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Examples of Classification

According to the

Scheme for Classification of Secondary Battery Types

in the Version dated December 15th 2025, KLiB e. V. (Dominik Sollmann et al.)

g Download the scheme @

www.batterieforum-deutschland.de

Dominik Sollmann, Nils Wulfes (KLiB e. V.)


https://www.batterieforum-deutschland.de/batterie-infoportal/scheme-for-classifying-secondary-batteries/
https://www.batterieforum-deutschland.de/batterie-infoportal/scheme-for-classifying-secondary-batteries/
https://www.batterieforum-deutschland.de/batterie-infoportal/scheme-for-classifying-secondary-batteries/
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Examples of Classifications of different Secondary Batteries

Sodium - sulfur high-temperature battery

Sodium - nickel chloride high-temperature battery
Bromine - zinc hybrid flow battery

Cerium - zinc hybrid flow battery

Vanadium pentoxide - graphite potassium-ion battery

Graphite - zinc dual-ion battery

Page 9) BiF;-BiSnF, - Zn fluoride-ion solid battery

Page 10) Aqueous NVP sodium-ion battery

Page 11) Aqueous manganese oxide - zinc metal AE battery
Page 12) LFP - PEO lithium metal solid battery

Page 13) NMCB811 - graphite/SiO, lithium-ion battery

Page 14) Oxidic NMC811 - graphite/SiO, lithium-ion LSB
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:': l Examples of Classifications of different Secondary Batteries

Rechargeable?

&

Solid electrolyte and no other

Terms used in literature:
Sodium-beta battery, Na/S, Sodium-Sulfur, NaS

liguid components at operating
Anode: Electrolyte: Cathode: temperature?
Na (1) B“'Alzoz (s) S (s)))
Flowing anolyte and
tholyte?
Na,S, =2 Na+xS cannelie

. ——— Terminal
X — Electrical insulation ACtiVG
No active Tbattery = Tam bient (>25 OC)
. . components are
material outside liquid duri
the cell — Sodium chamber IqUI l'.lnng
operation
~— Metal insert
> o
~— Sodium electrode Tbattery 200°C
~— Solid electrolyte
Tbattery
= s _— Sulfur electrode
290 -390 °C _—— Cell container
Source: WikiCommans High-temperature battery

Sodium - sulfur high-temperature battery



https://commons.wikimedia.org/wiki/File:NaS_battery_en.svg
https://en.wikipedia.org/wiki/Sodium-sulfur_battery
https://en.wikipedia.org/wiki/Sodium-sulfur_battery
https://en.wikipedia.org/wiki/Sodium-sulfur_battery
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Terms used in literature:
Sodium-beta battery, Na/NiCl,, ZEBRA-battery

Examples of Classifications of different Secondary Batteries

Anode: Electrolyte: Cathode:
Na (l) B“'Alzoz (S) NiClz (l)
NiCl,+2 Na=2NaCl +Ni
No active - i Active
: il components are
material =

outside the cell

Tbattery

220-450°C

| Alpha-alumina seal
Ni/NiCI2/NaCl/NaAICl4

positive electrode

Beta-alumina seperator

Sodium, negative electroc

— Case

Source: WikiCommons

solid or liquid
during operation

Rechargeable?

&

Solid electrolyte and no other
liquid components at operating
temperature?

Flowing anolyte and
catholyte?

J

Tbattery = Tam bient (>25 OC)

&

v
Thattery > 200°C

High-temperature battery

Sodium - nickel chloride high-temperature battery


https://en.wikipedia.org/wiki/ZEBRA_battery
https://en.wikipedia.org/wiki/ZEBRA_battery
https://commons.wikimedia.org/wiki/File:Sodium-nickel-chloride_cell.svg
https://en.wikipedia.org/wiki/ZEBRA_battery
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Examples of Classifications of different Secondary Batteries

Terms used in literature:
Zinc-bromine flow battery, Zn/Br,

Anode: Electrqute Cathode:
contains:
ZnBr,, ZnCl,, Br,,
P2 aa) CHigBrN o
B (aqy + ZN(g) & ZN*" (1) + 2 By

Flow architecture
(active material is
circulated outside

the cell and stored
in tanks)
Tbattel’y Kﬂ"'ﬂ"‘:"’sl’::: Einzelzelle
= SQK::;:T: [vnm -Adhrchan)
Tam bient

Source: Redox-Flow-Batterien, Kurzweilet al,, 2016

Kriachstrama

Active
components are
solid or liquid
during operation

Anolyte and catholyte
are present as flowing
media (liquid,

suspension, or gaseous)
at least during charging
or discharging, but not

during both processes.

