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Abstract : Using glucose as starting material,
monodispersed carbon nano-spheres with aregular and
perfect shape and narrow particle size distribution are
synthesized via simple hydrothermal method.
Characterizated by XRD, SEM, TEM and FTIR. Ex-
perimental results reveal that the as-prepared solid car-
bon sphere has smooth surface, the particle size and
dispersibility can bewell tuned by changing experimental
condition of solution concentration, reaction temperature

INTRODUCTION

Spherical carbon materia shave achieved continu-
ous research attentions owing to their unique proper-
ties, such aschemicd inertness, perfect conductivity of
heat and el ectricity, self-sintering character and high
density!¥. Which areawaysused ashigh strength high
density materia 92, electrode material of lithium bat-
terytd, the padding of liquid chromatography!, the ac-
tivated carbonwith high specific surfaceared®, cataly-
sissupport material§°, and super capacitord”. Usu-
ally, carbon spheresareclassified asthreetypes®: (1)
fullerenesfamily and carbon onion (with enclosed greph-
itelayer structure and diameter 2~20 nm), like C60
and C70; (2) not fully graphitized carbon nano-spheres
(diameter 50 nm~1 um); (3) carbon micro-spheres

and time. Adding PEG [poly(ethylene glycal)] into glu-
cose solution canincreasethe particle sizesand inhibite
the particle aggregation. The as-prepared carbon sphere
reservesalarge number of active groupsof glucoseonits
surface, which made it even contributes to the further
application.  © Global Scientificlnc.

K eywor ds: Glucose; Carbon sphere; Hydrother-
mal method; Particlesize.

(over 1 um diameter)?. Besides, they arealso classi-
fied ashollow®, solid*?, porousg*!, core-shell struc-
tureand colloidal carbon sphered?? accordingto their
morphology. Many methods have been used to fabri-
cate carbon spheres. For exampletempl ate method*¥,
hollow and porous carbon spheres can be prepared by
using spherical inorganic (likesilicabeads) and porous
slicate astemplate. Synthesi sprocessincludes modi-
fying silicabeads, polymer monomer or organic mol-
eculesactingonsiliconetemplate, carbonizingininert
atmosphere and at | ast removing templatewith acids
and bases. Chemical vaporous deposition for prepar-
ing carbon spheresusually includestwo types accord-
ing to catalyst used or not!*4*, Theformer made car-
bon vapors and decomposes on the catalyst surface,
thelater usethethermolysisof carbon-containing or-
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ganicsintheinert amosphere. Actualy, themost popular
method for preparing carbon spheresis hydrothermal
method617, i.e., using solvent as medium in reactor,
taking advantage of high temperature and pressure of
autoclave to makefull and better reaction, hereused
solvent usually isglucose, sucroseand starch etcl¢-8l,

Using hydrothermal techniqueand starting materi-
alsof glucose solution, we fabricate carbon spheres,
whose particlesizeisquitedifferent with reported lit-
eraturesalthough under asimilar experimental condi-
tiongd?617, |t seemsthat morphology and particlesizes
of the synthesized product are not only controlled via
experimenta condition of reectiontemperatureandtime,
the used raw materia sand sol ution concentration, but
asoinfluenced viaother factorsof volumeof thereac-
tion contai ner, atmospheric pressure, humidity of the
experimental environment, and even source of theused
raw materids. Heretherelaed experimentd resultswill
be presented

EXPERIMENTAL

A glucose solution (0.5-1.0 M, 20 mL) was
transferred into astainless-steel autoclave of 30 mL
capacity, and was heated in reaction furnace under
temperature of 180 °C for 6-16 h. Then, the solution
was cooled down to ambient temperature. The black
precipitate was collected by centrifugation, washed
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Figure1l: SEM and histograms of the size distribution of the carbon nano-spheres produced at different concentra-

tion of glucose solution at temperature of 180 °C for 6 h. (a) 0.5 M, (b) 0.75 M, (c) 1.0 M, inset is the corresponding
TEM image of a single carbon nano-spheres
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severd timeswith deionized water and ethanol, and dried
at 80 °C in an oven for 8 h. The used glucose was
analytical reagents, purchased from the Recovery of
Tianjin Scienceand Technology Development Co., Ltd.,
without additiona purification beforeuse.

Themorphology of the sample wasinvestigated
by a Hitachi S-4800 field-emission scanning elec-
tron microscope (SEM) and a FEI Tecnai G2 F30
transmission el ectron microscopy (TEM). The phase
structure of the sample was determined by powder
X-ray diffraction (Rigaku D/MAX-2400) equipped
with Cu Ka radiation (A=1.5406 A). Fourier trans-
form infrared (FT-IR) spectrum was recorded on a
Nexus 670 FT-IR spectrometer with the standard
KBr pellet method.

