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Description
BACKGROUND OF THE INVENTION

[0001] Theinventionrelates to electrotechnology area,
and in particular, to production of secondary solid-state
current sources (storage batteries).

[0002] The invention proposes the method for produc-
tion of safe solid-state batteries with high energy capacity
and includes the following steps:

[0003] Ensuring contact between a current collector, a
solid anode, a solid electrolyte, a solid cathode, and one
more current collector in the mentioned order. At that,
the reversible solid-phase fluorination/defluorination
processes occur at both the cathode and the anode, and
the electrolyte has the high fluoride-ion conductivity along
with the low electronic conductivity in the solid phase.
[0004] Baking a current source consisting of the cur-
rent collector, the anode, the electrolyte, the cathode and
the current collector by means of baking and thermoe-
lectric influence.

[0005] According to the presentinvention, "the current
source" is both a separate galvanic cell consisting of the
current collector, the anode, the electrolyte, the cathode
and the other current collector, connected in the men-
tioned order and a battery, consisting of several galvanic
cells, connected in parallel or in series.

[0006] In their composition anode, electrolyte, and
cathode in the presented method of production of solid-
state secondary current source with high specific energy
capacity can correspond to composition of the current
source from application RU Patent No 2005111722, is-
sued on 21.04.2005, wherein

[0007] Theanode is a metal (or its alloy) selected from
the group consisting of Li, K, Na, Sr, Ba, Ca, Mg, Al, Ce,
La or their alloys, or from the alloys of the listed metals
with the metals, selected from the group of Pb, Cu, Bi,
Cd, Zn, Co, Ni, Cr, Sn, Sbh, Fe; and in the charged state
the anode consists of the fluorides of the aforementioned
metals, correspondingly.

[0008] In the charged state the cathode is made from
the simple fluorides, such as MnF,, MnF,, TaF;, NdFs,
VF3, VFs5, CuF, CuF,, AgF, AgF,, BiF;, PbF,, PbF,,
CdF,, ZnF,, CoF,, CoFj, NiF,, CrF,, CrF3, CrF5, GaFs,
InF,, InF5, GeF,, SnF,, SnF,, SbF;, MoFs, WFs, fluori-
nated black lead or the alloys based on them, or their
mixtures; and in the discharged state it can be made from
the metal selected from the group of Mn, Ta, Nd, VF, Cu,
Ag, Bi, Pb, Cd, Zn, Co, Ni, Cr, Ga, In, Ge, Sn, Sb, Mo,
W, black lead, or the listed metal alloys, or the mixture.
[0009] The solid-state electrolyte can be made from
either the fluorides of La, Ce or the compound fluorides
based on them together with an alloying additives, such
as fluoride/fluorides of alkaline-earth metals (LiF, KF,
NaF) and/or alkaline-earth metal chlorides (LiCl, KCI, Na-
Cl); or the compound fluorides based on the alkaline-
earth metal fluorides (CaF,, SrF,, BaF,) with an alloying
additives of the rare-earth metal fluorides or/and the al-
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kaline metal fluorides (LiF, KF, NaF); and (or) the chlo-
rides of alkaline metals (LiCl, KCI, NaCl); or the com-
pound fluorides based on PbF, containing SrfF,, or BaF,,
or CaF,, or SnF, along with KF additive; or the compound
fluorides based on BiF, containing SrF,, or BaF,, or
CaF,, or SnF, along with KF additive; and the anode, the
electrolyte and the cathode contain component or com-
ponents that prevent destruction of a solid-state battery
during charge/discharge cycles.

RU Patent No 2136083, HO1M6/18 (Informational Bul-
letin No 24, 1999) discloses the method for production
of solid-state fluoride ion galvanic cells in the form of the
multilayer structures using the technique of layer-by-lay-
er pressing of the powders of the anodic, cathodic and
electrolyte materials.

