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B . B KA PR S A B 7R % p-n B CaFeO0/WOs 45 2 A 41K SKH XRD. SEM,
TEM.EDS.BET & UV-Vis-DRS XA EME A GEHEAT RALAMNR, FEHETT 17K GURE F L #E (Methylene
blue) I CHEAL AR . S5 R E W HXHTFHA WOs, p-n B CaFe:O4/WOs &4k K M 37 i BB U S b 3 391
T K T WG X, B e 0 S8 B 1 Ak B R A LGSR F L . CaFex04/WOs i & LN 5% 11
CaFe:04/WOs EAMEBHEER TN 19.7 mYg, FLALS A 1E 20~150 nm Z [A]; FERH A WOGFEME 50 mg/L
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B4, BERRBEFEAN 1.89 eV, L&, AME, #E
B & —Fh G id i ] WO EALTR, mT AR FH T A LG
BFE K AL EE L e K i & DA B SR A RS S T
M8, fHZ, BT A 5 A7 7E RE B AS 1 )
CaFe,O4 758 B Y6 AE 25 /e 7 B2 T R AR
FWOR AT EIR I E AR S, BATERIR TR %
AN, R HOCE TR A, H A%
CaFe04 W5 E—MONIE AR, 45 m i AR b #ER R
SEOLRGE, AR R0, [N, &
FEFERRRE R . IR AT, Bl (=4 5 &
AAERER, WHAEIE . PRz A, RmA
%, FIMB S m A ERE . Qi 7 &k 4k
il 2% 77 AR 73 BT CaFexO4 A2 H AT 1)
— KA R

S 2 PRI R AR S R AR D ) R R A
ik 2 B I ()2 SR 2 ok BT TR B T X 3. 7
HIEEAT, p B SRS~ TR 2
n BESRMSH B, BT o B SARMN AR p
B SRR S AR RS ZE, FE a 2S8R0
AT A p B REIE . FR, n RS
AN p BY SR 2 (0] (1) LT 23 T2 % p-n 5 AT T
WEE Y. I IR R R T B
8, W2 O K 7 B 45 TR ) p-n 25
KRS, FERRACE SRR AT 7R ZE AR, [
I, SR BA PR SR BRI B R 1
JEHURRE . 28/ NESEPIHGE, B = otk &) BiFeOs
M@ A M) CuO EETERL p-n B BiFeO3/CuO
e, ARG TR TSR RINE S,
5T SR LA AR R, O RR AR B T R
. H4iM BiFeO; Al CuO AHEL, 7E7] WOEIEST T
AL 100 min B, p-n %Y BiFeOs/CuO )i 4%
X UV BRI 96%LA L TEIRMER 4 W5,
UVDI 2 BRI 80% /247, Hoka s Mttt .

BT, A AR R AR AR R 7K 4
B R IAAR R AR 25 A 1 07 1 ) 4R FE /N WO 2
SRFN CaFer 04 - T4k, I i 1 T i E AT
p-n B CaFe,04/WO; 74 B &4kl IEFE S
K M Rl I P 3 5 (Methylene blue) /E N ifF 78 %6}
R, AT R IR K BRI 7T, 2B AN [ B A o
R CaFex04/WOs K& W4 Rk ko V. F 2 5 1) oA A 2
B RV HPEARHLS]

1 SLif

1.1 SEIEF

BRI (Na;WO42H20), iral, RiEEmmiih#
WANPY) s WRIRER . AHERES . REERER. A A ALEN.
BRE:, 4yHTal, PR T A IRAF; IR,
SRTal, kTR T B IRA R LKL,
Srpat, WEICELARIA R AR BT R, 44,
RETE FRAETARAR; BEg, ohra, ©
WgRR T AR R AR AE WRERE, o4
ai, RETHERLERA) .

