1 | mproved industrial apparatus for the |arge-scale storage of

el ectric energy 5Description The invention relates to an inproved

i ndustrial apparatus for the |arge-scale storage of energy and a
process for storing and transporting electric energy by neans of this
apparatus. 10 The generation of electriclenergy is, in the case of
fossil fuel-fired power stations, associated with the production of
CO2 and therefore has a considerable influence on the greenhouse
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i ndustri al Q of transporting thi's energy to regions Ing a

hi gh consunption. ’Tradi tional transm ssion systens are |limted by
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energies on an industrial scale. However, the construction of such
punp storage power stations is |limted by geographic and ecol ogi cal
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grid construction. Hydrogen technology in which electric energy produced is converted
35  on site into hydrogen and subsequently converted into electric power in a fuel cell has
an efficiency of about 20% and is therefore unattractive since transport and liquefaction

of the hydrogen consume a major part of the energy.

Both the storage of large quantities of electric energy and the transport of electric
40  energy over large distances is a problem which has not been solved satisfactorily to the



DE- A- 2635900 di scl oses a battery which conprises at |east one nolten
al kali metal as anode and a cathodic reactant whose reactivity with
the anodic reactant is electrochemcally reversible. The cathodic
reactant conprises nolten polysulfide salts or a two-phase

conposi tion conposed of nolten sulfur and pol ysul fide salts saturated
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35 DE-A-2927868 discloses a flow battery for storing and releasing electric energy in an
electrochemical cell having an anode compartment and a cathode compartment which
are separated from one another by a semipermeable ion-exchange membrane, where
the anode compartment is supplied with an anolyte solution, an oxidizable compound
which remains essentially dissolved in the anolyte solution and can be reduced again

40  from its oxidized form, the oxidized anclyte solution is removed from the anolyte



15 and lines for conveying the sulfur fromthe storage container to
the cell. These cells can, for exanple, be electrically connected in
series. It is known from JP-A-2001118598 that sodi um sul fur batteries
can be operated with two or nore cylinders in matrix formfor nolten
sodiumor nolten sulfur. 20 It is known ¥rom JP- A- 2002184456 that a
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optionally bRekxfehf storage tank for sulfur which is connected in a fixed manner to the battery.

In the known sodium-sulfur batteries and their embodiments as flow battery, the input

25 of the energy stored in the starting materials sodium and sulfur and the discharge by
reaction of sodium and sulfur to form sodium sulfide and/or sodium polysulfides are
coupled in time and space.

It was an object of the invention to provide an improved apparatus and an improved
30 process for an electrochemical power station on the basis of redox partners, in
particular alkali metals, especially sodium, and, for example, sulfur,

The invention provides an apparatus for the storage of electric energy by means of

materials A and S which form a redox pair and are present separately from one
35 another, wherein

a) the apparatus comprises the materials A and S,

b) the materials A and S are each comprised separately from one another in

containers BA and BS which are arranged above one another,

¢) where the containers BA and BS are joined by means of a solid electrolyte E

40 which is permeable to cations and



transport, of electric energy using an el ectrochem cal reactor,
wherein an apparatus according to the invention is used, in a
particularly preferred enbodi ment with an al kali 15nmetal as materi al
A, in particular sodium and sulfur as material S. In a particul ar
enbodi ment, the invention further providés a process for the
transport anf) rthkeastrindrs dreahd BShem camhprissd irgyn ioved dhixtier, 00ReEh GRé
power station, xhes : ;
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el ectric power generated 30by the reaction of the alkali nmetal with
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20 1) at least one stock container BS comprising high-purity liquid sulfur and a stock
container BA comprising liquid high-purity alkali metal are provided,

2.) at least one electrochemical alkali metal/sulfur cell is provided, where this cell
comprises at least the following components:

2.1 an anode compartment A for accommodating liquid alkali metal,

25 2.2 acathode compartment K for accommodating liquid sulfur, where

2.3 the compartments A and K are separated by a solid electrolyte E which at the
operating temperature of the cell is permeable to cations formed by oxidation of
the alkali metal,

2.4 electrodes for closing an external current circuit for the electric power generated

30 by the reaction of the alkali metal with the sulfur,

3.) stock containers BA are connected to the anode compariment A and stock
containers BS are connected to the cathode compartment K with introduction of
liquid alkali metal into the anode compartment A and liquid sulfur into the cathode
compartment K,

