Office de la Propriete Canadian CA 2951002 A1 2016/01/21
Intellectuelle Intellectual Property
du Canada Office (21) 2 951 002

(ij,:"ng[%?rri“esgaena i ﬁ;’:jsgtf;‘éyaﬁ; i (12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1

(86) Date de depot PCT/PCT Filing Date: 2015/0/7/17 (51) CLInt./Int.Cl. C25B 11/08 (2006.01),

(87) Date publication PCT/PCT Publication Date: 2016/01/21 C25B 1/26 (2006.01)

; : : , (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2016/12/01 INDUSTRIE DE NORA S.P.A. [T

(86) N° demande PCT/PCT Application No.: EP 2015/066378

(72) Inventeur/Inventor:
(87) N° publication PCT/PCT Publication No.: 2016/009031 HARDEE, KENNETH L., US
(30) Priorite/Priority: 2014/07/17 (US62/025,557) (74) Agent: MACRAE & CO.

(54) Titre : PRODUCTION CATALYTIQUE OU ELECTROCATALYTIQUE DE DIOXYDE DE CHLORE
(54) Title: CATALYTIC OR ELECTROCATALYTIC GENERATION OF CHLORINE DIOXIDE

A A L A b e A A 1 R 1 e A S R b R B A N S A S A 0 B A S S A A A A N A SR A U T A NN U7 A KRR AN S8l o N 38 P N A S AN ES S RN, ARRAIIIRNS 1, 01D RIS, 1, ORI LIRS S AARIAL, 11 4]

Increase in Concentration of Chlorine Dioxide {Peak Height)
as a Function of Time

i

AN DL e e e e PRORK USRS e et Ve igag

P
L
:

:

COL T C WPy

PR RR LT LG AR A R U LT P UL BT T R N T R T R UL TN B R B A, § R L T B G L o e A b e AR, e E G e b i m B B = S o 7 7 e R L S U 7)) S By OV, P Y B LB S T L N N A VWU T TN T T L, 7 P P S P Gy U PR N RN L B R S L, 0 SR N, 6L AL A AL L L A, Rt A A e

e
LT EANINALS LS SNERS J NI AR AN AN Al L A T DD SN T ARIREL SIS NN AN B AR S AP N A

BAIL by = TANAEN IS AN S EARAS S8 0AE ASAL L by - T L L T L L J S — O — -

3 5 e
1
4
i
.
i
:
i
| ]
.
:
’
i
:
.
)
{
» 9
.
'
..,
I.
4
..
i
'.
:
:
. . . - vo'm n — P— - . . o 5 e . ) . . . . . . . . «s . .ss .e « s @ co s . . . e «s » . .o . - _—— - - n o - . - . n .
:- " ‘.Jt{u’-‘-‘%’-’-l'c'l'.'.‘h-'r'h’-n-'i'.'u SR I N e TV -“553&NHN-'-"“WRIW?HI'(M\'!WI‘M\Tl'lﬁ‘ml'fl’u'm'l‘l'l'|‘f|'n‘ﬂ't1‘|'l‘l'm'|.'l‘(|'|Yl‘l'|‘|‘|'n'l‘d‘n'|.'rn'l'l’t'n'l'l‘ﬁ‘l’ll‘l'h‘u’n'l'n'l'frl’a‘.'l‘u'n.‘u'l‘l'l’n'l'l‘(l‘!ﬁ‘l‘l‘fl’a!‘h‘(l‘l‘.‘l’!h'l'l\'t'l.\’f.n'n'l’|.‘l'h‘h’i'.'M'l.’ﬁ.‘n’.n,'?u|'l’m'.l‘l'l.‘)u;’l'.l.ll.l)!.l.l.J.V.i.uLU.;.-.L\'.L’U)JJJ.'.'.UJ.‘AWJ.'Ju.M.’.Uﬂ)J)M Vel AL e,
r L ]

® 0 50 0T "0 "W T >

e A e e Wl e & U BN AN P A N AN U W RN AN AN DI I IS DD B I DI NP AR A P RS TEE TEEIL RN E TN ITRNTR Y LET R e e

»
z G PVED AT S B R, 8, 8, A, B 7l L i e ke e e e b L e ae ha kMt ahe . Tt R R L \A4hrs-ow drimb A o —r e - L /A B AR 7 8 8, L Sy WA S, Sy e e R ———
§ |}
F g 437
PN AN L A NN T R R N Ry L L T PP e TR EORE LT EONS
i -
)
My .
&3
.
o
L
o
) ..." 2 h rS
. d i
1
< .
A
—
: R -
'
- ; B -.' B Seatie e, Cim 8 mcmraes
LT i
£ Ve .
. 3
. ' -.
- o o]
L gt o r
o B
LA
o
. )
! '
O
Ay i}
' o
raSih
L -~ Lo b o - " - e Ly
§
0 0
Wlig A, i
) 1 )
% A AN b R b
; : et TR+ 3
. . : N :;:.-\.;.,. " 3
H 1 O A T e Ry SR . s e s .
B Y LA P N P T B Y 2 B e e B B A N e e e - 2 2 A O D I NN R RN B A, :MMW ANy - 3
] . o
N ! K 3 > 3 g
i
H
.
.
j 3
i . e . a
4 . - M
' . h .
H d . b
1 . .
. .
H
{
Ln.mmsw-:\ﬂ'mn\wmaaa-.x-wmﬁ.{- W o = o i, 8 o, i, &, o, § AT Sl W 0, o W i W Ll s A ) A N S s S S N S i S, W S e RS ST R LTINS L S LS LSS A e L S e, e, e e e S, R e S e el s T N e et e e A L P e ST R P TN

