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Blowing Routeto Fabricate Foams of 2D M aterials
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Abstract: Graphene, as a representative of two-dimensional (2D) materials, has excellent intrinsic properties such as
high specific surface area and conductivity, but its macroscopic bulk behaves poorly owing to severe face-to-face re-
stacking and hand-in-hand contact resistance. Three-dimensional (3D) design of 2D materials can deliver the excellent
nanoscaled properties to the macroscopic world, to realize the high surface area, conductivity, interconnected pores,
and good mechanics of the bulks. It is necessary and highlighted to develop the porous monolith of 2D materials for
applications as electrodes, adsorbents, elastomers, etc. The blowing route has the advantages of low cost and simple
processing, which has been accentually developed to produce the foams of 2D materials for several years. This article
introduces the principle of the blowing method, summarizing the recent examples of blown foams of graphene, boron
nitride nanosheet, and others. The scientific front about foams of 2D materials is discussed, and the broad applications
of the new materials are prospected in energy, environment, etc.
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Fig. 5 (a) Scheme of chemical blowing process; (b, ¢) Photo and optical image of SG; (d) Optical image of a graphene membrane
and graphitic struts of SG; (e, f) Scanning electron microscope (SEM) images of intermediate polymeric bubbles and their thin walls;
(g) Optical image of a large few-layered graphene membrane taken from SG; (h) Atomic force microscope (AFM) image of an indi-
vidual graphene membrane; (i) High-resolution transmission electron microscope (HRTEM) images of SG; (j-m) SEM images of

strutted graphene grown at heating rates of 1, 4, 20 and 100 ‘C/min
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Tablel Graphenefoamsand doped graphene foams fabricated via blowing route
using residue-free ammonium blowing agents

Precursor Blowing Heteroatom Temp:e rature Product st A,l Application  Ref.
agent source /C /(m*g™)
Glucose  NH,Cl - 1350 Strutted graphene (SG) 1005  Supercapacitor [24]
Sugar NH,4CI - 1400 Strutted graphene (SG) 710  Supercapacitor  [55]
Glucose  NH4Cl - 1000 3D carbon materials (CMs) 170  Li metal battery [74]
Glucose  (NHy),COs3, (NH,4),CO; 900 N-doped 3D mesoporous foam 516  Electrocatalysis [64]
citric acid Thermocatalysis
Glucose = NH,Cl, melamine Melamine 1100 3D N-doped graphene (3DNG) layers 1190  Supercapacitor  [65]
Starch Urea Urea 800 N-doped graphitized carbon 1947  Supercapacitor [66]
nanosheets
PMP Melamine Melamine, 1050 N-P-O co-doped monolith carbon 2668  Supercapacitor [67]
H;PO, aerogel Adsorption
Glucose = Melamine Melamine, 1050 P/N co-doped functional exfoliated 1440  Electrocatalysis [75]
H;PO, carbon
Chitosan  NH,Cl NH,C1 900 3D hierarchically porous N-doped 1005  Electrocatalysis [76]
carbon
Citric acid NH4Cl NH,CI 1000 Hierarchically interconnected 1460  Electrocatalysis [77]

N-doped carbon nanosheets (NCNS)
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Fig. 6 (a) Synthesis scheme of foaming based on PMP precursor; (b) SEM images of N-P-O-co-doped graphene foam!
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Table2 Pristineand loaded graphene foams fabricated via blowing route using metal-contained salt blowing agents

