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~LZCTROCEEMICAL CZLI

N et ot b

This mvention ~2izies 10 chemical lechnoiogy, and mors varticulariv o
slecrochemical ceils forth

he wreatment of water and/or watar solunons and can o
used for elecwochemucal reguiation of acid-aikaline oroperue

PR
raes, Oxucarion-

Reduction Potential {OR®) and caralytic activity of water and/or water soiutions.
as in slecrochemical menufacturing of different procucts by e slecmolvsis of
Waler SOIUIoNS.

Vi e

Sackeround of the Invention

2
applisd glecoonenusiry, CIXISrent Jesign 21eCholviers are
-/

-

I
vsed either for water znd/or water Solutions weamment, or for 2

Zifferent croduct
manufacriring For instance. thers ars eiceTolvess: will fau clecrodes ; :

{
s dma

3 Lo
slecTolyzers with coaxiel cvlindncal slecrodes and & ceramuc diaphragm
serween them (see tne published patent applicamon of Japan No I-104337
1989).

However, moduie clectroiyzers are the mosi advanced
-rovide the required production capacity Dy Cming ogether ;
aumber of modules. This reduces the design and producton expenses of
slectrolvzers depending upon the regquired capacity and also heips 10 umify pars
and reduce the time Tor assembly and disassembly of such electroiyzers.

Tre closest bv the iechnical design and achleved result s a device ior
water Teatment, executed by the module principie using eleczochemical ceils
which contain coaxial cviindrical and rod eiecrodes and a coaxial ulirafiftraton
ceramic diaphragm made from mraterials using as ther base zirconfum,
aluminum and vioium oxides (see US Patemt No. 5,427,667). The water
reamment technical approach is chosen as a prototype.

The rod electrode is made with variabie sections in the prototype and the
diameter of its pin~cnds is 0.75 uf L dizmeter of its miadie secton. This allows
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for the improvement of hvdraulic mode. In addition, dimensions of the ele

ne elecoodes
and the diaphragm are specified in the formula, lirniting their mutual change.

In the prototvpe, the rod and the cvlindncal zlecrrodes, as weil as the
diaphragm, arc fixed in special diclectric bushinge with channels for e ucuied
water supply to be fad inio and to be discharged {rom the rod elcctrode chamber.
here are channels on the jateral surface of the cviindrical eicctrode, on its upper
and lower parts, to supply and discharge weated water from the cha f*x‘ er of the
cvlindricai ‘elecode. Water is treated while passing through the cell chambers
from the bottom to the IOp

Reguired production capacity devices are assembled with the sumper of
cells by usm special collectors, which are made erther as a monolithic detal] or
spectal § arate blocks for one call and provided Mth joming and seaiing 001s.
The order in which the slectrodes connect 1o the poles of the power supply
depends on the type of desired application.

The prototvpe treats water or water solution sriictent at low enmergy
consumption. The prooivpe 18 sufficiently simple in use, asstmbly and
disassembly.

However. the protorvpe has cl.lsaa"a.mageq Special coliectors shjarge ihe
size of the device, increase its hvdraulic resistance and require the we of more
nOW rm pumps. [t Alco reqUIrSs nUImerous joint paris and seals for tiem. The
srototype does not work effccuvely under the different polarity of electrod
o irs constructive features. So when the rod elecmode works as an
coating wears outs rapidly in places of wansition from the middle pars w0 hﬂ N
¢nds {nor ncluding the holes whose share of the surfaces i3 small). .a.i of the
rematning 'Jlaaw of wansition 15 in the field of the cvlindrical elecirods and is
ubjected 1o an mtensive influence of hign intensity electic Held (concentration
field in the piac s of changing form). It is not possible to conuol gas-filing of
ne treated solution in the prototype. The prototype device is also compiicated in
*‘abrication‘ because siict coaxiaiity for all details and the diaphragm arc
required. The fixation system Ior the rod electrode has difficuities 1n
manufacture, due to the annular deepening on the internal suriace of the bushings
channels and piacing seals in them.

The object of the present mvention is 1o simplify the cell design and make
it possible 10 piace the required amount of cells in a smaller space; simplification
of the fixation system for the elements of the cell; improving the reliability and

‘nereasing the lifespan of the cell due to the climination the influence of a curved
ciecincal field in the spacc between electrodes, as well as expansion of the
junctional abilities for the cell by making it possible to regulate the influence of
gas-filling of the elecolvie on the electochemical process.