Rechargeable?

&

Solid electrolyte and no other
liquid components at operating
temperature?

Flowing anolyte and
catholyte?

Are reactants liquid or
gaseous during charging
and discharging?

I

Hybrid flow battery

Bromine - zinc hybrid flow battery


https://www.enargus.de/pub/bscw.cgi/d14401-2/*/*/Zink-Brom-Batterie.html?op=Wiki.getwiki
https://www.enargus.de/pub/bscw.cgi/d14401-2/*/*/Zink-Brom-Batterie.html?op=Wiki.getwiki
https://www.springerprofessional.de/redox-flow-batterien/6952508
https://www.springerprofessional.de/redox-flow-batterien/6952508
https://www.springerprofessional.de/redox-flow-batterien/6952508
https://www.springerprofessional.de/redox-flow-batterien/6952508
https://www.springerprofessional.de/redox-flow-batterien/6952508
https://www.enargus.de/pub/bscw.cgi/d14401-2/*/*/Zink-Brom-Batterie.html?op=Wiki.getwiki
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Rechargeable?

&

Solid electrolyte and no other
liquid components at operating

Terms used in literature:
Zinc-cerium (redox) flow battery, Zinc-cerium battery

Anode: Electrolyte: Cathode: temperature?
methane sulfonic
Ce* ™ ) acid (CH;SO;H) Zn

Flowing anolyte and
catholyte?

4 RN 2 3
2Ce +(aq_) +Zng=2n +(aq_) +2Ce +(aq,)

Flow architecture Active Are reactants liquid or
(?Cti‘l'etr':jatet:a_l dis ca"mxch"rmm"e components are gaseous during charging
Clrculated outside ative | Ppositive . . . . .

B nciid aemone|  solid or liquid and discharging?
the cell and stored — =~ % (B - — |

during operation

in tanks)
Anolyte and catholyte
are present as flowing
Tb o
attery media (liquid,
= ) o ) suspension, or gaseous) !
Tam bient Diagram of the Divided Zinc-Cerium Flow Battery at least during charging

or discharging, but not
during both processes.

Source: WikiCommons

Hybrid flow battery

Cerium - zinc hybrid flow battery



https://en.wikipedia.org/wiki/Zinc-cerium_battery
https://en.wikipedia.org/wiki/Zinc-cerium_battery
https://commons.wikimedia.org/wiki/File:Diagram_of_the_zinc-cerium_redox_flow_battery.jpg
https://en.wikipedia.org/wiki/Zinc-cerium_battery
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Examples of Classifications of different Secondary Batteries

Terms used in literature: '
K-Vanadium Pentoxide (potassium-ion) battery
2 insertion,
Solid electrolyte and no conversion, or alloy
other liquid lectrodes?
Anode: Electrolyte: Cathode: components at electrodes
operating temperature?
Graphit/K KPF/PC V,05 @
. Ani & Cati ?
catholyte? @
. Active
No active components are
material outside ponents ¢ Toater > Tamien (25 °C) \
solid or liquid |
thecell . .
du ring operation @

i-"‘t'- _ K-ion
[ | @@ Wetal Oxide Is any redox-active
LB | ? g‘:g::e component gaseous?

. ERE .

batt ery Negative Electrode Positive Electrode
= Electrolyte \4
Tam bient
Quele: Hwanget al 2018 Cation battery

Graphite - vanadium pentoxide potassium-ion battery



https://onlinelibrary.wiley.com/doi/full/10.1002/tcr.201700057
https://publikationen.bibliothek.kit.edu/1000095719
https://onlinelibrary.wiley.com/doi/full/10.1002/adfm.201802938
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:': l Examples of Classifications of different Secondary Batteries

