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Abstract

On account of its surpassing theoretical specific capacity (1675 mAh/g) and energy density (2600
wh/Kg), lithium-sulfur (Li-S) battery has attracted extensive attention nowadays. However, its
practical application is hindered by the electric insulativity of sulfur and Li.S as well as the
well-known shuttle effect. In this work, a novel method, supercritical CO; (SCCO:) assisted preci-
pitation, is reported to load sulfur onto commercial activated carbon (QR1500) as cathode ma-
terial of Li-S battery, which exhibits improved cycling performance. SCCO; provides low viscosity,
low surface tension and high diffusivity like gas as well as appreciable density and solvation pow-
er like liquid, enabling uniform dispersion of sulfur into porous QR1500 and intimate contact of
sulfur with carbon. As cathode materials of Li-S battery, the resultant composite gives rise to an
initial discharge capacity of 810 mAh/g at 0.5°C, which is higher than that of 139 mAh/g for its
counterpart prepared by traditional melting infiltration. Furthermore, 55% of capacity was pre-
served after 150 cycles.
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HHAR (Li-S) VB R H S L A B AL B % 2 7 5% 1675 mAh/gf12600 wh/KgTi %5251, {ERS5HK
BB AT YL S B FAEZME UK “FWRBAL” M RN AFEEBRREME. TR R H R
WER, ZTHERRET —MHFBHIL-SEBIERMEHHIZEAR, BLEEBIFERCO.(SCCo)HBIiR, #
BRI LSRR (QR1500) . SCCOHEMSAARMRME . RRAK SR BEMRUR G ERES
BALEE S, BERBSASEIERERILIESE W SHREMTE Y. LB EONIER KR Bit, RBI
H RIFRITEERERE. 0.5 CRERFEHRE — B L ARIARI810 mAh/g, A 1508 5 R ERIFFES5%, 1M
FEERB B LR Z BRI AME, KHERAREEAEEN139 mAh/g.
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1. B

I AESR B AR AME A U TR A S50 R R, X kIR E R . ARSI T
FROR R R . S — B H TR B2 B R, S T b K AR R 25 A 350~380 whiKg, [
RIS EFE L, FFREEEESEN R R, BRI R) 2 K5E] [2]
BRI F I A A, BRONIERR o, e B DU R A SRV LA EIA F] 1675 mAh/g, HRik
FeRE R Al 2600 whiKgs Biskli) 7z, MAMKEE: WEEALF, Wit 23] [4]. SR, fEy—FrEtit e
REE. MR i, BRI AFAE DL A B TG, TSR TS =4
FHAPEMA DR, 12 ST FAE[5] [6]; B ZTEI(LILS BL LipS) B B A2, JIARE S E 4L,
BEAS T 5 5 B SR AR e [ 7] [8]: Se 201 (2.07 glem®) 5 Li,S BY Li,S, (1.66 glem®) I FEAH, &
FOERA R AR [9]: FRR R =) Z BRI T F AR, B IE SR AR IR AR 51 R I “ AR
RO FECRM A EA AR B MRS, M AR A ) R [10]. N T R TRIX LSRR, HAT, R ESREUAE
PR BAE T MR LR, R ATRE S g, SRS M R R 2[RI R AT R R
[ =) 2 AL VI BRI AE T AR FLIE Y, kD> RN, NI SR m b R AR e . BT,
RANEF MR A R BAG LUT LR — 482 BERGUKRE . A SBmIEN ARG 2. SRS
YLLK G 4 R AR [11] [12]. TR BTV LR R EEA UL T LR SERisiE k(1] [12] [13]. &
BUE[14]. AT B TR [15) Ak 22 R A DUAR [16]45 . R4 v LR AR HLFLAR /N (<5 nm) A3 14 R 35 2%
SR, AHRA B AR R AR EAT SRR — AN BRI A R, A S S RN BE — ARG S
PERIAIBRER BEIR A J5 7 155°C B 160°C FA#5F 12~24 h; IR BUEA K B RO G A ENE AR 2
JEWEFFE R s SMY R R BOS B RS 5 A RE MR T BB R, R iR
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JER AT PTAR A8 S I A 2 e A B BT (R BB B URR B AR FLTE P B A R A A 7
SSAE BRI AR, X e W EVE A MBS B IS RS, SRR B A Y HGRE T A TR,
RS, R EAREE )

