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(54) Title: SIMPLIFIED PROCESS FOR PREPARING ELECTROLYTE FOR VANADIUM REDOX BATTERIES

(57) Abstract: This invention relates to an electrolyte preparation process that involves two stages, one is the thermal reduction of
vanadium pentoxide (V20s) to vanadium trioxide (V:0s) in a tubular reactor, and the other is the dissolution of the resulting V,Os. It
can be used in all types of vanadium redox batteries, also known as flow batteries. This process is simpler than the competing ones
and requires, overall, less energy in the preparation of the electrolyte. The reduction step is thermal and uses reducing gases (hydro -
gen (H,), carbon monoxide (CO), hydrogen sulphide (H»S), methane (CH,) and ammonia (NH,") ) or a combined mixture of these
gases. It is followed by the dissolution stage. This invention can be used in the industrial manufacture of electric energy storage sys -
tems, particularly in vanadium redox batteries (similar to the lead battery sector).
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3 DESCRIPTION

Simplified process for preparing slectrolyte for wvanadium

redox batteries

10 Field of the invention

Technical field to which the invention belongs

This imvention belongs in the fiesid of electryric ztorage anc
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Tha preparation of electrolyte for vanadium batiterd
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conventional processes involves considerable ts

!"\'\
£
8
o
A
=5

ki
Faad
653
o
el
P
<
.

Hance the reason for ths focus in the inventd

documents in ths state
This patent describes the process of

For wvanadium redox hahtteriez, in

25 takss place in an electroliviic
madium, using & wids range of reducing agents aleng with
stabilizing agents. The slsctrolyte preparation process in

30
monitoring the concsntraticn of =zeveral chemical speciss
throughout the process,

Compared with this patent, the process te be protegted is
not performed in an electrolytic medium but in a

35 reduction reactar. The prepayatlion time is shorter or egual

to abm alf the time taken by the electrelyhtic process
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preparing ths slectrelyts can be between 10%
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vanadium redox battery, th
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devaslopment of a simpler process that is less <ostliy in

terms of energy could bhe a considerable asset in the field
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the authors desoyibe the preparation of
follows: Vanadium trioxide {2051} nanoparticle are
prepared by dissolving vanadium pentoxide (Vi0s)in agueous
15 salution of sulfuric acid  (H:804) with 1iis subseguent

reduction in agueous medium

The V.04 nancparticles are e
diffraction, showing that they had the dassirsed crystal

structure and there were no impuritiss. They further ussd
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eotyon microscopy pte determine the

authaors only menticon the

in agtsous medium and

ation. Therye is o

produced oxide.
Irn the invention to bhe protected, the electrolyte in which
the Vi0y is reduced is prepared in hydrogen gas {(Hy) medium,
3G the Vi0z is then disgclved in H:S0; in ozder o prapare ths
final eleghirolvie, more specifically for & vanadium redox
battery. The analytical technigues employed by the authors
of the artivle ¢ould also be used at ths end of the thermal
redudtion process of the invention to be protedted, to
35 characterize the V03 crystals. In the present invention,
the Va0 sed  an start of the process 1s already

u
. FE N N . RN o - 3 ) PO o3 T T . vorey 3wkt v g £ .
suificiently pure and thersiors only one weighing of the



[v]

WO 2016/018165 PCT/PT2015/000039

the ratio
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5 to know if all the V0. was reduced to V0

of the masses of the reaction products.

082003143456 - In this patent, the electrolyte is
prapared in solution by the reduction or oxidation of
vanadium through an elegtrochemical routs {electrolysis) in
10 liguid elsctrolyte; the $0; {in the form of gas bukblesz) is

mixed with the slsctrolyte to reduce ths vanadium with ths

specias in the wvarious oxidation states vemaln stable

. . - PO s Tar P K &

15 throughaut the progsss of slsctrolyte preparation is also
- [ - -

mentioned in this patent; reflecting alil the additional

2

he invenition to be protected, the Vy0s is convertsd by
thermal reducticn to V:0z: and 1t is subsequently dissolved

20 under well-oontrolled conditiens in an acldic mediom to

2%  preference Lor H80;. An elsctrolytic reduction in  an

E : N 5 Ry S L 5 PR Sy TS !
Idguid medium, whereby VeGs {8+} 1s veduced to Va0z ({3+;

