PERES: EE HE¥E XF 2024 &£ $£ 54 % £ 5 H: 254607 CPIERRE ) Zekil
SCIENTIA SINICA Physica, Mechanica & Astronomica physcn.scichina.com SCIENCE CHINAPRESS

RS s Y a2 B3 KXY =] M k
W R FHMBIELENFEE CrossMark

R SHENMRERSIR: EEMNH

' Az R B E R RS, BAE, e, &S
wEARY, T’ >

AERREOR AU TR 2 BE, b3 100083;

- ERRE R 12T, AR S RS, B3 100190;

PEREEBARRFEARIIE R, BIE 230026;

. Department of Physics and Engineering Physics, Morgan State University, Baltimore MD 21251, USA;
. School of Engineering, Cardiff University, Cardiff CF24 3AA, UK;

ALFRRE YL LY TR R, BT 212013;

CAERR LA, B 1008715

. Nuclear Engineering and Radiological Sciences, University of Michigan, Ann Arbor MI 48109, USA;
P ER AR OCE TR A, LAt 100049;

10. J7AARBHEITUEE, )7/ 511458

*PER A, #2JK, E-mail: pengqing@imech.ac.cn; 35, E-mail: gmbitwrw@ustb.edu.cn

O 00 N N W B~ W N

WA H : 2023-08-17; 4232 H#: 2023-11-02; B4 H R H #1: 2024-04-30
E X EARBEIEE SRS 12272378) ARG S: E1Z1011001). A& RV CIFHE 7B H (4n5: 2020B0909010003) 1 [ 5% & 55 3
REAFF 78 R BRI 5 2022YFA1203602) % B

TWE BFREMEHLEFNRKAMRNETR=ZENAXLILES, BAREEME LB R E, B o
EHET AR, RFERFE SR RMERE, CATHBRESRETEM. LR EF. REE, #h.
MR BB TR EH T S EAWE AR, AT T SRRy — L r RS, B4 T SUBRRE B i
REAIALAR M BE, R T R ERER KT, KEUARAFETANNA. BN ENE =R EHERHTT
—RBEWEM, A ZEMUREERER L. et NASFTERE T ELHNEETREL.

REEIR HEEM, B R, HFERE, BRARK, R, EARMN

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

R FH. SSORRR AU BRA 1 T AR I B3 B SRR
H 19854 %4k 7 WA A R ILLAOK™, BEEZATH
BN SRR WRFEI R RIEE, 20 S HOm AR RBE, JFHC2BS TR
fisp B Risp B B ERIA Msp BE TRA RI0sp” BT EEMZAN, EARFEAN AR R, S
R Ta A RN R, BATZIBE BRI T AR E (CREEA 2 BE) . T4 S

1 35l

il

SIS W, ZE0E0R, B, 45 4R s BRIOBT TR LRA: YERERISIF. R EIRLSE: MBS J15E ROC, 2024, 54: 254607
Xie L, Cai X Q, Zhao S, et al. Review on the research progress of three-dimensional honeycomb carbon: Properties and applications (in Chinese). Sci
Sin-Phys Mech Astron, 2024, 54: 254607, doi: 10.1360/SSPMA-2023-0294

© 2024 (PERE) FEHL www.scichina.com


https://doi.org/10.1360/SSPMA-2023-0294
www.scichina.com
physcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA-2023-0294&amp;domain=pdf&amp;date_stamp=2024-04-17

S, PEREE MBS 0 ROCE 2024 0 B 54 A S Y

— YRR AN — gy B R,

= #E0& 55 B (Carbon  Honeycomb, CHC)fE N—#f
AR R IR, E=4ess 0 E AL 3
JRO. e TR ) PR S 6 A A T R P R 5
Hrp A 2 A NIEM R, FER T —A 5%
B = AE N2 S50, X FPRRER () 25 A AN ARAIE T B
PRI RS E MR S A iR B, IERE RS H i HL = F MR A
FEF . RIS, 9K 53 ik IR FUOM 225 4 AR i %o L 1 e
KILEREE. filhn, FLERR/NFITAR AT BASZ e H )
B AR A BT, T A R 2 A 55 4 WU R DA S i . g 5
B, FLTAE A Rk v R T e B
I, R ) P A e 5 ik PR FOU 225 4 o S B AR e
REM) B —.

