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Hydrothermal Synthesis and Characterization of Sulfur-Doped Carbon Microspheres
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Abstract: Sulfur-doped carbon microspheres (SCMSs) with mean size of about 4 wm were prepared successfully
by a simple one-step sulfur-assisted hydrothermal carbonization (ASHTC) method. Soluble starch was used as
carbon precursor and sublime sulfur as sulfur source. The as-prepared SCMSs were characterized systematically
by means of SEM, TEM, XRD, N, absorption-desorption isotherms, FTIR, XPS, and solid NMR. The existing
forms of sulfur in SCMSs were also discussed. It was found that monodispersed SCMSs with high output could be
obtained under high starch concentration (1.0 g-mL™) and sulfur atoms could be introduced into carbon networks
easily, indicating that the ASHTC is a powerful method for SCMS synthesis. For comparison, carbon microspheres
(CMSs) were synthesized by conventional hydrothermal carbonization of starch in the absence of sulfur under the
same hydrothermal conditions. Experimental results show that the as-synthesized SCMSs exhibit much higher
specific surface area than that of CMSs. The reason of the increase of surface area of SCMSs may be due to the
structural and chemical defects resulted from the sulfur doping. The chemical defects come from the -S-S-, -S-,
-SO»- and -SO- groups, while the structural defects result from the substitution of graphite hexatomic-rings by

thiophene five-membered rings in SCMSs.
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Fig.1 (a, b) SEM, (¢) TEM, and (¢) HRTEM images of the sulfur-doped carbon microspheres (SCMSs)

by sulfur-assisted hydrothermal carbonization (SAHTC), (e, f) SEM image of the as-prepared

carbon microspheres (CMSs) by hydrothermal carbonization (HTC). Inset in d shows

the corresponding selected area electronic diffraction pattern of SCMs
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Fig.3 EDS spectra of the as-prepared samples
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Fig.3 (a, b) XRD patterns and (c, d) FTIR spectra of the as-prepared samples
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Fig. 5 XPS spectra of the as-prepared SCMSs and CMSs
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Fig.6 "C NMR spectra of the as-prepared (a) SCMSs
and (b) CMSs

i L A, -S-S-  -S- -SO,-FII-SO-XF F /NP A7 206 F
EBNBZERIBVER M EE AN T A RN AIEE
B i 5 A A 2 TR TR

@ Hydrogen
Sulfur
@ Oxygen

%phite

K7 BiTE SCMSs B TEIE s B
Fig.7 Schematic illustration of the existing forms

of sulfur in SCMSs

2.6 LERERILESH

JITAHRE S B N, WG BTl £ R FL AR o A ] 8
Jii7R . SCMSs Hil CMSs 9 BET L3R B 5351 443
H123.6 m2 gt P LLAE 050 0 3.5 F1 2.3 nm, Al
8b I LLFE | SCMSs BIFLAEFR T 7E 1.8 nm 4341 4,
£ 4.2 nm WA B A 7340, 0 CMSs (19FLAR 5345
FEAENPTE 2.3 nm L4, ST A AR R R A



7

FRW 45 . B0 T2 BB AR B 7K PR o B LR AR

1397
6.5 |
(a) } (b)
SCMSs o
6.0 Desorption ,x—x:1=l=';"='=""‘:'=-"'
o @ =y —@— SCMSs
= AN Adsorption
£ 5.5 /x‘ —@— CMSs
5 I
5 y
..e i -
2
<
2z
§ 021
&
Desorption T
MARGIEVECY- g 3Vody oy s
A e SN2 ‘,'.-"
B Adsorption Eadoa
—e—a_
0.0 . . SR S
0.0 1.0 2 3 4 5) 6 7

Relative pressure (p/p°)

8 910
Pore diameter / nm

8 Frifil % Y SCMSs 1 CMSs £ N, I 6 B 1 2k (o) F1FL A 5345 1] (b)

Fig.8 N, absorption/desorption isotherms (a) and pore size distribution (b) of the as-prepared

SCMS and CMSs
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Fig.9 TG-DTG curves of the as-prepared SCMSs (a) and CMSs (b)
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