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CTAB-assisted Synthesis of MoS,/C Nano-flowers with Improved
Electrochemical Performances for Lithium lon Batteries

CAl Ya-Ling, LI Ya-Fei, WANG Zeng-Mei, ZHANG Yao, CHEN Jian, GUO Xin-Li

(Jiangsu Key Laboratory of Construction Materials, Southeast University, Nanjing 211189, China)

Abstract: MoS,/C composites were prepared by a simple CTAB assistant thermal reduction method using sodium
molybdate, thiourea and CTAB as starting materials. The samples were characterized by XRD, SEM, TEM, and TG. It
is confirmed that the amorphous carbon is partially inserted into the interlayer spaces of molybdenum disulfide and in-
hibits the accumulation of (002) plane. Meanwhile, the electrochemical properties were studied in detail. As a conse-
guence, the MoS,/C composites have better electrochemical performance than pure MoS,. The composite synthesized
by adding 0.025 g CTAB shows the best electrochemical performance. The initial discharge capacity was 730 mAh/g
and a stable capacity above 415 mAh/g was retained for 100 cycles tested at 100 mA/g. At last, the possible growth
mechanism of the MoS,/a-C composites and the influence of different micro-morphology are also calculated.
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372 mAN/gG, ANfEH L =28 i R BRI g
T3, T B 7R E e e R A, R,
o] o 8t B S A R SRR A R T T A R A T
HL BT ST A 5 . e, MoS, Hof 50 S8 A ALK i
REVRE K 2N S-Mo-S J5i 141 i = B va 70 2R
ghky, )2 BRI IL A B A A, T2 TR R A 5
(g 4 g 25 4B, IE 2 T MoS, J2 1% 58 1 1 1
1, AEA AT DL N (0 5 iR L2 T 5N Ak 4y
T R TFEE ARSI R NG . MR
FLIt G B R RE, MoS, HAT B i L 4wk
669~1675 mAh/g, HAFBE I 2R S5 M AT Lit P
BN LB . AR, BT MoS, i E 75 KA R
PARCAE Lt N R0 ik (03 R 4 7= AR e K IR AR AR
RN, I T A AR 25 A AR, 5 350 P Tt 7% Bt S ik
B, fEFR e P2,

TR MoS, MR T FIAE BR RR e
— Bl o TR R % MoS/IC BA M EL.
Wang 25U K $0d:4  T MoS, 178 i gl K A (1 5
BMRL, EAHFSAE R, 50 IRFEHBIE A G e &
A 400 mAh/g, KZESIB AR 2 6%, JERILT
BL A7 (A P B 52 7« Zhang 25 PTLL Mo O,/ 24 i () VR
HBWRIREL, T HS AN AL B S T — 4
MoS,-C 4K &5 5 44k, 100 IR A8 JBCHLEER )5 L
RAEARFRAE 776 mAN/g, s AR 1 Ak 22 1 R
Chang ZPTLI 3 24 4 Js0kE, 3 7K Sk & Bl 7 26
A1 SR M0oS/C A KL, 100 Y78 BCRAEH J5
Eb 75 ik 912 mAN/g. AR, TR S 2 ) 1
$EH M0S,/C A AR H Ak 25 P B I 32 i S AN [F]
(1, 3 Ik 3B B A I8 IR DA R M R e, ANE
LA MoS, #RHE LA i, 38 n] et AR R A
EPERE

AW LR SN G lIR A ASF S = CTAB A
J5ORE, FUTKPGEA LT MoS/C ERIRGNKAEE &
MEL SRJGAE Ar F Hy (R4 50 R, 800°C Hukh
4 h G153 BB &= o X ILREAT O (R S5 R TR S
HERTELAL 22 PEBE AT IR . AR5 MASIE] CTAB %31
HEIA ST T MoS,/C BRIRGIKAE S A ARG AT
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1.1 MoS,/C kIR KT E &M R AT &

¥ — % iU ¥ CTAB I 2] 30 mL 2 257 7K,
BisE L e, ¥ 0.6 g HEREM(Na;MoO4-2H,0)Fl
0.8 g BillR(NH.CSNH) I 2] FiR i, 4kskd