1.2 CaFe,04 B4

FREL 2.48 g BFRERICEL 100 mL ¥R £ (0.2
mol/L). ¥4 0.47 g Ca(NO3)4H20(2.0 mmol)i# T~ 10
mL CEHILF 0.2 mol/L HERARE - HFE 5 min,
BAEAAACKEZF®R A; FHE, ¥ 094 g
Fe(NO3)3-9H,0(4.0 mmol)¥ T 20 mL AR A 1:1
M ZEEFKAE T BEARAERH, A 020 g R
fiZ, $i¥E 15 min, A NaOH V&7 (4.0 mol/L)ifii
pH=5, 19 EIZ0H A Bs KA A H BRI
BN ZNE B o, B4 30 min, KRG VAR
NN EF, BT 140 CHUAEF R 12 he JRNFT
37 BB FRMIK CRERL B ek 3 IR, Ra
JHET 60 CHFH T, Kb 1 w7 oe A ™ 5 3
A 20 mL Hi4g, FIE SR drdiAT A B, IR TN
900 ‘C, ffiH 0.5h 32K .

1.3 WOs B9HI%E

FREX 3.00 g B3MRAATE T 20 mL £ BT/KH, i
# 5 min; I 020 g %, H 3.0 mol/L ¥ ERIR A
45 pH # 1.5, #$E 30 min 50 5 mL B 1E T EE,
kS HE 1B EE 15 min. BTN 50 mL B,
%, TN 100 CIHEFE IS 24 ho HUH OV S, %
H o BRI LTS IR A = SO g, I JEK
KA B P — IR JG1E 60 CHEFR T4 12 ho

1.4 CaFe;04/WOs HmayHI&
43 HFREL 0.10 g WO B T 3 ANHI A, Fn
A2 CaFe04 (CaFe:04/WO5 Jifi 5 EL 43731
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N 5% 10%- 25%), V&2, I 10 mL Jo/K LB,
A 30 mine FTFIREWIBN 70 CHEFEH 15 12
ho W TIREF IR E T Sl b b3 2 h, JEEE
WIEN 200 C, FHEEFEA S5 C/min. FrFFE MK
kRSN C-W-5. C-W-10. C-W-25.

1.5 Hm&KIE

KH X 58k RATHAN(XRD, D8 Advance
A, EEAGE W AXS A RAR)ME CaFe,04/WO3
HEF AR A SR ASAP2020 Y LL & T
e ALBRE 73 A (3 1B 22 s A8 A PR 2 ] )l A )
PR AR A FLBR M SR BT BB (SEM,
JSM—6380LV !, HAH FHRA4h) NS S T
SIES(TEM, JEM—2010HR, HZAH FH£H:)
MI5E CaFe;04/WOs Z &M EHITE SIS 4 K
X SR RENE 4 HTAL(EDS, Inca-X-stream 4, HAH
TR EH)ME CaFe,04/WO; EEMEHI K55
K F 54— a] W38 It 53 HT A (UV-Vis DRS,
SolidSpec—3700/3700DUV 7, H A B HAL 2445 PR A
I S AR PR A B

1.6 fELSE

FEL 20 mg 1) CaFe,04/WOs B A5 MK E T 20
mL 50 mg/L FF B IEVE R, Sl S 30 min,
FERE 2 Hr e 30 min, AT it 2 280 W BR— B0 BT
KH 500 W iUT (b h B & IERH A7, SRR
FHZKA B, el BT B e D) e % B 4h
100 mW/em?) B0 0] WOEEYR, 4F 60 min A 1.0 mL
B A 1.0 mL AR B T 2 0L O, Fd
1000 r/min, fSEHEAL ) 5 IR 7 25, S8 U RIS
M 2.0 mL Z1BKHRE, i B SEi sA
B 23 w1 (149 58 A — T W73 6 3 FE T H I b 3 v ) Wi
FEEE, 7 1 B KRRy 664 nm, FRAE B
H—EE /R 2 SUHE RO BE 5 VR FE BB H, Jl i
WG S FEE SR A W sk (1 e A 155 1o o

1.7 EEAFEMBNE

N T INARAA AL T B A7 A B R B RN Y AR SR T
SrERe T, AR EEIRRHL A F AT IR E
g J A3 A PR A | I AL 2 T AE 3k (CHI660E
), FH = AR AR FR IR A ' R e N B BT

TAE AR 2 FR A T FREL— 2 = IR A5
BT 1.0mL FAE FES2EGH) +, A 2~3 %
nafion VAR, K73 L5 50 B i 72 THIAR
N 2.0cmX2.0 cm [ ITO SHHHE b, fELSMTF
TG 152 TAE M. FAR/EMR AN S E
W~ 0 FAR R B AR (T AR 1.0 em X 1.0 em)F T
PE R ) = F AR AR R AT S s MR AR I, I 2
B FH L AE 5T 9 0.5 mol/L 1] NaySO4 ¥, %N
SRR 300 W RERAT S6UE, o FE IR B
BNO05V, FHKA400s; 2ZHBHTTHIHBIE B E N
0.6V, %)y 0.1~10 kHz.

