds 28. In operation,
anolyte is admitted to the electrolytic cell through
the inlet pipes 27 shown in Figure 10, and pro-
ceeds by way of the anolyte inlet manifolds 28
and thence through the ports 32 into the anolyte
frames 8. After electrolysis, impure or spent
anolyte is discharged through the anolyte dis-
charge ports 40 into the anolyte outlet manifolds
38. The spent anolyte then proceeds into the
anolyte riser frame §2. Thereafter, it rises in
this frame being retained theresin by the blind
plaie 48 and the anolyte weir plate 39 to a pre-
determined liquid level fixed by the vertical ele-
vation of the weir slots 54 in the weir plate 39.
After passing over the weirs, the anolyte is dis-
charged through the outlet pipes 51 of the anolyte
discharge frame 50.

In crder that the operation of a diaphragm type
electrolytic cell apparatus in accordance with this
invention be fully understood, a typical operating
cycle will now be descriked with particular refer-
ence to the electrolytic production of metallic
chromium from a chromic ammonium sodium
sulfate catholyte and an anolyte of sulphuric acid
containing also a small proportion of chromic
acid. The catholyte is prepared from suitably
purified chrome alum and comprises an agueous
solution of chrome alum mixed with Clauber's
salts and ammonium sulfate and contains ahout
85 grams of chromium per liter, 115 grams of
ammonium sulfate per liter and 66 grams of so-
dium sulfate per liter. The catholyte js admitted
through the catholyte inlet pipes 23 and thence
passes through the catholyte inlet manifolds 22
into the cathode frames {8. The catholyte then
fills the catholyte outlet manifolds 25 and rises
in the catholyte weir riser or spacer frame 28
to the predetermined level s2t by the weir slots
45 in the catholyte weir plates 3i, 44. The
anolyte circulating system is simultaneously filled
with 25% sulphuric acid solution through the
anolyte inlet pipss 27, thence by way of the
anolyte inlet manifolds 28 inte the anode frames
3. The anolyte then preceeds out of the anolyte
frames § to fill the anolyte outlet manifolds 38
and rises in the anolyte riser frame 52 to the
level dictated by the position of the weir regulat-
ing slots 54 in the anolyte weir plate 3%. This
in turn controls the ligquid level of the anode
compartments. It will be seen that as no make-
up solutions are added, the liquid levels remain
substantially constant in the cell. However, up-
on the addition of anoclyte or catholyte, circula~
tion in the respective anolyte or catholyte com-
partments takes place. Since the chromium-
containing catholyte is of superior density to the
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sulfuric acid-containing anolyte, and since the
liquid level in the cathode frames is intentionally
maintained somewhat higher than the liguid
level in the anode frames, some migration of
catholyte into the anolyte takes place to admit
a proportion of chromium into the anolyte. The
difference in lquid levels and the permeability
of the diaphragms are controlled to yield a mi~
gration rate of about 1.6 gallons of catholyte per
square foot of diaphragms per day.

The anodes {3, suitably positioned in the anode
compartments normal to the axis of the cell, are
spaced from the diaphragms 8 by the grid mem-
bers 33. In the electrodeposition of metallic
chromium employing the apparatus of this in-
vention, the anodes {3 are suitably constructed
of lead alloyed with a minor proportion of silver.
As shown schematically in Figure 3, the anodes
13 are connected electrically in parallel. The

cathodes {4 are similarly supported in the cath-

cde frames {06 and may be constructed of stain-
less steel or brass for the electrodeposition of
metallic chromium thereon. Continuous cir-
culation of anolyte and catholyte suitably made
up to the desecribed feed composition, is com-
menced and ths cathode current density main-
tained at about 65 amperes per square foot. With
the cell voltage maintained at about 4.2 to about
4.5 volts, the metallic chromium is deposited at
the rate of about 1.3 1lbs. of chromium per day
per square foot of cathode area.

