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Synthesis of MoS,/RGO composite electrode and study on its electrochemical

performance for sodium storage
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Abstract ;: Molybdenum disulfide ( MoS, ) represents a stable, safe, and low-cost anode material for sodium-ion
batteries (SIBs) , which has great application prospects. However, the specific capacity and rate capability of SIBs are
limited due to low intrinsic electrical conductivity of molybdenum disulfide. MoS,/RGO composite is synthesized by a
novel one-step hydrothermal method and is used as anode material for SIBs.Furthermore , RGO can enhance the electrical
conductivity of the composite and improve the structural stability of MoS, , thus improving specific capacity and cycle
stability of SIBs. Electrochemical tests suggest that the specific capacity of MoS,/RGO composite electrode has
maintained as high as 509 mA-+h-g™" after 250 cycles at 1 A-g™'.

40 EBFE 4 H
2020 4 B

Key words : molybdenum disulfide; graphene; electrochemistry; sodium storage; anode material

PR T SR s O RE R R ITRER 7
A IR AU SF 0, ) Z T AL B IE A R
i KA ARLAE A28 T i s b O F HAE B 44
ST TR R RG S (ER R IR A
BRI | AR L B AS 22 A P A5 TR AR BUHAE LA
EH R RIBET  5 R L SRR T 1)
— EWOCER P IS LAY BAEVE S, BeAh, 4k
R SRR, vt e T A B SO B R
T AR B AR A I AR B %)
BT R TR AR ST, AT A BRAA S 1 ri 2 ok
FAAEAFRPEREAR JEA A7 i 2 ), e BB
TETEHRA R R A B 1242 (0. 097 nm, #5 1F
#8240, 068 nm) |, {545 4425 57 M 1 AR A HL AR BE
Tkt R B 52 R B ST, ELXH R A A 2

FLHBEIRE S BT LA V) A5 B RE RS 1 T R
il HE DG S 10 BN B v F A R R SR 4 T L ZR
PERE .

5B 1 H T ) TE AR R B, A DG B kA R
A RIE S DUDRE X265 7, 33 B Ay RS i) b v b i Je i
MSCHER R TR RE S ZA R R AR U 4
JEE S AR Bk AR ok A
A (MoS, ) B AT PS5 5 5 (670 mA -h/g) ALtk
ke H AT S AT 09 J2 R 45 40 S5 45 A, BN B
BT L SR R B S RS R 2 )
FEEER (0. 62 nm) , 2 5 )2 Z [ G AR AL AE ] 7 1
B, RS I B A8 AR R R 1 AT iR A S
) A= S U RN (E B St 7% /e F B S NI N1
HL R X o i AR REPERE . O T A TR )

%5 B #3:2019-06-20; & B H #1 : 2020-02-06
EEWA WAk 0 ARFHAF AT H (HYZQ201721)

YEB R ERUL(1983-) , 2o, it PRI, 32 2 DA S5 i A T ATk 1 1 o) 5 ki bt o5 1 7 T 9T 5%, xiaopeng771121@ 163. com; 5K 7K £ (1974 -)
B o7, FE NS E ARG S5 s HE AR RS, B IRER R, environzyf@ sina.com,



2020 F4 B

NATIFAE A — i A B0 5 45 Pl r B A4 R 0 il 49 oK
w2l a B SR A, R
AR B R A R R A S H T S A
BRI FE 28 CHEL

EH R — 2 gk a8 K Bk e T
MoS,/RGO B &R R THE TR b Rk, =
o SR 3 Y I o o S B 0 1B
A A B M, MoO7 3 3 i Hht 1 FH ke o e e
IRIFPIE JF 3K 15 MoS,/RGO, Hith | i B A7 BB 45 A
I REG 0 52 A ALY S P TT ELRE W5 42 & Mos,
R 2 RARRE T, DT 412 - 25 Fi Tt 1 A7 25 o R
PRI R M 7 1 A/g LI R A3 250 A,
FbZs s ATh AR ik 509 mA-h/g,