Terms used in literature: !
Graphite-zinc, GZn, Graphite || Zn metal dual-ion battery
2 insertion,
Solid electrolyte and no conversion, or alloy
other liquid electrodes?
Anode: Electrolyte: Cathode: components at
operating temperature?
Zn »water-in-bisalt” graphite
. . Ani & Cati ?
Anions: TFS|/FS| || Cations: Na* and Zn** Flowing anolyte and NS & aHOnS
catholyte?
N ti Active
r:aig rll\a/le Components are Tbattery = Tambient (>25 OC)
. solid or liquid !
outside the cell srvsebopmtotmpetotmptatupetee = 3. 3 ¢ g | 4o o i o
ARG RRRIARUEA 1 4 B &P )
B e R A SN
st " N b
st (Ao 2z
AN : x5 ;Aﬁ‘s Is any redox-active
~£’M§%§%}"%§%’{- Q}%j. & component gaseous?
atasasnsasesane e s o o o e aatlIPOSS (:;”,1’3‘? i e
B R R R ey
Tbattery oot nttagstr— S+ ig" S g T
a v
Tambient
Source: Rodlriguez Pérey et al. 2020 Dual-ion battery

Graphite - zinc-metal dual-ion battery



https://onlinelibrary.wiley.com/doi/epdf/10.1002/aenm.202001256
https://onlinelibrary.wiley.com/doi/epdf/10.1002/aenm.202001256
https://onlinelibrary.wiley.com/doi/epdf/10.1002/aenm.202001256
https://onlinelibrary.wiley.com/doi/epdf/10.1002/aenm.202001256
https://onlinelibrary.wiley.com/doi/epdf/10.1002/aenm.202001256
https://onlinelibrary.wiley.com/doi/epdf/10.1002/aenm.202001256
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:': l Examples of Classifications of different Secondary Batteries

Rechargeable?

&

Terms used in literature:
Room temperature fluoride-ion (FIB) battery, F/Zn or Sn

Solid electrolyte and no other
liguid components at operating
Anode: Electrolyte: Cathode: temperature?
Tetragonal
ZnorSn g BaSnF, BiF;
Anions: F- Liquid components?
No active All compontents
material outside are solid during Deposition of the
the cell i £ ; 5, operation electrolyte from gas phase
g i ‘g‘ ﬁ or plasma?
§. §g- §
Tbattery %% %
25°C, 60 °C,
100°C, 150°C Thick-film
Source: Mohammad et al.,, 2018

(Solid(-state)) battery

BiF5-BiSnF,-Zn fluoride-ion AS(S)B
BiF;-BiSnF,-Sn fluoride-ion AS(S)B



https://pubs.acs.org/doi/pdf/10.1021/acsaem.8b00864
https://pubs.acs.org/doi/pdf/10.1021/acsaem.8b00864
https://pubs.acs.org/doi/pdf/10.1021/acsaem.8b00864
https://pubs.acs.org/doi/pdf/10.1021/acsaem.8b00864
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Examples of Classifications of different Secondary Batteries

Terms used in literature:

|
Aqueous NasV,(PO,); sodium-ion battery (SIB)
2 insertion,
Solid electrolyte and no conversion, or alloy
other liquid electrodes?
Anode: Electrolyte: Cathode: components at
NaClO4 (aq)s operating temperature?
Na;V,(PO,); NaOTF,,, Na;V,(PO,)s
Cations: Na* Flowing anolyte and :
catholyte?
Charge .
No active e _g’ ASI]@ Active Charge transfer via
. . Components are T > Tampient (525 °C) cations?
material outside | = s 70 Whikg + solid or liquid i e
the cell "’ , : . |
el during operation @
'9‘1 Se/!-
b 7 N\ )
P4 S 4 Is any redox-active
N\ o< © component gaseous?
- Ne_”\
batt *'NE .2
AT
T '\ ‘g i’ v
ambient i
NasV,(PO,); «Na* &CIO,; = OTF- |H,0 Na,V,(PO,);
Source: Jin et al,, 2021

Cation battery

Aqueous NVP - sodium-ion battery


https://onlinelibrary.wiley.com/doi/full/10.1002/anie.202017167?saml_referrer
https://onlinelibrary.wiley.com/doi/full/10.1002/anie.202017167?saml_referrer
https://onlinelibrary.wiley.com/doi/full/10.1002/anie.202017167?saml_referrer
https://onlinelibrary.wiley.com/doi/full/10.1002/anie.202017167?saml_referrer
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Terms used in literature:
Agueous zinc-ion battery (ZIB)

Examples of Classifications of different Secondary Batteries

Anode: Electrolyte: Cathode:

Zn ZnS0, (4q) a/d-Mn0,
No acti Active

O active components are
material

outside the cell

Tbattery

T

ambient

Source: Dechema,, 2021

solid or liquid
during operation

Solid electrolyte and no
other liquid
components at
operating temperature?

