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Berb s ROk 1Y O fE LT TR SRR E TR, BF 5T X
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1.1 UBRIRF

DALES . D-8 X5 Ze By R A7 5 { (XRD, Bruk-
er) ; JEM-200CX % 4 i + I fl %5 (TEM, JEOL) 5
ASAP2000 3 18 M fL 4% 5 H7 4L (BET . Microme-
ritics) ; XSAMS800 X-Ht £ ot i F BE i1 (XPS, Kra-
tos) ; UV-2400 8 #h-1] W% 435656 B 31 (Shimadzu,
FHT % Ah-1T WL W 8O 3% 3 72 . UV-Vis) , UV-3600
22 A1 DL 4y 68 i (Perkin Elmer, F T £ 45
] L G E I E  DRS) 3 PLS-SXE300 (i 4T (JA
FEFERHL A BR A 7)) s TGL-18C Bl 4 =0 v 5 B .0 Hl
SR AR T FE-20 25 % pH it (Mettler
Toledo) ; CH660D Hi fk 2% T4 3 R A 3% A BR2A
")) JEOL 6700-F 94 fi + & il 5 (SEM, JEOL) ;
Zetasizer Nano ZS90 44 & ki FE i 4 ¥ (Malvern) ;
7900 HLJEFE A AF B TR S (ICP-MS, Agilent) .

2R F . (NH,);Mo:O,, « 4H, O, # HNO, .
FeCly « 9H, O, JG /K & B = % fe Mt — Mk 9 1
K.Cr,O; & 2B R 1 S5 N EE . NaOH 4535
¥k 43 B 2, [ 2 5 A AE 2 w0 A IR A A R R
(36 % ~38%) R IR (98 %) . He Wi iR (85 %) , HJ 1ly
B 25 8 M AL 2l R A BR 2\ s Nafion 43 HUMK
(D521 PHES F2c e ) 5 R DUAR B L 1 ¢ 25 i
BH) s AEFKHHEAE>18.24 MQ + cm),
12 MEHNERSRIE

DFREL 0.538 7 g iHIRERIE T 18 mL £ [
2 mL fi§BRIR AW H . FREL 0.353 ¢ R IA T 20
ml & TWE B b AR R BV O 0 T 2 A Y
FHPR B, 15 B VR 216033 B 19 B T & 1% R
W% E] 50 mL R W 2 WL 7E 160 °C T, 5 i i
12 h, W oEEE, Ff SN 28 FH AR A, R 10 000
r/min B0 5 min, WCHE B i #5000 K B
TR C DR B B A R P i 2% 3 UK. g aliA I 1Y ™
TE 60 C FHET 2 h, 753525 400 mg WA=, N
F SRS SRS S S

DZHIAR 1 A A Al 2 R (0K

A BV T A R A VR Y & U, B 4
AR T B 2 B (PEG-400) , Hifth & ¥ A 725
(CEI R R

DSHMEE 1 B A T RO R R G
735 v T A R AR RIS R P T S TR R e A A 1A
TR & 1 oA S5 (R Y R A8 AR 2R R 3,

DSHEME 1 WG B RO AU B R
J7 5 v L A Rk R R e o R R Y &
PR 4 R A AR R 25 88 TR oA A R AR AR A5 5
PR 4,

5 G WM R FRAE., R XRD,.SEM,TEM,
XPS.DRS.BET . Zeta HL Al 2, HL 3 0 7 46 T+ B
Xof il £ A4 RH 1) 45 48 5 0 B HE AT RAE .

1.3 $HERTEH AP TZBKAI A TIEE Cr( V)X 18

JEE R 300 W AT (A =420 nm), Cr( VD) 1Y
J e WA 20 me/ L AR 2N 0.2 ¢/L,
2 mol/L By HCl 8 NaOH ¥ Cr( VDB W 2 H b5
pH (. JefE LIz g i, Sems KN 1 h DLk 21 0% Fff-
I8 WA SF- A7 o B S5 T G O A Ak B R S T B EBCRE B IR
3~4 mL,JFEOBR B AR . RS Cr(VDWREE
R FH 28 e ok — k43 6O BE . 53 Ak, S
SR HRUKH AR T AC Lk U LT 0 14 R AT AR P S
5ok 5 45 bR R M
14 BREBPEESFREMNE

D W CrOVD #e BE AT IN . 8 €5 550 1) I
FREL 0.2 ¢ Z R BBt — WF T 50 mL PR Hr, ok
R B2 100 mL, R R AEAE . CrCVD 1 & RS .
BT mL OB B3 I — & B 228 7K. B A
0.25 mL WA iR (5K R Iy 1= 1 B D A
0.25 mL WBERR (KRB N 1+ 1 FLdD /)5
AT mL A5 IF R E FKES T 25 mL b
AL RS I E B A5 TE 540 nm T 6
JE AR B o 2R BRI AR 2] CrVD MR .