RESULTSAND DISCUSSION

SEM and TEM char acterization

In this experiment, the range of temperature for
the synthesisreactionisvery narrow. i.e., no carbon
spheres are obtained at low temperaturesof T <180
°C, and produced particlesfuseat T > 200 °C, tem-
perature between 180 and 190 °C issuitablefor car-
bon spheresformation. Herewe choice 180 °C asre-
actiontemperature. Figure 1 showsthemorphology and
particle sizedistribution of the carbon nano-spheres
produced under thedifferent concentrationsof glucose
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solution. It isseen that produced carbon solid spheres
consist of alarge quantity of the monodi spersed car-
bon nano-spheres, with good morphol ogies (regular
spherical shape and smooth outer surface) and narrow
particlesizedistributions. A higher concentration of glu-
coseleadsto anincreasein thediameter of the carbon
nano-spheresand achangein sizedistribution width,
whilewithout any ateration inthemorphol ogiesof the
carbon nano-pheres. Theaverage particle sizeisabout
90nmat0.5M,160nmat 0.75M and 200 nm at 1.0
M of glucose.

Figure2isSEM imagesand the histogramsof the
szedistribution of the as-prepared carbon nano-spheres
under thedifferent reactiontimeat 0.5M of glucose. It
isseen that the particlesizeincreasesasreaction time,
and the average particlesizeisabout 120 nmat 8 h,
170 nm at 12 h and 200 nm at 14 h, respectively. A
longer reactiontime, of 16 hor above, the as-prepared
carbon nano-spheres aggregate together, asshownin
Figure 2d. In order to reduce the particle aggregation,
PEG-200isadded into glucose solution. The experi-
mental results reveal that addition of PEG-200 can
inhibite the particle aggregation, meanwhile, itasoin-
creases the particle size of the as-prepared carbon
spheres. Asshown in Figure 3. Theaverage particle
size of the as-prepared carbon spheresis about 170
nm at adding 0.004 g of PEG-200into 0.5M glucose
solution, and about 200 nm at doubling PEG-200 un-
der reaction time of 6 h. Asadding 0.016 g of PEG-
200into glucosesolution of 0.5 M, theaverageparticle
size of the as-prepared carbon spheres increases to
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500 nm at reactiontimeof 6 h, and reachesto 1.3 um
at the reaction time of 8 h. PEG-200 isanon-ionic
polymeric surfactant that can be used as size-control -
ling agent to decrease particle size. In our experiment,
addition of PEG into reaction solution lead to the car-
bon spheres sizeincreases probably dueto the amount
of added PEGislittle.

XRD and FTIR characterization

The structure expression of glucoseis CH,OH-
(CHOH),-CHO, with C, H and O three elements and
hydroxyl and aldehyde groups. Aldol reaction oc-
cursunder the hydrothermal environment. Figure4a
isthe typical XRD pattern of the as-prepared CSs.
No diffraction peaks of carbon are observed, the
broad and weak diffraction peak means the fabri-
cated product is amorphous. The FTIR spectrumis
employed to identify the functional groups on the
surface of the products. The bands at v = 3423.9
and 1704.5 cm’?, attribute to vibration of acohol —
OH, C=0 and conjugated alkenesgroups. At 1513.1
and 1300.5 cm* probably support aromatic rings
vibration, as shown in Figure 4b. These functional
groups on the surface of the carbon nano-spheres
indicate that the as-prepared carbon nano-spheres
reserve a large number of active groups from glu-
cose, meanwhile, further aromatized of glucose mol-
eculefrom dehydration synthesisleadsto conjugated
doubl e bonds and carbon-carbon bonds, which made
products carbonized into spheres.
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Figure 2 : SEM images and histograms of the size distribution of the carbon nano-spheres produced at 0.5 M of
glucose and temperature of 180 °C under different reaction time. (a) 8 h, (b) 12 h, (c) 14 h, (d) 16 h
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Figure 3 : SEM images and histograms of the size distribution of the carbon spheres produced through adding
different dosage of PEG-200 into glucose solution of 0.5 M (180 °C). (a) 0.004 g, 6 h; (b) 0.008 g, 6 h; (c) 0.016 g, 6

h; (d) 0.016 g, 8h
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Figure4: (a) Thetypical XRD pattern of the as-prepared carbon nano-spheres, (b) FTIR spectra of the as-prepared

carbon nano-spheres, (1) no PEG, (11) adding PEG-200
CONCLUSIONS

Using glucose as starting materials,
monodispersed solid carbon spheres with various
particle sizes are prepared by hydrothermal method
through controlling the experiment condition and
adding PEG-200. The as-prepared solid carbon
sphere hassmooth surface, it reservesalarge amount
of functiona groupsonitssurface, maybewhichisben-
eficid foritsfurther application.