PEEETTIEMH, %A 100 mL 2D L4
FUANEE AN ] e ) B B S v s 5, AEH AR 200°C R
24 he BARAHBI=E G, JFH A K
FITCIK SBE 5y ELERE i, SRE 4 FE S 60°C T+
B 12 he BB REME T A, 78 95%4 M
5%E R A AR A 800°C MRk 4 h, ¥
HAEFEIH . 2% d, CTAB fn N &4 5 4
0.025. 0.05. 0.1. 0.2 #i1 0.3 g. KX Aric A MoS,/C-
NF-0.025. M0S,/C-NF-0.05. M0S,/C-NF-0.1. MoS,/
C-NF-0.2 F1 M0S,/C-NF-0.3. [l I/ Ay % L, 7E4H [
1N, AN CTAB, #4746 MoS, # %l .
1.2 MoS,/C BRI K TEE SRR

KH X S AT (Bruker D8-Discover) 4 #t
FESWIAH, K SEM(FEL Sirion- 200 37 & 414
HL) 1 TEM(FEI G2 20 i S ML 8%) 70 M 45 M TE 30,
PR E STA 449 F3 BU[FED $or B 4%,
ARG, THE R 10°C/min, J5 5 95 FIE iR~
1000°C.
1.3 MoS,/C BRIRMAKIEE SR B LE M
Be M

FELYH (1) 4 2 0 e 0 el U F B P i AT, RA
HhFE 2 5 0 2032 A1 HLIE T . B MoS,/C BRAR
YR ALK Z A ML 2B 2 2R A — 9 £ 4% (PVDF)=
80Wt%:10Wt%: 10wt% i A 145), AR5 1-FF Fk-2-n g
5t Wi (NMP) 1 ORI IR 38 A1 AE A 9 L, s |1
F-HeAh 80°C T4 12 ho LAG: @ HE FAE hy %ot Ha bl
HLAA R 1 mol/L LiPFe/(EC+DMC) ¥R &, Ferh
EC:DMC = L:1(f&FLL); KR/ h Celgard2400 115§
PR

KRB . CT2001A B Ha vl it 5 4 i3k 4T
TH I A ORI, RS 100 mA/g, HLHRE
[l 4 0.01~3 V.
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¥4l MoS, Mk, B TE 20=14.1°, 33.2°, 39.6°
LT WL RATS I, 2306 N T MoS, 1) (002).
(100). (103)[fi(JCPDS 37-1492)., Zid kb BE J5 H 45
i E SRR KA. N CTAB J&, FEMTE
20 = 28.7° Kbt HHILAT S IE, HXFRF MoS, (004)
[l XY F 20 = 14.1°1f) MoS, (002) 1l £ 5 s 11 55 5
Bt G DN CTAB ¥ I (1386 I if 128 9 0 o 1K 5K B



12 W

52, 45 CTAB GBI KIS ERIRGIKAE MoS,/C A kL K L LA 22 PR BERIE 9T 1291
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SEFE T IR B, IR i e BT AnEE AR 3
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270°C~500°C fil 650°C~1000°C. H:H1, £F 50°C /A7
() 2 I RE, S0 BT B AERE TR KA I ZE R A
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AR T RN, g MoS, KAETIAAL N
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2MoS, + 70, —— 2Mo0, +4S0, (1)

M{E 650°C~1000°C IR H L, XTA. T MoO;g
T4, @it MoOs 2% T [ 2 LA J 45 45 S i X (D),
THEWT 5 AR kS &, 2RWE 1R,
Wi 1w LUEH, Bids CTAB &G, MoS;
(& ARG AL IR, TR & B s . e =
B, KRS AR R LE B T, X R
T TR AL 2 PERERUE B LR AT A iRk .

B 3 AR BE S I SEM R, W LLE H T #E
sl 25 A A S I A oK Ak Bk B UKL TR B . T BE
CTAB s, nr Lo 2 20k A 5
. PRI R, FORAR /N T B K E,
PRI R . Al MoS, £, mT LU 21 B 2 1
— MoS,
~NF-0.025
S.-NF-0.03
~NF-0.1

~NF-0.2
~NE-03

Intensity / (a.u.)