Wavelegth (nm)

(57) Abrege/Abstract:
The present invention concerns an electrode element comprising a valve metal substrate, a first catalyst component applied to said

substrate, said first catalyst component suitable for evolving oxygen from an aqueous solution under anodic polarization, a second
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(57) Abrege(suite)/Abstract(continued):

catalyst component suitable for generating chlorine dioxide from a chlorate solution In acidic environment; said first and second
catalyst component being electrically insulated from each other. The inventions also concern an electrolytic cell comprising such an
electrode element and a process for the generation of chlorine dioxide on a catalyst component an electrochemical cell comprising
such an electrode element.
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CATALYTIC OR ELECTROCATALYTIC GENERATION OF CHLORINE DIOXIDE

FIELD OF THE INVENTION

5 The invention relates to the production of chlorine dioxide (ClO2) and particularly to a

suitable electrode element and a catalytic process for the production of chlorine dioxide.

BACKGROUND OF THE INVENTION

10  Historically, ClO2 has been commercially prepared by a reaction between a metal
chlorate in aqueous solution, such as sodium chilorate (NaClOs3) , and a relatively strong

acid such as sulphuric, phosphoric or hydrochloric acid.

Generally, processes for generating ClO2 make use an alkali chlorate-containing

15  feedstock, usually NaClOs, that also includes a halide salt of alkali metal or other
reducing agents. The sodium chlorate feedstock for such a ClO2 production process is
typically generated by electrolysis of sodium chloride brine in any well-known manner.
When chlorides are used as the reducing agent, the mixture of brine and chlorate is
directly fed to one or more reactors where the feedstock contacts a desired acid and

20  reacts to form CIlO.. Due to the high amount of acidity required, e.g. 5-10N acid,
coupled with the need for a reducing agent, small scale production of ClO, from NaClO;
IS not practised. Examples of ClO2 generation processes via electrochemical or catalytic
reduction of sodium chlorate in strong acid are reported for example in US4501824,
US426263, US4381290 and US4362707. These prior art teachings allow to dispense

25  with the need for a separate reducing agent, still requiring however a chemical supply of
acid in the process.

SUMMARY OF THE INVENTION

30 Various aspects of the invention are set out in the accompanying claims.

Under one aspect, the invention relates to an electrode element comprising a valve

metal substrate; a first catalyst component applied to said substrate, said first catalyst
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component suitable for evolving oxygen from an aqueous solution under anodic
polarisation; a second catalyst component suitable for generating chlorine dioxide from
a chlorate solution in acidic environment; said first and second catalyst component

being electrically insulated from each other.

By virtue of the above arrangement, the anodic evolution of oxygen with the consequent
generation of protons brings about a lowering of the local pH of the solution at the
surface of the second catalyst component. In other words, the electrochemical anodic
reaction produces the acid concentration suitable for carrying out the catalytic reduction
of chlorate to chlorine dioxide without the need of any external addition of acid. The
electrode element of the invention is then suitable for generating chlorine dioxide
starting from water and a chlorate solution only, thus avoiding the handling of strong

mineral acids such as sulphuric acid.

With electrode element it is herewith intended an integral electrode comprising two
distinct catalyst components arranged in a single stand-alone piece, the two catalyst
components being either spaced apart by means of a suitable insulating spacer, or in

iIntimate contact but electrically insulated from each other.

In one embodiment, the second catalyst component of the electrode element is
supported on a ceramic support. The ceramic support, for example, can be In the form a

discrete ceramic media such as distillation saddles.

In another embodiment, the second catalyst component of the electrode element is

supported on a metallic support.

This second catalyst component can be optionally polarized to a lower potential to

enhance the production of chlorine dioxide.

In one embodiment, the second catalyst component of the electrode element is

connected to a power supply.
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In one embodiment, the first catalyst component of the electrode element comprises

noble metal oxides.

In one embodiment, in the electrode element according to the invention the second
catalyst component is a mixture of noble metal oxides selected from the group
consisting of ruthenium oxide, iridium oxide, palladium oxide, rnodium oxide and
platinum oxide. Optionally, the second catalyst component also comprises a valve metal

oxide.

In one embodiment, the second catalyst component of the electrode element is in the

form of a ceramic or metallic sheet or mesh or of a porous material.

Under another aspect, the invention relates to an electrolytic cell comprising at least one

electrode element as described above.

