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Abstract

A nitrogen-doped nanosheet-like porous carbon (NNPC) was synthesized using orange peel. A
method, supercritical CO, deposition, was used to synthesize carbon/sulfur (C-S-CO:) composites
for lithium-sulfur batteries cathode materials. The surface morphology and characteristics of the
materials were characterized by XPS, SEM, TEM, and Raman. Electrochemical tests show that the
initial specific capacity of C-S-CO; composite cathode material reaches 1065 mA h g-1 at a current
density of 0.2 C, which is significantly higher than carbon/sulfur composites (C-S-M) of 773 mA h
g1 deposited by melting infiltration method. And after 200 cycles, the retention rate of C-S-CO can
reach about 70%. The improvement of the electrochemical performance of C-S-CO; is mainly at-
tributed to the unique properties of supercritical CO; which have a better dispersion for sulfur.
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BEA& AR — LA AR BRI AT B, SRR R B TR I R R, AR AT R E IR A
Wi, 25T AUAERELE B T R SZ BTG 1], ITAEsR, BRAR b R B s B 2 %
(1675 mAh g "), B & A5 % (2600 Wh kg ™)+ B fil B = 5 LA R PR B AT 1 51 T 1F 785 AT TR K A 2
[2]o AT Li-S Ayt i s B 52 30— R A0 1) i PR ) BRI A B I i P 8 v, v R 7= 4 22 B AL A 1
Gy v T A3 AL E AR DA B 2 S e H e K AR R AR (~80%6) 2% o I 6 il 0K S SSCHL A A b vl M A R R
RIFE, AR F R3],

N TR IR, SHRRENICEATH T2 50, i in S BRI R gn 4], w244
R SEARMRLS ] H BTN B2 B 7 V22 K B B 1R 7 5 Ficd ke b, b AL/, BRKES, A
B AN BN, 2 EZ RS T LLE O BIE S 0 2 FURREAA AR B SRIEFEE . R AT
Lz 6], HmEF., M, Bk, BRECEW) ZNH T AR Li-S Htl ERA L

FEh, B TIEBEAERRAR, REIGIE AR SR E SRR B OCEE ). H AT )
BT EE, (ARARAEEZE, BIESRESR, Sl s el Tak, FH
I SR AR AR TR B2 IS, B T I F = AR (scCO) E A AT 25 5y 15 21y 1l 7+
ZH(Tc = 31.1°C, Pc = 7.38 MPa), I Z2GUKIRNE plrb i i FH B IG FHRAER 7] scCO, B AR FE,
T, IR TR 77 DL R SR A TR e ST SR PR (8], TRIERI L scCO, 1 i R vl LA R 6 5
TRENBBAT R FLIE P I B N5, 4h, B FARHR ARSI %4, FIH scCO, &RE &
A BES AR 25 R0 FE A B iR

FEIX TR T LA, FRATEL KOH AiEALFA), AR AR,  il#% th— Pl &35 24K ok 2 fLk
(NNPO)E AARRT B IEM S i I AR R . R scCO, K5 NNPC H &5 5| IEHE &4 BHC-S-CO,),
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IS RS E DA U IEAR E AR C-S-M)BET X EL . PR ABL, 4id scCO, AbFEZ 5, C-S-CO, I
PEER] S NNPC M ELFEAK AT KA, 0w TR & ) C-S-M 5B B35 . HFHAMAHEET C-S-M,
C-S-CO, Wy HAb 2~ M RE B B B3 &

2. SCROERSy
2.1. NNPC Bl

B, ROBTELRINE B AE S00°C R HliRAL 3 /NI, FRRIR S =R SR EL 2:1:6 O LLGIIR
F WEETERPPERAAT, ST min™ BB THEZ 800 CHRFE 2 h, 53R Sk Ik HIFidh
PR ZR K ek, HE PH=7; Ha BT HEPA 100°CFOREF 12 h 53] NNPC Hi A

2.2. C-S-CO, 1 C-S-M Hi%I&

B 0.3 g it 0.15 g NNPC 1 1.5 ml CS, IR GG E T 50 ml = B R M3, #H % B 5 78N 60 atm
1) COy, PUEFHEZE 100°C P 3 h, RMEHRGARAHRER, WERZY C-S-COz. 1ENXFLL, Fi
RHERITE, 0.3 g BIA ML I CS, Il Wil FHFEfr CS, &k, BT RMNED 155CTH
{RFF 12 h LA3RAF C-S-M.