2 HER5HE

2.1 CaFe;04WO3; E &M RIS SR SR
2.1.1 kg

1 Fiassr il #2453 W03+ CaFerOg il C-W-5.
C-W-10. C-W-25 E-5 MR XRD 15 tH I 1 7] %1,
il £ 1) WO3 F i 32 B AT IEALLE 20 4 18.2°,
22.9°, 28.2°, 36.5°MNE, X 5IEA A WOs(PDF#
87—1203)KJ(111)~ (002). (040). (222)d T HI AT
WEAHUCHED ;BT 45 () CaFeaOq K i 1 32 BEAT S 7y
HiTE 20 N 33.5. 35.6°, 49.7°. 61.1°%5A1 &, 435
X FIEAZ B CaFe,04(PDF#32-0168) [7(320) -
(201)+ (401). (170) T AT S0 . P op R H B
HoAh 2 AT S0, BRI 1) WOs Hil CaFey04
BIR4i .

H FT 1) 4% (R 2l A WOs FI 2l AH CaFe O 1% AN )i

W e WO,
” J\J\ R A CaFe,0,
M
M
M
R . PDF-#87-1203
||, PDF#32-0168

10 2”0 30 40 50 60 70 80
20/(°)
1 WOs. CaFe:04 fll C-W-5. C-W-10. C-W-25 H&
FEH) XRD 1
Fig. 1 XRD patterns of WO;, CaFe:Os and C-W-5,
C-W-10, C-W-25 composites
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HHEGE, EEEh I 7 AT, I
HRI WOs #l CaFe 04 FIRTHTIEIE TR B, KA E
MBI RA L . B CaFe,04/WOs H &
H CaFe,O4 TR LI I, CaFe 04 M) 3 EEATHIE
bt N B R LR B /N W - Ty T A o
D=Ky/(Bcosb) (1)
AH: K N Scherrer H4L; D i ki BH T a7
W E R, B OSIRE AT e~ v s 6
AT y X PR, 8 0.154 nm.

IR4E WOs. CaFer04.C-W-5.C-W-10 Fll C-W-25

B FE O I B R AT WA, TSR R A ) SRR BE
AN 34 nm. 24 nm. 40 nm. 47 nm 1 48 nm. A
Fi, CaFe:04/WOs E-A&M EHITRLAR L 5 —2H 43 1)
bifr K, HHFEE CaFe,04/WOs iU LI I, &
AR SRRt 1K
2.1.2 MRS

2 fl7n N WO;. CaFe 04 il C-W-5. C-W-10.
C-W-25 E&MEHY SEM 4. K 3 fliony WOs.
CaFe;04 Fl C-W-5. C-W-10. C-W-25 E & EH
TEM 4. HE 2 f1 3 afLLER], il 1) WOs Al
CaFe,04 ¥ NAK R, HAEZIN 20 nm; WO; fll

B2 WOs.CaFe:O4 Fll C-W-5.C-W-10.
C-W-25 EE KK SEM &

Fig. 2 SEM images of WOs(a),
CaFexO4(b) and C-W-5(c), C-W-10(d),
C-W-25(e) composites
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CaFeO4s EE &5, BRI KR, IFH M SEM
B DUE B — A R R HI, C-W-25 B4
MECE, EIRE%E CaFe04/WOs & & # ki
CaFe;04/WO; T E LGN, WO; R HTPTAA [ 8k
KHEZ K CaFer 04, RATBRKER K . X5 XRD

& 3 WOs. CaFeO4 il C-W-5.
C-W-10. C-W-25 E45FkHK TEM 1§
Fig. 3 TEM images of WOs(a),
CaFe204(b) and C-W-5(c), C-W-10(d),
C-W-25(e) composites

