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This is an invention by Kuppuswamy Venugopalan,
Scientist, Veeraraghava Aravamuthan, Scientist and
Handady Venkatakrishna Udupa, Director, all of
Central Electrochemical Research Institute, Karaikudi,

623006’ Tamil Nadu' India,

The object of this invention is to find out a solid
ion conductor which can selectively conduct sodium ion.
A new product, namely, complex phosphate of zirconiume
gsodium-silicate has been worked out which has good

electricel conduction at 350-360°C for sodium ion.

The product is a complex phosphate compound of
zirconium oxide, silica and sodium, The product is
formed by reacting zirconium oxide (30-50%), sodium
silicate (20-60%) or sodium carbonate (20-50%) and

phosphate (20-60%) or either sodium or ammonium or both
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walts with sndium salts, ultimately to form complex
phosphate compound of sodium oxide, zirconium oxide
and silica,
The mixtures of the above oxides are suitably
mixed and ball=~milled for lz%:::ours and are hsatsd to
100-200°C for 2 to 6 hours, again heated to 600-10000C
for 2 to 6 hours, again the same materiasl is heated
to 1100-1350°C for 6 to 10 hours, The resulted product
is again balle=milled and sieved to 100-400 mesh. This
product ie isostatically pressed to get the desired size
tubs, These tubes are fired at 100 to 13009C in 6 hours,
EXAMPLE 1
A mixture of =

Sodium carbonate $ 96 g

Zirconium axide $ l4B g

Silica $ 72 g

Ammonium phosphate H 78 g
is ballemillsd and heated to 100«2009C for 5 hours.
fgain the same material is heated to 950¢C for 5 hours,
Once more the same product is heated to 1200-1300°C for
6 hours, cooled and ballemilled, Sieved through 200
mesh, The powder is isostatically pressed te 15 cm
lengtﬁ, 1,5 cm dia with wall thickness to 2«3 mme
This tube is again fired at 1200-1300°C for 6 hours,
The non=-porous tube is tested in sodium nitrate and

nitrite electrolyte at 350°9C, S mm stainless stesl
rod is dipped inside the tube, stainless steel tube
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of 300 mm diemeter surrounds tho tubes The resistance

of 90 mm length of this tube gave a resistance of 1.3 ohms
at 3 KHz between two elements dipped in the molten nitrate
and nitrite mixture,

EXANPLE 2
R mixture of
Sodium carbonate $ 96 g
Zirconium oxida $ 148 g
S8ilica $ T2 g
Ammonium phosphate $ 78 g

gave similar treatmant as above,

The tubs was immersed in a bath of molten zinc chloride,
sodium chloride to a depth of 50 mm. Sodium metal was kept
inside the ceramic tube with copper as lead, The tube
was praperly closed, A cylindrical graphite tube was
kept inside 2inc chloride sodium chloride melt, At & volts
OC 2,1 A current pass through the tube either way at 360%C,

EXAMPLE 3
A mixture of =

Sodium carbonate ] 96 g

Zirconium chloride ¢ 148 g

Silica t 72 g

Ammonium phosphate § 78 ¢
was given the treatment similar to above, the tube was
isgetatically pressed, fired at 1200~-1300°C, The tube
Was Noneporoua, Tha conductivity was measured using
sodium metal inside the tube and zinc chloride sodium
chloride outside the tubese, Graphite tube was immersed
in the bath surrounding the ceramic, The resistance

between graphits and sodium metal was found to be 0.39

ohms for 50 mm height of the tubse at 3 KHz,
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The adventages of the present invention ares
1) The solid electrolyte prepared by the precess
sbove has better electrical characteristics at the
tomperature rahge 200«350%C then beta alumina.
!) This solid electrolyte can be prespared much
easier than that of beta alumina such as tamperaiure
of preparstion, easy composition range and also
vasily ameneble to fabrication of end products
such as tubese,
3) This solid ion conductor can be used for (a)
high energy deneity batteries such as svdiumesulphur
os eodium=chlorine etoj (b) for the electrowinning
of sodium metal at about 300°C comparsd to present
mathod of 580-600°C, The procuct cem slso have high
purity sodium compared to that in the sxisting
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THE PATANTS ACT. 1970

COMPLETE SPECIFICATION
( Ssction~-10 3

" 4 PRCPESS FOR THE PRODUCTION OF SOLID TON CONDUCTOR
ARTICLES 8NCH A8 TNBES, DIAPHRAGMS AND THE TTKE AND
ARTTCLEE OBTAINED THERERY *

