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Scheme 1. Schematic representation of (A) hard templating method and (B) soft templating method.
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Scheme 2.  Schematic representation of synthesis by templating—hydrothermal carbonization route.
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Fig. 1. (A) TEM micrograph and (B) Synchrotron SAXS pattern (inset; 2D scattering pattern) of as-synthesized block copo-

lymer—carbon composite. Reprinted with permission from Chemistry of Materials 2011, 23 (22), 4882-4885. Copy-

right 2011 American Chemical Society.
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(A) SEM, (B) TEM, (C) synchrotron SAXS pattern (inset; 2D scattering pattern) and (D) N, sorption isotherm of

block copolymer—templated ordered carbon. Reprinted with permission from Chemistry of Materials 2011, 23 (22),

4882—-4885. Copyright 2011 American Chemical Society.
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Fig.3. (A) SEM, (B) TEM, (C) synchrotron SAXS pattern (inset; 2D scattering pattern) and (D) N, sorption isotherm of

block copolymer—templated ordered carbon produced with the addition of pore swelling agent. Reprinted with permis-
sion from Chemistry of Materials 2011, 23 (22), 4882-4885. Copyright 2011 American Chemical Society.
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4781-4790. Copyright 2013 American Chemical Society.

FaTNT 7= MECIREN, ZRICX D
EOREALAT RIS 2 5, FEHHIL, RidoT oy
s LEARIIMAT, A f FRFE2E_OT
Y7L — e LTHY, W OKERTTORENE
BIXOSHMEEZHET L TIA 70— RV —<
7 u =TSR A L, B> s S %5
SIVEH — KV E ) ADEBIHI L7122,
AHou A FIZiE, AMEESICI VAR SE F
XY RMmAEARATAERESmORY AFL VT
F v 7 AW T O RSB A B
Scheme 3 IZE WA F— 2 %R L7, £, il
T 7 ARG T Ty 7 EAKSB X O FEE
ThHHEMEMZ A (Scheme(A)—(B))o Z D
B % K BILEE L C L % e Zb S & 72 (Scheme

B)—=(C)), BETTOBKICLIVF Y TL—1%

BOMRRET 2 2 L TR B SILE S — R v

T/ U A% D (Scheme(C)— (D))o 7K Bl 1 R

TV 7= b RFRE IS 2 LS 2 0

WEBARESIC LD, Scheme(B) 45 (C) (IR #FE

ZBwT7ay 7 EFEEEITRO=Z>OEH %M

BRICHH S THBY, BEF / MEoBRIckE {FY

TAHIEARBEENT

Oz v A NRT OB 122000 B 1 R
Eh, KTHLoBEKEZYFS I LICX
U AT % =08 ATANE XA

@ 3 LIV —k A+ 78— VRS ORI FLEEIC 3515
%77 AF v IBHICE

QIR GEEDOFFE—KM L KD v FHE D



(9) Vol. 35, No. 1 (2018) 9

Fig. 4. SEM micrographs of a coral-like porous carbon monolith (A) and (C) T3 wrc_130/550 and (B) and (D) T wre_180/550.
Reprinted with permission from Chemistry of Materials 2013, 25 (23), 4781-4790. Copyright 2013 American Chemi-

cal Society.
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Fig. 5.

TEM micrographs of the coral-like trimodal carbon monolith (A) Tirc_130/550 and (B) Tirc_180/550. Reprinted with

permission from Chemistry of Materials 2013, 25 (23), 4781-4790. Copyright 2013 American Chemical Society.
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0

(A) Hg intrusion pore size distribution (inset, enlarged pore size distributions of the range pointed by arrows) and (B)

N, sorption isotherms (with inset showing BJH pore size distributions). Reprinted with permission from Chemistry of
Materials 2013, 25 (23), 4781-4790. Copyright 2013 American Chemical Society.
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Sugar-Derived Porous Carbonaceous Materials with
Controlled Nanostructures via a Hydrothermal Route

Shiori Kubo

Research Institute for Chemical Process Technology,
National Institute of Advanced Industrial Science and Technology (AIST)

The synthesis of porous carbonaceous materials utilizing hydrothermal carbonization from sugar carbon pre-
cursors is discussed. Introduction of hard or soft templating during carbon network formation from sugar occur-
ring under hydrothermal conditions allows for the introduction of well-defined porosity into the final carbona-
ceous materials.

In hard templating, infiltration of precursor / intermediate into the pores of an inorganic solid template under
hydrothermal conditions and subsequent template removal yields a porous carbon replica with surface functional-
ity-rich properties. However, rather direct relationship between the nanostructures of the template and replica and
the resulting dependence of the final nanostructure on the nature of the pores of the parent inorganic solid can
somewhat limit the possibilities for facile structural control.

In soft templating, assemblies of e.g., amphiphilic polymers are used as a template, allowing in-situ nanostruc-
turing. Porous carbons with ordered nanostructure can be produced using a block copolymer template, while par-
allel usage of block copolymer and a latex dispersion can lead to the formation of a hierarchical nanostructure
with trimodal porosity exhibiting a surface area of up to 800 m’ g_1 or pore volume of up to 1 cm’ g ! Through
variation of hydrothermal synthesis parameters (e.g., hydrothermal temperature), this approach allows for a de-
gree of tuning of nanostructural properties such as pore size and pore wall thickness / texture.

Key words: Porous Carbon, Hydrothermal Carbonization, Sugar, Templating Method, Ordered / Hierarchical
Nanostructure, Micro-Meso-Macro Trimodal Porosity, Nanostructural Control, Surface Function-

ality
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