Blowing Temperature SSA L
Precursor agent of salt /C Product J(m*g ) Application Ref.
Glucose Fe(NO;); 950 Graphene-like carbon nanosheets (GCNs) 220  Electrosorption [30]
Sucrose Zn(NO3), 1200 Foam-like porous carbon 2340  Supercapacitor [31]
Hydrolyzed starch ZnCl, 400 Activated carbon foam with 926  Supercapacitor [56]
nano-thickness cell walls (ACF-NCW)
Cellulose KHCO; 400 Hierarchically porous carbons (HPCs) 1893  Supercapacitor [57]
Maltose Ni(NO3), 800 Macroporous graphitic carbon foam 804  Microbial fuel cell [58]
(MGCF)
Sucrose Ni(NO;), 900 Carbon-graphite composite foam —  Heat dissipation  [60]
Maltose Co(NO3), 900 Graphene-like carbon nanosheets (GCN5s) 735  Electrosorption [61]
Potassium citrate CcHsK504 850 Porous carbon nanosheets (PCNs) 2200  Supercapacitor [78]
Acrylic-type cati- Ni(CH3;COO), 850 3D hierarchical porous graphene-like 1411  Li ion battery [79]
on-exchange resin network
Artemia cyst shells  Ni(CH3COO), 850 N-P-O co-doped 3D graphene 1406  Supercapacitor [33]
Electrocatalysis
Glucose Zn(NO;), 800 N-doped holey graphene 1602  Supercapacitor [34]
Poly-o- Ni(NOs), 900 3D N-doped graphene (3DNGN) 907  Supercapacitor [80]
phenylenediamine
Coal tar pitch Mg(CH;COO0), 700 O/N co-doped foam-like porous carbon 1010  Supercapacitor [81]
EDTA, EG Ni(NOs), 550 3D N-doped carbon nanosheet@carbon 375  Supercapacitor [82]
nanotube (NCNS@CNT)
PVP Fe(NO3)s3 700 3D N-doped carbon nanosheet frame- 306 Liion battery [35]
works decorated with Fe,O; nanoparticles
(FeZO3-NCNF)
Glucose Co(NO3), 900 CoO@Co/N-doped carbon 551  Electrocatalysis [36]
(CoO@Co/N-C)
Glucose Sb(CH3COO0);, 950 Sb/C composite material —  Naion battery [37]
NH,CI
Glucose (NH4),MoS,, 1000 MoS,/3D graphene structure (MoS,-G) —  Electrocatalysis [38]
NH,CI1
PVP Fe(NO3); 800 3D foam-like graphenic carbon scaffold 159  Kion battery [39]
incorporated with FeP nanoparticles
(FeP@FGCS)
PVP Fe(NO3); 900 Fe,O nanospheres anchored on 3D 239 K ion battery [40]
N-doped few-layer graphene framework
(Fe O@NFLG)
PVP Fe(NO;); 750 3D N-doped graphenic framework cou- 238 K ion battery [41]
pled with Fe;C@porous graphite carbon
core-shell structures (Fe;C@PGC-NGF)
Glucose CuCl,, NH,C1 900 Cu/graphene composite — Catalysis [71]
Glucose CrCl; 1050 Cr* @graphene —  Electrocatalysis  [72]
Gelatin Fe(NOs); 500 Fe,O3;@N-doped carbon foam 418  Supercapacitor [83]
Li ion battery
Polydopamine Co(NO3), 900 Metal and nitrogen co-doped carbon 276  Electrocatalysis [84]
(M/N-C)
Wheat flour Co(NO3), 800 N,S- doped hierarchically porous carbon 734  Catalysis [85]
with core-shell Co@C nanoparticles
(Co-N-S-PC)
Glucose Ni(NOs), 650 Graphene-like foam/NiO composite 323  Supercapacitor [86]
(GLE/NiO)

7E 550~600 'C F3L#, M NH,Cl AMEF= S Melem 7750 g-C3Ny WL TT DL 3 ' 4 4 7= A 2S8R0 [ A
SRR R, BAIS R g-CNy IR, Wi 8 At FEN NG S 7/
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Fig. 8 (a) Synthesis scheme and (b-d) TEM images of 3D strutted g-C;N,4 foam heated at different rates
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Fig. 9 (a) Synthesis scheme, (b) SEM, (c) optical, (d) AFM and (¢) HRTEM images of BN foam by foaming of AB®*;
(f) Synthesis scheme and (g, h) SEM images of BN foam using boric acid and PEOP”!
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