7020 30 40 50 60
20/(°)
K1 REFESE XRD B
Fig. 1 XRD patterns of samples
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Fig. 2 TGA curves of samples

F1 HEP MoS;fMCEE
Table 1 MoS; and carbon content of samples

Sample MoO3/%  MoS,/% Cl%
MoS,/C-NF-0.025 78.9 87.6 12.4
MoS,/C-NF-0.05 77.4 85.9 14.1
MoS,/C-NF-0.1 74.8 83.0 17.0
MoS,/C-NF-0.2 71.4 79.2 20.8
MoS,/C-NF-0.3 68.8 76.3 23.7

3 AIFEFEG SEM f

Fig. 3 SEM images of samples

(2) M0S,/C-NF-0.025; (b) M0S,/C-NF-0.05; (¢) M0S,/C-NF-0.1; (d)
MoS,/C-NF-0.2; (e) MoS,/C-NF-0.3; (f) MoS;

MoS, H 2 4i# . Hh )\ MoS,/C-NF-0.025 ¥ & Af LA
T T M 21 P T 8 0 2R MoS, HERRIMT T Ak
gRAIR, B CTAB & RZEHIE, M MoS,/C-
NF-0.05 F1 M0S,/C-NF-0.1 £ 5 i LU HY, Ji A 34 1y
B IR MoS, AR 19 R gk, K H1 2R 1
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B ER gk AE Bk, LB SE 8 5 Bk POk,
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BN, o BV B BRI, R R A RS
HE B .

B 4 4 B B  TEM RS, MRER el LLE
BRI HESR T Z 4. 541 MoS, MR 2 I
HEBUIRAN A, 765 AR 1) MoS R e, 3XFp
JAHERUR S g As, Hor Bt A o A B v IR
fF) MoS, X, [3 7 4l MoS, #1ELoh, #nl LA 5
2 M2 AEE: 0.62 nm F10.93 nm, H:t' 0.62 nm X W
2§ MoS, (002) i ¥ 2 a1 #H, 15 0.93 nm (12 1] 2 )
52 i XRD Kl AW R 2 ] BE da(50.99 nm)
FAY, X AR T A T E Bk A E] MoS,
JEEE R, ff43 MoS, ZE M K. 54 MoS, # %l
FHLE, TP 2 R] PR G A L R B4 v, 3X - Rn)
DAMNBE 5 HAL 2% 3 A o o (RIS i) DU 52 2],
B CTAB UM 13E 1, MoS, Fr 2 HERUZ #iAr £3
i, A EINEE, MoS, EH D, Ko
45 Lital N ks>, TG T MoS, 28 4. iX
W W] T BRI R P T T, BRSNS
MoS, JZ K, MU Z 0 LT, AmifEfT
KA E; ST, BRI AR S HE MoS,
JE HERR, A 15 AT RN (1 2 Bk b, AT 5 B i
BREAR, 15 A AN R 5 ks MoS/C A M K H
A 25 PR RE A P DLEIE X — fi . BbAh, Bl & i
FHAIN, 2 M RRIE 2 kN MoS, 2 ) B i HERR
EECK S, XWERE T XRD K
MOS,(002) i 177 5F W 11 328 3 B AL RV %, T AH Y. (1) A
U T B U 2 R ¥ 18 it 1) JER A o
22 HKHMEHH

BT UL iR g5 K, AWF5ie i T CTAB
B K BGEHI MoS,/C BRIR 1K AL ] B AR KL
HE(FE 5) fEKI W FE b EER AR T AN SEA
Wi —& CTAB TEK#MEAE N R AERM, —i
CS(NH), 5 Na;MoO, 7K AT s AL e T
MoS, 4K Jr, IX AN N A 3EAT . L CTAB 1E
Shy i DL BH B AR T MR, DA 38 IR B
TR 2T SR HOIR IR, Bk HE R AR — R TE i
W, SRR 5K BEME a7 4 i T 2R ERR 1
Ji oK% T Ay E H, O i E R R T R