This objective can be achieved when the electrochemical cell for water
and/or water solutions treament 15 made from vertical cvlindrical coaxial parts
such as an 1nternal electrode of vanable sections (the diameter of its end parts
being not more then 0.75 of the diameter of its middle part), an external elecrode
and a coaxial ceramic diaphragm (made f:qm materials having as their basc

des due
anode, the
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zircoruum oxides with additives of aluminum and **m‘um oxides) which
separates the inter<ieczode space n iie electrode chambers. The eiectrodes ars
made from matenial that 1S nonsolubie during =lecroivsis. The :mmal eiectrode
is installed in lower and upper dieiecoic bushings. Moreover there are siots on
the butr-e'lds of upper and lower bushings, and the ceil contains upper and jower
dielectric collector ~eads, which have an axial channal. Moreover the neads arz
msmﬂ }in the slots of dushings with he capabiiity of wming. The diaphragm is
fastened by elasuc gaskets, which are placed in bushing slots. The diameter o
the middle section of internal ejectode is defined by the followwng formula;

M <D <4M
where: D = the diameter of the middle section of

. the mtemal zlecrode
mm, anc.

= the dxsuana oeTwesn lec*:odﬂs m mm.
_;cpenumg on the sxecution cIl . aolarity of te clecuudes
the nuddle se" ion of (2 mmternal 2iecTode can be 2rher

€ 2110 500TeT han the lengmh
of the axtarnal electode on the value of 2M, or 1on.°.er than e l2neth of the
external giecrrnde on te value of aor less than ZM. The vrf"wed distan
nerween siectrodes s 0.8 - 3.3 mm. oe internal zlectrode IS fastened insids tha
heads bv ziastic gasken placed in the axial head channels. The purpose of m2
channeis i the lower znd ypper heads and in the lower and upper :uvnmz: 1510
supply and discharge weared water and/or solution o e xnte:'m and ai
chambpers of the 2iecTodes. The channels reach 0 ‘ateral swmacss and are
srovided with outlets. The length of the external electrods can de vaned rom 10
mm to 240 mm depending on need
Materials for the siectrodes can e chosen Tom 2x

i \.A.STL"I&‘ SCUrCts ang e

e

XIS

choice Q€ ends on the conditions anc "“CJL:I ments for ine GCSIC"‘ o7 the device

Should changing the polerity of clecwodes not be reguired

2.eCT0 TROUITCG, taniey 2iccgoages
coated by iranum oxide and ruthenium oxide, or titanium electrodes coated bV
nrecious metals or manganese oxide or i oxide or cobaitous oxide. can be used
as an amode. Polished dtanium or poiished tantalum or polished zmo 11U
coated bv pvrograpniie or glass carbon or other coar

HQS can be used as 2

cathode. If changing the polarity of slecodes is required, thanium clectrodes

coated by plaripum or piatnum-indium can be used. It 1s possible t© use different
combinations of the materials listed above or other waterials known in applied
elecrochemsoy.

The diaphragm of the electrochemical cell is made from ceramics made
from zirconium, alurninum and yrrium oxides, and can contain additives such as
njobium oxide, tantalum oxide, titanium oxide, gadm.mum oxide, bafnium oxide
and others. Depending on the application, the diaphragm can be made as an
ultrafilzation, @ microfiltration or & nanofiitration. The forms of the diaphragm
can be varied. The diaphragmm can be a truncated cone with the conicity value |

(100 - 1000) and 2 like thickness of walis equal to 0.4 mm - 0.8 mm on the
whole length of the diapbragm. The diaphragm can be ipstalled i the ceil either
its big base facmg downward or its big base facing upwarc.

! -
e Ju’l&sak ol
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The external (or ‘nternal) surface of the diaphragm can also be made as a
cvlinder, with the remaining surface (intemal or external) made as a cone with
the conicitv value 1: (100 - 1000). In this case, the wall thickness of one but-
end 1s 0.4 mm - 0.5 mm and the wall L’nickncss of the other buu~end is 0.7 mm -
0.8 mm. The disphragm is installed in the cell with its the but-end with
wall either facing downward or facing upward.

The external and internal surfaces of the diaphragm can also be made as

muncated cones with the conicity value i (100-1000). Moreover the cone 1Ops

thickest

are positioned at opposite 2nd of the diaphragm and the thickness of the walls of

onc butt-end is 0.4 mm - 0.5 myn and the thickness of the other but-end is 0.7
mm - 0.8 mm. The diaphragm is installed in the cell so that the butt-end with the
thickest wall either s turned downward cr 1 turned upward.

The mnremal and external surface of diaphragm can also be made as a
cvlinder with the wall thickness 0.4 mm - 0.7 mm. Devianon irom the geometric
correct surtace of the diaphragm should Se not more than 0.03 mm in anv art of
its surface. The intemal electrode 1s made either solid or hollow inside. The
internal elecrode can inciude several dealls, which are made from one or more
rnatenials, and are united oy different methods (depending on materials), such as
laser beam weiding, vacuum welding, mechanically jommung and the iks. A
thread is provided on the pim-ends of the inwemal elcctrode for adjusim

ent of the
ncad by manipuiating washers and nuis.