ST S R e — 2 .
2.1.3  Redk ot

Kl 4 Fras o C-W-5. C-W-10 fil C-W-25 £
At (R RE B 70 AT X IR TE 3 (42) M EDS 35 B (A). H
4vJLLEH, =MEAEME#ISHE Cas W, O,
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P B3

&4 C-W-5. C-W-10 Fl C-W-25 EAM BT A RETE

K

@
d Element w/%  x/%
(0] 19.67 70.38
Ca 0.87 1.28
Fe 3.57 3.77
W 76.49 24.57
W
(0] wl W .
Fe Ca FeFeW s W
0 1 2 3 4 5 6 7 8 9
Energy/keV
®)
Element w/%  x/%
(0] 28.58 76.58
Ca 1.97 2.11
Fe 9.59 17.36
VIV W 5986 13.96
0
aFe \\%
Fe
| AFW AW W
0 1 2 3 4 5 6 7 8 9
Energy/keV
(COR
Element w/%  x/%
(6] 21.86 6591
Ca 4.58 5.51
Fe 1542 13.32
w 58.14 15.26
(6] Fe
- Ca w
(F9Fe Ca Few f\lw W
0 1 2 3 4 5 6 7 8 9
Energy/keV

Fig. 4 Morphologies and EDS spectra of C-W-5((a), (a")),C-W-10((b), (b") and C-W-25((c), (c') composites

Fe PURIGZ, UiH] CaFeO4 F1 WO RINE ATE—
o HE 1A, ZEEEEVREE T EA YA
A, B CaFe 04/WO3 HEH K CaFe,04/WO3
JRE LN, Ca Fl Fe & SMRME, C-W-25
FEitH Fe BB 3 HOAE] T 15.42%, Ca =5
HIEE| [ 4.58%. —MEEMER] Ca. W, O 1 Fe
DY Ff 70 25 1 0 i 43 B0 BE JR 23 B T 4(a) I ddi P
2.1.4  HeRMAREZALZ ST

K 5 F1 6 ATz 58 WO;3. CaFe,O4(CFO)F iy

Al C-W-5. C-W-10. C-W-25 E&HEH N W -
JIE B AT BIH FLA% 50 A7 B 2% o FRFH [ Bs 4l A S FH Ak
WA 2 (IUPAC)HE (W BRI P 4500 4 . BHIET 5
AR, CaFexO4 MIAFIRIR BT 2600 1T SRR 48, [t
i CaFe 04 NAEFLYER RE o HoAth b IR FE S Fr W B 25
ML I G PR, YOIV SRR, AN
B FLAA R, MR U B 7 TUPAC 14035, C-W-5.
C-W-10. C-W-25 EE& BT WOs #F 5 1] [ 24 &
T H4 8, A 450 FL - CaFexOs. WO3. C-W-5,
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C-W-10 A1 C-W-25 E &M B LR AR 75 5 R
113.2. 18.1. 19.7. 14.9 f1 18.7 m*/g. ', CaFe 04
IRTRLRLAE /N, HERTNAR K fEE &Mk,
C-W-5 BA Emm IR, bR mia R T
MR SN AT« B C-W-5 B A MRS iR 26
(AR 73 3 BIH J7 EEAS THFE i ) FLAR 2 A i L,
5 BN, B AR S I FLAR 2 Al R B TE 20~150
nm Z[A], FH C-W-5 EEMERH A FLEEK
LA

CFO BET surface area: 113.2426 m*/g

.-ﬂﬂm, a-amoue-E8

~
2
Lag) F &
=} C-W-5% BET surface area: 19.7570 m?”/g - 7*_*1
% connans wwesr st 0% -
o >
S | C-W-10% BET surface area: 14.9721 m*/g o090 %"
g -1=|=lzlw—-a:lzl:l:lilrlili“'“"
o -
g C-W-25% BET surface area: 18.7037 m*/g i _',ﬁsﬁ"
g PP TS T2 8 L .
= .
§ WO, BET surface area: 18.1871 m/g _,,o/‘;ﬁ&’.
| commwmww oooameemn-s-n-0ssiant .
0 0.2 0.4 0.6 0.8 1.0