1 SKIEERSY

1.1 k5

= B L S Y e (T A Bk 99% ) | i ik
(RERECR 99%) | L BE (TR b al) (A
SAALEN (R RN 99%) BRI 20 (S bral) |
N—H Ak 0 2 B (43 A 4 | NaClo, (i 2 7 B0 R
99%) HR4H (Na,MoO, - H,0, BT 53500 99%) ,
A T A7 R R (BRE S EC 99% ) R
v 20% Pr/C HLHR R ER A A8 Ky ERTE R 9 S Lk
BT TR AT RS WA 7 5 SRR K ¥ o 2
BEFK,
1.2 #RHEl&E

B A Hummers 7515 KR A 245
Hl& A B R T8 K Ik R AR
MoS,/RGO A F K, BARSEE AL BRI - FF 30 mg
FALAT BRI R HLT 20 mL £ 8 ok b B I
PiFE 30 min, Fifif5 ) _F ARV WP AR UOMA 0,302 ¢
FHIREN 0. 946 g BRI 0.5 g = ¥ 1 R G FE 11 g,
ARZLAHE 30 min, FEEHXEAERREH Z 50 mL
RIUG L IV 28, 1E 200°C R B 24 h, R
NEASHE WO RTIRAAAE i I FH KR 245 B 3 1K
W T4 5 A5 20 00 B RO R AR B E A R T
800°C FiB & 1 h 345 MoS,/RGO /=¥y, 1 J %) IR
R, RN E AT B0, ZE AR 45 T rT LA
33 MoS,
1.3 #RlRAE

F]FH Bruker D8 Advance X 4 £ fiT G AL KT L 5
HEATH R X BHEATST (XRD) 4347 ; i 5F RENISHAW
inVia B0 SO TR G 44T A 43

TRUE . kil 02 RS S BRNHISREB IS EINEREAR - 159 -

T 4% ( FE-SEM, ZEISS, SIGMA ) Fl3% 5 1 1
5% (TEM, JEM - 2100 ) FAEFF 5 8 305 38 48 Axis
Ultra B X G H FREIEGHAT X 4Ot Fig
T (XPS) 44 ; TR AR BE (77 K) i i AWt
DN A il 9 Bl 2 T AR Ak A K i R AR
760K Ak 24 TAE, kAT,
1.4 fEEAMERE MR

PG U MoS,/RGO B & R 2 e 2 1 5 i
O (PVDR) TR 72 18 i FLIR &, LLE Y
N— LN BE TR (NMP ) SR 98 ST BE L 5 (R 38k
W LA v AR Al AR 5 Bl R BT 100°C
ELoE TR BLR 12 b, TS R LIRS B4
M 11 mm WA, ERBRINFER(ARS
IKEARF BN T 0.5 wl/L) FRXF CR2032 AU,
WA TR DA IR 4l 4 B AN T o3 IAE b B
FXFHL M, FEL % 9 1 mol/L %) NaClO, ¥, LA 3
R R RSB, D 2 1 I 7 R AL 24 b
AU AN E Tt 3 R R X JE] A 0.01~3 V
FIFH Neware B th I ASCHE A7 978 78 0 L B A% ek
Bema, A E i R AE T RS, (CHI 760F ) #4715
IR (CV) MK, A 0.3 mV/s, 327 FHAT I
RAGIRIR 18 R 5 mV, WA E BA 0.1 Ha~
100 kHz,