Kl 4 ANFFES ) TEM BT
Fig. 4 TEM images of samples
(a) MoS,/C-NF-0.025; (b) MoS,/C-NF-0.05; (c) MoS,/C-NF-0.1; (d)
MoS,/C-NF-0.2; (e) MoS,/C-NF-0.3; (f) MoS,
S
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Fig. 5 Schematic illustration of the growth mechanisms of
MoS,/C sample
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RJE MoS; UK AERERIRIBOR R K
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K HEBE, 7EHERRRE R S CTAB WAk JE B %k
AT RIAS G, 7E Rl FE A — 340 R Y itk
NI X A B AE R AR LA T 7K R R 8 i
FErh MoS, di iR S5 IR Ik, R il A& (002) T 1R 2R
ZERIMIE . TBEE CTAB ARG I, MR
IS B R RIS, 13 R KIS
p S WIULRES S2 A INIER TR Gt N
2.3 BiFESHFMK

Bl 6 W ANFIRE S IR 3 IR Fu i Fe 2R, 5 41AF
fb R 7 CFEAT B 24l BL MoS,/C-NF- 0.025 £
dn R, R L R R R R R AR RO . E
VOB FE R, FESAE 1.1V A1 0.6 V AL R 24
R G, Hb 11 VA B ERY T
4 Li,MoS, 7B, %I () o i 2 R E:
MoS, + xLi* + xe- —— Li _MoS,(~ 1.1V vs. Li/Li")

MAE 0.6 V A HAE& W LixMoS, 1) 47
A N Ay v
Li_MoS, +(4—x)e” ——>Mo+2Li,S(~ 0.6 V vs. Li/Li")
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TEL R B IR A OBAE I LR, MoS, 5844678
Mo HI S FLJ5T. 7ERE S IMES 2 RIS 3 B it £
L FESREE 1.1 F1 0.6 V ARRIBCEST S Ok, e

2.0, 1.0 f1 0.4V 4 HIL 3 AL &, e
2.0V ALHESE SRR S AR A LiS, fE 1.1V Ak
() JBCHE - 5 06 N LicMoS, B %, 7E 0.4 V Ak i
L HLAZ U Mo dE— 2B 38 5l Mo. R INF T DL B
B 5 ok e RO 36 I, R 1 7 R i £ T A T 3
P, XWRPTHISEN MoS,/C ZAEME AR
U (R AGE PEAE D 18 1 r it AR AR W] AT
Kl 7 WA[EIRE FAAE 100 mA/Jg HLA S BT I FR
100 M7 gk . MEITRTLUE H, 54 MoS, A
b, 8 K HGEBI 1 MoS,/C E ARk B
(1 LU 2% 5 F0 S 4 () A BB e 1, e MoS,/C-NF-
0.025 #¥ i 40 e e 1K) B 208 L L 75 5975 mAh/g),
M4l MoS, 18 B LE 28 5y 572 mAh/g. B8R
MoS,/C-NF-0.05 #F f 19 15 K J8C H bE 25 = 76 T
MoS,/C &M B AL, 24 730 mAh/g, {H7E 100 X
W Ja, St e tEmly, WERERE, N
415 mAh/g, MoS,/C-NF-0.3 #f /i e ik, b7 &>
250 mAh/g, T4l MoS, Z5 100 A &, LEAEAL
“} 35 mAh/g, X3 Bl it i 4 MoSy/C & #LrT LA
AR MoS, MOBHT AL PERE . RIS RT DL IR
BEE SR I N, MoS,/IC &AM EHI 75 B A E
SEISEIE IS D 1S, It MoS,/C-NF-0.05 #4
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AP B 5 T 1 LA B T, 0 (R i AN H 2 4
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Fig. 6 The initial three charge/discharge potential profiles of samples
(a) M0S,/C-NF-0.025; (b) M0S,/C-NF-0.05; (c) M0S,/C-NF-0.1; (d) MoS,/C-NF-0.2; (¢) MoS,/C-NF-0.3
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Fig. 7 Cyclic performance of samples
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