S SRR TR R Sy = e B G — A R
Bl B R —PET A KA R, AR RE R A3 A
BVF 205 0V, 0 snm i e S e K% R X
SO S (R 1 S AR S =4 SR E R S A G, =
Y S8 0 DU R () 45 M AR e MR o, AE B BERE
. W LRI REYR S U B T2 1 S I

JR TR R ARG T R TR, A
MAKELEHILLOR, MR FAT— B H R 15
WRFHF IR F R IR, EwcasSEpe, R
HAb AT RE S50, FRAESCIR R3] TEsSE. i 7E )5
FRTT AW AR R A TT, PORRZE AT E
RO b P e A 3 3K A Sy T g 5 T 1Y) B % [PV AE R
FHEBN P RLRL 7 U ) 3k — 0 R

2 FRgsrth

YGRS B (1 45 4 FL A SR ABL T E 0 S A A
(ALBRIILR, 2SR R b T Ak g nt™. JLmom st

<
g

r

K o] LA CL R AN 5 THTEAT 20 A

(1) BRA LA ZE HA . G KM 8 Bl 2 R B G 21 4H A
IR}, LA S T LN AP RN sp” 4k
W RIsp 22t b, sp® A0 B IR T S B KL T
B P RS I E R, Msp 2446 B 71 2
T DY T A 25 4.

(2) FLBREE A : GRoKIGe 3 DR At P FL R &85 1) A L A 22
(RIRRAE 2 P01 33 e s s 2 b o) 45t R o e
WAEF . AL e N B AN B SRR R 51 SR, T LAE
Tk 47 i 1) 4 2R A SR AR A M S FLBR R /N TR AN 43
A — R UL, 9K 5 Rk 1 FLBR B A2 7E1-100 nmZ
(B], AREFLBRE KNP0 8 B 7 AL LA ik
FLdg 2 = e Ay 122

53 F3 1125 Molecular Dynamics, MD)J&—
Rt B vk, 7T LU TR S AR B g5 R RO R . 7R
TF FC 0 5 Bk ) 5 Ry, m] DA 43730 )15 7 AT
— A R BB R T2 e s m i R T g g 45
WP RIS HOAT BT, RIS A TR R
PEOVITOP ) HEAT G5 M 40 BT 55 kbR b4, 43 T3
F122T5 1T UL SR 7006 58 ik 5 HAR R R A ELAE
RS HAT A, BN, fERRanKE /=i SR,
%7 1% O SR Tk 9 oK & 5 i 53 ik 2 1) 1 AH B A
FPS RN R 450, AR S SRR 2 Fl 2
T RE.

PATVEAE T 0 PN 2 i 18— e 8 Bl T B A
gk

20064F, KucHlSeifert™ & i T —FlBr (5% 7 % 5
Tk, SRR A Bt B 2540, hisp’
TR IR T I B 2, FFHisp 2L BR IR T
ROk, W2 AR,

58 N 5375 A S a0 5 2% A FH 2% B2 bR ) 5O

| 60004E8] 15644 19854

20044

1 (4 RROR Bk O 2 R R AR B R DL (ANE B RO SR . 5. Coon BRAVKE . M. 15800

Figure 1 (Color online) Discovery history of main carbon allotropes (from left to right, diamond, graphite, Cg4,, carbon nanotubes, graphene, and

graphdiyne).
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Figure 2 Zigzag (3, 3) carbon foam structure (a) and the junction (c)
in comparison to the zigzag carbon nanotube in (b), (d) [32].
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Figure 3 Armchair (3, 3) carbon foam structure (a) and the junction
(c) in comparison to the armchair carbon nanotube in (b), (d) [32].
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Figure 4 (Color online) (a) TEM images (vertical carbon film
direction, 120x120 A) 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 [40].
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Figure 5 (Color online) Structure of the honeycomb. (a) Armchair honeycomb lattice with N, = 5, using balls-and-stick representation for the unit