2 ZR5iTie

2.1 MoS,/RGO E§BWMM BN E 445
RAE

MoS,/RGO 5 & HI B4 L 555 S o0 3R 43 i (&1 4
1 s,

HE 1(a) B 1(b) v LAE Y, A 80 077
TE,MoS,/RGO G 45 B TR 4 i ISR,
MoS, 94K Rl A1 A0 i (0 07 1 AT AR IR R
F W AR, R B IR A8k R BE S AR I Hb B
JE HAMHLE MoS, 442K Fr o & BE 4R HUAY MoS, 41K i
A BT 5 5 43 R o FR ARV S T, T ELRE R B S T
PREETE Z I RN IE RN A SRR R A
OB S T HL BB 42 5 MoS, B 25 MR e T,
T T B8 - H ol R A7 i 2 e P AR M, A
Bl 1(c)~E 1) haTLUE H, C.S BL I Mo TEE
SIHb AT AR EHLRA B U] MoS, Fil RGO R 4 b
EaTtE—k, hE 1(g) A& 1(h) iTLLE i, MoS,
Gk R ARE O, U 2~6 J2, )2 52 2 8 #Y a5
R 0. 67 nm, X (00 2) S,



- 160 - FAX AL L

FA0BFE4H

Rt f )

(b) Moéz/RGO A R
MR L R

(a) MOS;/I{GO SAHEM
R4 i B R

[, L C
(¢)MoS,/RGO & & Hitk (d) MoS,/RGO & & Hitl
PR R T 2 430 1 MEHIAS IR T3 43 A 1#

() MoS,/RGO & & Hitlk
W RHIAS R T 44 14

(e)MoS,/RGO & A& itk

BRI R TG 2 20 A1 1]

(g) MoS,/RGO & A Hi (h)MoS,/RGO & A Hitlk
AR 75 5 HL B R PR 7 G FL A IR

B 1 MoS,/RGO & & WA B o5 K It % 447

MoS, 1 MoS,/RGO & & Bt A1 AL 1 43 #7 5 %
fEWE 2 iR,

I 2(a) 7] L H, MoS, Fl MoS,/RGO & &
R F ) BELER 27X U7 i &R 2H B MoS, ( P63/
mme 25 [AJRE, JCPDS 37-1492) (A7 14 . 13.8°(0 0
2).33.5°(100).39.8°(103)F158.6°(110)"""
Sl ) MoS, B 5 A7 5 45 RN [\ (1 /2, 75 MoS,/
RGO & &M kAl LA Bk i S8 400 T 25. 7°19
A5t S22 BEA 0. 35 nm , X T3 8240 0 2) i
[, HE 2(b) FrTLIAE 2 NFERERR T 2 4

(100)

(103) E) e

(002)
(006) (110)

2 e 2
! J"“\—-——__L

10 20 30 40 50 60 70 80 400 800 1200 1600 2000

26/(°) P& /em™

(b) P2 ik

SR BE/a.u.
R B /a.u.

(a)MoS, Fl MoS,/RGO H A&
LA R X Sl A AT S

250} ~
~200f g
IBD £
. L s
150 ) :
S :
< 50 1 =
0_ 0-00 1 1 1 1 1
0.0 02 0.4 0.6 08 L0 0 3 B0 530
HMXTEII(p/p,)
(o) BRI TR (d) fLAER S 1

1—MoS, ;2—MoS,/RGO

K2 MoS, 1 MoS,/RGO & & . # # kL Yy
7 5 RAE

A A (377 em™ F1 403 em ™), Al ERE MoS,
H Mo JEFF1 2 4> S BT K, PRSI R P TH
WS TETHE ¢ Moy mm A, IR 3 F
MoS,/RGO #Edf,2 M7 F 1 342 em™ 11 580 em™
TR (I Sl DU U 340 S A SR A 1 D DR G U
ME 2(¢) Al LLE F], MoS, A1 MoS,/RGO £E § 1Y
BT ZR T MoS,/RGO 1 b 28 i ALk 3 T
128 m*/g, LIt & T 5 MoS, (17 m*/g) . IEAh,
M 2(d) HREE MEEF] MoS,/RGO FEMAE 2 1~ F
RN FLFLAE 436 (2.4 nm A1 5.8 nm) |, FLELAH Y
MoS, FE s S hngE . Ky bR AR F &
YA FLAR 5 A ) T H A VR 5 00 8 b 2% i L
WERL, I H AR e 0 H AR b ek (4 32 5 i g 4 it
P R Y VAL Wi (T 7oA = R N e
PERE,