AR, Il S COL(SCCO,) i #k i ARLE MG WU 5T 12, SCCO, RAT AR RIMCKEE . &
BCPE . IR TH TK A AN SAL T AR BV R e T DL B /NFL. BRI, Gk B msh S A [E] s i,
HAECRAE IR LA RER . F 8 S8 i e A 3 T DAE A B gt N /NFL[LT7] [18]0 ASCHRIE
T MBI SCCO, —Biif e B 2 FLIG M iR FE A kL, BL SCCO, M. L CS, FE B 71 %
TR G4 . SCCO, RiFEAR. mdr Uit R R THI 7k 77 LA K AL TV A 1) % B AV 704 g T At v FE 350 2
HA B ENEME R FLIE N, HIS BN FLEIR AL . 4 SCCO, S BITTR J7 12 4 1O S S Ak F AR 2B H it 1E A%
5L G RS ) & 2 G AR EE A3 2 T 8GR IR PR RE . AR E S RHIEAT T LT &
fiE: X SHEK R AT5H(XRD) $7 2kl (Raman). #E S HT(TGA). &4 LB E 2 HT(TEM). 77 K T N,
We - Wikt e FEH4 S A PR AN U, X LR AR R HL AL S M R

2. SCIOEFE
2.1. BRRE S RRHIE

2.1.1. SCCO, HnhI&Fi & &#8H(C-S-SCCO,)

T E — P AL AL 7 b3 M % (QR1500, AR E2 48 dE Ak i MV e 3 A BR 4 R L), BB — 5 = PO 1k o
FHER(2:5) N R R R M2, N 5 mL CS,, T Il i [ M3 ZR ik CO,, H4%5 IR RTE 120°C,
200 MPa, FitFRIRAE FRFE3h 215K, BAEE. BURE AR T2 7E 300°C, Ny S5 FIRFR
0.5h. FEahfi4 A C-S-SCCO;,.

2.1.2. EREBIEEB &R E &8 (C-S-Melting)

I 2,00 FAR RIS MR 5 TH AR, FRECH [R] R S EREE VR & 3 h JG R N IR B 28 H, B I V38
NE T IEA, BEHARRLE 160°C, N, FRFF 12 ho BURE AR TR HLE 300C, N SAF
fREF 0.5 ho 44 C-S-Melting.

2.2. EARMRIAIHIE R YA %

FREUH % 47 1R A 41k C-S-SCC0O, 0.359, L4 0.10 9, R LM (PVDF) 0.05 g, T IHfF ¢
FHEE 2 h¥ =F IR G5 . IRV NG S 1 20 mL BIHF, BN/DMET, WG
B 1A - e, PR IR R g RE 12 he SRJE, #3720 om x 8 cm K/NRERTEMEER LK. ¥
) 2 1 AR SRR FH R PR 28 (12X 100 pm JZ )35 SJ IR A AE AR IR AR b o FHIRIF I v T 2 T4 90C 2%
PETRRFF 24 he FAYI R WU BAR R P ELAR A 14 mm IEAR A, KRR DN BN 18 mm (/N . fEF
BT EAEKEEL/NT 0.1 ppm)E RS R, 4l BB R LR IER
76 - IEMR A - W IE = R (LITFSI) - BaR - SRRl - 1 - WK ER - Futloe - A= L
% ¥EEME C-S-Melting AAHIRI R 77723 £ AT R I E B N s0th . i fa, H4 & L i b e
FEITFE 12 h J5EH7 Ak 2= ge pilit .

3. LR
3.1. EAMRMEHIERRIE
S BIGAE QR1500 ¥ HE SR P 53 A5 L KR, X PFN T A PPRHIET T TEM AL, AL
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1. MIE 1(a), &l 1(b)F W5 E], C-S-SCCO, s 4k, HAe LR BB BRI 143 /N (7D
F 5nm). MME 1(c), K 1(d)HhATLAELE], C-S-Melting AR R B4, HAFFER B K BB E
MRS, M 1(d)HFRATI S B LE BIBR R R SF KT 10 nm. R SCCO, MuRetth sy Hick: . IR vk
1+ ARKERE UL R S5 AR AL BE 71, {8 SCCOy AT LABRZE RS o 2 B B 4 A B 1 N T 2 1) 48 708
FLIE, ABIEBERI I MERSEE P RINSEY Bae 1A IR, FEERRIR MK E.