[0010] The drawback of the given method is that by
using original solid ionic conductors with sufficiently high
level of conductivity, resistance inside the produced cur-
rent sources increases 100 and more times compare to
resistance of the solid ionic conductors materials. This
is associated with very high resistance at the particles’
interface of the pressed structures (in particular of the
electrolyte material) consisting of the powders of the sol-
id-state ionic conductors. This is the widely known data
for the polycrystalline structures made from the powders
of the ionic conductors using pressing method (A.K.
lvanov-Shitz, I.V. Murin// lonica of solid state, v.1., St.
Petersburg University, 2000, pp 73-74.c.73-74).

[0011] Atthat, both the anode/electrolyte and the cath-
ode/electrolyte interfaces have the high resistance, too.
These resistances substantially determine the high inter-
nalresistance ofthe solid-state currentsources produced
by this technique. In that case the discharge power of
the current sources at 25 °C is measured in microwatts.
This fact essentially limits the application area of the bat-
teries.

[0012] The method, which is the closest to this inven-
tion, is disclosed in RU Patent N 1106382, HO1M 6/18,
issued on 10.10.99. According to the method the chem-
ical battery is made by coating both sides of solid elec-
trolyte with electrode pastes that have different polarity.
Then, the stack is burned under the thermoelectric influ-
ence of electric current passing through the electrodes
with the voltage that does not exceed the destruction
potential of the electrolyte.

[0013] U.S.patents US 2,689,322 A1 and US 422,200
A1 as well as Japanese patent JP 200166353 A respec-
tively disclose a method for treating batteries which have
already been completely manufactured before said treat-
ment, partly by using alternating current.

[0014] The known method of producing the solid-state
battery has the following disadvantages:

[0015] Coating both sides of solid electrolyte with elec-
trode pastes that have different polarity (anode and cath-
ode) does not allow production of high quality current
sources usually because of high chemical activity of an-
ode material. This leads to changes in chemical compo-
sition of electrodes that consequently leads to lower qual-



3 EP 1 873 851 B1 4

ity of production and degradation of characteristics of the
current source, specifically increase in internal resist-
ance of the current source, especially during baking at
high temperatures.

[0016] The method is complex enough because of the
special requirements to the battery baking which should
be carried outin the inertatmosphere that meets the strict
requirements with respect to the content of oxygen, ni-
trogen and moisture in order to prevent contamination of
the electrode materials.

[0017] The battery thermoelectric treatment by direct
current leads to the sintering of the electrode materials
and the electrolyte along with the change in the chemical
composition of the electrode materials. As a result, the
battery quality deteriorates, and the internal resistance
grows.

SUMMARY OF THE INVENTION

[0018] The object of the present invention is to provide
atechnically attractive method for manufacturing the sec-
ondary solid-sate current source allowing to improve the
production quality and to decrease the battery internal
resistance.

[0019] It is significant, that the problems concerned
with the achievement of low internal resistance in the
course of manufacturing a solid state current source are
important today. Solid-state current sources that are
based on solid super-ionic conductors usually have high
internal resistance due to low ionic conductivity of solid
ionic conductors and very high sensitivity of ionic con-
ductivity to contamination of solid ionic conductors. This
circumstance limits the area of applications and the de-
velopment of solid-state current sources and a solution
to lowering internal resistance has an important practical
significance.

[0020] The achievable technical result of the present
invention is the following:

1. Retention of the chemistry of the anode and cath-
ode during the baking;

2. Retention of the chemistry of the anode and cath-
ode during the thermoelectric treatment.

3. Decrease of the battery internal resistance by up-
grading the sintering of the anode, the cathode, and
the electrolyte materials as well as the interfaces of
the anode/electrolyte and the electrolyte/cathode.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0021] In order to accomplish the above-stated tasks
and technical result the method for manufacturing a sec-
ondary solid-state current source by means of applying
of the anodic and cathodic materials on the both sides
of the solid-state electrolyte along with the subsequent
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baking and thermoelectric treatment under electric cur-
rent with the electrodes’ polarization potential lower than
adecomposition potential of the electrolyte is suggested.
At that, according to the invention the chemistry of the
anode and cathode is the same as a composition of the
anodic and cathodic materials in a fully discharged cur-
rent source, and the thermoelectric effect is carried out
by alternating current.

