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Fig.1 Discovery history of main carbon allotropes (from left to right, diamond, graphite, C60, carbon nanotubes, graphene and
graphdiyne).
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Fig.2 Zigzag(3,3) carbon foam structure (a) and the junction (c)
in comparison to the zigzag carbon nanotube (b), (d).
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Fig.3 Armchair(3,3) carbon foam structure (a) and the junction (c)

in comparison to the zigzag carbon nanotube (b), (d).
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Fig.4 (a) TEM images (positive, 120x120Aeach) of a carbon film,
exhibiting numerous channels that are mostly perpendicular to
the surfaces. (b) Our reconstruction of the particular channels
(marked on the left) via the proposed random honeycomb
structure.
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Fig.5 Structure of the honeycomb. (a) Armchair honeycomb lattice with Na=5, using balls-and-stick representation for the unit cell. (b)
Zigzag honeycomb lattice with Nz=2. Left highlight: a pristine hinge, with a zigzag unit cell marked in purple. Right highlight: a
reconstructed hinge, with hinge and edge atoms marked in orange. Inset: energy per unit cell profile for the reconstruction process.
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Fig.6 Atomistic structures of stable carbon honeycomb. Cmcm-CHC-n (a) with its repeating units A and B (¢), and Cmmm-CHC-n (b)
with its repeating units A and B (d). Top views of 2*2 supercell of optimized Cmcm-CHC-1 (e¢), Cmem-CHC-2 (f), Cmmm-CHC-1 (g),
Cmmm-CHC-2 (h), which consisted of the linking atoms (pink atoms) and zigzag-edged graphene nanoribbons (blue atoms). (i 1) Tilted

side views of the primitive cells corresponding to the CHCs in (e-h).Bond lengths dn ',and angle « are labeled. Letter C B o s z

for zigzag direction and A for armchair direction) indicates the atoms in the armchair and zigzag directions.
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Fig.7 Structure of the carbon honeycomb.
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Fig.8 Carbon 3D architecture formed by intersectional collision of graphene patches. (A) Armchair structure; (B) Zigzag structure (the 4
bond atoms in the configuration sp® are wired, which does not have hexagonal symmetry); (C) Zigzag structure (in the configuration sp3,
the 4 bonds are oriented along a junction line and have hexagonal symmetry, and the included angle of the 3 bonds in the connecting wall
is 120° ).
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Fig.9 Carbon honeycombs. (a) CHC-1 in a top-view perspective, where the carbon atoms form a 3D honeycomb. (b) Primitive cell of
CHC-1 in a side view perspective, where the green C1 and blue C1 atoms reside on different horizontal planes with respect to the c axis.
(c) An alternative to CHC-1, namely, where the C2 dimerization has been lifted.
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Fig.10 (a) An atomic structure of the carbon networks formed by connecting armchair GNRs, named AGNW-(m, n). (b-d) First-principle
calculations of AGNW-(3, 2) and (1, 2) reveal three different types of nodal rings, whose characteristic energy dispersions.
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Fig.11 Electronic band structure of zigzag C-honeycombs of different sizes. (a) Atomistic structure of sidewall in ZZ-CH and AC-CH. The
inset at the top-right corner is the first Brillouin zone used to present the electronic band structures. Electronic band structures (E-Er)
and projected density of states of different kinds of atoms in the zigzag C-honeycombs with different sidewall widths: (b) 5.8 &; (c) 10.1 A
(d) States of the Fermi level average in the volume as a function of sidewall size. PDOS, projected density of states.
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Fig.12 Perspective views of (a) KGN-1 and (b) KGN-2, whose primitive cells are shown in the dashed-line boxes. The lattice parameters of
the two structures are a, b, c and a’, b’, ¢’, respectively. (c) Kagome graphene nanosheet, where the thinnest nanoribbon is highlighted by
light-blue atoms. (d-e) Top views of primitive cells of KGN-1 and KGN-2, respectively. The blue and red atoms in (a-b) and (d-e)
represent sp2- and sp3-hybridized atom, respectively.
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Fig.13 Elastic properties of the honeycomb. (a) Density vs. lattice size for honeycomb lattices; (b) Young’s moduli of honeycombs, with
both computed values (symbols) and analytic dependencies; (c) In-plane Young's modulus for armchair and zigzag honeycombs (symbols);
(d) Comparison of honeycombs specific Young’s moduli with that of diamond.
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Fig.15 Compression behavior of the honeycomb. (a) Left: localized collapse of the honeycomb lattice; Right: zoomed-in view of
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during compression, with the position of each step marked. (c) Lattice size dependency of failure strain. (d) Defect-density dependency of
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Fig.16 Schematic diagram of CHC structure. (a) Perspective view; (b) local atomic structure at the junction region; (c) schematic
diagram of CHC for loading along different directions in the x-y plane.
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Fig.17 Dependence of mechanical properties on different stretching directions in x-y plane. (a) Engineering stress-strain curves of CHC;
(b) engineering stress-strain curves of graphene; (c) stress versus strain in with = 0° for both CHC and graphene.
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Fig.18 (a-e) The calculated stress—strain curves for carbon honeycombs with different sidewall widths when the tension is applied along
the cell-axis direction. (f—j) The corresponding effective stress—strain curves.
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Fig.19 The influence of temperature on the positive-negative Poisson’s ratio transition for CHC subjection to uniaxial tensile tests in the
armchair direction. (a) Engineering stress-strain curve at temperature ranging from 200 to S00K. (b) The corresponding Poisson’s ratio
for CHC at different temperatures.
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Fig.20 Structures and mechanical responses of C12, C10, and C14. (a, c, e) Three structures containing zigzag carbon chains are marked