Different combinauiens of internal clectrode dimensions can be usad,
depending on the order in which the elecrodes are connecied with ooxes of the
power supply. For insiznce, if the exiernal clectrode is connecied with the
negative pole of the power supply and the imemal eleciroce s connected with the
nositive pole of the power supply, the length of the middle section of the internal

electrode exceeds the lengtn of the external electrode by a value of not less than
2M and the internal electrode 15 installed m the cell svmmerrnically 10 the external
slecgode. If the external electrode 15 connected with the posttive poie of the
power supply and the intemal electrode 13 connected with the nezative pole ot the
nower suppiy, then the internal electrode middle section l“mh 13 equal or Iess
than the cxrernal elecrode length on r_he vaiue of 2M, anc
15 installed in the cell symmetncally to the external electrode.

To provide smct coaxiality of eiewodes in the cell, different varianis are
10 be uscd for Tastenung of the internal clectrode in the axial head channels
depending on the dimensions of the elecTodes.

When the length of the internal eleczode exceeds the icngth of the external
elecrode by sufficient length, the axial head channel is contained within the
variable section and the middie section of tmernal electrode with the big diameter
forms a slot joint with the axial channels of the heads in which the clastic gaskets
are placed. If the middle section of the internal electrode forms a slot joit with
the axial channeis of the upper and lower beads, then elastic gaskets are placed in
the grooves of the middle section of the internal elecwode. If the internal
elcctrode 1s fastened by pin-ends, the axial head channel diameter is equal to the
diameter of the pm-ends of the internal elecrode; elastic gaskets are placed 1n

he inicmal clecirode

ot I
@O
-
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grooves on the pin-ends of the mternal electrode; or axial head channeis having a
diameter equal to the diameter of the imemal electrode pin-ends and having an
extension in the burt-ends; elastic gaskers are placed in this exiension. In
addition, the cell has clamping dielectric bushings which are also placed in this
ex{ension.

These mmprovements result in a bener functioning and superior cell. Using
coaxial electrodes and a diaphragm, and installing them in dielectric bushings
and heads, allows for an optimal hydraulic regime and the simplification of the

ell assembling. There is no need to drill a holes in the external cylindrical
electrode, thus making 1t simple to manufacture. Because it is possible 0 tum the

heads and regulate the outler position, several cells can be assembled together
compactly in one device.

rigure ! shows

cross section of :he electrochemical cell of the prc
mvention.

present

~

Figure 2 shows one version of a siructure for the fastening of
¢lectrode in the collecing heads of the electrochemical cell of
invention.

the mrernel
e present

Figure 2 shows 2 second version of a structurs ior the fastening of the
internal clectrode in the collecting heads.

Figure 5 shows a third version of a structure ior the {asienmng of
internal elecode n the collecting heads.

Figure S shows a fourth version of a structure Zor the fasiening of the
internal clectrode m the collecting heads.

Figure ¢ shows z first alternative diaphragm design used in the
clectrochermical cell of the presemt invenuion.

Figure 7 shows a second alternauve diaphragm design used in i
electrochemical call nf the present invention

Figure 3 shows a third alternative diaphragm design used i i
slectrochermical cell of the present invention.

n

Figure $ shows a fourth altermative diaphragm design uscd in the
clectrochemical cell of the present invention.

~

Figure :0 shows a fifth alternauve diaphragm design used in the
clectrochemical cell of the present invention.
" Figure 11 shows a sixth altemative diaphragm design used in the
electrochemical cell of the present invention.
¥igure 12 shows a seventh alternative diaphragm design used m the
electrochemical cell of the present mvention.
Figure 13 shows an eighth altersative diaphragm design used in the
clectrochemical cell of the present invention.

the

Detailed Description of the Preferred Embodiments
With reference to Figure 1, the elecrochemical cell of the present
invention compriscs a coaxial external cvlindncal clecqode 1, an internal

Ay
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clecrode 2 and a ceramic diaphragm 3 placed berween them. The external
elecrode ! is fixcd ugntly and hermetically in lower dielectric bushing 4 and

upper dielectric bushing 3, each of which have channels for wreated water and/or

water solutions suppiv mto and discharge from the
elecrode. The chacnels reach t0 the lateral surface of the bushings
provided with pipe connections. The lower dielectric coll cung head §

upper dieleciric collecting head 7 have chagnels for treated water and/or water

chamber of the external

and are
and the

solutons to be supplied into and to discharge from the chamber of the internal
elecorode 2. The dielecoic collecting heads 6,7 are joined to the dielectric
bushings 4,5 by slot joints. The head channels also reach to the fareral surface
and are provided with pipe connections. There are also axial channels in the

diclecric colleciing heads 6,7, The pin-ends of the internal electrode 2

2 enter I

axial channels. The diaphragm 3 1s sealed in the diclecTic collecting heads 6,7

by gaskets 8 and 9, respectively, which are placed in te slot joints berwe

bushings and heads. The internal electrode 2 is sealed by 2lastic
11. There is a thrcud on the pin-ends of the internal electrode 1o