35 4.) the external current circuit is closed, resulting in oxidation of the alkali metal,
formation of alkali metal sulfides in the cathode compartment K and the flow of
electric current,

5.) the alkali metal sulfides formed in the cathode compartment are taken off and
collected in a stock container BAS,

40 6.) the alkali metal sulfides collected in the stock container BAS are transported to a



second el ectrochem cal cell at a place of high energy availability
and are electrolyzed in the electrochemcal cell to formsulfur and
hi gh-purity sodium 7.) at |east one of the conponents sul fur and
al kali metal obtained in step 6 is trans é)orted to a place where
energy is required and fed into an el ect?tochem cal 5power station
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30
in a preferred embodiment, the liquid sulfur in the cathode compartment is admixed
with a conductive additive. Preferred conductive additives are selenium,
tetracyanoethylene, graphites and carbon black.

35 The alkali metal sulfides formed in the cathode compartment can comprise alkali metal
sulfide and/or the corresponding polysulfides, in particular polysulfides of the formula
M3, where x is > 2, in particular sedium polysulfides Na,S,.



Negative electrode As material for the negative electrode, use is
made, in particular, of alkali nmetals, in particular sodium
S5Electrolyte In a preferred enbodi nent, the electrol yte conprises
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rough the semipermeable wall of the electrolyte E into the cathode component and
reacting there with the sulfur to form alkali metal sulfides.

30  Process parameters
The operating temperature of the electrochemical cell is preferably at least 250°C and
is preferably in the range 300 - 350°C.

Arrangement of the containers BA and BS
35 In a particularly preferred embodiment, the containers BA and BS are drums, in
particular cylindrical drums, in particular with a drum volume of from 10 to 400 liters, in
particular from 100 to 300 liters. In a particularly preferred embodiment, these drums
are arranged flush above one another; when the sodium/sulfur redox pair is used, the
sodium drum is arranged flush above the sulfur drum. The two drums are electrically
40  insulated from one another. The drums are modified by installation of a connecting



7 electrolyte, in particular a conductive ceramc, so that they
function as el ectrochem cal cells. The two druns arranged flush above
one another are placed in a joint overall drumb5 (10). Ther mal
insulation (11) is installed between the walls of the two internal
drums and the external drumso that the Tnternal druns can be kept at
the operati ngedtrelyps irfipaiculaia &RRGtve @6ranid, Is8 thdiehautifdtio by @ekfodkbmical
anbi ent tenpgfat ure. In a preferred enbodi nment, the energy storage
apparatus of the invention is built up in 10 a nanner anal ogous to a
drum store. These druns can optionally comrunicate with a tank farm
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is very high.

In a preferred embodiment, the input and/or output of electric current to the electrodes
35 and from the electrodes occurs via a plurality of points distributed uniformly over the
surface of said electrodes.

In a preferred embodiment, the liquid alkali metal is high-purity sodium, preferably
sodium having a maximum content of divalent cations of less than 3 ppm. In a further
40  preferred embodiment, the liquid nonmetal is sulfur. In a preferred process, the cell is



5In a particul ar enbodi rent, the materials form ng the redox
potential for each voltage | evel are decentrally nounted and
electrically insulated fromone another in the el ectrochem cal
reactor. Since the el ectrochem cal reactors are at different
electric potential levels, the wiring 108nd transport of materials
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25 The el ectdf8VPHker output of the systemis deternined by the

usabl e surface area of the ceram cs which conduct sodiumions. The

capacity of gpeifistderiees fesdpatatiof WresoRried ¥ fherdiPfs tRhsfeh & HEfNsls
part ner pre%%Me(?ﬁ%ehtpaI??r%ggﬁ& %eclﬁcgg%tl %I'egtf&ggﬁﬂéhrggﬁgr%e able to vary

power out put  and capac I'ndepen ; the apparatus
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princi pl e. Threblddngditng bl ock construction nakes it possible to vary
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makes The sodium runs hydrostatically from the stock container into the ceramic during the dis

discharging process. During charging, the electrochemically generated pressure

pushes the sodium back into the stock container.

25
The electric power output of the system is determined by the usable surface area of the
ceramics which conduct sodium ions.