D)WW BB e . ICP-MS £ il
N S F) 3 T P AR A A o i A5 B RE o Bk
B R .

1.5 FXERMME

i T ERL A 2 T A Sl 0 A5 b Ak 1 B - L A
M Pt B VE X HLR , Ag/ AgClL U VE I 2 1
HL %, 300 W OGUAT /R 6 I8 Chn g >t Fr L B ad 9 Kk
F 420 nm),0.1 mol/L HJ Na,SO, ¥ W& 1E M . it
. B 10 mg FEMARFT 0.5 mL Nafion 23 HUR A
5 mL JoK & B, B8 4 43 # 30 min, Fifi 5 7E



70 o R R R

% 36 &

2.5 em X1 em ITO BE8S B EaS S P4, @i mAT
B T I S5 2] 0 B U TG B VAT I L R R E R O R

2 HRESH

SHER 0 kA1 1Y S5 M R AE

DXRD 43 #r. #F 1~4 19 XRD B W& 1A
7R s SO RARE 1 RN B[] BT A B A4 B XRD &
WE B R, MR 1 FR R 2 BT 0 AT 53 06 35
HAH &R 1Y B-FeMoO, 1Y $#1F 1§ (JCPDS No. 89-
2367) KA " 4 TR/ R L BN IR
Burig 2 FeMoO, . ##H 3 BT I 75 2 61

21

B-FeMoO, (JCPDS:89-2367)

FHAAL Y AR A AH W RN R TP S B R R 4 G
Jo ik 3k 1% FeMoO, , U A] 1% 5| MoO, #l MoO,
( 2D) . ##E 4 2 TR KR T A iR, H
XRD &7~ HAZE ARG RIUB-FeMoO, , DL 45
HRW L E A W FeMoO, Ayt 72 v i JF PRI 7 (2
TR VIR T FIRR A ol P AR A B R I Ak 1 DG
IR, [FIET AR 130 0 B iy s (8] AN 12 h 3% 20
i %) 2 h, N XRD 3% B 40 B & 8L, b o # rp 3L
XRD ik 06 J AR A8 Ak, AT W] 4 21 R R 1Y B-
FeMoO, , it ¥ 77 #4 s g BF 1] 7 728 £6 % 7 45 i Fe-
MoO, 1199 A 4L 1 5 i AN K

~ _ Ag‘ea A:ﬁ - *A‘*EI»] B-FeMoO, (JCPDS:89-2367)
a‘ LA E
= =
Qo Qo
s s . ,]tq 8h
X X ﬂ
A % ¥ MoO,(JCPDS:80-0347)4 M0oO,(JCPDS:73-1249) B % 6h
g . «MoO,(H,0), (JCPDS:73-1544) g
2 » v o 4y N o 7K = ,I|\. 4h
L . Pk JL‘ 2h
10 20 30 20 10 20 30 20
20/(°) 20/C°)
1 AABFEGETERTR(A) KT 1 BFHAKR AR EFRERF#(B)A XRD B
Fig.1 XRD patterns of materials from different solvents (A) and material 1 under different reaction time (B)

2)SEM 5 TEM 4r#r. i 2A FiR. # Ak 1
BRI CER AN 1~3 um, LR EA B8 2
SR L 70 A I X B R R ER Y R L i — 2B R IR R 1
s HLAT Kz e A 2 1 A Ok Bk . k4, TEM
EUR AN T AR 1 N BRI, B SG)R b, 2
B Ay i as 256 (L 2B) . SRR I R0 AR s I s T
it SEM EUER M 28 (& 2A B 3A-C) 1] LA ]
R AR 2 S BR i A Kol . B XRD &5 3T
L, Y R R BN B TR T E 2 h B 12 hJE A
i A BB 7 4 N SRR Ak . SR 2 h T A5 Y 4
iR W04k LA F P 25 SR IR A W i X e, HUA
R ) T R 225 R 1) B R I i 7 i T ) 3 A 4K
BRI R 4R DA b 23 R T8 2077 7E L B s ek
B — M4 . 31X 2% B BH R W 2k b 2 ek Ob kL
DB L, 7T RE 28 3k — A~ R R EH 15 W0 42k 5% ¥ 34 B At
Bkt