30 through the use of a liguld reducing agent.
The invaention to be protected is clearly different from the

previous proposals in that it has a smaller number of

. Usehe2514 ~ This patent describas the preparation of
5  electrolytass for wvanadium redox batisries stabilizsd wiith
various rdditiv that prevent the precipitatior of

R PN = s e gy ey 3V T A oy et 3 v B For oy "
whe reducing agencs CYIEALDAL LY qEOU in electrolyvtic
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solutions Lo reduce vanadium to lower oxidation

raeductions areg always performed
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Summary of the invention
The electrolyte in a vanadium redox battery 1s

thisz
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in

oxidaticn of the
somplex in that they control and wmenitor

preparation process that can be used
5 > 3 - o -~ Y o N
Patteriss, as well as other readox batteries
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with subkseguent disscoluticon in electrolyitic ms
The well-gontyrolled
may
agitation,
concentrated H:8C04
than 1 minute and
gern Aatmospheric
bz faster if
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process
or ball will.
Detailed description of the inventicn

Ths main invention is that it

28 described
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desaribed in the invention
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at a temperature between 30°C
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stages, which
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matarial such

aluminium/glassy

by

disselution

iy furnace capable

PCT/PT2015/000039

in electrolytic diunt.
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during the preparabtion of ths
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conditions. The
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completely reduced to Vi0: will reguire a flow of a 3%
mixture of Hy VAV diluted in 12 L N cover & reduction

minute and 10 hours.

==

period betwsen
The reducing gas should ke chosen in accordance with these
stoichiometric calculations: 1 mole of vanadium will need 2
moles of Hy gas to yvield 1 mole of Vi0z and 2 moles of walerx
(36 g). If thes vanadium is in the pure state of complets
reducticon, 1 mols of V0 should weigh 14%.88 g (M{V:04l=
149.8% g/mol}. The mass of 1 mole of Vp0s; would initially
be 181.88 g (M{V:0:)=181.88 g/mol). One wcan check whsther
the reaction occurred completely or not by weighing the
V.05 at the start of the process and during the process so

as to arrive at a mass ratio betwsen the V:0: at the start

. - FR X

and the Va: at the and of 1.2135. When this mass ratio is
o~ o~ |2 R A 7.0 o N S -

reached it mesans that all the Vi0¢ has besn converted o

o

Volly,

Examples

The preparation cof 1 litre of solution with 1 mole of Vi0s
involves welghing 181.88 ¢ of Vils. 2 moles of Hy represent

5 . 4 3 . o) S |
be suppliied, which is avound

noe the whole amount of Va0
to VeQi. For this, pure Hp will have to be supplied Lo ths
V205 powder at a flow rate of 0.1% L/wmin. IE it is decided
ugse a mixture of reducing gases such as 3% of H: in Ni,

Y v - - o~ N T80 T 2 < e, oyt S P ot & T g o LA
flow rateszs of $.1% L/min for H. and 2.8 L/min foxr N will

Once 100% of Vals has bheen

is dissclved in a solution
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CLAIMS

(X!
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vanadium pentoxide {(Velsz) to wvanadium trioszide {(Valy)
with a mixture of reducing gases in a ‘tubular
reactor, in which the inert atmosphers is replaced by
the reducing atmospherse during heating, and & second

one of disseolution of the resulting Ve0y inte sulfuric

2. Procsss acsgording to claim L characherized 1n that
che inert atmosphere inside the reactor gonsists of

an inert gas, Irom among helium {He}, argon (Ar) or

e8]

slphide ({(Hx3), methane {CHy) ovr ammonia

5]
i
=

.Y, or of a combined mixture of these gases
diluted in He or Ar or Nj.

4. Process cocording o the DYrevious claims

characterised in that the mixture of reducing gas or

gases 1s diluted in the mixture of inert gas or gases

o claim 1 characterized in that

ax P . ra iy ot S = X \ 3 R P DY PN A TN Y
the reactor temperature 13z betwesen 300°C and I0GC7C.

8., Process according pte the previous claims,
35 characterised 1in that the rate of increase of ths
reschoy tempesrature 18 betwesn 1°C/minute and
20°C/minuts until the desirsd temperature, within the

range mentioned in claim 5, is achieved.
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