33 511 P/ 1 v Vol. 33 No. 11
2018 4E 11 H Journal of Inorganic Materials Nov., 2018

X EHS: 1000-324X(2018)11-1213-06 DOI: 10.15541/jim20180006

MRIRESH PH| EFELES I REREMRIRR

== S 2 g o2 g 3 w1 1

ﬂ/%\% 5 ;'% & 2 jB’fF]J ﬁ}j]g 9 D‘}— ’I% 2 éﬂﬂﬂ
(1. K H#EFR, f£0316021;2. EESHLEMKF FEEIRFR, 2L SO17 1BJ; 3. LiHT@E X
¥ AL TRFRE, EiF 200240)

OB DORRRESR MR, 163K 2 ZFE(PEG)RI N,N-— Ff 5 L% (DMF) RO BN, R K 3 & T B
(SbaS)AKME . FRIF T SbySs WKAR ML MLEL, JE R T T AR & KA WIS SR . SR — &
BURAETVEX P A B TESR G MEREREAT THRTT, H AR WG iR RSy H AR BRI PPN T 44
K Sb,S; I AT . AT LR, 2 160°C/KIAS B 12 h AT 53] JE £ 50 nm ) Sb,S; 4K Fr, #ERURH 400°C #kb
H 1 hJE, 9Kk A B NS 100~200 nm, £ 2~3 um [ Sb,S; B AIKHE . il %11 Sb,S; AR N BB Tk, fig
M IEIEA 1.66 eV o SGHE IR W, 14 (¥ SbyS 9K FE 1T WLt I %S FF RS 11 e e £ B8 A 2 e T L Sb, S5 1K),
60 min J5, H LR IIFFMRZRIA 87.6%, FRILH B & AT Wobig .

kB OIA RARMEBRET; SbyS; 9Kk, KA R JefEib AR

RESES: TQI35  XEKFRIZAG: A

Synthesis and Photoelectrocatalytic Perfor mance of Sb,S;
Nanorods from Natural Stibnite
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Abstract: Antimony trisulfide (Sb,S;) nanorods were successfully synthesized via hydrothermal method with the as-
sistance of polyethylene glycol (PEG) and N,N-dimethylformamide (DMF), using natural stibnite as precursor. The ef-
fects of experimental parameters on the morphology and the properties of the obtained Sb,S; were systematically
studied, and the possible formation mechanism of Sb,S; nanorods in the preparation process was also discussed. Phase,
compositions, morphology and photoelectric properties of the products were investigated by a series of characteriza-
tion methods. The photocatalytic activity of nano Sb,S; on the degradation of methyl orange were investigated under
the visible light irradiation. The results showed that the Sb,S; nanoflakes formed after hydrothermal synthesis at 160°C
for 12 h, and the nanoflakes would transform into nanorods eventually after N,-annealing at 400°C for 1 h. The ob-
tained Sb,S; nanorods with a single crystal structure are typically 2~3 pm in length, 100~200 nm in width, which are
direct semiconductor with band gap of 1.66 eV. Photocatalytic degradation rate of the obtained Sb,S; nanorods on
methyl orange under visible light irradiation is higher than that of commercial Sb,S;, which is up to 87.6% after 60 min
degradation, exhibiting obvious visible-light activity.
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Sb,S; A& — R T (12 SR MR, E&8) 2
HUSLFH BORBHAE Tt AR s . ROREEE LI
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BE LE R AR B, MR 0 A B, AR
T4k Sb,Ss AR BA KA S 45 . HH LT 7 kA
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B AR R A 1] % G K AR AL B B A R . R, F
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AR TAECARSRESAD Iy S5 b k), 3 i 4% ) S 36
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ARKHUEE, LT AFEGIKEE ) SbyS; 5L Sb,Ss
TR P A b 3 T 5 55

1 SR

11 SboS; 4K R ATHI &=
R SRESE T S ok HEIE VT8, HL 3 g hn
AZE]0.15 mmol/L ) Na,S &, J-7E 25°C FHES
ke 1 he S0JE, HIBHEFEFZF] 100 mL K #as K
E, elEMA 003 g E 4 ZEE(PEG 6000)Fl
30 mmol N,N-—H E: HI 5t 2 (DMF), 43 7l 7E 80120,
160°C TR 12 ho PRI R EW R =& L, 14
B A P £ B 1 KRG K C A8 BT 4 IR
JE T, BEEARRRE KPR S S)e
Sso BUW S5 43 IAE 200, 300, 400°C &R 1 #
AER 1 he [ ARVAHNJE 15 BUA AL FAh 22 () B
Sav Ssv Seo ANEIZEAF T HIEHIFE Mg 5 WL 1
TNo SERGIEFE HR R AE A S R SR BT
Na,S +Sb,S; —> Na,SbS, (1)
SbSy™ +H,0 — H,S T +Sb03~ ()
1M AN DMF B8 1k & AR 20(2) I K A I S
2SbS3™ +6H,0 + 6(CH,),NCOH —»
3H,S T +Sb,S; ¥ +6(CH;),NH T +6COOH™  (3)
12 Sh,S; HR BREIHI &
H 0.15 g (1) SbaS; ¥y RIMALEH, MM 0.01 mL
)2, —BEA 0.14 mL [ JE/K B, #7510 min 3

x1 TRBEFHTHERRSER
Tablel Number of product under different
preparation conditions

sample PEG (T temperaare €
S + 80 —
S, + 120 -
Ss + 160 -
Sa + 160 200
Ss + 160 300
Se + 160 400
S; - 160 400

