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Summary: Carbon microspheres (CMs) with a diameter of 5-10 um have been synthesized by
hydrothermal carbonization of starch and L-arginine. The surface property and structure of CMs
were examined by FT-IR spectra, N, adsorption-desorption isotherms and SEM images. These
characterizations indicated that the L-arginine does not connect into the CMs but it promotes the
starch hydrolysis and polymerization-condensation reaction of intermediate, which accelerates the
formation of CMs and improves the yield in shorter time. The surface property of CMs determines
adsorption capacity for acetic acid. By contrast, the porosity resulted from the carbonization at
500 °C dominates the adsorption capacity for acetic acid.
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Introduction

Functional carbon materials have been a hot
issue because of their wide applications in adsorbent,
filter material, catalyst support, electrode and fuel cell
[1-3]. Several methods, such as chemical vapor
deposition [4], carbonization of polymer [5-7] and
pressure carbonization [8, 9], have been widely used to
synthesize carbon materials. However, these synthesis
processes are complex, tedious and expensive. In
particular, the carbonization is carried out at high
temperature, and hence, leading to the absence of
chemical functional groups over the as-prepared
carbon material surface. Today, the synthesis of
functional nano-materials deriving from sustainable
natural precursors via an environment-friendly process
is a highly attractive issue in material chemistry.
Among these processes, hydrothermal carbonization is
a shining star due to the obvious advantages,
producing a variety of functional carbon materials with
wide applications [10].

The carbohydrates, such as, xylose [11, 12],
glucose [13-15], fructose [16], sucrose [15, 16],
cyclodextrin [17], cellulose [18] and starch [18] have
been used to prepare functional carbon materials
through hydrothermal carbonization. The as-prepared
carbon microspheres (CMs) have a core-shell chemical
structure consisting of a highly aromatic nucleus and a
hydrophilic surface, which contains a variety of
reactively hydrophilic oxygen chemical groups
(carboxylic, carbonyl, ester, hydroxyl). Hence,
compared with the inert surfaces of carbon materials

prepared by other approaches, the CMs from
hydrothermal carbonization are easier modified and
more appropriate for catalyst support [19].

In order to improve the function of CMs from
hydrothermal carbonization, the hydroxyethylsulfonic
acid [20], acrylic acid [21], ovalbumin [22] were
added into the solution to introduce sulfonic acid
groups or nitrogen groups. The functional carbon
materials showed potential application in catalysis,
adsorption, and energy storage devices. L-arginine
contains two amino and one carboxyl groups, which
could affect the hydrothermal carbonization
intermediates  polymerization and condensation
reaction, furthermore, modulate the morphology and
structure of resultant carbon materials. As far as we
know, the effect of L-arginine on the hydrothermal
CMs was not illustrated in documents. Here, the L-
arginine was added into the starch solution and then
hydrothermal carbonization at different conditions.
The effect of L-arginine on the carbon vyield,
morphology and surface chemical groups of CMs was
researched. In addition, the as-prepared CMs were
carbonized at 500 °C to find the structure and
adsorption behavior differences between them.

Experimental
Hydrothermal synthesis of CMs

12 g starch with 0, 0.2, 0.6, 1.0, 1.2 g L-
arginine was added into 30 ml deionized water and

*To whom all correspondence should be addressed.


mailto:meng521baobei@126.com

Jilei Liang et al.,

stirred, respectively. Then, the solution was
transferred into an autoclave and statically heated at
200 °C. After the hydrothermal carbonization, the
autoclave was cooled to get carbonaceous solid
which was filtrated and extracted with alcohol to
eliminate some soluble residues. Ultimately, the as-
prepared solid was dried overnight and denoted as
CM-0.2, CM-0.6, CM-1.0 and CM-1.2 according to
the amount of L-arginine added, respectively. For
comparison, the resultant carbon material synthesized
without L-arginine was denoted as CM-0.

The dried CMs were carbonized at 500 °C
for 4 h and denoted as CM-0-C, CM-0.2-C, CM-0.6-
C, CM-1.0-C and CM-1.2-C, respectively.

Characterization

The porosity of CMs was measured and
determined on a Micromeritics ASAP 3020
instrument. Before the measurement, the CMs were
degassed in vacuum at 300 °C. The micro-structure
of CMs was obtained by using scanning electron
microscopy (SEM, Hitachi S-4800, Japan). Surface
chemical groups of CMs were recorded by Fourier-
transform infrared spectra (FT-IR, NEXUS FTIR,
NIEOLET)

Adsorption capacity of acetic acid (AA)

The adsorption experiment was carried out
in a desiccator at room temperature. A certain amount
of AA was put into the desiccator and kept for 5 h.
0.4 g CM was transferred into the desiccator to
adsorb AA. The CMs with different adsorption time
were weighed and the difference in weight can be
considered as an indicator of the amount of surface
functional groups.

Results and discussion
Porosity of CMs

The N adsorption-desorption isotherms
show that the specific surface area and the pore
volume of the CMs are less than 7 m?/g and 0.005
cm®g, respectively, illustrating that they are
nonporous. Fig. 1 showed the N, adsorption-
desorption isotherms of CMs carbonized at 500 °C.
These isotherms are planar at the Po/P over 0.1,
indicating they are microporous. The surface areas
and the pore volumes of CM-0-C, CM-1.2-C are 393,
493 m%g and 0.20, 0.27 cm?®(g, respectively,
illustrating the enhancement of porosity after
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carbonization at high temperature. The final CMs
were prepared by hydrothermal carbonization
combined with a post-step carbonization process. By
introduction of air into the N flow during
carbonization, CMs were partially burnt off and a
large number of micropores were created. Hence,
specific surface area and the pore volume of CMs
after carbonization were increased [23].
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Fig. 1: N adsorption—desorption isotherms of CMs

carbonized at 500 °C.

