Index

a
advanced zinc fuel cell 17
Ag-based catalysts 39
Ag-Co electrocatalyst 40
Ag NW@NiMn heterostructure
80, 81
air electrode, of flexible ZAB 221-225
alkaline electrolytes 3, 10, 185
challenges and solutions 186-190
conductivity of 10
degradation 189
fundamentals 186
operating temperature 189-190
amorphous bimetallic CoFe oxide
nanoparticles 87
aqueous electrolytes 10, 11, 26, 132,
166, 168-170, 185, 186, 191,
195, 272
as-formed carbon approach 48

b

B-doped CNTs 46,47

bi-functional LiCoO, spinels 134

bifunctional oxygen electrocatalysts 4,
71, 83

bimetal Fe/Co-N,-doped carbon
nanosheets 75

bimetallic phosphides 89

bimetallic spinel ORR electrocatalysts
55

bimetal nitride-based ZAB 93

binder-free catalysts 95-99

281

biomorphic Co,P-Co,0,/rGO/C
composite 52
Bi,Ru, O, polyhedral pyrochlore oxide
140, 141
bismuth ruthenium oxide (Bi,Ru,0,)
polyhedral pyrochlore 140
B, N-codoped porous carbon 73
BSCF
-CeO, hybrid oxygen redox catalyst
81-82
intrinsic OER activity of 79
B-site Ru substituted LaCoO, 79
B-site Ru substituted LaCo, 4Ru,,0,
79-80

c
carbon-based catalysts 44
metal-free carbon  44-48
transition metal-carbon hybrids
48-50
carbon-based substrates 97
carbon-coated a-MnO, nanowires
53
carbon materials, advantage of 71
carbon nanotube (CNT) 37,113,
116, 121, 124, 219, 224, 233
CD-COFs 124,126
ChemTEK 274
CNT@POF 124
cobalt oxides (Co,0,) spinel 132
cobalt sulfides (CoS,) 88
Co based single atom catalyst 114
Co-based spinel oxide 76

Zinc-Air Batteries: Introduction, Design Principles and Emerging Technologies, First Edition.

Edited by Zongping Shao and Xiaomin Xu.

© 2023 WILEY-VCH GmbH. Published 2023 by WILEY-VCH GmbH.



282

Index

Co,[Co(CN),], Prussian blue analog
75

(Co,Fe);N 93

Co@LiCoO,nanofibers 81

Co,0,/N-rmGO 51, 52, 54

Co,0, spinel 132-134

Co@Pd-Pt 37

Co single@NCF/CNF 117

Cog,—-N-C cathode 115

Co, N-codoped CNTs (CoS,/Co-NC) 90,
92

Co-N,/C nanorod array catalyst 75

Co/PFC aerogels 85, 86

C0,S,@N,S-C 88,89

Co-Zn ZIF-based air electrode 93

COF-derived electrocatalyst 121

CoFeNi/NC 49

composite air electrode based on
porphyrin covalent organic
framework 122

CoO,@CoN,/NCNF composite catalyst
90, 91

CoO/N-doped CNT preparation 48, 51

CoO@NS-CSs 52

corrosion 11, 15, 20, 26, 28, 35, 74, 95,
155,156, 159, 160, 162-164, 166,
168,171, 172,174,175, 179, 189,
190, 192-194, 224, 247, 248, 273,
276, 277

corrosion suppression 164

CoRu-O/A@HNC 40

covalent organic frameworks (COFs) 71,
94,113, 120-124

CuCo,0,/N-CNTs composite 87-88

Cu-doped a-MnO, nanowires
(Cu-a-MnO,) 53

CuPt-NC catalyst 36

CuZn/NC 60

based zinc-air battery 59

Cu/Zn@NC catalyst, ORR performance of

43

d
delithiated LT-Li;, ;CoO, 135
dendrite, formation and growth 161-162

density functional theory (DFT)
calculations 36-38, 40-43, 46-48,
51, 53, 55,72, 73, 81, 84, 87, 89, 94,
121, 141

dimethylsulfoxide (DMSO) 164, 169,
171, 193, 194, 247, 248

e

electrically rechargeable Zn-air batteries
159-161, 275-276

electrochemically rechargeable Zn-air
battery 8, 14, 18, 21, 22, 28

electrode activity, of ORR/OER 70, 90

electrodeposition 41, 80, 96,97, 171, 221

electro-winning process 15

energy density 1-5,9, 13, 18, 20-21, 23,
28, 35, 36, 69, 77,94, 95,111, 112,
144,155-157, 159, 163, 165, 168,
170, 186, 195, 217-220, 227-229,
236, 238-243, 254, 263, 271, 274