FaSKEL
L
2

en the
10 and

WhICh washers
12 and 13 and nuts 14 anc 13 are fastened. Assembling and sealing of the cell is

achieved by bolting with nuts 14, 15 and washers 12, 13 of the bushings and

heads together 1o the tuti-end of the external elecwrode 1 2
ol the posttion of the head.

The position and tvpe of elasuc gaskers 10 and 11 depends
construction of the mntemai electrode. When the middle secuon of the

Ci
Ty -
!

I 15 lecated in the slot joint, Le. where the intemal elzcoode 2
channel cach chiange i3 ciameter.

ectrode 2 and the axial channel of the head 7 form a slot joint (Fig.2),

fier the delermination

on the
ntermal
the seal

2 aud the axial
In tus case, the seal is loaded uniformiy.

which reduces the risk of its deformation. The seal 10 is similarly instailed in the

nead 5.

When the middle section of the intemal electrode 2 and the axial channel
of head 7 form a slot joint i a place of connecting diameters, the top par: of the

zlectrode 2 has grooves Ior the seal 11 (Fig.3).

N
-~

If the diameter of the axial channel of head 7 is equal to the diamcier

The intemnal electrode 2 is a

—

combinauon of a hollow ¢yiinder 17 and a solid pin-end 18 as is shown in Figure

cter of

the pin-ends of the interoal siectrode 2, then grooves for the seal 11 can be made
on the end parts (Fig.4); or the axial head channel 1s wider at the bur-cnd for

placing the seal 11 and adding washers 16 (Fig. 3).
The internal electrode is made with variable sections. The diamete

[

pin-ends of the electrode is not more than 0.75 of the middle section diameter of

r of the

the electrode. This ratio provides optimal hydrodynamic characteristics and

.
-

~

makes it possible to reliably fasten an electrode in the heads by different wavs of
elastic gaskets 1o set up. The internal electrode can be made as either a solid
cylinder or 2 holiow cylinder with solid pin-ends to provide a required form of

ne elecrode. Ways for joining parts can be different depending on the applicable
material.  Either mechanical joining or other types of joining, such as vacuum

welding or laser beam weiding, can be used to obtain durability and

rebiable
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conductvity. Using a hollow electrode not only reduces weight of device and
saves materials, but also allows 10 direct work on curren: electrochemicil process
duc to changing comdivons for the forming of surface charge of elecrode,
Besides, an mtemal elecrode works as a joint detail. since there 1s a thread on 13
pin-ends for washers and nuts selling, which jons the ceil and provide
scaling, as well as fixing the heads in the given working position.

The diaphragm is made from ceramic materials besed on zirconium oxide
with additives of aluminum oxide and vizium oxide and the diaphragm possesses
high resistance 10 acids, alkaline and aggressive gases. has a long iifetume and is
casv regenerated.  Different additives allow for the adjusmment of the
charactenistics of diaphragm surface and have a dircet influence on the
clectrochemical progess, which 1 particularly imporiant when the
electrochemical cell is used for obtaining some special product. Tne dizphragm
can be made from differsnt materials sither as ultratiitration, microfiliratien or
nanofiltration, depending on problem to de solved.

The form of the diaphragm, as well as the
mstallation affects on working conditions of the cell
water flew. The diaphragm may 1ake many different form

As shown in Figures § and 7, the diapiragm > can be a urcated cone
with the conicity vaiue ;{100 -1000) and alike thic&c*‘%es of w

al

S NEMTec

manner of the diaphragm
comparative 1o the weated

s h.. .4 -l "J 'l
mm 10 0.3 mm on thc whoie length; 1t can be installed in the cell either dig base

downward {Fig, 6) or big base upward (Fig. 7

/
a.h..l.

As shown 1n rmur“s 8 and 9, the external surface of diaohra;- 7

gm > can be
executed as a cvlinder and the mt"*nal surface of the diaphragm can be exccuted

es 2 cone with the conicity value 1: {100 - 1000) with zither big base Sown (F1g.

