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Abstract

Bi,S3 is an important semiconductor, which can be a good candidate in the field of photocatalysis.
To improve the separation of photo excited electrons and holes, the Bi,S; was coupled with WOs.
The Bi;S3-WO03 composites were synthesized by hydro-thermal method. The composition and
morphology were characterized and the photocatalytic hydrogen evolution properties were stu-
died. The Bi;S3-WO0; composites have a good crystallinity, in which the Bi,S; nanorods and W03
nanorods cross and overlap with each other. The composites exhibit good photocatalytic hydrogen
evolution performance and good photocatalytic stability. The hydrogen production rate is 17.95
pumol-h-1g-1 which is about 1.5 times of that of pure Bi,S; when the molar content of WO3 is 40%.
And the efficiency of photocatalytic hydrogen evolution reduces about 11.1% after 4 cycles.
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BirS: 4 KRR — R EE LA, A RIFFEOLEMEIERE S, R FTEAEIRE KR SR
RS, s E R TFAERERESLERREE, ACHETWO035Bi:S:H &% Bi.S:#478t:, KA
KB BB IER] B T BiaSs-WOs PR LB AT 4K, FHXTFERARR. R S e 1THF
5. BAMEFBLS:HKENWOSRER AR X .. EBRHE—E, HAERIFNSE R, Bi:S:;-W03
SEMELEE RFHICAEMITE MR, JWOsH /RS EN410%H HArEHERET A H]17.95 pmol-h-1g-1,
ZINABILS: 1565, HEMSTEREERE, EHREH4REREUITERRBET 411.1%.
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1. 518

B A2 IR R B IR R A AT TR N P o 2 8, o S ] A REVR R RE SR AR TV
I FAE B B B TR BN T AN SRR B S 1) EREHR TR R E . fifia 5 ARIE ) 2 5545 s N R
BRI T A . MR AR, HZ A, FIH Y ST e Kl ZU8Ch T AT 1
WA, AR AR T — R A& 2[2].

BioSs 4K KL —Fh B ZE R S, A RO E AR RGeS, DAL R A B [3].
T RUFITESUF AR GE K, 638 RO 2E T B8 1% DL R bk iR Ak 2 A A S AE Ak I S )32, & —FhaE
WA AR, R TE AT S AU 2R 2070 [4]. ST Bi2S3 A% £ ft)— L f pR | 7 3L
K, PSRN R R AR E TS X EE SRS, FESEEE T2
K, RAES R E R ARG S RE[S] [6]. BT 2 ST ol itk 2 3 s FO e AL P e B RO i
[7]. WOz R 5EfEL R 2.7 eV [8], AR RRIMERE, U RZ R Z0E, #id WO 5 BiyS;
HAENF BipSs AT, R DMREEYAE P RIS B, AT B M AR P g

ASCERSTH BT BioSs - FARMIBF FRBR, BET BiS: FFIEME AT, RAKAEH %
Bi,Ss-WO3; EAMEL,  Fxt Houfit b At Re AT 7t

2. SEER
2.1 E2RH

TL K A B BR %8 (Bi(NO3)s'5H,0, 4 BT 4li) « #i AL £ Bt % (CHsCSNH,, 70 Br4ll) . — /K & 83 R Y
(Na,WO,2H,0, Zr#r4l). &AL8I(NaCl, Z#ral). ERER(HCl, 37%, #Hral). Jo/K LEE(CoHsOH, 2 #r
gy, ZETIKMH0, B,

2.2. L&

2.2.1. BioS; KM LA &
IRIER % BinSs F- ALK IR — BIRAZ[9]: FRHX 0.3600 g FLK A IEREE, HIAZE] 60 ml 22T
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K, PR SEAVE, SRJERREN 0.1800 g AR BRI B, JBON 38 S T P A vl 7 b 3
5min, fFBIZLEROEWR, AREFE 10 min J5, HEFEIFE B3] 100 ml fe NS, {8 AR TE 200°C 1) & A4
KN 24 ho RNVEER BARAH R, FRN PR S 50 ml B0 T, A& R EE 7K
A2, 15 A sl 2041 8000 rpm/min &0 10 min, FFE S0 PR 3 UG UTIE P~ ILE 70°C BB
TE IR T4 6 ho

2.2.2. WO Rt 1 Ryl &

IKIGE & WO, 1= FARY KA R — MR FE[10]:  FREL 0.5500 g (1 /K& 83888, I ZE] 50 ml /)
ZE TR, BRIV, AR 0.1933 g SALENAERIAW T, FEEHiRE 10 min B 2 IE AR NS
Tk, BEIEH 1 M BIRG SRR ZE M N B AR, BTN pH A2 2.0 ¥ i 91 % 53] 100 ml
B, {E B 180°CRIZM T/AKIN 24 he RNSEH G HRAHE RN, KRN YERE
50 ml B0, IINE & 1) 255 /K 8, 8 =od R0 4L 8000 rpm/min B0 10 min, FEAEES L
ek 3 a1 2 IUTHE = YIE 60°C FIHEFE e IR T4 6 h,