The capacity of the storage unit is determined by the mass of the redox partner present
30 in a substoichiometric amount. To be able to vary power output and capacity

independently of one another, the apparatus of the invention is built up according to the

building block principle. The building block construction makes it possible io vary the

number of ceramic tubes per drum cell. In the apparatus of the invention, the number of

ceramic tubes stored in the drum cell can be varied in the range from 1 to 200,
35  preferably from 1 to 10, and thus be matched to customer requirements.

The demand for a longer charging and discharging cycle at a fixed nominal power
output makes it necessary to store a larger total amount of redox chemicals, i.e. makes
it necessary to use more drums. The number of ceramic tubes per drum cell is reduced
40 by the same factor, so that the number of ceramic tubes for the sum of all drum cells



it necessary to use nore drunms. The nunber of ceram c tubes per drum
cell is reduced 40 by the sane factor, so that the nunber of ceramc
tubes for the sumof all drumcells 9 remins the sane. For
exanple, in the base case in figure 4, a total of 15 ceram c tubes
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Safety precautions

25 In a particularly preferred embodiment, the electrolyte E is present as a ceramic tube
via which the sodium is also introduced. In the case of unintended discharge, the
resulting short circuit current is used to trigger a fuse, as a result of which both the
power connection and the sodium flow are interrupted.

30  Figures
Particularly preferred embodiments are illustrated below with the aid of figures. Here,
the reference symbols used consistently have the following meanings:

Steel drum (upper)

Sodium reservoir

Sodium {liguid)

Content of the lower drum (e.g. sulfur/sodium polysulfide)
lon-conducting ceramic

Drum lid

40 8b  Drum lid sheet (lower)

35
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6Content of the |ower drum (e.g. sulfur/sodi um pol ysul fide)

71 on-conducting ceramc 8Drumlid 408b Drumlid sheet (lower) 10
9Ri ser tube for sodium 10 Overall drum 11Thermal insulation 12 Power
inlet lead (mnus side) 5 13 Fuse 14 Coll ected power inlet |ead

(m nus side) 15Power inlet |ead (plus si1@e) 16 Heat exchanger tube
17 Di spl acergent Rixetyybegovgadiumnl et | ead 1018Col | ected current inlet

| ead (plus sipdenvi&eegh adapter ring (bottom 20l nsulator ring

(al pha-Al 2031)1 Zjl’gen%%ﬁ in%gfglion

12 Power inlet lead (minus side)
5 13 Fuse
14  Collected power inlet lead {minus side)
15 Power inlet lead (plus side)
16 Heat exchanger tube
17  Displacement body, power inlet lead
10 18 Collected current inlet [ead (plus side)
19  Seal adapter ring (bottom)
20  Insulator ring {alpha-Al,0s3)
21 Glass seal
22  Ceramic-metal join (bottom)
15 23  Ceramic-metal join (top)
24  Seal adapter ring (top)
25 Welding seam (bottom)
26 Welding seam (top)
27  Insulating ring
20 A  Coolant entry
B Coolant exit

Figure 1 schematically shows an upper steel drum (3) for accommodating sodium and
a drum (1) arranged flush underneath for accommodating sulfur, with both drums being
25 placed in a common overall drum (10).

Figure 2 shows the main element of the lower drum (1). It is a steel drum having an
interior lining (2) made of an aluminum-magnesium sheet, preferably the alloy
Al-Mg-5083. The drum content (6) is, for example, sulfur/sodium polysulfide or sodium

30 chloride/heavy metal chloride with the electrolyte salt melt NaAiCl,. The drum diameter
is not less than 150 mm, not more than 1500 mm, preferably 600 mm. The drum height
is not less than 300 mm, not more than 2500 mm, preferably 900 mm.

