Polymer(Korea), Vol. 43, No. 2, pp. 282-288 (2019) ISSN 0379-153X(Print)

https://doi.org/10.7317/pk.2019.43.2.282 ISSN 2234-8077(Online)
- _ = Ny E =S (=)
E-AER SEEAC &Y { 2lE& XS €5 2AZ2e S8

LR wxk . HEAS]* . Q| K[tk - ZIE T bk . MEE kot . ZI S0 . 2L A deosoref
ekt 7 ekl AT, el s A el skl skl KRICT &%,
R b SR Earl E e
(2018 11€ 294 4, 2018 12€ 209 4%, 2018 129 204 =j=)

Synthesis of Sulfur-Citral Copolymers and Their Application to
Cathode Materials for Lithium-Sulfur Batteries

Guk Yun Noh***, So Huyn Park*, Ji Mok Lee****, Byoung Gak Kim***, Jungdon Suk***,
Dong-Gyun Kim*'™, and Yong Seok Kim***"
*Advanced Materials Division, Korea Research Institute of Chemical Technology,
141 Gajeong-ro, Yuseong-gu, Daejeon 34114, Korea

**Chemical Convergence Materials and Processes, University of Science and Technology,
217 Gajeong-ro, Yuseong-gu, Daejeon 34114, Korea

***Department of Materials Science and Engineering, Korea University,
145 Anam-ro, Sungbuk-gu, Seoul 02841, Korea

(Received November 29, 2018; Revised December 20, 2018; Accepted December 20, 2018)

H-

F-3 AAE A ] Wrh B # o) ATHAAW, B1H0R AA A AskE oplsie Eel
g e A A e 71 WS Falol
262 A0 A8 et B3Rl 9 8 BAS ARS8 W A, 2k 93 Al=ge) dPuis
ZA5)e] 78-93%¢] B F FAAL 2 I TEIAE PASUT. 59, 8o%e) I TAAL 2 -
NER BFIAE Y ¥ BUR A9 U5-4 AAT FASRIE §50) ADRE Slsign 3
e 89 4R BT ol FEIAC) FAleke vvkg 2k o AW ofzl, Hslolo] B4 1 E

2 astol = ARze] ghago] %7] wFolt.

Hﬂl
sg

Abstract: Lithium-sulfur batteries (LSBs) have been of particular interest over the last decade but the long-term problem
of polysulfide elution that causes deterioration of cell performance remains a challenge. Herein, an effective cathode
active material applicable to LSBs was prepared through the inverse vulcanization reaction of citral, a natural product.
During the inverse vulcanization reaction, a sulfur-citral copolymer (SCPs) having a high sulfur content of 78-93% was
prepared by controlling the equivalence ratio of elemental sulfur and citral. In particular, LSBs, in which a sulfur-citral
copolymer having a sulfur content of 89% was applied as a cathode active material, were confirmed to have limited poly-
sulfide elution, and thus showed excellent capacity retention. This is attributed to the large content of electrolyte-insoluble
long polymer chains as well as low content of unreacted elemental sulfur presented in polymer chain.
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Figure 1. Inverse vulcanization of elemental sulfur with citral.

Table 1. Elemental Analysis Results of Sulfur-citral Copolymers
and the Calculated Number of Sulfur Atoms per One Citral
Molecule

Sample Sulfur content Sulfur atoms Average )
(wt %) /citral molecule  sulfur rank
SCP93 92.7 53.2 133
SCP89 88.8 33.2 8.3
SCP78 779 14.8 3.7

“Number of S-S bonds.
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Figure 2. Thermogravimetric analysis of SCPs under N, flow at a
heating rate of 10 °C min™.
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Figure 3. Second running DSC thermograms of SCPs obtained at a
rate of 10 °C min™.
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Figure 4. FTIR spectra of citral, elemental sulfur, and SCP78.
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Figure 5. Electrochemical performace of Li/electrolyte/SCP cells
cycled at 25 °C. (a) Long-term cycling performance of the cells con-
taining SCPs at 0.5C (1% cycle at 0.1C); (b) rate capacity of the cells
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