MoS,/RGO & & HI AR X Lot T RETE
FEnE 3 i,

X B4 FRETEIIESS T MoS,/RGO A
RS A S Mo A1 C TR, MK 3(a) il L
FZEM AT 161.8 eV Hl 162. 8 eV Y 2 /NI
3 XFIE S 2p,, F1 S 2p, . FIEERE , SR IET MoS, H1 1
S AR T 228. 8 eV A1 231.9 eV Y 2 A4 il
J&F Mo 3d,, il Mo 3d,,, H K F MoS, ¥



2020 F 4 B
K1
S2p SZPSIZ : M03d M03d5/2
1
P S2p,, ! Mo3d,,
é 1
el
b
S2s
160 164 224 228 232 236
itk /eV
(a)S 2p M1 Mo 3d
C=C
[
El 1
E 1
m 1
H i
1
1
1

280 282 284 286 288 290 292 2904
24 88/eV

(b)C 1s
B3 MoS,/RGO & & W A K1Y X 4T &
bW T g A

Mo* ™ WA 3 (b) Hn] DAALERE] 1 AR AR BE )
W (7T 284.5 eV, X C 1s AUSERE, RIIKIE S
T MoS, DA, A SR A B B IR S i i
2.2 MoS,/RGO £ & BR# 6 shERE

PEIA AR 2 K H T8 58 MoS,/RGO B A 1K &R
FREN S T E RO R F AL bR RE . HOT R 5 R
PG ERIR 22 2 AN & 4 s

1= 12— 2 B 353 B 4—5 45— 5
K4 MoS,/RGO & & ®ARIT 44 5 Bty
TE IR % o &

K 4 el LUE eSS 1 BB e v
BT 3B AYIE S (435I AL T 1.18.,0.89 VA
0.59 V) , XL THNES TR A MoS, JZ [H] iy W5 253 7%
DA K A R Jon BT AT 1, #E5 1 B e i
AT 181 V AIESK YR T Mo 2] MoS, A4 1L
AR TR TR ME R AT Y 2 A8 SR A 1
AEAWE (D7 F 1.9 V) o F AT LA [ 44 Ha figt Jo
LRI A MoS, B HLRR S S AILER Ky 120

MoS, + 4Na™ + 4e” == Mo + 2Na,S

TRUE . kil 02 RS S BRNHISREB IS EINEREAR - 161 -

MoS, Fl MoS,/RGO & & HLI ] ZView R fF it
VG IR R s im BT s 5 fros . Herb,
R, VWA RE, R, A A [T (A Fb, At i 57 v 5 )
IEREBHST, R, U A 1% BT BT, 7T LASE 2o e 430 X2 (B
AR A

250

R R, R Z
200 CPE, CPE,
a 150 s I
N s 4
I 100 ,/ -
b d ' 4
< &
sof
0 50 100 150 200 250

1—MoS, ;2—MoS, /RGO

E'5 MoS, f1 MoS,/RGO £ & w41 1
28 LA

K S5 7] LA Y, MoS,/RGO & 4 HL I 4% i
FHAT A 28. 6 Q, 8/N Tl MoS, Hitk (80.2 Q) 3
IR i Ay A 1 52 5 RSB AN R b (2 3 r 2 S vy ot
T (1 F i 3o el R, S T 48 Sfe BN AR 5 ) L Ak 2
PERE.