Relative pressure (p/p,)
& 5 WOs. CaFe:O4CFO)FE AT C-W-5. C-W-10.
C-W-25 A FPRIK) N W B — it b h 2
Fig. 5 N: adsorption-desorption curves of WOs, CaFe2O4
(CFO) and C-W-5, C-W-10, C-W-25 composites

0.20

0.16 t

0.12 1

0.081

0.04 ¢

(dV/dD)/(mm?3+g'enm™)

0t
0 100 200 300 400 500 600
Pore diameter/nm
Bl6 C-W-5Z&FEH BIH fLi% A i £
Fig. 6 BIJH pore size distribution of C-W-5 composite

2.1.5  SRAHM-T] g S A

B 7 fin N WOs. CaFeO4v C-W-5. C-W-10
HC-W-25 H-AMBHPEL ST WLi8 S 5 B o i 1A
7 ATED, AHXTTFAAH WO i E, AFRER
CaFe;04/WO3 54 MBI 28 SR Wi B8 77350 K K 3
i, HHE AR RS R 2 T kK

151 AT L X 35 (> 460 nm). 7E KT 460 nm H 7] I,
H Xk, WOz X IR >, CaFe,04 LA K
CaFe;04/WO; & & M kL & A %o 1) Wi,
CaFe;04/WO3 H A PR E Jy— 0] WL e B 1) 5
AT

1—— CaFe,0,
2— C-W-5%
3— C-W-10%
4— C-W-25%

5 WO,

200 300 400 500 600 700 800
Wavelength/nm

7 WOs. CaFexO4 and C-W-5. C-W-10. C-W-25 §4&
FARLKI SR Sh— T UL i S S P

Fig. 7 UV-Visit-NIR reflective spectra of WO3, CaFe2Os
and C-W-5, C-W-10, C-W-25 composites

I AR R G 2 TR A, AREE S
PR 58 5.

a =[A/(h)](hv—E,)" )

s 4 R SEE R EE: » A
WEHTE G v RSO, E, & R
i 5 o

E, o] LUB I 28 ahv ) 2—hy I 2R, SR E 0L
PEER T KB o =0 151, HE5RwE 8 Fon. 7EE
W I 2R, D)2k 5 A A 1) 32 s B AR 3t A2 2 A o
o L8 TT T, SEHG =4 (1) WOs [ BEFR %5 B h
2.85eV, C-W-5 S &M EH - SRS T8 B N 2.71
eV. FIHAR E~1240/1, (V) RIA[THEH C-W-5
5 WOs P& [ RIS . WOs 55 R IR S
RIA 435 nm, 1fi C-W-5 A FARM B & KR
WAL 9 457 nm. R 2R, FHXTT-4iiAH WOs, C-W-5
A A SRR K A T 40 . B R
EAAT IR SO AT LR B E R, B
R AR B (> 600 nm)izEzE KT WO3 B
WERIME(>460 nm), XEME FRERERT KT
AR AT IR A o
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30f 1—C-W-5%

0 L L { L f L L
2.00 225 2.50 2.75 3.00 3.25 3.50 3.75 4.00
hvleV

El8 WOs il C-W-5 [k 9 FE ]
Fig. 8 Band gaps of WOs and C-W-5 composite

2.2 CaFe;04/WO; XF I B B ISR S A (L 3SR
221 AS[EIAAAL S PR A 5 SR 1D 5

K AT B AT W6, £ 200~800 nm U
BNl T CaFeOsn WO3. C-W-5. C-W-10 FlI
C-W-25 EA MR FE 3L 05 B s 3, anil 9
T 7R o C-W-5 5 A ek xof MV FF 356 35 11 B4 At A e v »
JRBILH LU B —2H 4y CaFexO04 X WO 5 45 G (R Ak 14
BE: 7£ 360 min A 50 mg/L ¥ HFE TS (KU B FRAK
T 90%. ME 9 Hienf LLE R, FHX T 5 —4
CaFe 04, 5 A MHRE I A A 175 1 35 KK Y o
CaFe04 REFRAE, JeWURI TR T HE S,
AR BRI R LB/, B LGS TR
%o M CaFe:04 5 WO E & pn 4G, W
M T BRI E, o LA R E A
TEIRANEE, [FR K TSRO &
B ReE, A4 SR A E