AF BRI LR QR1500, C-S-SCCO,. C-S-Melting 1 HL & HIBVRIFLEAE/RFAE, 4k S0
SFMEREAT T 77 K F N WR-BBERAE, RAESE Fanl] 2 F15e 1 o MIEL 2 Hrir N W B0 B 25 28 ]
DI EEE] QR1500 A N FLFIFLAFIE, MAFLEE 2%, C-S-SCCO, Mkt fLE=ER D, /WAL
fEAE, T C-S-Melting AL FLAEAE. & 1 HIEIREY], BB LS C-S-SCCO, M LR THIFAFE
F| 4 m¥g, 1fi C-S-Melting fILLZ ARG 98 m¥g, W LA H sk 2 J5 C-S-SCCO, timifL ¥ E @
/T C-S-Melting, HEBHTE C-S-SCCO, 1, Bt NFFL, XA a8 T4 FE Ak 2% I S A = A8 1) 22 B A A B 33
TERALA, B> CTERRNT Bt A T RE .

Figure 1. TEM images of ((a), (b)) C-S-SCCO, and ((c), (d)) C-S-Melting (sulfur in the figure marked as arrow)
& 1. TEM [E: C-S-SCCO;: ((a), (b)); C-S-Melting: ((c), (d)) (B EFLIREL AHR)
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Figure 2. (a) Nitrogen adsorption/desorption isotherms of QR1500 and (b) Isotherm of C-S-SCCO, and C-S-Melting
2. N, IR B MR %k (BET): (a): QR1500; (b) C-S-SCCO, 5 C-S-Melting
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Table 1. BET specific surface area, pore volume and pore size of QR1500, C-S-SCCO,, C-S-Melting.
% 1. BET tLbREH. FLIFFAFAFLEE: QR1500; C-S-SCCO,; C-S-Melting

o LA (m?g) FLAER (cm®g) A ARALAE (nm)
QR1500 2018 1.308 2.7963
C-S-SCCO, 4 0.009 3.663
C-S-Melting 98 0.142 3.750

H#33] C-S-SCCO, 5 C-S-Melting &M EHH B & &, 76 N, AR, LA 10°C/min FHREIESZ, 7+
2] 750°C, XFEEMENEAT T IMESHTRAE, W 3@)FR. A 3@)F T LA EEF], C-S-SCCO, 5
C-S-Melting H (1) &5 & 43 Jill /& 62%, 55%. HHILA] %1 SCCO, ik Fi% 1% QR1500 -, 733 7 5 &)
s E. HE5% 1 PR, TR, WMEENZ M T K2 HMABEmam, LEasiaE
EFTEAEIR), UE LI S A E N A B R A R H . SCCO, T AR B & Bl
EATECE S EORS BRI AR TH Tk S 1K B NBEL, AT RN, A e H i R

J9f3H C-S-SCCO, H B AL F 4k /T J5 1 R B 45428 4k, 5§ S, C-S-SCCO,. QR1500 i#47 T XRD #
fiE, 4l 3(b)Hrm. A 3(b) AT LAMLER S, FERT, SsrT7E 15°~30° 2 A R5R AT S04, iF A LA
B SICEERIAFAE s MAETERUG, S 7 T HIRFIEAT UGS 2%, EBITE C-S-SCCO, w1, Hifm i, Hor
B, BESRI R EA . Nit—PiEl] XRD 4558, AN S, C-S-SCCO,, QR1500 fi 7 Raman %
fiE, 45 R 3(c)FiaR. MIE 3(c) T LAMLEE BITE 51T, Sg 40 T-7F 500-100 e ' 2 [ 1R 4R (A RFAIE I,
M%), 1£ C-S-SCCO, H1, Sg 73T HIRFIEUEETH 2%, UF BB =1 B 43 B E QR1500 yiPE R, 455 5 XRD
—ﬁ[o

3.2. MR HFERERAE

K 4(a)F1E 4(b)43 )& C-S-SCCO, 5 C-S-Melting FIFEIAR 22 HI 26 K . PRl & A4 RO TEIR 22 ih 28
7 R AN S AN — AN AR ZE o PRI S04 2 0l 5ok LR P (1) P A58 S I B2, RIAE~2.3 V Ak Sg 43
TR IEF R K BE R RI(LiSy, 4 <n<8); 1E~2V AERAMI(LiS,, 4 <n < 8)idk— 5 At 85 1)
Li,S B LiSy. FAIELE~2.45V &b, 2 LipS B LinS, AL BN P I RBRALY) LiSs ). MK
4(a) R AT T BIAE IR 55 — 1B 5 J v P ) e 6 B[], IR e T — PRl rE AR R sE Avg ik, BE B S5 =
Pl U o7 BB RIS A (R N AR, IEBH C-S-SCCO, RAUF I s fb 2= e et . 1 P 4(0) h3RAT TR BLEE — Bl 1
IERIBA R, (HUEA BB RO, HRANEE R S 28 = g L O, BRI TR, IR AR LT
BRI G, B EMRA e, b2 S NG PR 2 . IX BRI T I T — SRR 5
B BE TR A BRI 2 A AR R AR E 1