100 mA/g L2 E T MoS,/RGO i 1Y 72 i
HL IR 2 1 A/g AR T MoS,/RGO HLHR UG A

FaE MK 6 Frs,
3.0
2.5
2.0
>
=15
ERT)
0.5
0.0 200 400 600 300
AR /(mAh-g)
(a) FEAL AL 2k
1000
.T:: 8001 5
ook ! 1A/g
E \
15 400r
Eﬁj 200+
0 50 100 150 200 250
VEF R 5
(b) fEER R EHE
1—1st;2—2nd

B 6 MoS,/RGO BLR Hy 7 # H. #h & K 1 AR 2

& 6(a) Al LAE H, MoS,/RGO & & Bl A1k
R T AR R IR UG R HE 2R 1 (716 mA -h/g) I



- 162 - FAX AL L

FURL LA (692 mA -h/g) IZE(E HESCRR [ 21 ] i
TR N T bR R . I 6(b)
AT ), MoS,/RGO & & UMM B R B T )
HAR S PG R e MR 76 1 A/g LI 25 T 1
250 WJa, LA BTSSR R ik 509 mA -h/g, T8 3R
RIS A F R AT B I Rl i - v b B R A )

i A 2 A N 8 L S B 1 M R R
BHEARZ — , MoS,/RGO 1E 4 4h 5 7 Fi b 70 44 k)
(R e L i 2 S A R an 18] 7 IR

3.0

5/4/3/2 1
2.5

2.0
1.5

HJE/V

1.0
0.5

1
0.0 200 400 600

AR /(mA-h-g?)
1—0.1 A/g;2—0.2 A/g;3—0.5 A/g;4—1.0 A/g;5—2.0 A/¢g
(a) AN[F LU 2% 8 Fe il L i 2k

1000
o 8000 0
= 0.2 0.1 A/g
600 |0, 0.5
E M"“"‘“‘mi..... 2 oo™
=" 400} 0008000000
&
35 200
0 1 1 1 1
10 20 30 40 50 60
VG B

(b) MoS,/RGO HLH A A5 R4k
Bl 7 MoS,/RGO 4% #y 7o # w2 B S 45

H 7 Ha] DUE > U BE 4 D 0.1
0.2.0.5.1 A/g 12 A/g I, MoS,/RGO & 4 HL 2 1)
Al A4y A 575,519,480 450 mA - h/g Fll
420 mA -h/g S HL L BRI O 0.1 A/g,
FeZS AT SR AT LA 35 545 mA - h/g, 51 575
mA -h/g FHE, R RiAF] 94. 8%,

3 it

FIH— 25 & (8 31 7K $k il 4 7 MoS,/
RGO E AR AR I T8 1 R s il bkl . o,
MoS, Z[BIHEAF] T 0. 67 nm, J2 5 2 Z [8] (1) i 7 4¢
VERID T US| RERE I ige 4 B 1 FEL AR B R iy T
WA 3 A SR AN RERS 1 S 5 BB
Ser T ELRBAS 4R = MoS, 125 AR e M, AT 2
THNES T F M A A A i A RS SE 1, LA U
AR FE 1 A/g BT R 250 YR,

40 EBE4 8
MoS,/RGO & & IR I LL A FEATI8A 3K 509 mA -h/g,

&% 3k

[1] Huang S,Li Z,Wang B, et al.N-doping and defective nanographitic
domain coupled hard carbon nanoshells for high performance lithi-
um/sodium storage[ J].Adv Funct Mater,2018,28;1706294.

[2] Deng X, Wei Z, Cui C, et al. Oxygen-deficient anatase TiO, @ C
nanospindles with pseudocapacitive contribution for enhancing lithi-
um storage[ J].J Mater Chem A,2018,6:4013-4022.

[3] Chen C,Wen Y,Hu X, et al.Na" intercalation pseudocapacitance in
graphene-coupled titanium oxide enabling ultra-fast sodium storage
and long-term cycling[ J].Nat Commun,2015,6:6929.

[4] Luo Y,Huang D, Liang C et al.Fe, VO, Hierarchical porous micro-
particles prepared via a facile surface solvation treatment for high-
performance lithium and sodium storage [ J ]. Small, 2019,
15.1804706.

[5] Yabuuchi N, Kubota K, Dahbi M, et al. Research development on
sodium-ion batteries[ J |.Chem Rev,2014,114.11636-11682.

[6] Ge P, Fouletier M. Electrochemical intercalation of sodium in
graphite[ J ] .Solid State lonics,1988,28.1172-1175.