Morphology of CMs

The micro-structures of CMs obtained
through SEM images were shown in Fig. 2. The CM-
0 is irregular agglomerate. With the addition of L-
arginine, the CMs are connecting spheroids, with a
diameter of 5-10 um. The more L-arginine is added,
the more piled of spheroids are obtained. This
suggested that the L-arginine improves the
morphology of CMs. It is presumed that L-arginine
affects the acid-base and polar property of
hydrothermal carbonization solution and the
polymerization-condensation product is easier to
aggregate to form CMs.
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Fig. 2: SEM images of CMs for CM-0 (a), CM-
0.2(b), CM-0.6(c), CM-1.0(d).
Yield of CMs

The yields for CMs at 200 °C for different
time were shown in Fig. 3. The yields for all samples
increase with hydrothermal carbonization time, and
reach the maximum in 6 hours. The vyields are
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42.44%, 44.88%, 46.24%, 48.67% and 48.84% for
CM-0, CM-0.2, CM-0.6, CM-1.0, and CM-1.2,
respectively. For hydrothermal carbonization of
starch in 1 h, the product is light brown liquid
without any solid, which presumes that the starch is
hydrolyzed and partly polymerization-condensation
in lower degree and it could not form larger particles.
However, when the L-arginine is added into the
hydrothermal carbonization system, it could promote
the starch hydrolysis to low molecules monomer and
accelerate the polymerization-condensation of them.
Hence, the solid carbon is produced. A possible
formation mechanism of the CMs with the addition
of L-arginine involves the dehydration of the starch
into a furan-like molecule and subsequent
polymerization and carbonization.
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Fig. 3: Yields of CMs with different reaction time.
Surface property of CMs

The surface chemical properties of the CMs
were examined by FT-IR and shown in Fig. 4 (). It
is shown that two prominent features are found. One
is the O-H absorption in the range of 3400 to 3100
cm? and the other is C=0 stretching absorption at
1704 cm™. It is reported that the C=0 groups could
exist at cross-links between furanic rings and
levulinic acid embedded inside the carbon [24]. In
addition, the bands at 2965 and 2930 cm™ are
aliphatic hydrocarbons (-C-H) while the absorption
peak at 1618 cm™ is the C=C stretching of furanic
rings and aromatic rings. Two peaks at 1290 and
1211 cm™ are the C-O-C stretching absorption. The
peaks at 1023, 795 and 760 cm™ are the out-of-plane
C-H deformation of furanic rings [25]. These results
proved that the CMs contain an aromatic core and
shell with resident functionalities. However, there is
no characteristic band of nitrogen-containing groups
in FT-IR spectra, illustrating that the L-arginine does
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not join the carbon forming reaction, but it changes
the solution property and promotes starch hydrolysis
and polymerization and condensation reaction. The
surface functional groups are markedly decreased
when the CMs are carbonized at 500 °C, which is
shown in the FT-IR spectra in Fig 4 (b). There are
only broad bands between 1469 and 1377 cm™,
including a lot of overlapping absorption peaks
attributed to carboxyl-carbonates.

o

Transmittance (a.u)

4000 3500 3000 2500 2000 1500 1000 500
)

1
Wave number (cm'1

Transmittance (a.u)

CM-0-C

3500 3000 2500 2000 1500 1000 500

Wave number (cm™)

4000

Fig. 4: FT-IR spectra of CMs before (a) and after (b)
carbonization.

The adsorption capacity patterns of AA over
CMs before (a) and after (b) carbonization at 500 °C
were displayed in Fig. 5. The adsorption capacities of
AA for CMs without carbonization are relatively low,
and the equilibrium values are from 0.09 to 0.18 g/g.
Because of their poor pore volume and specific
surface area, the surface chemical groups will
determine the adsorption capacity of AA. Therefore,
the external surface and accumulation level of CMs
affect the diffusion rate and adsorption capacity of
AA. The CM-0 is tightly piled up and has less
external surface, therefore, it shows slower diffusion
rate and less adsorption capacity of AA. The CM-1.2
is loosely aggregated and has larger external surface,
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therefore, it shows faster diffusion rate and higher
adsorption capacity of AA. After the CMs are
carbonized at 500 °C, the surface chemical groups are
markedly decreased and more micro-pores are
formed. It is inferred that the adsorption capacity for
AA depends on their pores, and the adsorption
capacities of AA vary between 0.25 and 0.3 g/g. The
adsorption capacity of AA depends on the pore
structure of carbonization samples, which is
processed in the pattern of physical adsorption with a
low velocity.
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Fig. 5:  Adsorption capacity of acetic acid by CMs
before (a) and after (b) carbonization.

Conclusion

CMs were synthesized by using starch and
L-arginine under hydrothermal carbonization process.
The L-arginine could promote the CMs forming and
improve the yield in shorter time. The morphology of
CMs is more spheroids in the presence of L-arginine.
The characterization results showed that the L-
arginine does not connect into the CMs but it
promotes the starch  hydrolysis and the
polymerization-condensation reaction of intermediate.
The surface functional groups of CMs determine
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adsorption capacity of AA. By contrast, the porosity
resulted from the carbonization at 500 °C dominates
the adsorption capacity for AA.
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