as C12, C10, and C14, separately. The bond angle and the bond length of these structures are marked with a,ﬂ, yand [,m,n,j,

respectively. The unit cell in these structures is outlined with blue rectangular dotted boxes, and zigzag chains in these structures are
colored red. The mechanical responses for structures (a, ¢, e) are shown in (b, d, f), separately. These red lines indicate the response of the
driven strain under the uniaxial strain along the y-axis, and the purple line represents the Poisson’s ratio under the uniaxial strain along
the y-axis.
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Fig.21 Sample 3D graphene honeycomb structures in (a) an armchair and (c) a zigzag honeycombs. (b) and (d) are the zoom-in views
showing the detailed atomic configurations at the junction corresponding to the honeycombs shown in (a) and (c), respectively. Uniaxial
out-of-plane deformation is applied on the honeycomb along the axis of the honeycomb prisms as schematically demonstrated in (e),

where the side length of the honeycomb prism is denoted as [, thickness is # , angle is 4, and buckling wavelength is A . All the

simulation supercells are cubic and fully periodic in the three dimensions. One representative supercell is shown in (f).
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Fig.22 Representation stress-strain curves from different honeycombs of prism size [/ =9.8 Aand /=104 respectively, where the

singular points corresponding to critical deformation or failure events are indicated.
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Fig.23 The calculated thermal conductivity of carbon honeycombs as a function of sidewall width (a) along the cell-axis direction, (b)
along h-zigzag.
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Fig.24 The thermal conductivity as a function of temperature for (a) ACH and (b) ZCH. The inset represents the effect of system size on
the thermal conductivity of corresponding CH. Atomistic structures of (¢c) ACH and (d) ZCH with the gray color denoting the sp* carbon
atoms and the light red color denoting the sp* carbon atoms.
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Fig.25 The electron diffraction intensities for condensed CO: vs the scattering wave vector. (b) The electron diffraction intensities for
condensed Xe, Kr, CO; absorbed in the carbon substrate with the carbon substrate contribution subtracted. (c) Experimental and best fit
calculated diffraction intensities for the carbon substrate.
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Fig.26 (a) Examples of gas absorption in honeycomb consistent with observed and estimated absorption levels. (b) Unique symbiosis of
the proposed honeycomb structure with nanotubes.
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Fig.27 Most plausible arrangements of absorbed Ar, Kr and atoms in the growing carbon honeycomb cells. Argon atoms can be inserted
into the honeycomb structure when n=0. For larger krypton and xenon atoms, channels with higher n values are needed for storage.
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Fig.28 (a) The hydrogen adsorption isotherms and (b) the diffusion coefficients for hydrogen for CHC under different hydrogen pressure
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Fig.29 Simulation box and water desalination performance: (a) angled and (b) vertical view of CHC; (c) atom structure of the wall and
junction of CHC; (d) schematic of the simulation box consisting of a CHC, water, ions and two graphene sheets.