EOS Energy Storage 4, 272-273

ethylene carbonate (EC) 171

Evonyx 274-275

f

Fe and N co-doped porous carbon fibers
(Fe/NPCFs) 50
Fe-based nanoclusters 59
Fe-based perovskite oxides 128
Fe,C/NG 49
Fe/Co-CNT@MXene-8 catalyst
Fe/Co-CNT@MZXene-T catalyst
Fe-Co,0,@CC 97
Fe,N-based materials 93
Fe-N,/C electrocatalysts 50
FeNC-S-Fe C/Fe 75,76
FePc-containing CMPs 61
Fe-SAs/NSC, ORR activity for 42
flexible electronics

126
126

battery components
air electrolyte 221-225
electrolyte membrane 221
Zn electrode 220-221
battery configurations 217-220

cable type 219



Sandwich type 217-219
kirigami-inspired configuration 220
mechanical analyses 225-227

challenges 227-228

endbending angle 227

endbending radius 227

end-to-end distance 226-227

flexible lithium-ion batteries 217
flowing system 177

)

galvanostatic discharge voltage—capacity
curves, for Zn-air battery 19
gel polymer electrolyte (GPE) 198
flexible battery devices 209-211
PAA hydrogel electrolytes 203-207
PAM hydrogel electrolytes 207-209
performance parameters of 199-200
PVA hydrogel electrolytes 200-203
graphene-NiFe, alloy composite 85
gravitational specific capacity 18

h
hard template 46, 71, 72, 122,
127,135
heteroatom doping 48, 71, 73
heterostructured catalysts 80-83
high-entropy materials 71, 95
hollow porous ZnMnCoO, microspheres
55
hybrid Zn-air batter 228
Ag-based materials 240-241
categories 229-233
cobalt-based materials 236, 238
Ni-based materials 233-236
operating mechanism 228-229
performance evaluation and balance
241-242
hydrogen evolution reaction (HER) 2,
156, 160, 162, 164, 168, 170, 172
175, 188, 189, 193, 252-254, 261
hydrophobic air electrode 12

i
in-situ prepared carbon approach 48

Index

intermetallic Cu-Pt nanocages 36
isolated atomic Fe-embedded N-doped
porous carbon synthesis 43

J
Janus Pd-Au nanoparticles 38

k
KNO,-based electrolyte 194-195

l

La, 4sAg, ,sFeO,_; perovskite 129

LaFe,;Co,,0, 128

laminated nonwoven separators 11

LaMO, catalysts 57, 58, 79

LaNi, ;M ;O catalysts 57, 58

Li-air battery 2

LiCoO, cathode 81, 134

Li-ion batteries 1, 4, 156, 157, 159, 164,
219, 252, 272

liquid electrolytes 185

185-190

190-195

alkaline

neutral

m

macrocyclic transition-metal-N, (MN,)
molecular catalysts 60

macro-TpBpy fabrication 123

51,134

materials design strategies 71

manganese oxide

mechanically rechargeable Zn-air
14,15, 17, 18, 158, 265
refuelable-type 265-268
replaceable-type 268-270

batteries

mechanically recharge process 4, 7,9,
14,15, 17, 21, 155, 158-160,
245-248, 264, 265, 270, 275

melamine phosphate 89

mesoporous carbon hollow nanospheres
50

metal-air battery 1, 2, 227

metal clusters 58

283



284

Index

metal-free carbons 44-48, 114, 120
metallic Pb,Ru, O, 137
metallic power 4,9, 17,273-274
metal-organic frameworks (MOFs) 46,
71, 83,93, 94, 113-120, 144, 239
metal surface coating method 174-177
Mg-doped YRO catalyst 136
miniaturized electronic devices
58-61

13,14
miscellaneous catalysts
mixed-metal oxides 87
Mn-based perovskite oxides 56
Mn/C-NO synthesis 119, 120
Mn-Co spinel oxides 54
Mn,(Ni; ;Cu, ;Co,,V, ,Fe,Mo,Pd, s
Pt sAu, sRu, sIr, 5 (np-12)

95, 96
MnO, 52,53,192
monometallic metal phosphide 89
MZXene-based catalysts 71, 94-95
MXenes 94,124-127
n

