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Preparation and microwave absorbing properties of MoS,/biomass carbon composite

XIE Wenhan , GENG Haoran , LIU Yang , ZHAO Tingting , ZHANG Xuan , DONG Lijie’
(State Key Laboratory of Advanced Technology for Materials Synthesis and Processing,
Wuhan University of Technology, Wuhan 430070, China)

Abstract: In order to solve the problem of low conductivity of MoS, absorbing material, the MoS,/biomass carbon

(BC) composite material was prepared by using shaddock peel (SP) as the raw material, using one-pot hydro-

thermal and high-temperature calcination methods. The content of MoS, in the composite material was adjusted by

adjusting the content of the initial Mo source and S source. The results of microscopic morphology, structure and

electromagnetic parameters show that with the increase of the MoS, content in the composite material, the

scattered distribution of MoS, on the BC surface changes from flakes to flower-like coatings, and the conductivity

and complex permittivity of MoS,/BC composites gradually decrease. By adjusting the ratio of MoS, to BC, the

effective control of the electromagnetic parameters of the MoS,/BC composite material is realized, and its

impedance matching characteristics are optimized. The flower-like structure of MoS, facilitates the multiple

reflection/scattering of electromagnetic waves. At the same time, there are abundant interfaces between flower-like

MoS, and BC, which is beneficial to promote interface polarization and enhance the attenuation ability of MoS,/BC

composites to electromagnetic waves. The prepared MoS,/BC-0.8 has a minimum reflectance loss (RL) value of
-40.1 dB, and an effective absorption bandwidth of up to 5.9 GHz (11.1-17.0 GHz).

Keywords: biomass; MoS,; shaddock peel; composites; impedance match; microwave absorption properties
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MoS, 1E R —Fop 2419 — 4 kL, HA ST
¥ o R E BUR A A PR RE SR AT, BT
12 A o I W MR R BT SR, BT MoS, A7
TS B R ARG IA) A, Sl LA R W 30k A ek B 1R Wi A
Yo A7 RO O BRSPS R, R H R
FHEEERNBRMESZE S, Bt A
TP 70 AT LA 8 5 MoS, HO W I P AE"Y, Zhang
S0 KA A T B R RS
MoS,/f1 55 /% (Graphene, GN) & &k, 555
RS AR T A mi i, SRR, MoS,/
GN Z A FHRHEIREE A 1.6 mm BF, 2554515k (RL)
{8 & -55.3 dB, A %W W4 % K 5.6 GHz. Wang
A WL £ T AT A% 5T 45 K 10 Bk 40 K 45 @MoS,
(CNT@MoS,) & &4 kL, FIH g K& 1 & S i
PE L S MoS, [ AEAR 254, 3 5 JHOXF FL 14 8 8
fEJ1, A TS TERE, 75 1.5 mm JEET,
fe /N RL{H A -54.6 dB, A & W W7 %6 4 4.0 GHz.
KRG R E G bR AT AR A5 55 45 i W B MR, R
CNT. it 5 &1k f1 B (RGO) %5 b1 B 4% &) 57 |
Hummers & F4L22SAHUTHR (CVD) 244 & T. 2.
2%, AFT Tl KBS A =01l

= %) [ Bk (Biomass carbon, BC) /E N — 25 ¥
DL AT RE, BR T B A LR AR PG S 38 Ak
LN, I BAARAAS | il & T2 SRR IR T2
G, R THIEE T Z M, R E
S f KON S 327 R SR 1, O AR R T B AR
F7 AR 500 J7 A AT o hb R 2y o R SR LY
30%, PRt B A AT A AL A S . H H R R
R A, 38R S VRS IR 4R, Bl R Y
M BURUE B2 38 2 1 AR BT TS Yo RV JRIR 210, A
TR BB YR L Y RO A A M
WFFERIT, H AT B 5 Y 7K Bk Ak T2 A%
A3 BBR A BR P02 K BB fE TS B R — F
it FH A= 00 T 2B 7 D R b R B A A T i