The main element of the upper drum is a steel drum (3) which is open at the bottom
35 and has a steel sheet insert (4) which is closed at the bottom and open at the top, viz. a
sodium reservoir. The sodium reservoir is provided with holes at the bottom and tube
inserts in such a way that the sodium content (5) can communicate freely around the
tube inserts without sodium being able to flow through the openings at the bottom
(figure 3). The space above the sodium surface and in the free core of the tube inserts
40 remains filled with inert gas (nitrogen). The power inlet leads (12) of the minus side are



22 Ceramic-nmetal join (bottom 15 23 Ceramic-netal join (top) 24 Seal

adapter ring (top) 25 Wl ding seam (botton) 26 Wl di ng seam (top)

271 nsulating ring 20 ACool ant entry BCool ant exit Figure 1

schematically shows an upper steel drum (3) for accommodati ng sodi um

and a drum (1) arranged flush underneat i1for accommodati ng sul fur,
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to flow through the openings at the bottom (figure 3). The space
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Figure 6 shows a particular embodiment of the electrolyte E present in the form of a

20  ceramic: at the upper, open end of the ceramic (7), a ceramic insulator ring (20) is
soldered on by means of glass in such a way that a hermetic seal is abtained. This
electrically insulating insulator ring, preferably made of alpha-Al;Qs, is on its underside
hermetically sealed to a seal adapter ring (19), preferably made of an aluminum alloy,
by means of a ceramic-metal join (22). The ceramic-metal join (22) is preferably

25 produced by diffusion welding, particularly preferably ultrasonic welding. The seal
adapter ring (19) is welded at its free end into the drum lid of the lower drum.

A second seal adapter ring (24), preferably made of an aluminum alloy, is hermetically

sealed onto the upper side of the ceramic insulator ring (20) by means of a ceramic-
30 metal join (23). This seal adapter ring (24) is welded to the displacement body, which

also serves as power inlet lead (17), so that the interior or the ceramic forms a closed

space. This interior space is connected fo the sodium reservoir (4) above via a hole (9)

in the power inlet lead (12), the special fuse (13) and the immersed tube. The sodium

reservoir (4) is seated on a number of insulating rings (27) which are centered on and
35  supported by the upper seal adapter ring (24).

A variant of the installation of the ceramic which is improved with a view to mass
production is shown in figure 7. Here, the ceramic insulator ring (20) is modified so that
the two ceramic-metal joins (22), (23) can be produced from above.

40



5The power inlet lead (12) also serves, in a dual faction, as pipe
for the transport -of sodi um between the inside of the ceramc (7) and
the sodiumreservoir (4). The power inlet |ead of each individual
ceram c tube is connected via a hollow fuse (13) to the collected
current inlet lead of the minus side (14%. During operation, both
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Examples

Example 1

35 A) Apparatus
The apparatus shown in figure 2 was used. The lower stee! drum (1) provided with an
interior lining (2) had a nominal capacity of 200 liters and dimensions of D = 580 mm
and H = 860 mm. The sodium reservoir {4) ariranged above the lower steel drum had
the dimensions D = 580 mm and H = 400 mm. 121 ceramic tubes which were made of



5 sheets (8), (8b), as a result of which the nechanical |oad on the
| ower ceramc-netal join (22) and the weld (25) of the | ower seal
adapter ring (20) are reduced. Assenbly is nade easier by the fact
that the lower drumlid sheet (8b) installed ceram c even before

wel ding. 10Figure 9 shows the installatiidn of the ceramic and the
conpl ete syshmnmg)samiam’ewlmawt Itige o dippdd Db Ble leww stesl drerat(1)] >,

St or age woul 19 S Rl ed RS eCef it IR R L E R B e

invention therefore conprises heat exchanger tubes (16) via which the

| oss heat isr Heegq?ﬂy i iRMotIE8S el was ek thﬂénﬁo?{hgo glu esgr%lr e‘ﬁ?enBJIfﬁr

heat transfer he operati n.(I:jf3 tenperature
| ati t ude ¥ orhavingtshest \@N"Tq ofat45dviera svas e thgyloweihdrumepody gind ﬁl@maq‘-i lagpunﬂ dine

cool i ng or ftQI!SeSOFE%"cﬁtdePéJm@rtglbé‘ﬁ% é%antgqao%mem%t Q@a%kybfééa@@ﬁmhe
the functi onal Eﬂ‘ rati on inlet lead (12)

of
transport (9yt eE‘Efu POWRE TR E’F@?}M’@EF gotecied ragaingt at%”é’ﬁéﬁ*'bw gespage
in the eventfusds drai dtithe t6)f wareSatRgh&d €24 abinfhon |dalIddibS r&iRG8). TheSIMAL oled

