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Preparation and characterization of sulfur nanomaterial by
liquid phase precipitation method for Li/S battery

YUAN Yan, CHEN Bai-zhen, CHEN Ya

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: Sulfur nanomaterial was prepared in aqueous solution by liquid phase precipitation method with sublimed
sulfur as the raw material. The synthesis conditions of the material were analyzed and optimized by laser size analysis
device (LSA) and scanning electron microscopy (SEM). The electrochemical performances of the materials were studied
by charge-discharge test and electrochemical impedance spectroscopy (EIS). The results show that spherical sulfur
nanomaterial with good dispersion is synthesized under the condition of using formic acid as the precipitant, PEG-400 as
the dispersant and 0.2 mol/L sodium polysulfide solution. The range and average value of particle size are about 50—80
nm and about 65 nm, respectively. Also, the initial specific capacity of the Li/S battery assembled of sulfur nanomaterial
can reach 1 050 mA-h/g at a current density of 0.054 mA/cm?, and the discharge capacity retains 70% (700 mA-h/g) of
the initial capacity after 10 cycles. This method is simple and low cost to prepare sulfur nanomaterial used in lithium
sulfur batteries.
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Table 1 Relationship between type of acid and sulfur size

Acid Concentration of acid/(mol'L™")  Sulfur size/nm

HCOOH 2 50—-80
HCI 1 250-300
H,SO, 0.5 280-360
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Table 2 Relationship between type of dispersing agent and

sulfur size

Dispersing agent Sulfur size/nm

Without dispersing agent 800—1 000
SDS 400-600
Glycerol 200-350
PEG-400 50-80
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I, PPARTERAR KT 100 s BEAT 226 A0 B oK
FERIEE I, PR AR R W, JEIAEIRIZ D 0.2
mol/L iAii, P Mkiidin N, FIRiRL
65 nm; IR FEVE— DRI, YRR X IR D 1Y
Ko IXLW], AE—REVEH AR IN 2 GRAL AR L,
JEAZAN AT ARG AT RN RO BRURORE (1474 18
{H Bl B WA LR, BTN TR Y AR T I 2
BH SR Y HR S B, SRR I,
A O B IAE 0.2 mol/L /Ay

24 MMUEREETHERPNAKTRIE
et BIREE R, DLHR N THER]. PEG-400 A543
B ZERACENEIRGRE N 0.2 mol/L 45 4K AR A4

120

—_
—_
o

100 |

[}
(=}

Diameter of sulfur size/nm
©
S

~J
(==}

60

0 Ol.l 0j2 0‘.3 014 OI.S
c¢(Na,S )/(mol-L™)

B 1 ZEAIE ORI STRAE R

Fig. 1 Relationship between sulfur size and concentration of

sodium polysulfide solution
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Fig. 2 Size distribution of sulfur nanomaterial
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SEM images of sulfur nanomaterial: (a) Low

35

1— 1st discharge 87 6 5
2 — 2nd discharge
3 — 5th discharge

3.0 4— 10th discharge

5— 1st charge
6— 2nd charge
7— 5th charge
8 — 10th charge

Voltage/V
\S}
Wi

g
=

1.5 :
0 1000 1200

260 460 660 860
Delivered capacity/(mA+h-g™)

B4 Li/S Hith i) 7o i h 2 &l

Fig. 4 Charge-discharge curves of Li/S cell
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