ML TR £ TR AN B
INF A BT A A 2 4154 B-FeMoO, H 2 BRIE (]
20) AR g 2~5 o, W H T R IR Bk A 45 F R AT
WEE KM R 2 0% B /e s RS2 2 I OK Bk

M TEM EMR (B 2D) 38 W H 25 itk /N, 422308 52 0
BREEHE . 24 BN AS A R B T A R RL A B 1Y
AW, BA UK B 454 (B 3D) .,

3)XPS 23 H7. M 4A AL R Cr VD FT IS
BHIR 2k vh 28 TR R T I AFAE Fe, O Mo %0 R 1Y
FRAFUE . [ AB SR T WM AT A B 1 b Fe 2p i
454 i, & 4B 7E 724.1 eV F1 710.7 eV fif
BNXF R Fe 2py, 1 Fe 2p,. I, X & £ h
2 A~2p BUIE TS5 A BB 0 RRIE 0 L 3 — 2B AN T BT
15 2 1 b 23 ek Oy SH IR AR,

OHBET 5 £ m A o3 1. i BET & & 2
ELAG vhzs G546 10 BH R AR BBk L B AR ORLAR R SR R
B AE R AR AT AR 17.4 m? /g, 3% Al AE S sk
A R RS5O WOW T RS BE AR 40 ok RO Y
FZA B FHESHORER £ m B, 207 pH EN
2 R 7 (YRR XA R 1 BT T Zeta HLA A AE
K HRLTAE pH AEZ T 2 i} Zeta 47K 8.7 mV,
WIEH; M pH A% F 7 B Zeta 7N — 4.5
m'V , & B HORL - £ A
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AR 19 SEM B, A5 1 £ 0% 13 10k 19 K Bl SEM pattern of material 1, top right corner is the amplifying of a typical micro-
sphere broken; B:#1 8 1 i) TEM Kl TEM of material 15 C. 44k 2 19 SEM [, 7 b Jg i 5 3Bk 19 % K 18 SEM pattern of material 2,
top right corner is the amplifying of a typical microsphere broken; D:#1%} 2 ) TEM [& TEM pattern of material 2.

B2 ## 1% 24K SEMEH TEM B
Fig.2 The SEM and TEM pattern of material 1 and material 2

2 h(A) .6 h(B) .8 h(C), £ L 1 A 0l # i BR A9 it K Bl The SEM patterns of material 1 under different reaction time of 2 h (A),
6 h (B),8 h (C).top right corner is the amplifying of a typical microsphere broken; D:# ¥t 3 (5 SEM &, 45 & f S R b kY dil R &
The SEM pattern of material 3.
B 3 IR AR R R 8 BT & B R SEM
Fig.3 The SEM patterns of material 1 and material 3
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Fig.4 The XPS spectra of material 1
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{2 2 BEXF CrCVD B m MR (51,1 %) . HARE
BN AR 1 SR Fe? Wil fE Cr( VD &4k i
Fe' LR B Cr VDD B e B B AR L 1 3 il v i
AR AR S Ak 2 8 IR AN S MR 1 A I B R R . A T
FERHRE 1 Fer ™ 5 CrO VD Ry A2 B2 R % b4 )
1T HEAT B Cr (VDO BYALER . AP 1 2 pH N 2 1Y
VWP Cr (VDD W 2 b, 4530 W B BT 54 3] 5F-

7 5 1 0 W B P A AT S R A RE TORE A o il AT
XPS5E . SLH A5 R W Cr (VD) F )5 .
Fe? " {8 2 AR W I B AT 2 A= o B B (I 40D
WEA BN Fe' 9 R Ak 08 B L 2 W 40 1 0 £k
25 OBk R T A I BRI B AT Bl Cr VD B Fe' ™
BIAARE 1 REHY Fe*' A5 Cr( VD) KA~ IR B,
AR

F1 R 1ERE pHEBBRBIT Cr( V) MM SR X THELERITH
Table 1  Adsorption and photocatalytic reduction behaviors of material 1 to Cr( V) in solutions with different pH
pH {H pH value W% [t % / % Equilibrium adsorption ratio k% /min"! Adj—r?
2 51.1 2.15 x1072 0.99
4 12.9 2.83 x1073 0.98
6 9.8 1.37 x10 3 0.98
8 6.1 1.21 x1073 0.94

L ME— B 127 B4 . Note: The kinetics were analyzed with the pseudo-first-order rate equation.