%f C-S-SCCO, 5 C-S- Melting & A IEAEAT 7 AR HERE IR, W& 5 fiom. ABE s A
B, JefE 0.1 C (1 C = 1675 mA/g )54 A4F THEEF 2 PBlTEIL AL, SRS TE 0.5 C 5414 FIEFF 150 4.
M 5(a) AT AN EZRILE 0.5 C f5 % %14 K, C-S-SCCO, 55 C-S-Melting FI 714 IR 78 il H Eb 25 /43l 2 810,
139 mAh/g, 7E¥F 150 &l 5 H it bL 728 543 I AR FFAE 450, 103 mAh/g, ZEERFFR D HIZHN 55%, 74%.
MG P 1 BE A5t A N i — SR A Bh 7 V) 4% 1Y) C-S-SCCO, 14 L Ak 2% 1 i 32 5t 478 Ry il 46 1)
C-S-Melting. HEARM A EAREFR ELBMK, (HRFEFF 150 [ 5 L BRI T C-S-Melting, 7840 RHL T
C-S-SCCO, 1 R IfEH M RE. SCCO, MUEAEEE, mdr BtE, LARSSALR AR B Ak Be 71K B ok iy 21 71N
LA, DA TAE B2 I N ol R BRIRAE /INL N, G T “oF R, IR B RUE TR
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Figure 3. (a) TGA curves of sulfur powder, C-S-SCCO, and C-S-Melting in N, with a heating rate of 10 K/min; (b) XRD
patterns of pure sulfur powder, QR1500 and C-S-SCCO,; (c) Raman spectra of pure sulfur powder, QR1500 and C-S-SCCO,
3. (a) AESHRIZ(TG, £ N2 SHETEL 10 K/min IBZEFAIR): S, C-S-SCCO,, C-S-Melting; (b) X STk R iTat
(XRD): S, QR1500, C-S-SCCO,; (c) AiZFtiEk4sr#f(Raman): S, QR1500, C-S-SCCO,
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Figure 4. Cyclic voltammetry (scan rate 0.1 mV/s, 1.5-3.0 V) of (a) C-S-SCCO2 and (b) C-S-Melting used as electrodes
4. fEIMRLRZ (R 0.1 mVis, 1.5 -3 V): (a) C-S-SCCO,; (b) C-S-Melting
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Figure 5. Cycling stability and coulombic efficiency of C-S-SCCO, and C-S-Melting electrodes at 0.5 C rate
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4. #hig

R I S AR AR SR AL T AR RO AOR B L syl L ARER ok S AR L TR A s ke 71, H
I 5 AR o SR B B R R b, il T — BRI 2 S 4(C-S-SCCO,), FF 5 WG flE
375 47 B 7V A BB 2 A ) (C-S-Melting) i 17 Eb A% -

1) @it TEM. 77 K F N W-fiifff. TGA. XRD. Raman R4 FB, %} C-S-SCCO, 5 C-S-Melting
PRI S ARME 7208, KW C-S-SCCO, Hr Bt i 2 43 5, 2 A KT X AFE TFLIE N, HAF3 T 62%
ImL AR . M C-S-Melting W IIBIA SR, A —, A BIRIIBBRAEAE, BRS04
10 nm, R EEIHN 55%.

2) JBILK C-S-SCCO, 5 C-S-Melting #4 kN T 4161 b 1ERKR, 521 HIBTE 05 C AR &4 T H
R L2 F 5y 78 810, 139 mAh/g, 73 150 Pl f5 25 & 70 il fRFFTE 450, 103 mAh/g. iEFH SCCO,
5 D AR T R P T T PP R P SO R O

5 RE

K I PR AR TR SR B & B hs 2 S AR FRE N T 8R0R ft IE AR, H AT AR 7T A s b
ARSCRE TR 2 E AR R B ARG T — R b i Ve R R L A a4 kL, R AT SCCO, il
POROT I AGERER, R 1 I 55 280 5 B 2 IEAR B 25 PR tH A58 . D7 kN TR et
IEARA R 0 E VF 2 07 AR — B0 e A AR ) S SRR RL, I SR, SRR EW),
IR AN, R SCCO, i BIIUAR Ty ik B 38R il 2 BHLAR HL L IE AR AR, X R A RLEEAT RALAN fa L 2
PEREMIK, 5 H BT IR, R EBR M RHERER 5 7.
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