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Abstract; Carbon microspheres were synthesized by the hydrothermal treatment of saccharides
(fructose and starch) in the presence of additives (HCI and KCIl) and the subsequent pyrolysis, and
the role of the additives in the hydrothermal reaction was also investigated. The results show that
carbon microspheres with well-developed nanoporous structures and surface oxygen functional groups
are obtained. Both of the additives in the saccharide solutions induce the enlargement of the size of the
microspheres. The mean diameter of the microspheres can be tailored in a range from 0. 53um to
6. 67um. The morphology of the microspheres depends on the reaction kinetics during hydrothermal
treatment. During pyrolysis, the microstructure of the microspheres is transformed from polymer to
glassy carbon, which is accompanied by a mass loss of about 50% and a contraction of over 20% in
scale. Both of the additives display distinct effects on the stages of the hydrothermal reaction of the
saccharide solutions. The HCI mainly accelerates the hydrolysis kinetic of polysaccharide and the
dehydration and fragmentation of monosaccharide, while the KCI chiefly enhances the growth kinetic
of the microspheres. The growth of the microspheres is performed through two main ways: the
reactive oxygen functionalities present in both the surfaces of the microspheres and the building units
and the merged fine microspheres.
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Fig. 1 XRD patterns of carbon microspheres
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Fig. 2 XPS Cls spectra(a) , FT-IR spectrum(b) and N, adsorption-desorption isotherms(c) of carbon microspheres
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Fig. 3 SEM images of carbon microspheres (a)CS-F;(b)CS-FK;(c)CS-FH1;
(d)CS-FH2;(e)CS-S; () CS-SK; () CS-SH1; (h) CS-SH2
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Fig.5 XRD patterns of carbon microspheres before
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Fig. 6 SEM morphologies(1) and size histograms(2) of carbon microspheres of CS-F and CS-S before pyrolysis

100
CS-SK
2 8ot
&
o
&
S 60}
cs-S
4% 200 400 600 800

7 R A B BRIR A TG il 2k

Temperature/'C

Fig. 7 TG curves of carbon microspheres before

pyrolysis

(a)CS-F; (b)) CS-S

T S DRI S BCH I G 5E 22 BA AT B SRR B S HL
et SR SR A E A DR A SR A L TR TE K
PO P RIETE LT 4 A FEHRTT2 (D IERH
JK At Ay PR RO 8 A0 0D IR W G2 280 b I
M 2x ik — 20 43 ik Ry BB 5 (2) BB B K AN 43 2L CRIIT
WA C—C BB B il 2 Bhon] 3 8 55 (3) Il K A
735857 ) CRIVAT 3 PR ) o) A A 345 U4 5+ IE ] ¥
PER G W) (O ROERIY AR 32 200 3 5 8 W A 7E Y
Py Tt R 3t B T0) A A S8 BB S I S B

N TR E R A A N A A B0 I T R BBk
CS-SK 7858 ik #uab R 5 B8 T R B9 2K 1058 AR W) OR
) B FT-IR SEE . N8l 8 fros . A HLAR ek i) FT-



142 R TR

2019 4 5 A

IR G (B 2(b)) AR FT-IR JLil b i 3 17 A
IR U, R, 1023em ! AL HY B4R B I K
W B 35 A R AR W v A R A I S TR R I RO L %
LKy HMF Gl 46 5 8 . R E HME Jg —ff &
BRI K A 23 2R ) [ B ] HIME 4158 Bk 1k i
PRI A] REJE SOk AR Y B I BT

'New groups c=o [C—O
=c FuranI

I. ---------------------------

3500 3000 2500 2000 1500 1000
Wavenumber/cm’

& 8 I VR W TS5 AR A5 1 R K 1) FT-IR SGi% &
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Fig. 10  SEM morphologies of merged carbon microspheres(a) and the zoomed-in SEM

morphology of the connection between the microspheres(b)
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