2.3. MRIRIE

FES IR E S« TOW &5 K4 R0 B 43 4 i 38 3 9 4 B 5% (SEM, Model S-4800), % 4 ML 4% (TEM,
JEM-2100F), X HF4AT5(XRD, Smart APex II), X HfZ8JtHL T HEIE(XPS, ESCALAB 250Xi) LA J i &
(Raman, Ranishaw RM1000, 4 = 514 nm)>K @47 RAE . i & Bl A HT(TGA, STA449C)MIE, LA N
A, INHAGEZF N 10K min's

2.4. BBALFERR

I CR2025 AU HL kI, C-S-M Al C-S-CO, Hifb2ithfe . Horb DL A N utl, S/
R OIGHALE (Celgard 2400) MK, IEMRMRL LRI LHMHEPVDF)LL 7:2:1 FELBNR S, N-F
FE2-MEn B F(NMP)Y/E A R 4 IR A 20k, IRE R L, 80°C R EZ TR R MR, HMBN 1
mol-L™" f{I X = 46 P B Bk It 37 e (LiTESD PR A 1% LiNOs, ¥AFIN 2 1 — Wk (DME)F1 — %X % (DOL)
(RFEL 1:1), 78 Ar SGURY FIOF-EAE 425 it . R 3 ak i it ik BBt 2 40 %o v sth b A 718 97 78 i
HR, FERCRIXIAIA 1.7 V~2.8 V. /] CHI660E HAL: TAF BB T IR 2 (A ZE: 0.1 mV s,
B R FFEE . 1.5 V=3.0 V)RIAZ i BBt

3. BR5ITR
3.1. MRRIE

3.1.1. FSRIRAE

K 1(a)f1 ] 1(b)y NNPC ) SEM &, AT LLE H NNPC B TCE K R G, R T E s 1
B TR R R . [ 1(e) AT 1(HRFRTF NNPC ZEAR FOR R R i TEM [, #2535 ] NNPC 44
K TR IR 45 44 HL AT DA B K AL RIATAE - & 1(e) R 1] 1(d)43 3R C-S-CO, il C-S-M ) SEM A,
M 1) T LR, SidBis A A SRR 2 )5, C-S-CO, MBI SE R IE A 5, I H NPk
H] DUE BIM BRI 1 (EJR 81358 7775 A ) C-S-M AR5 b i S 8 VR I HL T LU 375 48 Hh
B EA WA BINTEBA BRI XYL RAE CO, TR IIEH MRS 5 N2 2 LBk I FLIR,
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Figure 1. (a-b) SEM images of NNPC; (c) SEM image of C-S-CO,; (d) SEM image of C-S-M; (e-f) TEM images of NNPC;
(g-k) EDS mapings (C, O, S and N) of C-S-CO,

1. (a-b) NNPC #J SEM [&; (c) C-S-CO, Y SEM [El; (d) C-S-M A4 SEM [&; (e-f) NNPC B TEM [&; (g-k) C-S-CO,
FC, 0, SFNMTRIAME