BT, A SCRAh T B2 AR W) ik (BC) FiTfA,
T AT — B K A R R R BB R R T A TR [ A
) MoS,/BC & & # ¥k, BFFE T AR & 1 MoS,
PORTA-Rew v R ST OUNIZ NI PSR e 2 A AL
JEXT MoS,/BC & & A BRI HLEI 4T T 40 #7 -
1 KEHMBRAE
1.1 E##E

RN (NayMoO,2H,0) . LY e & iR, 8

WA . 4r#Mrali, W H Sigma-Aldrich 24 &l ; i J2
(FEHAHEER . PAgEE. LRFAR), A,
PR, BRI, Bl

1.2 #EE &

1.2.1 AW FikK (BC) Byl

FES IO H S B & 1 BT R, SRR BT
J% (Shaddock peel, SP) iy (0 /M % 7, 153
R (FERHAFRER . FAREZMRREH
M), # T 60C FE TR M T 120, AR5
P A by, RO AE LA T . B 1.5 g SP
F 100 mL BE#R T, A A 70 mLER Tk, HiPkE
S1E, B LIRIE A W % E 100 mL Teflon N 4 1)
ANFEWR M, I 200C Tk 24 h, FfK
I NASHR, W ARRHNERRG, WERA
DUVEY), MEBEFKELUEE =G, %HE260C
SOT R4S T4 12 h, AR REA- Y & T
A, FEEASE T LL5°C/min i T R
R NFAE] 800°C JHfER2h, FfE A AR H R E
i, RS R A Y, 0 kA Y BTk (Biomass
carbon, BC)

1.2.2 MoS,/BC & & ¥ B il &

T S FRH 0.10 g Na,Mo00,-2H,0 #l 0.22 g L-2f
J0EZ R T 100 mL B AR, MIA 70 mL £ B 5K,
i # 2 Na,Mo00,2H,0 FI L-2* itz B2 5 4> 7 f# o
SRJGFREL 0.25 g SP M A B R IB G Wb, fifk
RA YA G TR B Mo® . Zid 12 h 1912 35
WS, K RIS P #5100 mL 7 Teflon P
NRE AN v 2, dEAT KRN, 7K A4 B
3 200°C, KINAETE] A 24 he REK R REEE R, IE
WARVRHINERE, WERBRAIEY, 7
6 000 r/min ¥ 3 N H] L8 TR OWEHR 3 IK, #
# 2 60°C MU T RF T T 12h, HBEEA™
¥, id N MoS,//K # Bk (Hydrothermal carbon,
HTC)-0.4, Hl— % fiim B MoS,/HTC-0.4 # T 45
W, RSB T LL5C/min 59 TR R i
I NNHE] 800°C FEIR 2h, BEJE HAB M EEIR,
ifF B W R 15 2 B 5 7= %), Na,Mo0,-2H,0 5 SP iy
JEE N 0.4, I8 4 MoS,/BC-0.4, DL 24, N
[ BC LGN = P i brad L2 1.

1.3 BC. MoS,/BC £ &# ik 5 R AE
1.3.1 GO A0 B 25 44 ik

i 3 H A i 12 7] JSM-7500F 837 % 5t 41 4

1 T 5 1% 55 (SEM) B JEM-1400Plus % 3% 5} /i 7
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Hydrothermal

" N | Na,Mo0,-2H,0

Grind L-cysteine

Shaddock peel (SP)

Hydrothermal

Heat treatment

Heat treatment

MoS,/BC-0.8

&1 BC fil MoS,/BC &AMkl 4 1) SR A2 &

Fig.1 Experimental flow chart of preparation of BC and MoS,/BC composites

®1 FEEERRM. L-FHREERMMTE (SP) RMETHIEH
£ MR (BC). MoS,/BC E5HBHSH
Table 1 Parameters of biomass carbon (BC) and MoS,/BC
composites prepared with different additions of sodium
molybdate, L-cysteine and shaddock peel (SP)