[0022] Inthe proposed method of production solid state
current source according to the invention:

1. During application on both sides of electrolyte of
anodic and cathodic electrodes in the form of mate-
rials with low chemical activity, corresponding to
anodic and cathodic materials of a fully discharged
current source, retention of chemical composition of
anodic and cathodic materials during baking is en-
sured, this consequently ensures production quality
increase and does not lead to increase in internal
resistance of the current source.

2. During execution of thermoelectric treatment us-
ing alternating electrical current, the chemical com-
position of anodic and cathodic electrodes does not
change. Quality increase in baking of anodic, cathod-
ic and electrolytic materials and quality increase in
the interfaces anode/electrolyte and electro-
lyte/cathode of solid-state current sources. During
alternating electrical current, alternating tempera-
ture increase is observed in those localities of the
current source, that have the highest resistance, this
leads to intense sintering of these areas and de-
crease in resistance, which, at the end, is important
for lowering resistance of a current source as a
whole. Recurring heating of these areas is also im-
portant for the flow of mechanical relaxation proc-
esses, which take place during baking, thatincrease
production quality during baking.

[0023] The thermoelectric influence can be effectively
realized by alternating current of different polarity, or by
sinusoidal alternating current, or by sinusoidal alternating
current of industrial frequency. Use of sinusoidal alter-
nating current of industrial frequency is the most attrac-
tive for the industrial production of the secondary solid-
state battery in the frame of the present method.

[0024] According to the claimed method the thermoe-
lectric influence can be carried out at the baking temper-
ature and under the other conditions; simultaneously with
baking or as an additional process, resulting in achieve-
ment of the formulated tasks and technological result.

A version of invention implementation

[0025] The industrial adaptability of the claimed meth-
od was determined experimentally. The LaF3-contining
anode and the Ag-containing cathode were applied on
the solid electrolyte of tysonite structure. The following
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baking at 800 °C along with the thermoelectric treatment
by sinusoidal alternating current of industrial frequency
allowed to produce a structure with low internal resist-
ance. As a result, the current source with the OCV of 3.7
V had the stable discharge parameters at the discharge
voltage up to 1.5 V under the subsequent charge/dis-
charge cycles.

[0026] It will be understood that the particular method
embodying the invention is not a limitation of the inven-
tion. The principles and features of this invention may be
employed in various and numerous embodiments with-
out departing from the scope of the claims.

Claims

1. A method of manufacturing a secondary solid state
current source:

characterized by the following steps:

applying anodic material on one side of a
solid electrolyte to form an anode and ap-
plying cathodic material on another side of
the solid electrolyte to form a cathode; and
subsequent baking and thermoelectric
treatment of the anode and the cathode with
an alternating current at such a polarization
of the anode and the cathode which is lower
than a voltage of decomposition of the solid
electrolyte;

wherein the secondary solid state current
source is a galvanic cell or a secondary solid
state battery; and

the anodic material and the cathodic mate-
rial have compositions corresponding to the
compositions of the anodic material and the
cathodic material of the secondary solid
state current source in the fully discharged
state during application of the anode and
cathode materials, the baking and the ther-
moelectric treatment.

2. The method according to claim 1, wherein thermo-
electric treatment of the anode and the cathode with
the alternating current comprises the alternating
electric current of different polarity.

3. The method according to claim 2, wherein thermo-
electrictreatment on the anode and the cathode with
the alternating current comprises the alternating
electric current of a sinusoidal form.

4. The method according to claim 3, wherein thermo-
electric treatment on the anode and the cathode with
the alternating current comprises alternating current
of the sinusoidal form of an industrial frequency.
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5. The method according to claim 1, wherein the sub-
sequent baking and thermoelectric treatment of the
anode and the cathode with the alternating current,
those localities of the secondary solid state current
source that have the highest resistance are recur-
ringly heated.