cell; (b) zigzag honeycomb lattice with N, = 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 [51].
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Figure 6 (Color online) Atomistic structures of stable carbon honeycomb. (a) Structure of Cmem-CHC-n; (b) structure of Cmmm-CHC-n; (c)
repetitive unit in the form of Cmem-CHC-n; (d) repetitive unit in the form of Cmmm-CHC-n. Top views of 2x2 supercell of optimized Cmem-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 @', and angle a are

labeled. Letter Cj}:w s (Z for zigzag direction and A4 for armchair direction) indicates the atoms in the armchair and zigzag directions [54].
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Figure 7 (Color online) Structure of the carbon honeycomb [62].
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Figure 8 Carbon 3D architecture formed by intersectional collision of graphene patches. (a) Armchair structure; (b) zigzag structure (the 4 bonds in
the configuration sp3 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°) [52].
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Figure 9 (Color online) 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 ¢ axis; (c¢) an alternative to CHC-1, namely, where the C2
dimerization has been lifted [68].
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Figure 10 (Color online) (a) An atomic structure of the carbon
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(b)—(d) first-principle calculations of AGNW-(3, 2) and (1, 2) reveal

three different types of nodal rings, whose characteristic energy
dispersions [68].
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Figure 11 (Color online) Electronic band structure of zigzag C-honeycombs of different sizes. (a) Atomistic structure of sidewall in zigzag carbon
honeycomb and armchair carbon honeycomb. The inset at the top-right corner is the first Brillouin zone used to present the electronic band structures.
Electronic band structures (£-Er) and projected density of states of different kinds of atoms in the zigzag C-honeycombs with different sidewall widths:
(b) 5.8 A; (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 [69].
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Figure 12 (Color online) (a), (b) Perspective views of KGN-1 and KGN-2, whose primitive cells are shown in the dashed-line boxes. The lattice
parameters of the two structures are a, b, ¢ and a', b', ¢’, respectively. (c) Kagome graphene nanosheet, where the thinnest nanoribbon is highlighted by
light-blue atoms. (d), (¢) Top views of primitive cells of KGN-1 and KGN-2, respectively. The blue and red atoms represent sz_ and sp3-hybridized

atom, respectively [75].
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Figure 13 (Color online) 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) relationship between Young’s modulus and lattice size of carbon honeycomb with
two structures in x-y plane; (d) comparison of honeycombs specific Young’s moduli with that of diamond [51].
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Figure 14 (Color online) Fracture evolution process of carbon honeycomb failure. (a) Before tensile fracture along the zigzag direction, the CHC
hole is rectangular; (b) before tensile fracture along the armchair direction, the CHC hole is hexagonal; (c) fracture evolution process of CHC structure

in cross section under tension along the tube axis [62].
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Figure 15 (Color online) Compression behavior of the honeycomb. (a) Left: localized collapse of the honeycomb lattice; right: zoomed-in view of
the compression process of a honeycomb lattice, with each step numbered. (b) Stress-strain and energy-strain curves of the honeycomb during
compression, with the position of each step marked. (c) Lattice size dependency of failure strain. (d) Defect-density dependency of failure strain [S1].
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Figure 16 (Color online) 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 [103].
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Figure 17 (Color online) 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-strain relationship with 8 = 0° for both CHC and graphene [104].
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Flgure 18 (Color online) (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 [105].
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Figure 19 (Color online) 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 500 K; (b) the
corresponding Poisson’s ratio for CHC at different temperatures [106].
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Figure 20 (Color online) 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, f, y and [, 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), (c), (¢) 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 [109].
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Figure 21