S W B BRAE AR AL M B BT — 58
IR, IR AFAE LT A

e 5 gk 1K) A7 oy ARG RE W v L 6 3 g (] 2
MRS, R ZBEY ST AT VU
L5 TR 2R ORI, AT 3 BCEL PR B T AT 7 i 4
PR, 7% Tt SE NS 8 ELTR A PR 08 B3 A RL, LA
T4 A2 7KL BE A 1 SE PR 7 5K

e 63 Tk FLAR RO R 9 ) L. IR K R AF AR R 2 A S 1
AR, EATT P 7R R LA NN o BRI, 7 22
PRI A I B iR ALAR D, DUORIEIE R AL ORI
ITFN LA

B e 9 1) A 1) ol T K R S A VR 2 S )
AL T3, W8 B3 BRAE IR AL 7K i 2% 2 W Y R 775 e )
FE, i B WIHHTIH A B . AR SR AL B AR T
R EHAERE MR, JF e AR F
Yoo BRIUL, 5 2T St SR A ORI ey R0 1 A A
AT5E, GRS A B AR PR AR 5 T

AP RRA R L e R AT O — b R R, S
e A LA e o AT KA 5 DRSS I P v A Y e g
B, i B RE LA A [ L, LA A T3 B R SE A
770

522 IKAME

W B T B BROK T A ML Bt
RN G AL« 168 58 B3 T LAF T 25 B e 8 1 AU
SHEMI R A EYI . BeAh, BB AR R AT T LR K
R A A A R

WA B T 7K 1 A AL B T R U R R R A A 2 R
PP AP AR SE RV o R BRI R, S T2
DU EL A E T S s < R N
PR AL T RE AR A, 1 H 2 — A B R LR,
EFINFHIRERS 5 ELFBRM T, RIS T2
i 2 B - W S T R T 1) R RE I R AR AR LA,
SR 2 [ MR TRAE AR P B o e AR T ) Y RE A
AP DARE SR | A L B SE BAT 2R K BB K 5 ) B
RE 1036 137), JX U6 E g A B % i 7 Pt 5 AN R 2R A
15 QAR ELAR

U4, e gt ads mT DU R Hp RS 13905 B
BARRE TR, PllneERE T RiLwE. 4
WP 7RIS R N R B, e SR
BRI = AR AR T R A5 B A 0 9 B R T

SRR, 08 5 B A R LR R P R 1

103

http://physcn.scichina.com

Page 25 of 37



OCO~NOOPS~WNEPE

gobobo:0ugodogd

Z FLEE M RN R DL R M ARF ORE, %of 7K Hp iR
VAT P BRRIAL 2R B, AT O B4 A K I E B

TR R, Kl g s i, B EYR S
PR b B ERTH b o BEE B RS, i e RS
RN - T L e o 0 A P A8 ) 5 e Bk T K R
FEREE RN R G Ol SR, I B8 B — P AR5 A AL
7KEA AR, FTUUR T 2 TR, 46K EE
ATk KA 2