2.2.3. Bi,S;-WO; ZK# B A0 &

A SEHG DA Bip Sy AR JHEAT WO; 2 SRR A . UL WO4 BE /R 25 504 909% I BE i il (4 1), FREX 0.8661
g K EESRREN, IINE] 50 ml [ 281K, Bidk 258 AR, SRJ5K 0.3044 g M SULEN N BV )
o, RRERI R A TR T T GO, SR K F A £ 1 0.1500 g BipSs I EIVEE T, 4kZE 44 10 min
HHIRES . WG SEIR A 5K P& WO, - SR F . 8T RRCEL, 53] WO, BE/R & &
5B RSB 10%3)] 90% (1] Bi,Ss-WO, H AW

2.3. SCEORAE

% 4 Bruker D8 Advance X $FEATHISGHAT X-5F R ATHFAE, CuKo 35, FHHETEE 20 = 10°~70°,
FHEE N 4°min. f£H JEM 1200 i% $ 7 BB TR AL, INE RN 100 KV,

24, StEATSMEREMIK

HIH CEL-SPH2N-S9 XU 4 H st AL fil S R Gt AT e AT SR RERI IR . S tb o I AR £ ey
SO BgS . A CE 2 Hr O 4 E SR A 4L, Horh OS8R B 2SR 300 W RRUAT 1D AT Lot
P, PR HAZ 12 om B BB, R R AR AT 42 B shiz .

Table 1. The raw material dosage during Bi,Ss-WO3; composites synthesis

% 1. Bi,S-WO; E &M RIE BB ERIECLL

Sample Na,WO,-2H,0(g) NacCl(g) Water(ml)
90% 0.8661 0.3044 50
80% 0.3849 0.1353 50
70% 0.2245 0.0789 50
60% 0.1443 0.0507 50
50% 0.1283 0.0451 50
40% 0.0855 0.0301 50
30% 0.0413 0.0145 50
20% 0.0241 0.0085 50
10% 0.0110 0.0039 50
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A

FEBEAT G AT S DT 328 HIJE /K I BRI BA A LR BRAL B i Ak, 8 S fE R BE &R A 100
ml (% B 7K, I6Hs 3.5 g I KIERRERINAN 8.4 g IIJU/RBRALANII N B S Mg o, I3 Bl A0 40 P 23 06 T
WOHEATHERE, AR ZE 0 VA AR, ARG NN 25 mg JafEALT), PEBEAN SR I 12 Hh R Ak 47 45 B4 4
FERE SRRV P IR AF B RS, RS A 1S5 OGIR A ER Y 5 cm.

25. efEfArSRRE N

ROt RN 6 h JE IR AT B O Peidk, JRAE 60°C I IE IR T8, 6 ho FRE TS HIFE
fh TN RDRIRE i B2 SRONERE SR 25 mg,  IFRE AR ORE fhadE AT L A e BRI, B E
BERAFLER 3 Uk, AE SEIR NI A o A 0] P AR Sk AR DR R — 2

3. EWEHRH

1 R K GE A L) BigSsn WO FIA R LA Bi,Ss-WO3 A FE M XRD i1 M LA
FEH Bi,Ss Bl SARvE RIS N, EF R RE 20 4 15.8°, 17.6°. 22.4°, 23.7°. 25.1°, 27.4°, 28.6°.
31.8°. 46.6°F1 52.7° (1T 5 1¢ 5 HEARE BT T R 10 BiyS; (JCPDS:17-0320)FH % N, 774 1) 3 A7 5 g EL At
KRB, I BRI A R R, RUIH RS R A BiS i, K 1 WO, IIfITHIE 5 JCPDS:
33-1387 HH—H, ATHVEIE I H A A4, RUPER T 40 WO M, HERET ATER. MNE 154
FESRTHIE AT LLE H, A7 MRIEALLY XRD &, I HESWNATS Y LI BiS,
(JCPDS:17-0320)f1 WO; (JCPDS:33-1387) 4k E|. wEEH, &= WIATH G LLEE, %A 2RI
W, FEANLE IR RAF, REA BRI S8 Bi Sy Al WO X A= S T 2 At o