Samples SP/g Na,Mo00,-2H,0/g L-cysteine/g
BC 025 0 0
Mo,S/BC-0.4 0.25 0.10 0.22
Mo,S/BC-0.6 0.25 0.15 0.33
Mo,S/BC-0.8 025 0.20 0.44

fiUBE (TEM) 2 AE 5 4301 U7 il 45 A% 5 1 1O 5,
IR H B TE AR IE S b HOoT R i . R
JH 3£ [ Th63363.erno Nicolet 2 7] 4= 7~ i) Nexus %
8 L 2T AT (FT-TR) AR 5 18 2014544 50 # o
M A A 2 A 9N R 2 W) AS 77 B9 Empyrean B X £k
AT 5 (XRD) B2 YA, 6 H 4 5°/min,
Y0 A 10°~70°, 2k T H A B HEpR o & 4 AXTS
SUPRA 7 X 5 2k 5t H 7 BE 1% 1 (XPS) i A i P K
ST o
1.3.2 H#ESHIR

SR FH R M PO ER £ R B2 ) RTS-9 A PO R
B 3RS0 R i B H R 36 R R AR R
/> W] PNA N5224B #9 % 5 % 45 79 A A DU 3 A 5 76
1~18 GHz #5 R y il P A AR X &2 A0 o o 0. i 2%
MIRER SO ML, 4:6 (&R HORA, FEHl lsME

7.0mm, WA 3.0 mm FRORAE G . ARG A
WEZ R, A AL i 2 B8 0 F g e W i P RE AT
P, AN EERY RLE ATl LUF 2 20 5P

RL(dB) =20 1g|((Zin — Zo)/(Zin + Zp) ) (1)
Zin = Zoite /& tanh[§(2 fd ) (urer) 7] 2)

Hodr: z, AR A YT Zy o H s S [ BE
i . e 53 AR R WS B A X i 236 R AH G
WHEEEG fREAG BB, cRETES
PR, c=3x10°m/s; d AR IR R .

2 #RE5TR
2.1 SP. BC. MoS,/BC £ & # BHUM IR o
€ 2 4 SP 1 BC () SEM K% . &l 2(a) W] %01,
SP 2 4t F )z, BERSPFEIJLEROK AL
&1 2(b) AT AT, SP 27K vl fb A s BB f5 . BC
MRS HOR R ERTE 2548, BRE HAE M 0.1~2.0 pm,
BRIEIE A0 08 B 3 2802 i T e K i fb i # oh
WP R PR 2R | LT R AR E KL &Y
KA. WK PR . 46 . BAE AR
N, B RN — B ERIE P2 Ak, Hl R
WA B WU R e R, TR K Ak ot 72 g
BORL R R o RO S A5 R R T, KRR 1k B
TR ABBe A BRAT I T8 SP N F )2 48 A 45 4 1) AL RS B
AR SR 55 22 RUBE FTAF B S e 722
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2 SP(a) 71 BC (b) #J SEM [&11%
Fig.2 SEM images of SP (a) and BC (b)

F3(a). 3(b). 3(c) 4451 MoS,/BC-0.4. MoS,/
BC-0.6, MoS,/BC-0.8 [ SEM [ 1% . M & 3(a) H
AT, MoS,/BC-0.4 2 i gtk . BKIE A ook
ERLH R, BRIE EAR N 0.1~2.0 pm. H i AR
S5 R A A BROR S HOR 254 BC R, Wl fig
Sy 7K R H A R MoS,. 18 3(b) ] LLE F,
Bl %5 2 A FEL T MoS, & R BN, BRIE 458 3k
THT 5L RS, MoS, 32 #Ks Btk K 5R0% 454 BC 44
B, SRR HINAERIE S . AU ER, BT