Patentanspriiche

1. Verfahren zur Herstellung einer sekundaren Fest-
kérperstromquelle, gekennzeichnet durch die fol-
genden Schritte:

Anbringen eines Anodenmaterials auf einer Sei-
te eines festen Elektrolyten, um eine Anode zu
bilden, und Anbringen eines Kathodenmaterials
auf der anderen Seite des festen Elektrolyten,
um eine Kathode zu bilden; und
anschlieRende Sinterung und thermoelektri-
sche Behandlung der Anode und der Kathode
miteinem Wechselstrom, und zwar miteiner sol-
chen Polarisation der Anode und der Kathode,
die geringer ist als eine Zersetzungsspannung
des festen Elektrolyten;

wobei die sekundare Festkdrperstromquelle ein
galvanisches Element oder eine sekundére
Festkdrperbatterie ist; und

das Anodenmaterial und das Kathodenmaterial
wahrend des Anbringens des Anodenmaterials
und des Kathodenmaterials, der Sinterung und
der thermoelektrischen Behandlung Zusam-
mensetzungen aufweisen, die den Zusammen-
setzungen des Anodenmaterials und des Katho-
denmaterials der sekundaren Festkérperstrom-
quelle im vollstandig entladenen Zustand ent-
sprechen.

2. Verfahren nach Anspruch 1, wobei die thermoelek-
trische Behandlung der Anode und der Kathode mit
dem Wechselstrom einen elektrischen Wechsel-
strom mit unterschiedlicher Polaritat umfasst.

3. Verfahren nach Anspruch 2, wobei die thermoelek-
trische Behandlung der Anode und der Kathode mit
dem Wechselstrom einen elektrischen Wechsel-
strom in sinusférmiger Form umfasst.

4. Verfahren nach Anspruch 3, wobei die thermoelek-
trische Behandlung der Anode und der Kathode mit
dem Wechselstrom einen Wechselstrom in sinusfér-
miger Form mit einer Industriefrequenz umfasst.

5. Verfahren nach Anspruch 1, wobei bei der anschlie-
Renden Sinterung und thermoelektrischen Behand-
lung der Anode und der Kathode mit dem Wechsel-
strom jene Stellen der sekundaren Festkdrperstrom-
quelle, die den héchsten Widerstand aufweisen, wie-
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derholt erhitzt werden.

Revendications

5
1. Un procédé de fabrication d’'une source de courant
secondaire a I'état solide :
caractérisé par les étapes suivantes :
10

L’application d’'un matériel d’anode sur un
cbté d’un électrolyte solide pour former une
anode et I'application d’un matériel de ca-
thode sur un autre c6té de I'électrolyte so-

lide pour former une cathode ; et 15
une cuisson subséquente et un traitement
thermoélectrique de I'anode et la cathode
avec un courant alternatif a une polarisation

de I'anode et de la cathode qui soit inférieu-

re a une tension de décompositionde I'élec- 20
trolyte solide ;

ou la source de courant secondaire a I'état
solide estune cellule galvanique ou une bat-
terie secondaire a I'état solide ; et

le matérield’anode et le matérielde cathode 25
ont des compositions correspondant aux
compositions du matérield’anode et du ma-
tériel de cathode de la source de courant
secondaire a I'état solide dans I'état totale-
ment déchargé pendant I'application des 30
matériels d’anode et de cathode, la cuisson

et le traitement thermoélectrique.

2. Leprocédé selon larevendication 1, ou le traitement
thermoélectrique de I'anode et de la cathode avec 35
le courant alternatif comprend le courant électrique
alternatif de polarité différente.

3. Leprocédé selon larevendication 2, ou le traitement
thermoélectrique sur 'anode et la cathode avec le 40
courant alternatif comprend le courant électrique al-
ternatif de forme sinusoidale.

4. Leprocédé selon larevendication 3, ou le traitement
thermoélectrique sur 'anode et la cathode avec le 45
courant alternatif comprend le courant alternatif de
forme sinusoidale d’une fréquence industrielle.

5. Le procédé selon la revendication 1, ou la cuisson
subséquente et le traitement thermoélectrique de 50
'anode et la cathode avec le courant alternatif, les
localités de la source de courant secondaire a I'état
solide qui ont la plus grande résistance sont chauf-

fées de fagon récurrente.
55
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