K] 2 IR A B BiSs WO5 LA AR LI BiySs-WOs E & FEM ) TEM B8 F . 14 2(a) N BiySs B i
MR, T LAE HFESCONERIRGE M, 9URBRIERZ 20~50 nm, K JE£54 400~700 nm, =I5
—, SERLCEGRN, I HEARRESNEEEN, PR EON . B 2(0) 8 WO FE S I, FTLLE
H WOz ARIRZE ), TESHEMIT LR TGN, KEEUMKA A, BEAR4) 90~100 nm, FfdmBA R 15
. 18 2 R A1 Bi,S;-WO,; 1) TEM M iR, E &7 W) P FTBRIRES /AR R, 456 XRD 434
IXEEHRIR OS54 A BipSs Al WO5. 7E R, K HEAAR/INIA BiySs - 94k, i HEARCKIA WO,
SR, IXEEHRR G AL EL, BiS; Al WO, A X EE, —AE Bi,Ss MBI HUAEKEKER
WO, #, X AR B SIS BN T 2 SRR B IR, AP ot T El R4t T T Rk

XRD 1 TEM FARUEBIA S50 B D453 1 BipSs-WOz 4K AL S 41k
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Figure 1. XRD patterns of Bi,S;-WO; nanocomposites
[ 1. Bi,S;-WO, K E &+ F1H0 XRD i
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K 3(a)h BiS-WOs 4K - SR A AR e b it R 1, AW aT LUE H, BRSO a T
PERE LR AR, HIE BT A 10 h 5B o K= A <. EEFEH BiS-WO03(40%)
Bi,Ss-WO,(50%) HIt AL AT & T 2647 T FLAbAE i i 281 07, FOufi b & v R 22 T LAt L9 o o A
BinSs - 3. 1] 3(b) AR 3(a) i H AR OB ATEUE R K, WA LUE H, BipS; R BHR M)
JeEUATENERE, BEEE YR WO, S &RIABIEI, BiSs-WO; el A tEReJate & /5 AL, 78
WO, HIEE /R &8N 40%FIHR A B 5 KA, 9 17.95 pmolh g™, X —ufAL KT S8 R 4 N4l Bi,S; 1 1.5
o FEIX— 4 RMREF T EE N WO, & = HBARET, B =A%, W03 5 BiS; ALK, H
TR R, s TR TSR, N Sk a riem; HEEE WO, &=
BRI, T WO MEHIAE I, FHAS T BipSe ROGHIMRSL, IS 15 &1 i bt ae .

4 19 Bi;S3-WO; (40%) V-3 E A EDGEMA I EER M2, rLLE W, A afit
WrEMEREONTRE, BEEMIN BN, A5 RS IR S, 7E3HT 4 RIEIF 5 HoOb i 5
fR K = A 1 36.04 pmol-g  BEF] T 32.05 pmol-g YA RERE RIEL T4 11.1%, SR
LF et AT SRR

Figure 2. TEM images of Bi,S;-WO; nanocomposites. ()
Bi,Ss; (b) WO3; (€) Bi,S3-WO; (20%); (d) Bi,S3-WO; (40%);
(e) Bi,Ss-WOj3 (70%); (f) Bi,S5-WO; (80%)

[ 2. Bi,S-WO; #KE &+ #H8) TEM BE . (a) BisSs; (b)
WO;; (¢) Bi,S3-WO; (20%); (d) Bi,S;-WO3 (40%); (e)
Bi,S5-WOj3 (70%); (f) Bi,S3-WO; (80%)
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Figure 3. (a) Photocatalytic H, evolution over the Bi,Ss-WO3; nanocomposites; (b) Dependence
of the rate of H, evolution upon the content of WO; in the composite

[ 3. (a) Bi,S-WO; MR E AMRIHLEN TS MEEE; (b)) EEMEIH WO HEES
HEUTEERPXRE
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Figure 4. Cycling runs for the photocatalytic
hydrogen evolution over the Bi,S;-WQOj3; (40%)
nanocomposite

[E 4. BiyS3-WO5(40%) HKE & #RIRISHE
AR S MRITMIK MLk

4, g5ig

JHiE WO, 5 Bi,S; B &%t BipSs AT B, KA /K LA T BiSs-WOs Yik2F SR E A KL, I
BESR IO TSR AT S RERAT T TE . 45K #1451 BiySs fl WO; - Sk AT RUF (104
mtE, BER, ESCER, AW EX B SR R, mﬁﬁmﬁﬂuwm%%%%%iﬁé
BB A MR EA BRI NT A ERE, 24 WO; 1B /R & B h 40%0 B & R 4 £ 17.951 ymolh g™
2440 BipS; 1) 1.5 i, FF it R I H BTG T SRR e M, 4 DG 5 et 8 R MﬁT%Mﬁh
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