() Mo§;/BE#0.4 .0 =
= ..f“'.";}'."-'i S

i ‘:‘

F€3 MoS,/BC Z4&#EHY SEM [E1Z ((a)~(c)) F1 TEM EZ ((d)~()

LB T AEAE, HAB 1Y MoS, 44K B 2 ] 23 A
WG| WSS, BB AER, # 3(c)
R LUE S|, BEE E A OB MoS, & it iy i —
¥, PR B BRE 4544 BC #% MoS, 7 4= 4
TE B K i AN MoS, 76K 2544, MoS, [ A6k 45
F AT DAL= A R AT R0 A, DT 51 R I 1 22
WG A, B 3(d). 3(e). 3(F) 43l MoS,/
BC-0.4. MoS,/BC-0.6. MoS,/BC-0.8 ) TEM K 1% .
M 3(d) ol LW ER B ERIE . HUR AN AR S5 4
X 5 MoS,/BC-0.4 i) SEM FUZIES—5. I 3(e)
ORI DUFE B, BRIE KUk 4589 BC 8 43 B 46 IR 45
¥4 MoS, fL 3 . 75 [ 3(f) HxfE LA E% 3 BRIE S Hutk
454 BC, {LREF B K& LR L5 MoS,, X5
MoS,/BC-0.8 [) SEM EMGIES W& . Hi Il 3(a)~3(f)
IR, Bl 2 A R MoS, 195 1S T, MoS,
5 BC Z I 46 Sl , A R T i R E AR AL
88 X L A D o D i

Fig.3 SEM ((a)-(c)) and TEM images ((d)-(f)) of MoS,/BC composites

nE 4 frR, % MoS,/BC-0.4 17 T EDS JG
RERIE, El4(b). 4(c). 4(d) 435X 1 T MoS,/BC-
0.4 1) C. Mo, STCHRMSS, Hoikiox L h i
TEHOIR R ERIE 254, Mo, SICRET S MmrEHH
AREGEH, Bk 1 R IR S5 14 MoS,.
2.2 BC #1 MoS,/BC £ & M BRI &5+

%l 54 SP. MoS,/HTC-0.8 Fil MoS,/BC-0.8 [

HMERER . NIRRT LUE 1, SP R R e KRG
PEIEHT, 3390 e Ab H R i W Wi X R T O—H
B AR 45 9% 30, 2915 em™ &b H 3R A% W AL e it 197 T
C—H 44E3N, 1750 cm™ F11 620 cm™ 4Zb Wi
WS BIXT R F C=0. C=C W45 PRzh, 1043 cm™
Sib T A U X6 ) F C—O—C B 45 R 3, E) SP(3:
B R | PG R GEL ) &AW



-+ 2242 -

EEMRER

200 nm

200 nm _: 200.nm

4 MoS,/BC-0.4 i) TEM 14 (a) % EDS F1% ((b)~(d))

Fig.4 TEM (a) and EDS images ((b)-(d)) of MoS,/BC-0.4

3 —OH, C=0 fil C—O0—C LI & C=C L4
LER IR 4r T2, FE MoS,/HTC-0.8 LT AN,
LT SP RS iy W Wb, (RS EE R AR AR A, B
I C=0 WL W 15 %, O—H Fl C—O—C Xt i Y
W AT g iR B S R R, SRIIUK BB fb o R v kR
TR . WK SRR . BEAh, C=C Wi s
FESE M LA Ko C—H W e 5 B AR, B 0E 1 5 A
A R S 2 B0 3 F MoS,/BC-0.8, & M5%
B ] W e, RWITE SRR S R, X
T EREAI AT REC £ gid )