1.2
1.0 M
08 —=— Blank
S —— WO3
3 06 —+— CaFe,0
0.4+
—v— C-W-5%
02F o C-W-10%
—— C-W-25%
O 1 1 ! 1 L 1 !
-60 0 60 120 180 240 300 360

Time/min
9 N [FIRAARE R N R VA VR D e AR RICR
Fig. 9 Degradation capacities of different materials on

methylene blue

222 CaFe:04/WOs B EHBLB RSN /127

T H HURRH AR & — FUR S B 715
DRI, 3 Uk 28 88 5 (ko) W AARARE DL A Sih 5545
2.
kat=In(co/c) 3)

e co M e 43 AR GLRH A A6 FE 5 1IN
FEs ¢ BRI

WRIEE 9 rhigsegngs R, Wi G H B
mi R Inc, / ) RIS TE] ¢ AR IS 15 21 koo 00 10 Fr
7~o HIPE 10 AT %I, CaFexOsn WO3. C-W-5. C-W-10
HT C-W-25 525 b A4 771 2 e 1. Y 268 W YR P S 2
T B k430N 0.0169. 0.1264 0.180. 0.0878
1 0.107 h'le o C-W-5 5 & Y6 fh 77 P 7 0
BV R S RO R ke K, X ERE
CaFe,04 Jli & LN 5% CaFer04/WOs B A tfE4L
TS IV FEY 26 W 1 o fifp AR o o, e KT B — AH Y
CaFes04.

ME 10 Hie T LU H, C-W-10 Fl C-W-25 &
B AR} A A V. Y R WA VA TR ) SN R R ka (B L
WO; /I, IXEMRE TG E AN R
KK E GBI A PERE . & CaFe Odf
WOs E AT CaFe,04 BRI I, T
RE 52 W A4 RE IR A8 SR 5, 1T 52 A RE B 31 58
W B - B Ar 45 G AR FE DL RO AR RS 1 B B
B, B 2T O Y P R Ukl (1 0l AL P A 1 A
R

1.2

1— C-W-5%, k=0.1803
10F 2= C-W-10%, k=0.0878
3—— C-W-25%, k=0.1072
0.8 4~ WO, k=0.1260
5—— CaFe,0,, k=0.0169

In(c/cy)

0.6f
04+t
0.2} g
,4/0—/‘/*’—*’4 5
0 1 ? 3 4 5 6
Times

B 10 25 A7) Bk fgp V. P R v VR AR B 0 2 b 2
Fig. 10 Degradation dynamics curves of composites on

methylene blue
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223 MEIRRECR P AR AR 15

K11 sl C-W-5 E A FHEATITE — 2 [
R 5] Py e A S0 FR S 0 1) 8 Ab =T RO i I . 7R
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Abstract: The p-CaFe:04/n-WOs heterojunction semiconductor composites were prepared by hydrothermal
method and heat treatment. The p-CaFe204/n-WO;3 composites were characterized by XRD, TEM, SEM, EDS, BET
and UV-is-DRS. The results show that p-CaFe204/n-WOs3 composite has red shift of a strong absorption peak to
visible region (>460 nm), showing visible-light responded photocatalysis on methylene blue. The specific surface
area of CaFe204/WOscomposite with 5% in mass ratio is 19.7 m*g and the BJH pore size distribution focuses on
20—150 nm. During the experiment for simulating visible photodegradation of 50 mg/L methylene blue solution,
the photocatalytic degradation rate of CaFe204/WOQOscomposite with 5% in mass ratio reaches 90% in 6 h and is still
above 86% after three cycles, and the degradation reaction rate constant k. is 0.180 h™!, showing excellent
photocatalytic activity and cycle stability. The degradation mechanism studies show that the valence band and
guide band relationships between WO;3 and CaFe2Os satisfies the energy level matching conditions and can form
p-CaFe204/n-WOs heterojunction, thus improving the photocatalytic activity of the composite.

Key words: visible light response; CaFe204/WOs3; p-n type heterojunction; compound-semiconductor; photocatalyst
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