R) or big base up (Fig. 9). Alternatively as shown i Iigures i end il the
internal surface of diaphragm 3 aan he executed as & cviinder and D exiernal
surface of the diaphragm can be executed as a cone wiih the conicily value 1
(100 - 1000) with either dig base down (Fig. 10) or big Jase up (Fig. il). In
either case, a wall thickness of one butt-end is 0.4 mm - 0.5 mm, a wail thickness
of another bur-end is 0.7 mm - 0.8 mm: and the diaphragm 15 installed in the cell

thersby, with the but-end with the thicker wail tumed Jownward or tumed
upward.

As shown in Figures 12 and 13, both the external and intemnal surfaces of

diaphragm 3 can also be made as a truncated cone with the conicity vatue I
(100-1000). In this alternative, the tops of the cones are directed o opposite
sides and the thicknesses of walls are such that one butt-end 1s 0.4 mm - 0.5 mm,
another one is 0.7mm - 0.8 mm. The diaphragm is installed in the cell with the
butt-end with the thicker wall either turned downward (Tig 12) or twned upward
(Fig. 13). Using a diaphragm with a lower conicity value does not proGuce
different results in comparison with a cylindrical diaphragm. When using a
diaphragm with higher comeity value, as well as one with increased wail
thickusess, it is necessary w alter the dimensions of  the cell and increase the
inter-electrode distance which causes increasing power consumption for the
electrochemical process. A wall thickness Jower than atove mentioned Increases

;01162
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the brittleness of the diaphragm and decreases 1 lifespan, making it more
difficult 1o assemble and disassemble a cell. It 1S possible to regulate the
electrochemical process by using a diaphragm with a variable profile.  For
instance, the diaphragm is nstalled in the cell in the wav that the cross section of
the chambers is increased from the bottomn to the top of cell for the processes
with high evolution of gas. Alternatively, the diaphragm is installed in the cell in
the way that the cross section of the chambers is decreased from the bottom 1w
the top in order to increase gas-filling in the top of cell and reduce the intensity of
the electrochemical weatment of solution in the lest cut of cell.  Using
diaphragms which provide a variable profile for oniy one chamber {ong snrfac
a cone and another su7ace 1s 2 cvhinder) dllows a difference in the volume of

evolution of gas m doth chambers during the process. Besides that, such

diaphragms {as well 25 the diaphragms with both the sxiernal and internal
surfaces being cones 2ol the 10ps of the cones are direcizd in the oppesite way)
can be used for differemt gquality and content solutions ireatment in ciectrode
chambers of cell.

ey

~ e

The wnternal and extemnal surfaces of the diaphragm can be made 2s both
cylinders with the wall tuckness 0.4mm - 0.7 mm. This type of diaphragm is
verv effective for very diluted solutions reament. Deviation from the geometic
correct surface of the diaphragm should be not more than 5.05 mum in anv place
on us surface. Otherwise, condiions for creating dual zleciic laver on the
surface of diaphragm are altered and influence of dual siectric laver on the
csistance of the diaphragm is altered also, causing low quality of solutions
treatment due to unequal work along the surface,

The diaphragm s ‘asten by elastic gaskets, which are placed in bushing
grooves, making It easy o zssembie a cell and provide coaxality.

It is essential thai a restriction for the diameter of te middle secton of
‘nternal electrode by cffecied by the correlatgn;

2M < D<4M
where: D = diameter of the muddle scetion of internal 2iectrode in mm, and

M = inter-¢lectrode distance in mm.

Inter-electrode distance should be 2.8mm - 3.3 mm. ‘When reducing this
distance, the capillarv effect reduces the effectiveness of the electrochemical
process. When increasing this distance, power conswmption is also increased and
15 impossible 10 achieve & mass and energy exchanging seif-organizing process.

1t is also mmportant that the length of the mmiddle section of the miemal
electrode be either shorter than the Iengths of the external siecrode on the value
of 2 M, or longer than the lengths of the external electrode on the value of not
icss than 2 M. The length of the external clectrode may varv from 50 mm 10 240

‘mm, thus providing the opumal gas-filling of weated lquid in any working

condition of the cell.

Mutual correlation of internal and cxternal electrode dimensions is
ictermined by the polarity of the electrodes. If the exiernal elecmrode is
connected with the negative pole of the power supply, and the internal electrode
is connected with the posiuve pole of the power supply, then the length of the