& 6 >4 BC 1 MoS,/BC & & #1 £ XRD &4,
A AT 1, BC 7E 23°4b 3 30—~ G477 S e, X iz
BeAP R (002) 4T PY, MoS,/BC & A FBHE 18.1°,
33.0°, 58.7°4b i B = AN AT O 0, 4 Bl XF N T
MoS,(JCPDS No.73-1 508) (1 (004). (100). (110) f#
e, DL R], FOlR SRR S5 48 [ MoS, 2
XTI T MoS, B 2H A . Fii & MoS, & & i34
MoS,/BC & & #1 Bl MoS, i 55 AiF 117 5 16 328 ¥ 44
58 o FH T MoS, B RFAE AT S W o BE AL K, A UL AE
MoS,/BC & & 14 bk LA LSS 2 B b4 Rl 0 137 5 06

fii Fl XPS %F BC il MoS,/BC & £ #1 ¥} 1) 2% T
BN AT TH#E—2 5, K17 24 BC 1 MoS,/BC
AR XPS &, FhlE 7(a) A%, BC 7£283.1eV,
529.1 eV &b H BURRAE I, 43 5 %F B F Cls. O1s 4
fEWE . BEE 2 A H R MoS, & 8 13N, Cls #f
A 04 B8 J3E 28 T RS, Mo3d 5 1IF s i 55 74 ¥ 494 i

Intensity

MoS,/HTC-0.8

MoS,/BC-0.8

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm™

%15 SP. MoS,//K # f#%-0.8 (MoS,/HTC-0.8) il MoS,/BC-0.8 [}
FT-IR &3

Fig.5 FT-IRimages of SP, MoS,/hydrothermal carbon-0.8 (MoS,/HTC-
0.8) and MoS,/BC-0.8

004) (100) MoS,/BC-0.8
(110)

=

z MoS,/BC-0.6

Q

g
MoS,/BC-0.4

— BC
1 1 1 1 1
10 20 30 40 50 60 70

20/(°)
[#16 BC Hl MoS,/BC &4 kkH XRD ik

Fig.6 XRD patterns of BC and MoS,/BC composites

MoS,/BC & A #1 BH{E 160.1, 227.1, 252.1, 283.0,
392.0, 411.1, 529.1 eV Ab 3 BURFAE UG, 43 1] X6 iz
T S2p. Mo3d. S2s. Cls. Mo3p;,. Mo3ps.
Ols. & 7(b) A &1, MoS,/BC-0.8 1 Mo3ds, I
Mo3d,, 43 %l 7 F 227.0 eV, 230.3 eV, X % M
Mo* WAL, HE 7(c) FI%1, MoS,/BC-0.8 H1S2p;),.
S2py,, 4+ B T 160.0 eV, 161.1 eV, X 3 B A4 A
§*, Lk Mo, S#%.0 RETE UE B MoS, iY77 7 4,
2.3 BC #1 MoS,/BC EA MM BE#S

72 2 25 BC Hil MoS,/BC & G A BHIHL T % .
22 0JHl, BC. MoS,/BC-0.4, MoS,/BC-0.6 A1MoS,/
BC-0.8 [ HL T3 5 A 2.53x107%, 4.95x107°, 2.11x
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(a) Cls
Mo3d

Ols Mo3p l S2p

/
S2s

MoS,/BC-0.6 %
BC \ ‘

Intensity

MoS,/BC-0.4

1000 800 600 400 200 0
Binding energy/eV

Intensity
Intensity

S2py, ; \

1 1 1 1

240 236 232 228 224 166 164 162 160

Binding energy/eV Binding energy/eV
€17 BC i MoS,/BC & &#1HHiY XPS [&li:

(a) &=i%; (b) Mo3d &l Fn s2s [&li; (c) S2p [&liE

Ma3d;, (© S2py,
1

Fig. 7 XPSimages of BC and MoS,/BC composites: (a) Full spectrum;
(b) Mo3d spectrum and S2s spectrum; (c) S2p spectrum