SIS . R EIIRIER SRR SR 3 R R
[ 2 cm>2 em (VG P, 7ERBRE XA T 120 5
133 Sb,S; TR FLAR -
1.3 FTAEMIR

FIF Shimadzu XRD-6000 A X i £E 475X
(XRD)XF ¥y AR St BEAT 45 dm G5 ¥ o0 i, $EFELE 40 KV,
B 30 mA, CuKa $4), 1=0.154056 nm,; A
JEOL JEM-2100F Z43% 5 1 % (TEM) XA & (1 440
B G5 3EAT T 53 M5 FH Zeiss ULTRA-55 B K%
SRR FL BT (SEM) TR St T 3526 AT 43 A, o i
20 kV; F§ OXFORD X-MAX20 %4 §8 14 (EDS)X k:
i Ak 2 A AT 0 AT o
14 S ERERN

28 7T DG IR (UV-Vis) ) i 42 (Lambda
750)%5 K A i FEAT WO TE AT . DR HL AR A
FUH 7R B (SCE) 43 1)  %f Fa bl A 2 L A, DA
0.5 mol/L [RBR FRANTE R N F MR, FH Ak 7 ARk
(CHI760E) % fil] £ 11 78 5 i A 33E AT FEL Ak 25 P e I,
THEFE S RE A .
15 SBIEMIE RN

6 AH 1% i Y R RS (1) SR 56 ff B Perfect Light
CHF-XM500 B4 A A A B kT o e, FAd
FHUE N A3 22 R AN (=420 nm), SEGLREI T :
# 0.1 g 119 SbySs M AR I E] 150 mL 10 mg/L g F 3
PRV, (EBRE A RERE 1 h, HEBRR IR P 1T
Yoo BUFE 4 mL B0 00 B 5 R 2 A7), A UNICO
UV-4802 B4 4360t BE v 7 FF R 48 1Y) A R MR WSc 8
(Amax=464 nm) &b W 3K & 19 W S FE AR R 40 46 WK 2
Coo WERett B TORIR N AT AL, B —
B AVEC 4 mL VR, 250 J5 B RIS e k& C. 5
VA N 25 5 IS B RS L, BUUTIE HEAT XRD
30T, DA SO ML TR AE I B I ) A e
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Fig. 1 XRD patterns for samples prepared at different hydro-
thermal temperatures and heat-treated at different temperatures
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LbH Sb,S; ) SEM [ Fr, it #ub# 5, BT PEG
1 200 CH UG iR FF 25K, SbaSs Fr R b S A 1At
bt 5 A ERIG R () T 5, R — KRR T -
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KA ST AR .
24 UV-Vis 954

P SbySs 175 AN [ il £ 26 A4 T BI42K Sb,S;
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2 FEARIRZR GG FE T i 4 1Y) Sb,oSs il (1) SEM i F1
Fig. 2 SEM images of Sb,S; samples prepared at different hydrothermal temperatures
(a)S1; (b) Sz; (¢) Ss
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Fig. 3 SEM images of Sb,S; samples heat-treated at different temperatures
(8)S4; (b) Ss; () Se; (d) Sy
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Fig.4 (a) TEM and (b) HRTEM images and (c) EDS pattern of S¢
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Fig. 5 (a) UV-Vis spectra and (b) Tauc plots of nano Sb,S; prepared at different conditions and commercial Sb,S;

TGN, FEf Se B IEIRMSE = T 7 Mk Sb,S; ik,
Ui BHAE i Se X0 0] LK AR IS RE 77 L RDIE SboS5 7T
Hofk. MW S EREE L, BEE KA BURE T,
TG BNk SbaSs OGRS fE 1 A5 B 3G 98 . [R,
T &7 RSP ROR N, AL TR L Sb,S; ki, 44
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Munk A 5153 B FE S Taue BhZR &, AT %0,
B R R K A A RORT A Ak B R A R A B (Eg) B
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E AHZ18 1.66 eV, Tk SbySs i R B #22: F 1k,
E,fH#1 N 1.60eV.
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Fig. 6 Photocatalytic degradation curves of samples on me-
thyl orange under visible light irradiation
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Fig. 7 XRD patterns of sample Sq¢ (a) before and (b) after
photocatalytic reaction
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