[7] Liu X,Shu T,Zhang L,et al.Mo-catalysis-assisted expeditious syn-
thesis of N-doped erythrocyte-like hollow porous carbons for sodium
storage[ J].Carbon,2019,143.240-246.

[8] An Y, Feng J,Ci L, et al. MnO, nanotubes with a water soluble
binder as high performance sodium storage materials[ J].RSC Adyv,
2016,6:103579-103584.

[9] Tang Y,Zhao Z,Hao X,et al.Cellular carbon-wrapped FeSe, nano-
cavities with ultrathin walls and multiple rooms for ion diffusion-
confined ultrafast sodium storage [ J].J Mater Chem A, 2019, 7.
4469-4479.

[10] Hu Z,Tai Z,Liu Q,et al.Ultrathin 2D TiS, nanosheets for high ca-
pacity and long-life sodium ion batteries [ J ]. Adv Energy Mater,
2019,9:1803210.

[11] Cui C,Wei Z,Xu J,et al.Three-dimensional carbon frameworks en-
abling MoS, as anode for dual ion batteries with superior sodium
storage properties| J ].Energy Storage Mater,2018,15.:22-30.

[12] Shi Z T, Kang W, Xu J, et al. Hierarchical nanotubes assembled
from MoS, -carbon monolayer sandwiched superstructure nanosheets
for high-performance sodium ion batteries[ J].Nano Energy,2016,
22.27-37.

[13] Wu T,Jing M, Liu Y, et al.Binding low crystalline MoS, nanoflakes
on nitrogen-doped carbon nanotube ; Towards high-rate lithium and
sodium storage[ J |.J Mater Chem A,2019,7.6439-6449.

[14] Tang Y, Zhao Z, Wang Y, et al. Ultrasmall MoS, nanosheets
mosaiced into nitrogen-doped hierarchical porous carbon matrix for
enhanced sodium storage performance[ J].Electrochim Acta,2017,

225.369-3717.
(F#% 166 1)



- 166 - FAX AL L

2% ) 7= A R 5l 64.979 . 112.30,68.719 8,
14.251 4 mL/(g-h) , X =AHR 0] LA, HEA
A SR BT B G I 7 R ORI 2 T
POM BN 1% 0], 7= A R i, it B e
P AR R Al AR BRGNP A R Y 2.9
£, FRERSBGEE 1% UG, F=Em M= SR L
AR, 2T BN 2% B, 7 S T EL
afi ALK A R AL, BRI TR RS
SIS  BUER TSR , O B (9 1 SR BHAT T
Jeam X ARG AE T IOR R, K, A
Sl 5 ALK 4 AR S S m AR R e K
FEAMERE A SRR PR B T AR RS
HLPEIE . 38 T8 B [R50, DT 2 — 25 4 v
P,

3 it

il 5 1T A A ER G KA AL ), T A R Al
Bae sl , 588 T oK il & Re s, 3
BRI AT 4598 . f1 B0 - ALk ek BA
S AR RE S A BRI A PR AT
Hrp B i R 1% Wi K= S8R om, 7= a0l
FIRE] 112.30 mL/(g-h), L — FRIRAE KL
B, A SRR I 2 A B AR T A SRR R Ak
TR BET RN, fE 116 PR 24 5 74
A3 2 18T A v B 43 I, 47 K T AR A T LD XY
TG L, T 55 T AR K = A s

S 3k

[ 1] Manovah David T, Wilson P.Photocatalytic water splitting of TiO,
nanotubes powders prepared via rapid breakdown anodization sensi-
tized with Pt, Pd and Ni nanoparticles[ J ]. Materials Technology,
2018,222:288-300.

(k3% 162 W)

[15] Xiong P,Ma R,Sakai N,et al.Unilamellar metallic MoS,/graphene
superlattice for efficient sodium storage and hydrogen evolution[ J].
ACS Energy Lett,2018,3:997-1005.