(Color online) 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 ¢, and buckling wavelength is /. All the simulation supercells are cubic and fully periodic

in the three dimensions. One representative supercell is shown in (f) [53].
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Figure 22 (Color online) Representation stress-strain curves from
different honeycombs of prism size /=9.8 A and /=10 A,
respectively, where the singular points corresponding to critical
deformation or failure events are indicated.
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Figure 23 (Color online) The calculated thermal conductivity of carbon honeycombs as a function of sidewall width (a) along the cell-axis direction;
(b) along armchair and zigzag direction [105].
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Figure 24 (Color online) The thermal conductivity as a function of temperature for ACH (a) and ZCH (b). The inset represents the effect of system

size on the thermal conductivity of corresponding CH. Atomistic structures of ACH (c) and ZCH (d) with the gray color denoting the sp2 carbon atoms
and the light red color denoting the sp3 carbon atoms [113].
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Figure 25 (Color online) (a) The electron diffraction intensities for
condensed CO, vs. the scattering wave vector; (b) the electron
diffraction intensities for condensed Kr, Xe, and CO, absorbed in the
carbon substrate with the carbon substrate contribution subtracted; (c)
experimental and best fit calculated diffraction intensities for the carbon
substrate [40].
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Figure 26 (Color online) (a)The ability of carbon honeycomb to
absorb different gases; (b) unique symbiosis of the proposed
honeycomb structure with nanotubes [40].
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Figure 27 (Color online) Most plausible arrangements of absorbed Ar, Kr and Xe 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 [41].

254607-19



R, hEREE B s RO

2024 F F sS4k HFSH

O
N

—a—T77K

~ w -
T T

Hydrogen adsorption (wt.%)

10 15

Pressure (bar)

20

—a— 77K

—e— 153K
—a— 193K
—v—253K
—4— 298K

0 5

10 15

Pressure (bar)

20

28 (MZRRFED) (a) UM IOSEIR L (b) S BUR B BITETT, 153, 193, 253F1298 K41 Fli#)!">!
Figure 28 (Color online) (a) The hydrogen adsorption isotherms; (b) the diffusion coefficients for hydrogen (for CHC under the temperature of 77,

153, 193, 253 and 298 K, respectively) [123].
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Figure 29 (Color online) Simulation box and water desalination performance. (a) Angled view of CHC and (b) vertical view of CHC; (c) atom
structure of the wall and junction of CHC; (d) schematic of the simulation box consisting of CHC, water, ions and two graphene sheets [129].

WRAMEALY. 1B T LU T LR E R B 1 AR
SHEVIR A F. BeAh, R B m T T L RRK
R A DA T

e 5 B I 1 A PO 2 R P T A A 2 B
PRI REIE AR . AR BRI B oh, V5 e T
B b S ORI L, XA T RN N FLAS R R
BT RERRIAR, 1 HRM R R, T
O MIRERS S, AR, S0 T aE
R R e S B T ) B e LR AE RN,
2 [ LA BRAE AR A B, 68 0 AR T 1Y) Y BE 141 7T LA
FEFRHE . AL PR SE AT SR K B K P R ) fiE
P Soctopy i A R s S 5 A R 11y 75 2
PI AR,

b, W 5 A T LR P H A R T R B
TR TR A, e )R &S T B, ST
R T RIS e HE NI BRI, B & SR RER
T AR A AR P, B 08 3 T R T

S FRISRL, 8 8 B ZK 1A A BTLEE 2 AR LRy 1
2 SLEEF IR T B AE A LR LT RONE, XK (75
Pt AT MBS IR B, T 25K I H

FEKARER IS AR A, /K b 58 B, A E RS
W B ) L2 1 b B B ) R HERS, e 53 i 2 AR 1L A
IR LT 0 i P P A i R T K BTG AR
AT B G, SR, W5 o — PR A 2R K
FAOARL, ATLLH TR 2 AEBIRH, K EEM T
MPIK AR B,

53 KBRS

X = 4 A7 55 47584 55 (Three-Dimensional Graphene
Honeycombs, 3DGHs)# 52 )12 M RE BT FL 3R
W, ERAESNESRES . RIS R RN
FaRfE, MMME ARG E G B M SRR
AR SRR B A% SR 2 45 T T AT T R I S R . =
YA I G s AR T A R 0 R A R
PE, B i I PRI A 2 2 1K) ) 2R, T ELAE % A A
TR AR N FH 7 TR KIS 0. Rk, =4 SR )i
A B BN IR 35 0 e Aok}, JF A B Gs
ANCUIE KA U AL B2 (PR RR .