N and P co-doped metal-free ORR
electrocatalyst 120
N-doped carbon nanoribbons (N-CNRs)
84
N-doped CNTs encapsulating Co
nanoparticles (Co-N-CNTs) 84
N-doped graphdiyne (N-GDY) 72
neutral electrolytes
KNO,-based electrolytes 194-195
ZnCl,-based electrolytes 190-194
ZnSO,-based electrolytes 194
Ni-/Co-/Mn-based spinel oxides 77
NiCo,0, 55,77,78,87,94,97, 98,134,
219, 236, 250
NiCo,0,-rGO composite 55
Ni doped Co-based sulfides 89
NiFe layered double hydroxide
electrocatalyst 141
NiFe LDH nanosheet/Ti,C, MXene
quantum dots 95
NiFe LDHs 94,97
Ni/PFC aerogels 85, 86
noble metal catalysts 56, 70

noble-metal nanoclusters 58

non-alkaline Zn
trifluoromethanesulfonate
(Zn(0T1),) 197

non-aqueous electrolytes 168-170

non-metal doped carbon 71-74

non-organic additives 163

non-renewable energy 1

N, P-codoped mesoporous nanocarbon
(NPMC) 73,74

N, P-codoped porous carbon spheres
(NPCSs) 73

o
1D air electrodes 111
organic additives 163, 164, 171, 175, 176,
193, 220, 248
ORR/OER binfunctional catalysts
carbon
non-metal doped 71-74
transition metal and nitrogen
codoped carbon materials 74-76
carbon-based composites 83-93
hybrids 90-93
layered double hydroxides and oxides
85-88
metals and alloys 84-85
sulfides, nitrides, and phosphides
88-90
transition metal oxides 76-80
perovskite oxides 78-80
76-77
spinel oxides 77-78
ORR/OER binfunctional catalysts
functional catalysts

simple oxides

80-83

oxygen evolution reaction (OER) 3, 69,
114, 141, 159, 185, 250, 264, 277

15,17, 35-61,

heterostructured catalysts

oxygen reduction catalysts
261
oxygen reduction reaction (ORR) 69
electrocatalysts 35
carbon-based 44-50

precious metal 36-40



single-atom catalysts 40-44
transition-metal oxides 51-58

oxygen-modulated CNTs 73

p
PAA hydrogel electrolytes 203-207
PAM hydrogel electrolytes 207-209

passivation 19, 20, 27, 28, 157, 159-161,
170-172,174, 175,177, 186, 187,
194, 206, 220, 244, 246, 247, 252,
254
P-doped La 4Sr,,MnO, 5 (LSMP)
electrocatalyst 57
Pd,; ;,(SR);4 ,, nanoclusters 58
Pd/W4O,, catalytic material 39
penta-twinned Pt-Cu-Mn nanoframes
(Pt-Cu-Mn NFs) 36
perovskite-based oxides 56
perovskite oxides 51, 56-58, 71, 78, 79,
81,127,128
phase-controlled Pd-Se nanoparticles
37
physical suppression strategy 178
polarization curve, of Zn-air battery 21,
22, 24,78, 81, 96, 190, 218
polydopamine-Co composite precursor
50
Power-Block® 274
power density curve of Zn-air battery
21-22
p-PBSCF 129, 130
precious metal-involved ORR
electrocatalysts 36
primary Zn-air batteries 37, 156, 264
industrial application types 270
270-272
energy storage 272-273
mechanically rechargeable 264-270
operation of 35
pristine Zn-air batteries 4-8, 13, 20
propylene carbonate (PC) 171
Pt/C-based Zn-air battery 44
Pt,-Fe/Fe,0,(012)-based Zn-air battery
44
Pt,/NPC samples 42

electric vehicles

Index

Pt-related electrocatalysts 36

pull effect 60

PVA hydrogel electrolytes 200-203
pyrochlores 129, 136-141, 144

q

quasi-solid flexible electrolytes
164-166

r
rechargeable Zn-air batteries
69, 275
configuration and discharge/charge
process of  69-70
electrical 275-276
industrial
AER Energy Resources 276-277
Zinc Air Power 277
15,269

renewable clean energy 1

refuel process

S

Sabatier’s principle 70

SA@NCF/CNF catalyst 118

S-Cu-ISA/SNC 42

secondary batteries

gravimetric and volumetric energy

density of 2

secondary Zn-air flow battery, assembly
of 125

self-discharge process 2,9, 15, 26, 160,
172,175, 188, 243, 272

self-standing air electrode 224

71, 76-77

4, 40-44

single layered porphyrin covalent organic

simple oxides
single-atom catalysts

framework 124
spinel oxide NiCo,O, nanocones@FeNi
LDH nanosheets core-shell
hierarchical structure 97
static replaceable anode cassette 14
sulfurized Fe-N,/C 75,76
“surfactant free” Ag nanoclusters 59