In one embodiment, the electrolytic cell is equipped with electrode elements disposed
as an array of intercalated first catalyst components applied to substrates and second

catalyst components, the first and second catalyst components being reciprocally

INsulated.

Under yet another aspect, the invention relates to a process for the generation of

chlorine dioxide on a catalyst component comprising the steps of:

- providing an electrochemical cell comprising at least one cathode and at least one
electrode element as described in claim 1 as the anode;

- supplying said cell with an aqueous feedstock containing a chlorate solution;

- electrolyzing said feedstock by passing an electric current between the cathode and
the anode thereby forming oxygen and acidity on the surface of said first catalyst
component and supplying acidity to the surroundings of the surface of said second
catalyst layer,

- stripping and recovering chlorine dioxide generated on the catalytic layer.

Preferably, the solution is electrolyzed at a temperature of 40°C to 90°C.
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The following examples are included to demonstrate particular embodiments of the
invention, whose practicability has been largely verified in the claimed range of values.
It should be appreciated by those of skill in the art that the compositions and techniques
disclosed in the examples which follow represent compositions and techniques
discovered by the inventors to function well in the practice of the invention; however,
those of skill in the art should, in light of the present disclosure, appreciate that many
changes can be made in the specific embodiments which are disclosed and still obtain a

like or similar result without departing from the scope of the invention.

EXAMPLE

An electrochemical cell comprising a 0.5 cm-diameter coated titanium rod as the anode
was prepared. The coating of the anode consisted of 10 g/m? of mixed oxides of iridium
and tantalum in a 2:1 molar ratio. A coated titanium expanded mesh serving as support
for the second catalyst element was wrapped around the rod with a spacer arranged
therebetween to provide for electrical insulation. The coating of the titanium mesh
consisted of 10 g/m? of RuO2/RhO; in a 1:2 molar ratio. A 2M NaClO3 solution was
supplied as the electrolyte feedstock. The reaction was carried out at a temperature of

61°C and at an anode current density of 50 mA/cm?.

The test was run for 5 hours. A sample was taken every one hour and characterised In
a UV/VIS Spectrophotometer (Hach DR 5000). The figure shows the increase in

chlorine dioxide concentration as a function of time.

The previous description shall not be intended as limiting the invention, which may be
used according to different embodiments without departing from the scopes thereof, and

whose extent is solely defined by the appended claims.

Throughout the description and claims of the present application, the term "comprise”
and variations thereof such as "comprising” and "comprises” are not intended to

exclude the presence of other elements, components or additional process steps.



CA 02951002 2016-12-01

WO 2016/009031 PCT/EP2015/066378
o

The discussion of documents, acts, materials, devices, articles and the like is included
In this specification solely for the purpose of providing a context for the present
iInvention. It is not suggested or represented that any or all of these matters formed part
of the prior art base or were common general knowledge In the field relevant to the

present invention before the priority date of each claim of this application.
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CLAIMS

Electrode element consisting of an integral electrode comprising two distinct
catalyst components arranged in a single stand-alone piece comprising:

- avalve metal substrate;
- a first catalyst component applied to said substrate, said first catalyst

component suitable for evolving oxygen from an aqueous solution under

anodic polarisation;
- asecond catalyst component suitable for generating chlorine dioxide from a

chlorate solution in acidic environment;
said first and second catalyst component being electrically insulated from each

other.

Electrode element according to claim 1, wherein said second catalyst component is

supported on a ceramic support.

Electrode element according to claim 1, wherein said second catalyst component is

supported on a metallic support.

Electrode element according to claim 1, wherein said first catalyst component

comprises noble metal oxides.

Eiectrode element according to claim 1, wherein said second catalyst component is
a mixture of noble metal oxides selected from the group consisting of ruthenium
oxide, iridium oxide, palladium oxide, rhodium oxide and platinum oxide, optionally
comprising a valve metal oxide.

Electrode element according to claim 1, wherein said second catalyst component is

in the form of a sheet, a mesh or a porous material.

Electrolytic cell comprising at least one electrode element as described in claim 1.

AM ENDED SHEET M/56135-PCT (case 349PCT)
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Electrolytic cell according to claim 7, wherein the electrode elements are disposed
by array of intercalated first catalyst components applied to substrates and second

catalyst components insulated from each other.

Electrolytic cell comprising at least one electrode element as described in claim 3
and a power supply, wherein said second catalyst component is connected to said

power supply.

Process for the generation of chiorine dioxide on a catalyst component comprising

the steps of:

- providing an electrochemical cell comprising at least one cathode and at least
one electrode element as described in claim 1 as anode;

- filling said cell with an aqueous feedstock containing a chlorate solution;

- electrolyzing said feedstock by passing an electric current between the
cathode and the anode thereby forming oxygen and acidity on the surface of
said first catalyst component and thereby acidity in close contact with the

surface of said second catalyst layer,
- stripping and recovering the chlorine dioxide generated on said second

catalytic layer.

. e P

AMENDED SHEET M/56135-PCT (case 349PCT)
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