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mentioned nanomaterials often need to be constructed into three-dimensional materials so as to exhibit the

superior characteristics of the nanomaterials on a larger scale. This paper presents a review of the recent

advances in three-dimensional materials based on sp’ hybridized carbons, and give comments on the

interaction between the building blocks and factors involved in the construction.
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Compressing cycles
(a) Diagram of the procedure of castings which comprises four steps. (b) Different castings of the graphene before drying.
(¢) Schematic showing the formation mechanism of the cork-like monolith by freeze casting. (d) Typical SEM images of

graphene monolith. (e) Electrical resistance change when being repeatedly compressed up to 50% of strain for over 10

cycles. The inset shows the result in the first compression. (f) A 100 cm® UFA cylinder standing on dog's tail grass.
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Fig.1 Synthesis and characterizations of graphene acrogels*"*
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(a~d)Digital camera images of graphene oxide paper and tensile loading process. (e~g) Low-. middle- and high-resolution

SEM side-view images of 10-mm-thick sample. (h) Zeta potential of GO and CCG as a function of pH.,

in aqueous

dispersions at a concentration of 0.05mg * ml™*. (i) Effect of NH; addition on the dispersibility of RGO flakes by prolonged

testing of the particle size in the liquid. The inset shows the GO reduction after two days. (j) AFM image of RGO dispersion

on the wafers, and the blue line is the height profile along the red line. (k) RGO film or paper prepared by vacuum filtration

of a RGO dispersion through an alumina membrane. A RGO strip (top-right) cut {rom the f{ilm is bent to demonstrate its

flexibility.
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Fig.2 Preparation and characterizations of graphene oxide paper and graphene paper=***)
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(1) GO Fiber with
30 wi% SMGOs Fiber
s Small GOV Graphene Sheets

(2) Optimized Graphene

(3) Graphene Fiber  (4) Graphene Fiber

from Pure LGGOs  from Pure SMGOs
Large GOVCiraphene Sheets

(a) Schematic apparatus for spinning GGO fibers. (b) A five-meter long GGO fiber wound on a ceramic reel. (¢,d) Surface

winkled morphology (¢) and the tighten knot (d) of graphene fiber. (e) Schematics of the “intercalated” structure of the GO

fibers and graphene fibers. Their corresponding SEM images showing the longitudinal section view of the respective graphene

fibers are indicated by arrows.
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Fig.3 Preparation andmorphological characterizations of graphene fibers-*: - 2]
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(a)

(a) Photograph of a 170 * 220 mm® {ree-standing GF. (b)
SEM image of a GF. (¢) Low-magnification TEM image
of a GF. (d) High-resolution TEM images of graphene

sheets with different numbers of layers in a GF.
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(a) A synthesis scheme of zeolite-templated carbon (ZTCs) together with TEM images of zeolite Y and ZTC. Scale bars in

the TEM images are 10 nm. (b) Fabrication schematic of ordered mesoporous few-layer carbon (OMFLC). (c,d) High-

angle annular dark-field transmission electron microscopy (TEM) images of ordered mesoporous carbon (OMC) (c¢) and

OMFLC (d.
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Fig.5 Preparation ofordered carbon by hard templates'® 7"
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(a) Schematic showing the microwave exfoliation/reduction of GO and the following chemical activation of MEGO with

KOH that creates pores while retaining high electrical conductivity. (b) Low-magnification SEM image of a 3D a-MEGO

piece. (¢) High-resolution SEM image of a different sample region that demonstrates the porous morphology. (d) ADF-S

TEM image of the same area as (¢)» acquired simultaneously. (e) High-resolution phase contrast electron micrograph of the

thin edge of an a-MEGO chunk. () Cumulative pore volume and (inset) pore-size distribution for N, and CO,. (g) CV

curves for different scan rates. Rectangular shapes indicate the capacitive behavior.
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Fig.6 KOH activation for the preparation of 3D porous carbon material
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(a) Views of two crystallineSchwarzites: Each has 216
carbon atoms per primitive unit cell with 80 six-membered
rings (blue) and 24 seven-membered rings (orange). (b)
View of a random Schwarzite model on a surface of genus
12 per fcc supercell. The structure has 1248 carbons
arranged into 38 five-membered rings (yellow), 394 six-
membered (blue) 155 seven-membered rings (orange) . 12
eight-membered rings (green). and 1 nine-sided ring
(pink).
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Fig.8 Synthesis of long-rangeordered carbon materials
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