Coupeil of Scientific & Industrial Rescarch,

Re i Marg, New Delhi - 110001, India, an Indian
registered body incorporated under the Registration
of Socicties act ( Act XXT of 1860 )

The following specification particularly descrxu\vjnd ascortains the nature of this invention
and the manner in which it is to be performed i
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This is an invention by Kuppuswamy Venugopalan, Veeraraghava
Argvamuthan and Handady Venkatakrishna Udupa, Scientists all of

the fentrel tlectrochemical Research Institute, Keraikudi-623006,

India,

This invention relates ¢ @ pyvocc:ss for the production of solid
ion conductor articles ovnd owWticel btained thereby. The
articles are such as tubes or diaphragm for use in-sodium
metal recovery or for esnergy storage devices employing fused

chlorides or sulphides or mixtures thereof.

According to hitherto knowneprocesses solid sodium ion conducting
disphragm have been developed., It comprises a compound of sodium
oxide and aluminium doped with magnesia or lithia, The product
is called beta-alumina, For its preparation, aluminium should

be below sub-micron size particles. It is difficult to obtain
pore-free silica articles. The article has to be fired at 1600~
1700%. To attain, control and measurxe this high temperature is
not so easy. At this temperature, the volatilisation of sodium
oxide is high and this disturbs the critical composition of beta-

alumina.

The difficulties of heating the beta alumina above 1600°C has
besn o.ercome by process and articles that have besn developed by
this invention. The faring temperature of the green article is
13DGOC, This temperature is easily attainable, controllable and
measureable, At thac tenperature, the volatilisstion of sodium
oxide is negligible. The material is easily «menable to

isostatic pressing which can be fired to a pore~free article.

~
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The present invention consists of an article and method for the
preparation of zirconium phospho-silicate which can be employed
a8 & eolid conducting disphragm, which can sa#sily conduct sodium
ion slone similar to beta slumina. Howevex, the new article is
sasily prepsred by firing the final green tubes at {200°C instesd
of $600~1700°C es is the case with bets slumina.

The new solid slectrolyte is prepared by firing the gree tubas st
1300°C, The temperature can be easily stteined, controlled end
meseured in & silicon carbide Tesistor furnacm. The zirconium
phosphosilicate powder also easily ameneble to iscetatic pressing
then beta alumina. In the case of the beta alumina firing
tamparature is Wigh 1600-1700°C and same is difficult to ettwin,

control snd measure.

This solid ion canductor can be used for {(e) high energy density
batteries such as sodiumesulphure or sodiumechlorine stc,,{b) for
the slsctrowinning of sodium metal s$ about 300%¢ comparsd to
present method of 880-600°C, The srticle can also have high

purity sodium compared to that in the sxisting processes.

The esrticles whach can be in the form of 8 tube or disphragm is
prepsred by the prasent invention conducts sodium ions in the
solid state et 300-350°C, So this article cen be utilised for
preparation of sodium metal at 300°C by using suitabla molten
electrolyte, It can be used as a disphragm material for sodiume
chlorine battery in which the sodium end chlorine sre seperated
by the solid diaphragm which conducts sodium ions through it,

Similarly, the sama can bs used for sodium-sulphur battery which
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is a high energy density battery. This product also
separates the anodic and cathodic part of the battery, but it
ellows sodium ione alone to pass through from one chember %o

another,

Ths erticle is formed of a complex phosphate compound of
zirconium oxide, silice and sodium, The erticle is formed by
reacting zirconium oxide (30-50%), sodium silicate {20-60%)
and/or sodium earbonete (20-50%) end phosphate {20-60%) of either
sodium and/or ammonium silicates, phosphate compositions of
zirconium salts with sodium salts, ultimetely to form complex

phesphate compound of sodium oxide, zirconium oxide end silicae.

Accordingly this invention provides a process for the production
of solid ion conductor articles which comprises reacting
zirconium oxide with sodium silicate or sodium cerbonate and
phosphates of sodium and/or smmonium or both at {1000-1350°¢,
grinding the resction product and sieving to obtain & 100-400
mesh size product, isostatically pressing same to desired sheps
and firing the shaped erticle at 1000° to 1300°C over e period of

upto 6 hours.

The mixtures of the above oxides are suitably mixad and ball-
milled for 12 to 24 hours and are hsated to 100-200°% for 2 to 6
hours, a&gain heasted to 500-1000°C for 2 to 6 hours, sgsein the
geme material is heated to 1000-1350°C for 6 to 10 hours and the
resulted product is again ballemilled and sisved to 100400 mesh.
This product is isostatically presssd to get the desired size

tubes., These tubes are fired at temperatures 1000 to 1300°C in 6

Ci
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hours slowly raising the temperature,.