It will be apparent from the foregoing that
there has heen provided a highly efficient elec-
trolytic cell apparatus adapted to be constructed
of plastic materials which are corrosion resistant
but structurally weak. The apparatus of this
invention provides for independent circulation of
anolyte and catholyte wherein the fiuid dis-
tribution is internal and requires no outside pip~
ing. Because of the unit construction of the
electrelytic cell in accordance with this inven-
tion, the cell capacity can be widely varied by
the addition of pairs of anode frames and cath-
ode frames. By means of the liquid level con-
trol device of this invention, which similarly are
self-contained and capable of repeated duplica-
tion in the cell, the ligquid levels in the anolyte
compartments and catholyte ecompartments can
be precisely controlled even with wide variations
in anolyte and catholyte flow rates through the
electrolytic cell apparatus. The migration rate
of one electrolyte into the other can be closely
controlled by regulating the relative heights of
anolyte weir orifice slots and catholyte weir ori-
fice slots, whereby there is achieved a controlled
migration rate through the diaphragms which is
substantially independent of the flow rates of
anolyte and catholyte.

It will further be apparent that there is pro-
vided in accordance with this invention an elec-
trolytic cell apparatus of the bi-fluid type where-
in any individual cell or fluid regulating device
can readily be disassembled or entirely replaced
without substantially disturbing the balance of
the apparatus. All that is necessary is to open
the supporting press and lift the frame unit from
the assembly.

Sinee many apparently differing embodiments
of this invention will occur to one skilled in the
art, various changes can be made in the preferred
embodiments herein shown and described with-
out departing from the spirit and scope of this
invention.
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What is claimed is:

An electrolytic cell apparatus of the diaphragm
type adapted to the separate circulation of
anolyte and catholyte which comprises a sup-
porting press provided with vertical end plates,
horizontal tie rods connecting the end plates,
and means for urging said end plates toward
each other, a plurality of alternately-placed ver-
tical anolyte frames and vertical catholyte frames
carried by said press, a plurality of semi-per-
vious diaphragms supported between said anolyte
frames and said catholyte frames defining there-
with alternate anolyte and catholyte compart-
ments, each of said anolyte frames, catholyte
frames and diaphragms being provided with a
series of apertures about its periphery register-
ing with corresponding apertures on adjacent
frames to define respectively an anolyte inlet
manifold, a catholyte inlet manifold, an anolyte
outlet manifold and a catholyte outlet manifold,
caid catholyte outlet aperture being at the bot-
tom of said catholyte frames, each of said cath-
olyte frames having a plurality of holes com-
municating with said catholyte inlet and out-

5 1et manifolds to deliver catholyte to and exhaust

catholvte from said catholyte compartment, each
of said anolyte frames having a plurality of holes
communicating with said anolyte inlet and out-
let manifolds to deliver anolyfte to and exhaust
anolyte from said anolyte compartments; a cath-
olyvte weir outlet section comprising a vertical
weir plate carried in the supporting press in gen-
eral alienment with said anolyte and catholyte
frames and provided with a horizontal slot neax
its upper end extending through said plate nor-
mal thereto, a blind plate carried in the sup-
porting press in general alignment with said
anolyte and catholyte frames, having an im-
perforate central area and an aperture register-
ing with said catholyte outlet manifold, a spacer
frame carried in the supporting press in general
alisnment with said anolyte and catholvte
frames, having an open central area and periph-
erally engaging the weir plate and defining there-
with a catholyte riser compartment whose in-
terior communicates with said catholyte out-
let manifold, a second spacer frame carried in
the supporting press in general alignment with
said anolyte and catholyte frames, having an
oven central area and peripherally engaging the
weir plate and the blind plate and provided with
an outlet aperture below said weir slot to dis-
charge spent catholyte, and an anolyte weir sec-
tion communicating with said anolyte outlet
manifold for regulating the anolyte liquid level
and discharging spent anolyte, an inlet for the
anolyte manifold and an inlet for the catholyte

manifold.
WILLIAM T. RAWLES.
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