01162
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middle section of the iniemal electrode exceeds the iength of the external
clectrode at the value of not less than 2M. If the externai slectTode is connected

with the positive pole of the power supply and the internal electrode is connected
with the negative pole of the power supply, then the intemal electrode middle
sccuon length is equal or less than the external electrode iength at the value of
2M. The internal eleczrode is mstalled in the cell symmertrically 10 the cxiernal
clectrode in anv case. Such a design prevents the coating of the clectrodes from
wearing out in places of high intensity glectric field (concentration of the field in
places of changing form or on the pin-ends). Precise internal electrode fastening
is imporant for the cficient working of the cell. TFestening of the Internal
electrode in the heads Dv elastic gaskets placed in the axial hcad channels,
provides a strict coaxiality with relatively *impie assembiing. The design of the
cell can be differenmt to meet requirements for electrode coaxiality., Fort;nstance,
when the length of the midcie section of the internal eicmoa exceeds the length
of the external electrode. the mternal electrode must de made long mou_‘n 10
form slot joints with the axial head channels. Elastic gaskets are placed in the
slot joints. The axial charnels of the head have a variabis section. Tais provides
coaxiality and avoids deformation of the elastic gaskets. Alernatively, the middle

section of the internal eleczode forms slot joints with the axial channels of the

upper and lower heads. then clastic gaskets are placed : grooves on middie
sccuion of internal elecrsde. This design makes assembling 2asy. If fastening of
the internal eiecorode in ne heads is provided by the packing of its pin-ends
(when the middle section is smaller than the length of the 2xiernal elecirode. or
the middle section is 1on::: but does not reach the locauon of the heads), then

Liw

the diameter of the axial nsad channel is equal to the diamecter of the internal

Uil

zlectrode pin-ends, and eiasiic gaskels are piaced in grooves, wiuch are made on

the surfaces of the internal slectrode pin-ends situaied in tie axial head channels.

hant
Alternatively. the diameter of the axial head channels 1s cgual to the diameter of
"nc pin-¢ends of the imemm electrode and the axial channels are wider at the end
= head to allow for siastic gaskets and additional clame dielectric bushings.
Water 15 weated whiie pas sing through the cell chambers from the bottom
10 the top. Treated water and/or solution flow through the sjectrode chambars of
the cell separatcly.
The invention can be iiusmated by the following examples wiuch are not
mtended to exhaust all of the invention possibilities.
~If not mentioned separately, an ultrafiltration ceramic diaphragm
'cornposition' zirconium oxide - 60% mass, aluminum oxide - 27 % mass,
virium oxide - 3 % mass) is used in all examples.
Example 1. Cell for water disinfection. The external eiecirode is connected
10 the negative poie of the power supply and is made Tom polished ttanium.
The intemnal electrode is made from titanfum coated with manganese oxide and
connected to the positive poie of the power supply. The iength of the exiernal
elecrode is 80 mm. The distance berwesn electrodes is 2.9 mm. The diameter
of the middle section af the internal electrode is 9.0 mm: the leugth of e

middle section is 86 mm. The diaphragm is a cylinder with wall thickness 0.3

w1
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mm along 1ts entire length. The mineraiization of the reated water was 0.5 /1.
The armount of microorgzanisms 1n the Teated water was 102 colonies in 1 ml,
The mineralization of water remams the same
microorganisms are eliminated. .

Conclusion: It is reasonable 10 use a cell with dimensions close to
minimum values {as specified in the formula) for water
devices in the Deld.

Example 2. Cell for production of disinfectant. The external electrode is
connected o the negative pole of the power supply and made from glass carbon.
The internal electrode 1s made from titanium, coated with ruthenium oxide and
connected 10 the posuw“ pole of the power supply. Tae ilength of the external
eiccrode is 240 mm, The length of the middle section of the nternal electrode is
250 mm. The diameter of the middle scction 18 10 mm. The distance berween

electrodes s 3 mun. The diaphragm is a cylinder with the wall thickness of 0.6
Tm.

after weatment but

sterilization by portable

The weated solution was sodium chloride with a concentation of 2 g/l
The flow rate of the weated solution was 30 I/hour through the anode chamber
and was 3 lhour through the cathode chamber. As a result, two solutions with
the following parameters were obtained:

- anode chamber output (anoivie): o = 6.0, ORP = ~800 mV

- cathode chamber ourput (cathoiyie): pH = 8.6, ORZ = -600 mV
The power consumption is 3.93 kWt.houricub.m.

Example 3. A process for obtaiming disinfectants 0¥ means of the cell was
conducted under the same conditions as & example 2, tut the diaphragm was a
rruncated cone with the conicity value 1300 and a wall thickness of 0. 7mm.
constant along the caure iength of the diapiragm. The Cizphragm was installed
with the big base facing upward. Afier processing, anoivie was obtained with
pH = 5.5 and ORP = <500 mV and catnoivte was obizmed with pH = 8.0 and
ORP =-550 mV.

When the diaphragm was mstelled with the big bese facing downward,
anolyte was obtamed wiz pH = 6.3 and ORP = +630 mV and catholyte was
obtatned with pr — 9.1 und ORP =-750 mV

Example 4. A process for obtaining msmfcctams anc washing solution by
means of the cell was conducted under the same conditicns as in example 2, but
ihe exiernal surtace of the diaphragm was a cylinder and the internal surface of
the diaphragm was a cone with a wall thickness of the upper butt-end 0.5 mm
and the lower butt~nd 0.8 mm. The width of the cathode chamber was a
constant through the cell, but the anode chamber is wider at the top end. The
results of treament arc as follows: pH of anolyte was 3.2, ORP of anolyte was
+~900 mV, pH of catolyte was 8.7 and ORP of catholyte was -780 mV.