el ting of teder (1 o) (L8R Egiopy Befvesion <SG DG AP OTIRF GRS
and al sol& hegraﬂﬂelmnn\hb\mw vehiieh wad e wodued thelteasicaulsage EaMﬁtaﬁmr&aMbe with
therefore cqpt W%d&? P%r‘?nae(?%g'{s@%%%fd Féﬂ:lepr & fgtz?ghat' lnﬁ:h@g\(&)ﬁcnr@éﬁqhe Bower inlet

functional uni

di spl acenentleasisdgrmied aﬂcﬁﬁﬂtrbsiwnitaismmlelce&st one container BA or BS to
reduce the volune of the respective reactants. Such an 30 enbodi nent
can serve as additional safety device. Exanples Exanple 1 35 A)
Appar at us THY 8p@Iareallsif shéin gl fweye relechr corragiedTine parelwbr Thevevkre

drum (1)4spr QNérQi%fb met Sarfd pbiéh@él' @ﬁe |chr'ﬂérﬂ‘£ o{ gn Ihgié ee|@0emd@a'u CRPRS c}éﬂél
of 200I|tersa si on ‘Fesomm

reservoir (4YTER r%mb %d’\?@ f‘lf’eq'-l'at‘i'\%'F “B‘f‘%t@T r%*‘iﬁﬁ%ﬁot %V‘%ﬂ%ﬂép%é

D = 580 mMm MItmﬁlcna&mOn&a[édmcamgmgtambee:aar«gmgc&r ﬂt?i\@ﬂtﬂjrr]rﬁﬁfilepdéfmblet]ﬁasl
nt o e | ower stee

beta"- Al 203 an osed at the bottomd
drum (1), (é')segﬁ,%\%"t’é"ﬁ%ﬁ? fop e TRate briBoTS MNEIS= 24 mm DI =
20 Mm L = 820 mm

20 The surface area of the ceramic tube on the inside is 0.0515 m2 With 121 tubes, the

total drum has 6.23 m? of electrode area.

B) Preparation

Before charging with liquid sodium and liquid suifur, the two inner drums of the
25 apparatus were heated to 290°C. The temperature was maintained within % 10 K by

regulating the heat transfer medium circuit in the heat exchanger tubes (16) to the

appropriate temperature.

C) Charging/discharging

30  In automated operation, the cell was subjected to 1000 charging/discharging cycles,
with discharging for 10 hours and charging for 10 hours. Discharging was in each case
carried out at 11.6 kW and charging was carried out at 14.3 kW. The current was
1 6230 A,



The sodium in total 83 liters, was in the tubes and the sodium
reservoir. The sulfur 5 having a net volune of 145 liters was in the
| ower drum body and fl owed around the tubes. Each ceram c tube had a
m nus- pol ed power inlet lead (12) located in the interior. These
power inlet |eads were protected agai nsfl4a short circuit by neans of
fuses and atExaheplé 2p were attached to a common col lection rail (14).
The pl us- pollgql\gﬁg inlet leads (15) were arranged between the
ceram c tub contacted the 10 graphi te nonwoven whi ch was fi xed
around t he d@reirhe diwnbeslis desoibeddn anaroplée Ubeeraiptased irea Udbshigaiax container.
partners insg

i nl et Ieadssﬂ ofdr;e dceﬂy%ta%??ng%ﬁg%qig fsnlEzﬁg e ce)?lﬁ-[é %Q?f é?’ﬁ e ceFIThe
of a drurp cEPPN-RIEGU ¥liage ryasain| isc wandrareased rio fdrdardite|A 4=ml69raWetfa'rl$5r
therefore t h@ctmaﬂ@c@@ B8HvbAdr: (ﬂbso AUASE “mfch%édeswﬁ%n“edc&ééré@%d%

up to the to current of the rumce uadrant thyristor
rectifier/ D& ﬂ(@'”@o?fv@fat &pmasl pR7SiblR Was \H@P‘i‘ )EWE}F% ﬁoﬂ’iﬁ?ém@:d\f@ﬁrﬁfelc@d by
di schar gi ng nesxtls oha@uginog rafls.t he drum cel | possi bl e was used. Electric
connection was effected by nmeans of alumnumrails. 20 The surface
area of the ceramc tube on the inside is 0.0515 n2. Wth 121 tubes,
the totdl0 d)mrémmsation23 n2 of el ectrode area. B) Preparation Before

charging ek SR AR i bl 0B, R, GO0 S SN
within 10 R98C.ridguerapématyre wes nsintainedwittiie: 19e<ibyineguiatiogiitte heat thassfer
heat exchan i