107 F1 1.13x10™* S/cm, 7] DL & i, BE#H MoS, &%
RN, MoS,/BC & & A1 kI HL 5 3% Wi A,
X T MoS, HH% T = i Bbe BC, FHMEEE,

55 3 HL Pk MoS, 1951 AREAR T MoS,/BC & & #4
) LR RE

FEL A B A R 9 F 1 T8 e e RE R AR R AR B |
B FAEXT S A H B, LR RS () S5
REAFERE 1A G, M HUE BURHE (67) 5 HLREHLFE
BN P, N 8(a) AT LA i, Bl 5 HL R 5 A
I, BC M MoS,/BC Z &MY &' A Wi
AN, KR TR ER R, O TR
R AR b, R BUEHCRE R, U 8(b) T,
BC. MoS,/BC-0.4, MoS,/BC-0.6 il MoS,/BC-0.8
B e"fHAF 1.0 GHz &b 435l °F 43.7. 15.3, 13.9. 5.6,
ATLAE Y, BE MoS, SN, "B WrkEA%,
X 5 MoS,/BC & & M ki L 3 AR L ¥ — 3,
4 e’ ", R

tand.=&"’ /&’ (3)

Al LUARAS A B 45U FE A IE V)M tang,,  W11E] 8(c) PR,
bt & MoS, & & AU i, MoS,/BC-0.4 Fil MoS,/BC-
0.6 FY A HLIURE IE VI S B Wi R AR A B 3, 5 &'l
1 75 Ak B A AR R . T MoS,/BC-0.8 F4 /i H, 35 #E 1F
VI {H 7F 8~18 GHz 41 % 1L [l N = T° MoS,/BC-0.4,
MoS,/BC-0.6, —J5Tiin] GEIF AT MoS, # BC 17,
SIAKE A, 23T MoS,/BC & &k ki 5 1
Wtk , 55— J7 AT REIH BT A6 AR 45 44 (1) MoS, A
R 358 e SHGE f 4 0 %) 22 B U RIS, O
CiR A1 RN WAL E T

%2 BC # MoS,/BC EAHHMBEE
Table2 Conductivity of BC and MoS,/BC composites

Sample BC MoS,/BC-0.4 MoS,/BC-0.6 MoS,/BC-0.8

Electrical conductivity/(S-cm™) 2.53x1072 4.95x1073 2.11x1073 1.13x10™*

“w

2 35 [ BC ) BC © BC

= a — _ J c _

;§ — MoS,/BC-0.4| & —+MoS,BC-04| T 12 —«— MoS,/BC-0.4

g 30 —+MoS,/BC-0.6| & _ 40 —+— MoSyBC-0.6| = —+— MoS,/BC-0.6

4 —+—MoS,/BC-0.8] S ——MoS,/BC-0.8 g 1.0 —+—MoS,/BC-0.8

5 2 5230 g

£ 53 g 038

: SE <

3 g & £ 06

B %10 3

=9 g =

£ £ SO Sees- =2 2 04t

51 0

a 2 4 6 8 10 12 14 16 18 2 4 6 10 12 14 16 18 2 4 6 8 10 12 14 16 18
Frequency/GHz Frequency/GHz Frequency/GHz

8 BC Fll MoS,/BC A MBI E A HFHTLH (). E AR BUEHS (b) A LBFEIE VI (c)
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literature
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Absorber Thickness (mm)  Thickness (mm) Ref.

3D MoS, -10.3/4.0 0.08/4.0 [11]

3D Mo0S,/RG0O-49.5/2.4 5.7/2.3 [11]

MoS,/GN  -55.3/1.6 5.6/2.2 [12]

CNTs@MoS, -55.0/1.5 4.0/1.3 [13]

MoS,/RGO  -50.9/2.3 5.7/2.0 [36]

MoS,/BC-0.8 -40.1/3.0 5.9/2.0 This work
Notes: RGO—Reduced graphene oxide; GN—Graphene;

CNTs—Carbon nanotubes; RL—Reflectivity loss.
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