ACKNOWLEDGEMENTS

This work was supported by the National

ScenceFoundation for Fostering TdentsinBascRe-
search of theNationd Natura Science Foundation of
China(Nos. 041105 and 041106).

REFERENCES

[1] H.Honda; Mesophase putch and meso-carbon
microbeads, Mol.Cryst.Liq.Cryst., 94, 97-108
(1983).

[2] Y.GWang,Y.Korai, |.Mochida; Carbon disc of high
density and strength prepared from synthetic pitch-
derived mesocarbon microbeads, Carbon, 37(7),
1049-1057 (1999).

[3] M.X.Liu, X.M.Ma, L.H.Gan, Z.J.Xu, D.Z.Zhu,



ChemXpress9(2), 2016

123

L.W.Chen; A facile synthesisof anovel mesoporous
Ge@C sphere anode with stable and high capacity
for lithiumion batteries, JMater.Chem. A, 2, 17107—
17114 (2014).

[4] A.A.Deshmukh, S.D.Mhlanga, N.J.Coville; Carbon
spheres, Mat.Sci.Eng.R, 70, 1-28 (2010).

[5] Y.GLu, L.H.Ling, L.Liu, B.J.Zhang; Preparation
of high surface areaactive carbon microbeadsfrom
meso-carbon microbeads, Coal Conversion, 22, 66—
70 (1999).

[6] J.B.Joo,Y.JKim, W.Kim, PKim, J.Yi; Simplesyn-
thesis of graphitic porous carbon by hydrothermal
method for use as a catalyst support in methanol
electro-oxidation, Catal.Commun., 10, 267-271
(2008).

[7] Y.Zhao, Y.N.Meng, PJiang; Carbon@MnO, core-
shell nanospheres for flexible high-performance
supercapacitor electrode materia s, J.Power Sources,
259, 219-226 (2014).

[8] Ph.Serp, R.Feurer, Ph.Kalck, Y.Kihn, J.L.Faria,
J.L.Figueiredo; A chemical vapour deposition pro-
cessfor the production of carbon nanospheres, Car-
bon, 39(4), 621-626 (2001).

[9] GHu, D.Ma, M.J.Cheng, L.Liu, X.H.Bao; Direct
synthesis of uniform hollow carbon spheres by a
self-assembly template approach, Chem. Commun.,
1948-1949 (2002).

[10] Q.Wang, H.Li, L.Q.Chen, X.J.Huang;
M onaodi spersed hard carbon spheruleswith uniform
nanopores, Carbon, 39, 22112214 (2001).

[11] S.B.Yoon, K.Sohn, J.Y.Kim, C.H.Shin, J.S.Yu,
T.Hyeon; Fabrication of carbon capsuleswith hol-
low macroporous core/mesoporous shell structures,
Adv.Mater., 14, 19-21 (2002).

[12] X.M.Sun,Y.D.Li; Colloida carbon spheresand their
core/shell structureswith noble-metal nanoparticles,
Angew.Chem.Int.Ed., 43, 597-601 (2004).

ORIGINAL ARTICLE

[13] J.Jang, B.Lim; Selective fabrication of carbon
nanocapsules and mesocel lular foams by surface-
modified colloidal silicatemplating, Adv.Mater., 14,
1390-1393 (2002).

Z.L. Wang, Z.C.Kang; Pairing of pentagonal and
heptagonal carbon ringsin the growth of nanosize
carbon spheres synthesized by a mixed-valent ox-
ide-catal ytic carbonization process, J.Phys.Chem.,
100, 17725-17731 (1996).

Y.Z.Jin, C.Gao, W.K.Hsu, Y.Q.Zhu, A.Huczko,
M.Bystrzejewski, M.Roe, C.Y.Lee, S.Acquah,
H.Kroto, D.R.M. Walton; Large-scal e synthesisand
characterization of carbon spheres prepared by di-
rect pyrolysis of hydrocarbons, Carbon, 43, 1944
1953 (2005).

Y.Z.Mi, W.B.Hu, Y.M.Dan, Y.L.Liu; Synthesis of
carbon micro-spheres by a glucose hydrothermal
method, Mater.Lett., 62, 1194-1196 (2008).

M.Li, W.Li, SX.Liu; Hydrothermal synthesis, char-
acterization, and KOH activation of carbon spheres
from glucose, Carbohyd.Res., 346(8), 999-1004
(2011).

X.D.He, H.T.Li, Y.Liu, H.Huang, Z.H.Kang,
S.T.Lee; Water soluble carbon nanoparticles: Hy-
drothermal synthesis and excellent photolumines-
cence properties, Colloid. Surface. B, 87, 326-332
(2011).

[14]

[15]

[16]

[17]

[18]