285



286

Index

t

tapered-end structural Zn-air battery
16,17

template-assisted strategy 127, 132

3D and F, P and N tri-doped porous
carbon based air cathode 122

3D carbon based electrocatalyst
121-122

three-dimensional and hierarchically
ordered porous metal oxides

three-dimensional CoMn, O, catalyst
134

three-dimensional electrode

127

characteristic feature of 112
three-dimensional materials 112
three-dimensional N, P-codoped
mesoporous nanocarbon (NPMC)
73,74

3D macro-micro porous hierarchical COF
architecture 122

3D p-PBSCF 129

3D printing (3DP) technology 141, 143

3D-carbon 113

3DOM Fe-N-C-900 115,117

3DOM Fe-N-C synthesis 115,117

3DOM NiCo,0, 77

-based ZAB 77

3DOM-based LaFe, ;Co, ,0, perovskite
128

3D-tuned LaFeO, catalyst 131

three-electrode rechargeable Zn-air

5,6

three-electrode Zn-air battery 8,9

three-dimensional ordered macroporous
Mn, ;Ni, ;Co,0, tri-metallic spinel
structure 134

three-phase interface reaction, for
discharge and charge process 11,
12

TMs@NC, Composite 118

transition metal-carbon hybrids 44,
48-50

transition metal oxide (TMO) catalysts
51

perovskite-based oxides 56

batteries

single-metal oxides 51-53
spinel oxides 53-56
transition metal spinel oxides
2D air electrodes 111
two-electrode rechargeable Zn-air

batteries 5,6, 8

129

|4
volumetric specific capacity 18

w
Walker-Wilkins battery 3

water-in-salt (WIS) electrolytes 168,
195-196

y

Yttrium ruthenate (Y,[Ru, ,Y,]0, )
137,139

Yttrium ruthenate pyrochlore oxide 136

z
ZIF-67 flakes 116
ZIF-8 derived N-doped carbon photonic

crystals 114,115
Zinc Air Power 277
zinc dendrite 8, 11, 20, 26-28

zinc dendrite growth 27, 28
zinc trifluoromethanesulfonate
(Zn(0OT1),) 166,168,197
Zinc-air batteries 2
activation loss region 21
and alkaline electrolytes 10
bifunctional electrocatalyst 13
carbon-based catalysts 113-127
covalent organic frameworks (COFs)
120-124
metal-organic framework 114-120
MXenes 124-127
charge/discharge polarization of 24
charge/discharge voltage 25
concentration loss region 21-22
coin type of 14
components 5
cycle stability of 12
electrochemical discharge process 5



2-electron oxygen reduction pathway
5
4-electron ORR 5
gas resistance 13
with heteroatom-doped carbon
materials 8
history 3-5
hydrophobic air electrode 12
issues of 23-28
air cathode 23-25
electrolytes 25-26
zinc anode 26-28
in miniaturized electronic devices 13
Ohmic loss region 22
open circuit voltage 7
ORR process 5
overall discharge reactions 7
performance evaluation of 18
charge/discharge performance
22-23
power density 21-22
specific energy density 18-20
perovskite oxides 127-129
polymer electrolyte 11
with Pt,-Fe/Fe,0,(012) as air electrode
43

pyrochlores 136-141

Index

rate performance 23
and separator 11
spinel oxides 129-135
structure and principle of 5-18
with tapered-end structure 16
three-dimensional materials 113
three-phase interface design
141-143
time of refueling process 15
timeline of development 4
with zinc fibres 9
zinc pelletsin 9
Zn anode
electrolyte condition and functional
additives 162-171
optimization methods 162-178
protection methods 177-178
synthesis of high-performance and
surface coating layer 171-177
ZnCl,-based electrolytes 190-194
Zn electrode 186
passivation 161
Zn-air fuel cell 5, 245, 265-267
Zn-metal layered-double-oxide anode
177-178
Zn-N-C catalyst 42
ZnS0O,-based electrolytes 194

287


