53 HKiIEIRSR
Xt = 4k F5 55 M5 1% 53 (three-dimensional graphene

(®) @

honeycombs, 3DGHs) ] #v F Z& F1 Jj 2 11 e (1 i 78 %
B, RAREMEAAE T BRI RIS AER
PR, MM ARG M SRR i 3Rk 8
AR RIS R B A T i 45 D T AT ) ] B R AT . =
YA S s AR T A SR 0 I A R Ry
PE, ELHE IR 2 RN 2 25 1) SR, T HLAE SR
A R N 7 TH A AR R B0 7. R, =4 R
1506 B3 A SN A K HUOE IR 28 I e A1 k), I 2
SR AN B 3 Y R ALk A% 2K 288 R 45 12

Bing Li & N [M4OR H 315l 75 27 FE B2 A Ji AL
FEEEHITTVE, BEFT T =4 B )04 5 WS 4R s AE 9 1)
W EURD T ARSI AR B Re 1, W 30 B

B30 Z4AaRREEsn. () BENERETSLARETHEBRREG: (b) ShFPRZEEET S KR THIER
KERG: (o) FrnREE, SEETEITK—WEE, #igEMRr7EiEs 2o e dREn mfEEsen, LR ES
BITHIIZK, FRAEEEIR; (O Z8a RG240, HEREQBEEGEETAKIT K, 1o
P22 SCHR H R B VP AT A STR (1401 3R

Fig.30 Structures of 3DGH. The magnified images of atomic construction of a zigzag honeycomb and an armchair honeycomb at
junctions are shown in (a) and (b), respectively. As schematic diagram shown in (c), one end of cantilever honeycomb unit is fixed, and the
longitudinal harmonic excitation is applied at free end of the honeycomb unit along the honeycomb’s axis, where 1 represents the side
length of honeycomb unit, and Fz represents the harmonic excitation force. An integral simulation model of 3DGH resonator is cuboid
and a typical three-dimension structure of 3DGH is shown in (d).
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Fig.31 Nonlinear amplitude-frequency characteristic curves of (a) a zigzag honeycomb and (b) an armchair honeycomb. The nonlinear
amplitude-frequency curves are presented in black, green, purple, blue and red when the longitudinal harmonic excitation force with
amplitudes of 5.0GPa, 6.7GPa, 8.4GPa, 12.1GPa and 16.8GPa, respectively. The range of the excitation frequencies is from 155 GHz to
285 GHz for all the simulations.
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Fig.32 (a) Synthetic scheme of a 3D GO sponge. (b) Flexibility test of a GO sponge. (c) Low-magnification of SEM image for the GO
sponge surface and (d) high-magnification of SEM image for the inner part of the 3D GO sponge.
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Fig.33 Graphene/PVDF aerogels. (a) Adsorption process; (b) Adsorption capacity; (c) Picture of white sponge and black graphene-based
sponge in water; (d) Quasi-spherical water droplets and oil traces on the surface of graphene-based sponge; (e) Adsorption capacity of
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Honeycomb carbon has a honeycomb three-dimensional nanoporous structure comprising of graphene nanosheets and has low
density, high specific surface area, and high porosity. In addition, it demonstrates numerous unique properties, such as anisotropic
thermal conductivity and mechanical properties, gas and liquid ability, and applicability as a composite matrix, and a water
desalination membrane. Thus, its unique structure gives honeycomb carbon great application potential in many scientific and
engineering fields. Meanwhile, its mechanical and thermal properties play an indispensable role in practical engineering applications.
In this review, we discuss the possible crystal structures of the honeycomb carbon. Furthermore, its thermal and mechanical
properties reported in the literature are summarized in this review, and the applications of the honeycomb carbon for gas storage and
water purification are explored. Finally, the corresponding three-dimensional graphene structure is extended to some degree, and the
preparation, properties, and applications of this structure and honeycomb carbon are summarized and prospected.

honeycomb structure, carbon, mechanical property, thermal conductivity, gas adsorption, desalination of sea water

PACS: 61.48.Gh, 62.23.St, 62.25.Mn, 65.80.Ck, 68.37.Hk
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