3.1.2. N2 IR - fiipft. XRD F1 XPS 254k

NNPC F H & HRURIF LA AE e 20 B/ A SR e (151 2 () FALAR 23 A il 2(1] 2(b)) 5B < AR 4 TUPAC,
NSPC 2L [ BRI IV BYFR G T SEIRLR, FRAEARXHRA E J1IERE (P/Py < 0. HU B T SURIPRIE Wi, it
B KEMILIGAE, AR IRE 2B RA AR . P/PTE 0.5 F10.9 (H4 )2 (o] L 1 % 45 11
R, B REAAL, AR T BT W& 200 LR AR E AT LU 1 NNPC LAEL A
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Figure 2. (a) N, adsorption-desorption isotherms; (b) Pore size distributions of NNPC; (c) XRD patterns of S, NNPC,
C-S-CO; and C-S-M; (d) XPS spectra of NNPC, C-S-CO,and C-S-M

[ 2. (a) NNPC RS IRAZHMIBZL; (b) NNPC RIFLR T3 #fhZk; (c) S, NNPC, C-S-CO,#1 C-S-M B9 X Stz K
#78f (XRD); (d) NNPC, C-S-CO,F1 C-S-M HJ XPS & it 3 #f
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] 2(c)#& S, NNPC, C-S-M Fl C-S-CO, ] XRD i, NNPC 7E 15°~30° 4k HI B — AN 55, xRN FFH
SALII(002)dhTH ;. HEELE, 7E C-S-M Ml C-S-CO, oK Hi BT B I RF ARV, U0 BA 75 52 & AR R R (1 47
R Z RSN . NNPC, C-S-M Il C-S-CO, 1] XPS 4t /3 #rti& 2(d) 7R, 531.7 eV, 400.2 eV, 284.6
eV, 165.1 eV 1 163.9 eV AbH) 5 M, AR T O M Ny, Crgr So Al Sy

3.1.3 XPS &Ml A

I 3(a)/& NNPC ' Ny [ XPS L&, A 398.6 eV, 400.2 eV, 402.0 eV f1405.0 eV HIIE5r
AR T IERE R, A, ASREAE IR, SR CERIIBRER SR . & 3(b)2& C-S-CO,
i C o 1) XPS I A K, B 4 N5 3l /& C-C/C = C (284.6 eV), C = O (285.4 eV), C-O/C-S/C-N (286
eV)Fl O-C = 0 (287.3 eVZ). Ik, C-S-M Fil C-S-CO, H1 Sy, 19 XPS F3UEFLA 1T LAA Sy AN 3(c) 1A
3(d)), 7514 S-S/S-C (163.9 eV, 165.1 eV), S-O (164.3 eV, 165.3 eV)Fl C-SOx (168.4 eV). HFTEE ) S2,
C-S-M 1 C-SOx [#jU§ 58 B i 75 T C-S-CO,, IXUHH C-S-M H [ 5 25 5 S8 AK 9]
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Figure 3. XPS binding energy spectra of (a) N, (b) C and (c-d) S
3.N, C#1SH XPS i&E S

3.1.4. Raman FRA{E

K 4(a)f& NNPC, C-S-CO, fll C-S-M i i, 7F 1332 em™' (D )M 1576cm™" (G ) Ff i H B
PIANFEUE, 23 BT sp® BUTCFE B AN sp” A7 SRk . Tp/lg A2 S LB A RE TG I S5 MR AE I B B 8. 1
4(b), K 4(c)FE 4(d)H, NNPC I Ip/lg A& 2.2, FIH®E M TERRZ G C-S-M # Ip/lg TREFAAE,
M4t scCO, MEMZ G C-S-CO, H Ip/Ig B IIN 2.6, LI scCO, AHE 57 F T 1 NNPC f 5t
MRS .
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Figure 4. (a) Raman spectra of all the samples; (b-d) Ip/Ig ratio of NNPC, C-S-CO, and C-S-M
[ 4. NNPC, C-S-CO,#1 C-S-M BRI KL H

3.1.5. RESH
A] DL i 2 BT (TGAYI FURE i R R 3 & 718 5 1, C-S-CO, AT C-S-M H 1 & & 70 51N 64%
H1 60%, FWILE scCO, MIMEH FHEHEAN NNPC #1L R L i FLIE S N 5 .
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Figure 5. TGA curves C-S-CO, and C-S-M in N, with a heating rate of 10 K/min
& 5. C-S-CO, #1 C-S-M BIAESHHIL (TG, 7 N2 SFETEL 10 K/min BEFHR)