Example 3 . The cell for obtaining chlorine (2 mixture of oxidants which

are chlorine and oxvgen mainly) by rueans of the electroivsis of sodium chloride

water solution. The extemnal electrode is made from thanium, coated with

rutheniurn oxide and connected to the posttive pole of tbe power supply. The
ntetnal electrode (cathode) is made from tianium and coated with pyrographite.

AP/P/97 /01162
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The length of the extemnal electrode is 240 mm. The length of the middle section
of the internal electrode s 230 mm. The diameter of the middle section is 11
mm. The distance between electrodes is 3.1 mm. The diaphragm is a cylinder
with the wall thichuess 0.6 mm. Soamum chloride water soiution with a
concentration 300 g/1 was introduced and treated in the anode chamber of the
cell. Tap water with 2 mineralization 0.5 g/l was mwoduced and treated in the
cathode chamber. Water and solution were treated whiie Tlowing through the cell
chambers from the bottom to the top. As a result, 10 liters of gas were obtained.
The gas comains chlorine 70%, chlorine dioxide 20%. vaygen 7% and the rest
(admixtures) 3%. The conversion degres of chloride is about 30% afier passing
through the cell.

The cathode chamber output Is sodium hydroxide with pH = 13. This
solution can be used in gaivanic production or other tecinoiogies. 1his examples
proves that the cell can be sffectively used for chiorine manufacturing,

The invention simelifies the design of the cell, makes possible the placing
together of a required amount of cells in a smaller space, simplifies e fixation
system for the elements of the cell, provides high reliability and increases the
lifespan of the cell due w0 climination of the influence of curved elecical feld in
the space between elecrodes and expands the functicnal abilities of the ceil
making it possible to reguiate the gas-filling of the zlecuwolyte during the
electrrochemical process. Thne cell can be effectuvely used or water punfication
and disinfection, for obtaining solutions with predetermined characieristics and
for obtaining products tv means of the electrolysis of water solutions.
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acertained my/eur said mvention
what marner the same is 1 be pe
Phee dectare that what Hwe

what is Claimed Is:

Claim 1. An elecrrochemical cell for the treatment of water and/or water
solutions compnsing:

Al a wertcal, cvlindrical, variable sectivu wicinul clecode naving 2
middle sccuon and @ ,u n-end at cach end thercof, the diameter of each pin-end
being not more than 0.73 3 of the diameter of the middle secuon,

L

b) a vertcal, cvlindrical u:temal electrode mounted around the intemnal
DIECLTOGC

¢) a coaxial ccramic diaphragm made from 2 base composition of a
mixTure of zirconium. aluminum and yirium oxides and mounted in a separate
inter-electrode space 1 an slectrode chamber of the ceil;

d) the electrodes are made from materials thar arc
electrolysis;

<) the external siecrode is mounted in a lower disectric bushing a

1g and an
upper diciectric bushings, 2ach having aslotsona butt-end thereof;
f) both the internel slectrode and the external slectrode are connected with
a positive pole and a negative poie of a power SUppLY;

(J\Tp

g) the cell further including an upper dielectric coliector head and a lower
dielectric collector head which each have an axial channel, sach colleclor hea
being installed in the bushing slots and adapred for mrming therem

y(v

nonsoiuble during

-h) the diaphragm being fasiened by elastc gaskets mounted in the slots of

the bushings;

i) the diameter of she middle section of the internal siectrode being defined
by the formula: '

M <D <M
wnere:
D = diameter of the middle section of the internal ziectrode in mm, and
M = distance between electrodes in mm

i) the length of the middle section of the internal slectrode being etther
shorier than the length of the external elecoode on the value 2M or longer than
the length of external electrode on the value of not less than 2M; ,

k) :he internal elecTode being fastened inside the collector heads by elastic
gaskets mounted in the axial head channels; and

D) the lower head and the upper head and the lower bushing and the upper
bushing having channels for the treated water and/or treated solution supply to be

sent into and discharged from the chambers of the Internal external elecwrodes.

Claim 2. The cell as claimed in claim 1 wherein the length of the

external
electrode is fom 50 mm 1o 240 mm and the distance berween elecirodes 15 from
2.8 mm 1o 3.3 mm.

Claim 3. The cell as claimed in anyone of claims 1-2, wherein the bushings and

head channels reach to the lateral sur‘ac¢ and are provided with pipe
connections.