Li%s NUSUSR A 437 3 7 25 R A o A DU 45
GWITVE, W T =4 A S0 06 55 VS IR I 7E N 1) 1 U

254607-21



WS, ERLEE Y s RS0 2024 4F BS54 BB S W

WA T BIRshABE e R, anEI30FT 7.

WFFEN T2 EI, BEAE SR T ISR, RS B 14k
M 1 i, 5 13— 2D B IR 77, 2 I AR 2R 4R
). RIS, AR RIBAR DB LR, 616 AL
(1) 9% 2Ty ) 1 8 A B K T 5K T R 28 e 5 1 4R 0 i . I
. B3R, BEARN GG 1 T =40 S0 e iR
AR 2, 12 it e S AR A 2 AN AR 77 M AR ) 2
MR CAR H, =4 SR e 5 1R AT R B 2
PRI RIS TS, AR TR, AEZR VB R, IX AN
5 R ARG At AR AR AR, A, TEAERIBER 70
N, BE UGB W LRUCRAK T AR G S, HAT
FAEILARIAR L I ERIE R T 57, B, P64
B 53 (1) A 20 M T LUK T A 8 (1 B i —

6 HiL5RE
=YEGORIEE IO MO R ARG R, R

(@) ©
Y
e
Z
b§§§§§ (d)

FRAF I E R4, ARG M LA BN RfLE
FEH = () LU R T AR, MTFT B S A B feAk . R B A%
BTERE. MK LA — RS R K, JRiE
1 S R ) % 7 Y AN AR B T2 T S S T B At L AT
WM GER, B SRR al @, R, gk
BB — R B LSRR AN N AR R N
KGAEL, 52 AR 2 2 T 8Kk 2 1) %3 AT
Fe. AR, WG BB FOR A LR 25 T T TS
EEZayan

() LI HEZWERITE

ANE R = M B IR, I8 = A R, H TR L
il £ 5 v R B 2 B ) A AR E [ i . X R
T T 25 1) 4 HE R 1) = 4 S5 M A AR R BE R S5 AN 52
B IR EAREERG. TS A AR AR KR,
BHEARZE AT, W6 B O ZE KB FE. 1
HEA A 2 AR, i o 2 ) ORI S AN UAR I [R], AT A
TRIFH T =4 S A TSR, JF BT LUMRE 5

i

B 30 (W02 FROR ) — i Ay 8ok e 0 S5 4. 0 1A TR () AT B T A 2R (b) 868 3 2715 R AE O B TR TR R () o R ER I, s
e B ) — i [ 52, e 8 i A 0 S R T Y) S n  ) FTVERD, (R R B FLIC ALK, FARR B AR 7); (d) =4

T BN 1 = 10, HLA RS B A O BUSEAR Ag i AT

Figure 30 (Color online) 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 / represents the side length of honeycomb unit, and
F. 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) [138].
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Figure 31 (Color online) Nonlinear amplitude-frequency characteristic curves of a zigzag honeycomb (a) and an armchair honeycomb (b). The
nonlinear amplitude-frequency curves are presented in black, green, purple, blue and red when the longitudinal harmonic excitation force with
amplitudes of 5.0, 6.7, 8.4, 12.1 and 16.8 GPa, respectively. The range of the excitation frequencies is from 155 to 285 GHz for all the simulations

[138].

iRt HoAth <5 o (AL N A R S IR N X S8 = 25 ) o,
EFHATE S, sk, Lin A\ R A5
LFRR T ITE I R T A I SR S8 AN
AR, EB2FTR. PN R A AT
J& HEREGE DT RD R, SRR AR RIS
HAR e R INE, 55 i = 4S54 AT LAERE I 1]
PR R B R IR,