3.2. RALEMEERIR

6(a)fe H A HMATEL C-S-CO, 7£ 1.7 V~2.8 V ZJaAlff CV I (T3E 8 0.1 mV s, & —EHAHiF,
1 2.30 'V Ak (193 J 08 Xof -t 5 A 00 S il i SRS 2 AL BE(Li2S,, 8 > n > AT FE, 2.03 V AL JH g
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Figure 6. (a) The first three CV curves (scan rate 0.1mV/s) of the C-S-CO,; (b) Galvanostatic charge-discharge profiles of
C-S-CO, composite electrode at 0.5 C rate; (c) The rate performances of two electrodes at different current densities; (d)
Nyquist plots of C-S-CO, and C-S-M cathodes before cycling

6. (a) C-S-CO, BI= BEIMBEIMA R BIZ(FAE: 0.1 mV/s); (b) C-S-CO, E&BIRIFEBZ(0.5 C); (c) C-S-CO,
#C-S-M EEBMAFERMEREMN; (O)FBRAETNIK

C-S-CO, 1 C-S-M 7£ 0.2 C FHIfEHHERE QIS 7(a) T 7 « C-S-CO, Fll C-S-M FIWIUG T LL 25 2 0 51 8
1065 mAh g™ 1 773 mAh g™ £3F 200 RAEHA G, AR HFEIRE 645 mAh g ' Fl 342 mAh g™, B
it scCO, A BRI AR FE vt TE ARA R L bl s R AR e M m I B oiese . R T iE— 2D C-S-CO, s, 7E
0.5 C (B % B FET 7 KA E A BE IR (& 7(b)). AR A2 &N 783 mAh ¢!, 400 KAEHR
L B EH IR R BRI BN 75.3%, 86.9%, 88.6%A11 92%, {RFFRM]E S ET, RWRA
AP R E M. [ERERENZ, C-S-CO, MECHE—HIRFFE 9%/ 47, B C-S-CO, i AR 4T
b2 il AR BN
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Figure 7. (a) The cycling performances of C-S-CO, and C-S-M at 0.2 C rate for 200 cycles; (b) The cycling performance of
C-S-CO; at 0.5 C rate for 400 cycles

7. (a) C-S-CO, 1 C-S-M BUEEFMERERNZE (0.2 C); (b) C-S-CO, 7E 0.5 C THUEEAMERERNZE

C-S-CO, FIl C-S-M If R At 14 6(c)fizm. C-S-CO, EAMEIE0.1C. 02C. 05C. 1CH2C
) ELIAT 55 BB R AR SRR EE A B 20 531 922 mAh g\ 809 mAh g '\ 644 mAh g\ 507 mAh ¢! 344 mAh g™,
T C-S-M EAFE. LM 2 C BEEF 0.1 C, C-S-CO, [ B L 2 &1 LA 5] 847 mAh g,
FH C-S-CO, E MBI BB BUF ISR MR . C-S-CO, Al C-S-M TEH AT IS M BHFTIE W1 & 6(d)FTa,
25 S A ) A A KR HLREL(R ) » v A3 DX 11 2 [ A Ry 2 % L BEL(R o) » ML IX (1) L2593 9 Warburg FHATT.
C-S-CO, Al C-S-M HJ Ry 73714 69.6 Q F196.9 Q, #iH] C-S-CO, E-&MEHHEAF T HFHudifeh, A
T v 1 5 R 2

4. &5ig

R F AT AR AR DL IR AU S5 A, I8 TG B NBRE, = RFUHCHEIE, KOH AiE
FIH & T —FhE T (835 29K F R Z FLER(NNPC), K A AR H it TE AR 5 v AR, e 1) ik
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