The present invention consists of an article which can be-
employed as a solid ion conductor to conduct only sodium iong
through its walls which is non-porous to gases and electrolyte
somewhat similar to beta alumina, _But the present article can be

easily and conveniently prepared than beta alumina.

The invention is for the illustrated by the examples below i-

EXAMPLE 1
A mixture of =
Sodium carbonate eee 96 g
Zirconium oxide eee 148 g
Silica o0 a 72 g
Ammonium phosphate cas 78 ¢

is ball_milled and heated to 100-200° for 5 hours. Again tha
seme material is heated to 950°C for 5 hours. Once more the same
product is slowly heated to 1300°C from 100°C for 6 hours, cooled
and ballemilled, Sieved through 200 mesh, the powder is
ispstatically pressed to 15 cm length.s 1.5 cm dia. with wall
thickness to 2-3 mm, This tube is again slowly heated to 1300%
from 100°C for hours. The non-porous tube is tested in sodium
nitrate and nitrite electrolyte at 350°C. 5 mm stainless steel
rod is dipped inside the tube, stainless steel tube of 300 mm dia
surronds the tube. The resistance of 90 mm length of this tube

gave a resistance of 1.3 ohms at 3 Khs between two elements

10
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dipped ir the molten nitrate snd nitrite mixture.

EXAMPLE 11

A mixture of =

Sodium carbonate ees 96 g

Zirconium oxide «ees 148 g

Silica ese 12 g

Ammonium phosphate ees 18 g
was given similar treatment as above.

The tube was immersed in a bath of molten zinc chloride, sodium

chloride to a depth of 50 mm. Sodium metal was kept inside the

ceramic tube with copper as lead., The tube was properly closed,

A cylindrical graphite tube was kept inside zinc chloride sodium

At 4 volts DC 2.1. A current was passed through th

chloride melt.
tube either way at 360°C. After electrolysis, sodium metal was

tested for zinc. No zinc was detected. This indicates, the

solid electrolyte is selective to sodium,

EXAMPLE III

A mixture of =

Sodium carbonate ese 98 g
Zirconium chloride ess 148 g
Silica N g
Ammonium phosphate ese 18 g

11
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was given the treatment similar as above, the tube wes
isostaticelly pressed, slowly heatsd to 1300°C from 1080°C fror six
hours, The tube wes non-porous. The conductivity was measured
using sodium metal inside the tube and zinc chloride sodium
chloride outside the tube, Grephite tube was immsrsed in the
bath surrounding the ceramic, The resietance between graphite
and sodium metal was found to be 0,39 ohms for 58 mm height of
the tube at 3 KHz.

WE CLALM @

1. A proceses for the production of solid-ion conductor erticles
such a8 tubes end disphragms and the like comprising

admixing silics end/or sodium carbonate with zirconium oxids and
sodium or sammonium phosphetes and subjecting the sdmixturm t2 »
the steps of hesting at & temperature range of 1000° to 1330°c,
grinding the resction product to separste s 100-400 mosh size
product isostatically pressing the seme to obtain desired shaped
srticles and firing the same at 1000° to 1300°C for & period of

upto 6 hours,

2. Process as cleimed in claim t wherein the admixture is balle
milled for 12-24 hours and subjected to plurality of steps of
heating first at e tempsrature rasnge of 100°-208°C for e pariod of
26 hours, and then st 60021000°C for period of 2-6 hours end
further heated st 1000°-1350° for another periocd of 6 to 10

hours,

1, Process as claimed in cleims | or 2 whaerein the reaction

| P



| 59476

product is further ball-mf{lled to grind and separate a 100-400
mesh nize product and subjecting the same to f1sostatically
pressing to obtain the desired ehaped articles in the form of

tubea, dliaphragms sand the like,

4, Process as claimed in any of the preceding clains wharein the
shaped articles formed are subjected to firing st a temperature

range of 1000°-1300°C for a time period of upto 6 heurs.

S« Process ag claimed in any of the preceding claime wherein 30~
50% of sirconium oxide, 20~60 % of sodium ailicate and/or 20-30%
of sodium carhonate by wt, 1le admixed with 20-60% by wt., of

sodium and/or ammonium phosphate for interaction,

6, Process for the production of solid 1on conductor articles

sudstantially as harein described snd iilustrated,

puch
7« BSolid fon conductor avticles sn~tho:20£b~.0 tubss, diaphragme

and the like whanever produced by the precess as descrided and

11lustrated herein.

Dated this -ﬂé:w- day of -‘-C‘JA”&M.---.- 1900,
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