B CEAIRZ TR B R e S =4
AR, (B RAAAE — b, =4 SRk RE 5
SRR, BN ALAR AL A RRS B o1 1o RSB
REHOIRTER) =4 BIBI LA ARTE, WILE
AR BN LABORASE. il 8 A SN LB L =
U SR AR IR — R, 8%, N TR — M
A A RURH T, RS R =4 SR
A SEBRN A, 4 7 25 2 155 S

(2) #TE 2 M7 X5 PERE

FEAT X B — 5 e AN, W TN SAAEAE M T i3
THRARRFIE T REMRE, DA E ik 3t
L. Bk, ThEEE B R i s Bk i) 73— Fh 0
Jrik. AR BRI G R A& A, s
Yoy REVM )RS TR, U= AH K )
%‘E*j.*4[144,l45]'

FEXT YRR SE A REEAT I TE, BB I 5t
i T DAAEE Ay 0 280 i R SR T e A ) O A v R
RO R A st I AR, BB

Z BB 24 (1) 40 SR IEXTCO, NO, NO,FINH <& 1
FUA g ae AU, e 2w AR EL, A BRI AN
K L5 A B B T = 4 BIm gk b, T EAH
R AR ER . BRI R TR e, A
K BAVE A BRI h kB2, REUTZBERNS
RFFERE R AT mr R, BRUE, =
YA R AL R I e, B A A
LR 78 T P T R B A PR A B A v R,

1T BRGNS 7T DA BB 7 i T 5688, JF
N St 2 I 2 R R AT — BLAESS I
BRANA A T SRR A AR ke, ST — 4
A7 SR — TR YN K [ e 4L 20 1) = o 2 A0 G B
BF T,

BT =4 B A m R RS ILE R, &
VML RAR L i o R R KRl . R, X
TENLG KA RN = o A7 505 f) 45 5 L A T b 2B TR
4 JRNPRE R4 8 S/ A INPRE V. X e 3 5
Vi =4 B BT — SR e A, n Ak 20
P AL R

(3) 4K T3 R Fy I FH 4k

() FeEfEfE 5. MR mARULH SRS
BEL MR A AR . KAEFR A A S T & K
VE, R FRA AR SR, S BIR A B
B TREETE . MBS RK LR T AN A, RS
LA SR B AR R AR, A BIR/ S e RAE A MR

254607-23



WS, ERLEE Y s RS0 2024 4F BS54 BB S W

5 mm
I

Extruded

Recovered

GO sponge

Recovering

B 32 (ML) (a) =R AT SRI R 4R 1) — P & iy
s (b) AAAT SRR IR IIENL; (o) A A SBif R i
EARESEMEIE; (d) A0 AT IR I P T i i SEM P (51
Figure 32 (Color online) (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; (d) high-magnification of SEM image for
the inner part of the 3D GO sponge [142].
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Figure 33 (Color online) 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 sponge; (f)
joule-heated graphene-based sponge continuously collects viscous crude oil on the surface of seawater by suction at 0 and 17 V voltage [164].
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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

doi: 10.1360/SSPMA-2023-0294

254607-32


https://doi.org/10.1360/SSPMA-2023-0294

	三维蜂窝碳的研究进展综述: 性能和应用
	引言 � 引言
	结构分析 结构分析
	力学性能 力学性能
	沿晶格轴方向的力学性能 向的力学性能
	拉伸 1.1�� 拉伸
	压缩 1.2�� 压缩

	- .2�� x-y平面内的力学性能
	力学强度 1�� 力学强度
	正泊松比向负泊松比的转变 向负泊松比的转变

	动态力学性能 动态力学性能

	热导率  热导率
	应用 � 应用
	气体吸附 � 气体吸附
	CO 1.1�� CO2和惰性气体的吸附
	氢吸附 .2�� 氢吸附

	水净化 �� 水净化
	海水淡化 1�� 海水淡化
	水处理 .2�� 水处理

	纳米谐振器  纳米谐振器

	结论与展望 论与展望