[16] Chen J,Yao B,Li C,et al.An improved Hummers method for eco-
friendly synthesis of graphene oxide [ J]. Carbon, 2013, 64 ; 225-
229.

[17] Liu C, Wang L, Tang Y, et al. Vertical single or few-layer MoS,
nanosheets rooting into TiO, nanofibers for highly efficient photocat-
alytic hydrogen evolution [ J]. Appl Catal B Environ, 2015, 164 .
1-9.

40 BF 4 H

[2] foati e gk — AL BN YRS [ T] k24
ARAHr,2019,16(12) :55-56.

(3] e, X, BraUR. 4ok — S BOBi AR s e (],
PARALT,2015,35(8) :36-40,42.

[4] skabik, 2 &, 20 FE By, 45, BHRE Al K 1) S A 10 790 BF 5T i Jre
[J].JZR4LT.,2011,38(10) :67-68.

[5] Monteagudo J M.Effect of sodium persulfate as electron acceptor on
antipyrine degradation by solar TiO, or TiO,/rGO photocatalysis
[J].Chemical Engineering Journal ,2019,364:257-268.

[6] WIFAR, BB FRBE, 5. B B A /K i S0 A0 B iF 5 0E Jig
BER[ )] AL T RS54 ,2018,6( 1) :206-207.

[7] Alvaro Tolosana-Moranchel , Agustina Manassero. Influence of TIO,-
rGO optical properties on the photocatalytic activity and efficiency
to photodegrade an emerging pollutant[ J].Applied Catalysis B:En-
vironmental ,2019,246.1-11.

[8] Andrés Castro-Belirdn, Clemente Guadalupe Alvarado-Beltrdn. Gra-
phene role in improved solar photocatalytic performance of TiO,-

RGO nanocomposite[ J].Chemical Physics,2019,521:35-43.

—
=)
[l

Xu Difa, Li Lingling.Noble metal-free RGO/TiO, composite nanofi-
ber with enhanced photocatalytic H,-production performance[ J].
Applied Surface Science,2018,434:620-625.

[10] Li N,Liu G,Zhen C,et al.Battery performance and photocatalyti-
cactivity of mesoporousanatase TiO, nanospheres/graphene compos-
iteshy template-free self-assembly [ J]. AdvFunct Mater, 2011, 21
(9) :1717-1722.

[11] Sui Yulei, Liu Subiao, et al. Atomically dispersed Pt on specific
TiO, facets for photocatalytic H, evolution[ J].Journal of Catalysis,
2017,353:250-255.

[12] Siboni S M, Samarghandi M, Yang K J, et al.Photocatalytic removal
of reactive black-5 dye from aqueous solution by UV irradiation in
aqueous TiO, ;: Equilibrium and kinetics study[ J].Journal of Ad-
vanced Oxidation Technologies,2016,14(2) :302-307.

[13] R LIAFLRTHRR G i sk S e A K i il 2 i F
FE[D]). K RIEH T K ,2016.

[14] 205, E B/ ALIRIR, 5 A B — SRR A ARG

TepP RGBT [ )] RHE R ,2016,26(34) :97. 1

[ 18] Chakraborty B,Matte H S S R, Sood A K, et al.layer-dependent
resonant Raman scattering of a few layer MoS, [ J].J Raman Spec-
troscopy ,2013,44.92-96.

[19] Lin H,Chen X, Li H,et al.Hydrothermal synthesis and character-
ization of MoS, nanorods[ J].Mater Lett,2010,64 . 1748-1750.

[20] Teng Y,Zhao H,Zhang Z,et al. MoS, nanosheets vertically grown
on reduced graphene oxide via oxygen bonds with carbon coating as
ultrafast sodium ion batteries anodes[ J].Carbon,2017,119:91-100.

[21] Che Z,Li Y, Chen K, et al.Hierarchical MoS, @ RGO nanosheets
for high performance sodium storage[ J].J Power Sources, 2016,
331.50-57.1



	20200434
	162