DA Ak 2 TR B Ak B R ) 3t R L A Ak 5 3 IS
KL A7 1 % B BE A B T AR TE M R AR m U M
B 1AE pH A 2 BFEXF Cr VD W BfF 3R e v 5 Xt it
Hh 4 b A B T HAE pH (R 2 B R F A8 R
Cr(VD e . HHERHE R, Cr(VD/Cr(lD &
fRIR JE A 52 pH (E R0 3K, B %5 pH {E I BRI,
AR A i A 7 AR A5 T O a3 3 W A R VS B
Cr(VD) B 28 5y Wik B Cr I o MTH -t i B4R 1 75
pH {24 2 i 7R H 35 A6 9 6 4 A6 38 s Cr (VD 1 8%
o MA HEULI MR TR XPS LR RE &
FUTEH R Wk vh == BBk e pH fH R 2 B 3R T Y
Fe? " A HE Cr VD AL Fe' ' L W Hxf Cr (VD
R BiF 2R 1158 T 75 5 R A BEAEAE Y Fe® ™ XF Cr( VD)
Ak 2 30 SRR 52 e, ] EE L Y AR Ak 52 R A IR
IS W AT i ICP-MS W5 T H o BB T
W BE o R IASUAT A AV 1) R S Rk 1) IO e ViR
18 pg/mL, i HF/NT 0.04 %) 33X £ B 7R I 5256 4%
PET AR 1T R LR k2 R A B R I R R 1
X Cr VD) A9 34 Ji 0 22 3 0o O i b ) s 48 S B, i
TR R Fe® ™ SO WA v iE B8 11 Fe®™ X Cr( VD)
(14 127 38 JE LT 1] L2

AR AT 32 9805 7= A O A HL P RE B VA T A R
SRR DT A R OB B T DR L IR R N
HL 1 4B S TR LA G B HL I AR AR A R
Cr(VD By A8, Ay i — 20 B aff 4H B2 0 % =5 .0 Tl Bk
AR I Cr( VD BTG AP 7 pH R 2 1R
JO7 YA F AL A B 2 A SR, DA T A o AR B
TR AR, LREER TR BARSE. R 1 X

CrC VD) I J5E 52 0 3 228 B0 3.8 x1077 min ™', X
FWZR RN TR Cr VD B EZ AT Y
Fofr T Fh, 0 A Al A A o 4R B 2 L T R
Cr(VD Y 38 G N 5 o S840 ) T 1% 58 4 I » gl
FAFTHFX Cr( VD M EZRIR, RREER
JE [ H AR 1) SN AR RN S B . AR
13 CrO VDD ik 5t 3 248 5 $08 K3 4.7 1077 min ™',
X R WG AL R b R R AR RN KL A B
SEME L. — MO R E AR R R B
SRR R s K B ST T S TR B I AR AR T
BRI o B T RO - R A B DT i
fotk R = A B 2 i L F R CrCVD IR Ji
AR EAE AR I T Cr (VDD A4 76 35 52 56 3% W 41 iR
Wk 2 SR TE pH (AR 2 AT 4 IRAEER

In(c/c)

1
0 20 40 60 80
fs} [8)/min Time

B 6 ##1ERE pH ER K $

Cr( V1) By EHIERE (L= 420 nm)
Fig.6
under visible light (A= 420 nm) of material 1

Photocatalytic reduction behaviors

to Cr( VI) in solutions with different pH
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Fig.8 The forming mechanism of FeMoO, hollow microspheres
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Synthesizing FeMoQO, hollow microspheres with gas template

method and its photocatalytic reduction of Cr (V])

WANG Yin LIANG Chennan YANG Zixin CHEN Hao

College of Science s Huazhong Agricultural University sWuhan 430070,China

Abstract FeMoO, hollow microspheres as eco-friendly materials with the visible-light activity were
prepared from FeNO; and (NH,);Mo; O,, through a solvent-thermal method using ethylene glycol and
HNO; mixture as solvents.Crystal structures,compositions and morphologies of the materials obtained
were characterized by X-ray diffraction, transimission electron microscope,scanning electron microscope,
X-ray photoelectron spectroscopy, Brunauer-Emmett-Teller adsorption isotherm. A possible forming
mechanism of FeMoQO, hollow microspheres was proposed that lamellar FeMoO, was generated and as-
sembled into hollow microspheres on gas templates. FeMoO, hollow microspheres had good adsorbing-
reducing ability for Cr (V) under visible light,with the reduction behavior of Cr (V) following a first-
order kinetics with the rate constant 2.15 x107% min~'at pH of 2.The results of X-ray diffraction,induc-
tively coupled plasma mass spectrometry and the cycling tests showed that the material was stable and
consistently photoactive during use.

Keywords FeMoO,; hollow microsphere; photocatalysis; Cr( V)
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