Char gi ng/ di gﬁ%&%?ﬁ%lt r%l?% h%ﬂttégﬁgatrggp%ggé g’? } %r%ﬁéa&ﬁ)e cth%wgg) agﬁ% ected
to 1000 charging/di schargi ng cycles, with discharging for 10 hours

and chargi ng;)fghgrgjr%m%g@ndj scharging was in each case carried out
at 11.6 kW char carried out at 14.3 kW The current was

0030 A 14 ERUfBAlet SRURfon Sl Srsemb afEs sHePd if 1900 AeUIBES
exanpl e 1 \Aley(ﬂes[:)bfmﬁﬁi’glr@ wash eadéaRBicagbicd @0t Qen €0 houk @nd chdfying Wa then

were connect gmed ou{3 lo%?'tfblh%%}s cra d?s%:habrgmg%%\g}gr v%s 8‘ Lj%”&ﬂér@%‘glu\%s t;erarr]ned

out at 0.613 MW. The current was + 6230 A,



5 open-circuit voltage was in this way increased to 89.4 volt. A
4-quadrant thyristor rectifier/DC AC converter (10 000 A, 120 volt)
whi ch made control |l ed di schargi ng and charging of the drum cell
possi bl e was used. Electric connection was effected by nmeans of
aluminumrails. 10B) Preparation Beforei€harging with |iquid sodium
and liquid sOkfmgr, all 43 drumcells were heated to 290C. The
tenperature was maintained within 10 K by regul ating the heat

transfer medjumgircuit i he .heat exchanger tubes (16) to the
appropri ate 1'em§§}_ pﬁfaégs%é ei&ﬂ%?%P‘ﬁ&%&%&%‘?&?ﬁ ilé’iéfd“?a%'s ft"i'ﬁ%%ﬂaéﬁjA and S
operation, the &ighfaem agsioy paksand atsj nseseatisapgraigipiom one another, wherein
char gi ng/®i scharayi nthecapphretus cBmpasearige mgtenals A andesich case carri ed out

over 10 hours ang chargi [ ‘ PAalell %&

di schargi ng powerb(rj wgs t%_g%n%;éﬁ&ig&%@%gg% %%Ea&%i?ér{a&oﬁ%ﬁn n
The current was 6233 XS ‘ 'IT AR arégg%‘? gao¥e PRt 2GRSl st or age of
el ectric energy By Wees thef canfeiapisaBd And NS Srahiokdf by rmeansedba (salid
and are present sepekeettayty Efwhioh iopernsabkhetationhan®i n a) the apparat us

conprisefy the ;T?g er gl SnfirkPdsR and)ed BR %ﬁfsiaﬁllirﬁanb‘ogé&gll ﬁgﬁ%@eﬁm%ghein

conprised separatel y fromone another I.n contal ners

are arranged above %’ﬁea_ PR HRr O ':'sﬁﬁe?telelaﬁg t‘?‘f?)n?":?f%leF§%§Re§n&°§8r'%i?%
joi ned by nmeans of €PnéRinere BalasdBSopped bEMRANTH 4 solihelentraie &. t o
cations and d) the containers BA and BS are conprised in an overall

container, wfier 4ihg doberaRRPA(CRIdIY PRI 5 Candtein' f8XontalRrOVEA 3hly BS are
cont ai nefs conpri Shal E\ggt ﬁlvréeors BAEhanéj B%uhﬁ' ned by neans of a solid
electrolVte E. THE %%pf FRRELEESNENRYTY D f 1, wherein the
containers BA and BS are arranged flush above one another as a drum

pai r. The appar aheimpparaims dicogrding tatat lless bno e e plebediny erpal, Vherein the
cl ai M, wher el nislalR e dlaiifnd oA 1 fiablial P dinand the material s