PALRER BREEAEY]

Having now particulariy describod and

e
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Claim 4. The cell as claimed 1n anyone of claims 1-3, wherein the diaphragm is
made from ceramics having a base composition from the group consisting

essentially of  zircomwum, aluminum and vtrium oxides, with additives of

nlobium, tantalum, titanium, gadolinium and hafnium oxides.

Claim 5. The cell as claimed in anyonc of claims -+ whersin the diaphragm

mciudes etther ulirafiiration, 'mcronltrauon or nanofiliration propertics.

Claim 6. The cell as claimed in anvone of claims 1-3 wherein the diaphragm 1s
made as a truncated cone with a conicity value of 1: (100- 1000) and a like
thickness of walls from .4 mm 10 0.8 mm along its length and 15 installed i the
cell erther big base downwards or big bese upwards.

Clasm 7. The cell as claimed in anvone of claims !-3 wherein the external
surface of the diap‘n:agr is made as a cylinder and the ntemnal Su“u.Cw as a cone

with a comicity value of 1: (100 - 1000); the wall thCkDCSS at a fust butt-end s

0.4 mm-0.5 mm and the wall thickness at a second our'-end 15 0.7 mm-0.8 mm:
the diaphragm 1s installec in the cell with the butt-enc having the thicker wall
cither turned downwards or tumed upwards.

Claim 8. The cell as ciaimed in anyone of claims 1-3 whcrein the external and
mrernal surTaces of the Claphragm are each made as a truncated cone with a
comeity value of 1: (100 - 1000); the tops of the concs are positioned at the
opposite ends; the wall thickness of a first bunt-end is 0.4 mm-0.5 mm and the
wall thickness of a seconc butt-end is 0.7 mm-0.8 muv, ihe diaphrage is installed
in the cell with 2 butt-enc with the thicker wall either s turned downward oy 1s
turned upward,

laim The cell as ciaimed in anyone of ¢laims 1-5 wherein the atemal and

9.
xtemal suriaces of diapnragm are cylinders with a wali thickness of 0.4 mm -
-
/T,

o @ n

Claim 10. The ceil as cizimed in anvone of ¢laims 1-S wherein the deviation
from the geometnic correct surface is not more than 0.03 mm in any place along
the length of the diaphragm.

Claim 11. The cell as ciaimed in anyone of claims 1-10 wherein the internal
electrode is cither solid or hollow inside.

Claim 12. The cell as claimed in anyone of claims 1-11 wherein there is a thread

on the pm-ends of the internal electrode and pressing washers and nuts are used
for fastening.

9%
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Clarm 13 The a=ll as clammed wn anvone of claims 1-12 wlicrein the external
eiecrode is conmected with a negative pole of a power supply, the internal
electrode is conmected with a positive pole of the power suppiv: the internal
zlectrode 1s designed so that the length of its middle section with the big
diameter exceeds the tength of the extemal electrode on a value of not less than

double the distance berwveen the electrodes: and the intcrnal electrode is installed
in the cell svmmetrical to the external eleczode.

Claim 4. The cell as claimed in anyone of claims 1-13 wherein the external
21

electrode is conmected with a positive pole of a power supply, the intemnal
clectrode is connected with a negative pole of the power supply: the internal

ejectrode is designed 50 that the length of its middle section with the ! big diameter

18 less than the tength of the external siecrode on a value equal w ouble the

distance betwegn electrades: and the iniemal electrode i3 imstatled i e cell
symmetnical 1o the external electrode.

C’am 15. The cell as claimed in anyone of claims 1-13 wherein the

axial head
channel has a variable section: the middls section of the internal elecirode forms

slot jomts with the axial head channeis: and lastic gaskets are placed in the slot
jOﬂIS.

Claim 16. The cell as cleimed in anyone of claims 1-13 wherein the axial head
cnannel has a variable section; the middie part of internal electrode

¢ forms slot
joints with the axial head channels; the middle section of the internai slzctrode

forms slot joints with the axial head channels; the surface of intemal clectrode
has grooves in the lower and higher pars of 1ts muddle section with the big
diameter; and elastic gaskets are piaced in the grooves.

Claun 17, Tue cell as claimed in anvone of claims 1-14 wherein dimetcr of
the axial head channel is equal to the diamster of the internal electrods nin-ends:

the internal electrode pin-ends have grooves on their surfaces: and elastic gasKers
are placed n the grooves.

Claim 18 The ccll as claimed i auvone of claims (-13 or 17 wherew the
diameter of the axial head channels is equal to the diameter of internal electrode
pin-ends and the axial head channels are wider in the butt-end of the head: elastic
gaskets are placed in these expansions; and the cell has dislectric bus*mos which
also are placed in these expansions and uz,m"ned“
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