Flowing anolyte and
catholyte?

Thattery > Tambient (>25°C)
|

9

Is any redox-active

component gaseous?

2 insertion,
conversion, or alloy
electrodes?

Redox-active
component = sulfur?

Charge transfer via
cations?

l

)

Cation AE battery

Aqueous Manganese oxide - zinc-metal AEB


https://dechema-dfi.de/ZIB.html
https://dechema-dfi.de/ZIB.html
https://dechema-dfi.de/ZIB.html
https://dechema-dfi.de/ZIB.html
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Terms used in literature:
LMP, solid-state lithium metal polymer battery

Examples of Classifications of different Secondary Batteries

Tbattery =60°C

>

Tam bient — 25°C

Lithium metal foil

CURRENT
COLLECTOR

SOLID
ELECTROLYTE

PEO
+ lithium salts

Anode: Electrolyte: Cathode:
Li PEO + Li-salts LiFePO,
Cations: Li*
. Active
No active
} ) compontents
material outside ) :
are solid during
the cell .
operation

CATHODE

Source: Inside EVs,, 2021

PEO-based solid-
state electrolyte
with lithium
conductive salt,
no liquid
components

Solid electrolyte and no other
liquid components at operating
temperature?

Liquid components?

Deposition of the

electrolyte from gas phase
or plasma?

Thick-film

All-solid battery

Thick-film LFP - PEO - lithium metal AS(S)B


https://patentimages.storage.googleapis.com/74/a8/54/a7f5bd24ea9c58/US8431266.pdf
https://patentimages.storage.googleapis.com/74/a8/54/a7f5bd24ea9c58/US8431266.pdf
https://insideevs.com/news/448632/mercedes-benz-ecitaro-solid-state-batteries-bluesolutions/
https://patentimages.storage.googleapis.com/74/a8/54/a7f5bd24ea9c58/US8431266.pdf
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Examples of Classifications of different Secondary Batteries

Terms used in literature: '
Lithium-ion battery, gr/Si || NCM(811)
2 insertion,
Solid electrolyte and no conversion, or alloy
other liquid lectrodes?
Anode: Electrolyte: Cathode: components at SIECHOges
operating temperature?
graphite/SiO, , | LiPFgin EC/DMC NMC 811 (X)
. . Anions & cations?
Cations: Li* Flowing anolyte and
catholyte? @l
Cathode Separator Anode
Cathode Electrolyte §nllcowbaséd Active i
No active material J i Charge transfer via
material outside 1 components are Tpattery > Tambient (>25 °C) cations?
; solid or liquid | '
the cell ! : :
1 G during operation @
|scharg'ng|_ Charging
1 @l Is any redox-active
1 component gaseous?
11
Tbattery (LI | ‘
- @Thicker ngh—strengthsurfa%%t?ga't}’ﬁem v
Tambient @0xide coating  \.Dinder
®Separat|on inhibiting anode
Source:Hitacki 2014 Cation battery

NMCB811 - graphite/SiOy lithium-ion battery

13



https://shop.theiet.org/lithium-ion-batteries-enabled-by-silicon-anodes
https://shop.theiet.org/lithium-ion-batteries-enabled-by-silicon-anodes
https://www.hitachi.com/New/cnews/month/2014/11/141114.html
https://shop.theiet.org/lithium-ion-batteries-enabled-by-silicon-anodes
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Terms used in literature:
ProLogium SiO, anode SSB

Examples of Classifications of different Secondary Batteries

Anode: Electrolyte: Cathode:
graphite/SiO, liquid assisted oxidic NMC811
solid-state
electrolyte ()
Cations: Li*

No active
material outside
the cell

Tbattery
>

Tam bient— 25°C

2" e

Cathode ® \Cvsiit Catho_yte ‘

%'G ®e 0$~°

Separator |

Anode

Source: Prologium

Active
components are
solid or liquid
during operation

Oxidic solid-state
electrolyte +
unspecified
liquid

Solid electrolyte and no other
liquid components at operating
temperature?

Liquid-assisted

Solid(-state) battery

Oxidic NMC811 - graphite/SiO lithium-ion LS(S)B


https://prologium.com/tech/core-technology/
https://aip.scitation.org/doi/10.1063/5.0117248
https://prologium.com/tech/core-technology/
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