is sulfur. The apparatus according to clarm erein the alkali
metal, in particular the sodium is present as a nmelt and is kept in
t he i nt &8 ord of The gPRATalup tagceying de i 3 wihersimkiectikalr metmhde pafticulae the
el ectrol yte E asaiianesgresatast rdieakbisti@pt ante iMeios pRagsurayol B&Gic
via riser tubestitbd hnichens RREDRE MkdbdrolfRS Blaph SRELNOL at the BRI LAl Y
sodi um reser voi rpacab%\ée. Tlhe aﬁﬁagattﬁ ceordin to ai( Il east one Of
the preceding cPHI%He CONAEPERR Y9 45¢ tRgS Bt e 'E;E'EB%F pls metal gerenvin §p
of a ceram c or P¥EIIFOdIEMTBRATYIG 3pPVes S .
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5. The apparatus according to at least one of the preceding claims, wherein the
electrolyte E consists essentially of a ceramic or cation-conducting glass.

6. The apparatus according to claim 5, wherein the electrolyte E consists essentially
30 of optionally stabilized B-aluminum oxide or B"-aluminum oxide.

7. The apparatus according to at least one of the preceding claims, wherein at least
two of the overall drums are installed in a transport container, with the electric
poles being connected in series.

35

8. The apparatus according fo at least one of the preceding claims, wherein the
lower internal drum is a steel drum which has interior lining of an aluminum-
magnesium alloy.

©

A process for the storage and release and optionally for the transport, of electric



The apparatus according to claim5, wherein the electrolyte E
consists essentially of optionally stabilized [3-al um num oxi de or
13"-al um num oxi de. The apparatus according to at | east one of the
precedi ng clains, wherein at |east two of the overall drunms are
installed in a transport container, w tHFthe electric pol es bei ng
connect ed i n serhegy ufing aappmtrathemict cacdr,ehet«in ah apgasius ac@rdifg tdsny
precedi ng cl ai My tHahRERUMg cfafnd B\EEq.i nternal drumis a steel drum
whi ch has interior I'ining of an al um num nmagnesi um alloy. A process
for the storage_and rel ease and optionally for the transport, of
electric 168%endhgyPipseify aéﬁoré‘ﬂécg’r Saira i cuergia agp oappagiey dhnwhish the
appar at u$ accor d¢bmiginers BAgndBS the bp cevedicd ginglyedrnsuligy biseedans of the sdl.
The process acceddis) et@a@.hahémambamér%bﬂ;sa&hrraa@%aén%_adapwgbr?ef pB&er
5 containers BA ﬂt n%c%%ni e connected singly or multiply by neans
of the solid el ectrolyte E%dhd the nunber thereof is variable to

al |l ow adapt ati on of power output and capacity. 11. The process
accordi ng tdlat Theasicesnaccofdiriglte apleastamhicny tiel @mecmlingvdtaime, whereinal rhelDbf
10an al kgl i et ah ali@li HeeflisAkefBE Rialceibl Aafd S @ et udBlds nhaterdip8d as
material S. 12. The process according to claim11l, wherein t%e sodi um
melt is nmoved during the el ectrochem cal reaction by nmeans of the
hydr ost at i ¢ 1§r ad@Rocess agserdinade clae Abrvhesgin {hegradirbmelt isgpeved dueng the
gradi ent. 15 13elethechpmimeseactooohgi ngahe af theahydrosiatioofgrédient or the
precedi ng cl ai MpjecihiPeridaly §hePitQFfossUrSgledlchi €d out at a tenperature
of at |egst 250C 14. The process according to claim 10,
wherein the container BA is configured by 20 use of holes in the

bott om and t'&be ThAJEPIess A5cqrHing to 1ab I¢as9na o Jbie wreceding cialimeinivoereln the
freely around t hmscestie camiseptisat buémpareteresgiat rast@sot@nduct i ng t hr ough
power inlet |eads and sodiumriser tubes remains within the tube

i ts. 1 T i t t | t Of di
clats. aheri n iR D Hass SoREAR LAl R Sinetsi Be, Sfudts A R Briai
one of 2Re cont 45h&f 0BA iAnGe BStRY arktube Bseriss pe dbatntbatliapisdgodium can

communicate freely around the fube inserts but free space for conducting
through power inlet leads and sodium riser tubes remains within the tube inserts.

15. The process according to at least one of the preceding claims, wherein the mass
25 of the reactants is reduced in at least one of the containers BA and BS by use of
a displacement body.



