hE ISR 2025,45(10): 5459~5470 China Environmental Science

RS, 2 RS R IR AR BT WL Y Bia WO, MM 6 S HOGRE AL RS T IS RRTST ], P EFR IR, 2025,45(10):5459-5470.
Liu B, Nie Q Q, Zuo S S, et al. Magnetization of Bi, WO composite by using natural maghemite and its application in photocatalytic degradation of isobutyl
xanthate [J]. China Environmental Science, 2025,45(10):5459-5470.

RIXHLTRERA TRAEL BT Bi, WO, M43l & R H B MR T &
HHMR

e A T AR S T IT SR A BT T (L A TR TR AR 2211165 2.
M TR B S e B TT 3 4R M 221018; 3.7 ZR 7 L L R mn 25T 9 e, Wil T % 315200)

FE: BRIRBIRERY y-Fe,05 HI Si0, QKUK )5 5 Bi, WO, 5275 1l s A MG IL 71 y-Fe 05@S102/Bi, WO, K H] XRD,FESEM,XPS,VSM %5512
YRR HEAT RAE.VSM RS R y-Fe,03@Si02/BiaWOg HATTh M, P d i 1 77 (MU AL T BiaWOg,y-Fe03@Si02/Bia WO Y6 HEAL A 5 ]
L MPERENS R [, 5%y-Fe,0:@Si02/Bi, WO, 78 60min A5 HE 58 4 M fi% 60mg/L [5 T L3524, . TOC AR &5 J o 5 T I 3 2 K M AL R
76.86%.5 UKAEIR S50 45 AL W21 y-Fer0s@Si0x/Bia WO ML TG M )L T-BAT e, S T 33 25 B AR AR TR R 7E 99% LA L, HA R IR % ik 82.00%,
B T y-FesOs@Si0x/Bia WO [RIA& AT [l FH Y 300 3k 4k ) 52 560 LA S ESR TR FR -0, S 57 1 H6 38 24 WAl A2 1) 36 v M3 1 8 3 1 DFT
S E TR FR RS20 T P s 5 50 WA S J5LT

KGR G REAR: T2: BEME BORERDT R

FESES: X703 XHAFRIRES: A XEHS: 1000-6923(2025)10-5459-12

Magnetization of Bi,WOg composite by using natural maghemite and its application in photocatalytic degradation of isobutyl
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Abstract: Natural maghemite (y-Fe,Os) particles were coated with SiO, and combined with Bi,WO4 to prepare a magnetic
photocatalyst y-Fe;,O;@Si0,/Bi,WOg. The samples were characterized by multiple means of XRD, FESEM, XPS and VSM. The
VSM tests indicated that y-Fe,O;@SiO,/Bi,WO; possesses magnetic properties, allowing for magnetic recovery and reuse.
Compared with Bi,WOy, the catalytic performance of y-Fe,O;@Si0,/Bi, WO for degrading isobutyl xanthate slightly decreases, but
the 5%7y-Fe,O;@Si0,/Bi; WO can almost completely degrade isobutyl xanthate (60mg/L) within 60min, and the TOC test results
showed that the mineralization degree of isobutyl xanthate wastewater was as high as 76.86%. The results of cyclic experiments
showed that catalytic activity of y-Fe,O;@SiO,/Bi,WOq hardly decreased after 5cycles. The degradation efficiency of isobutyl
xanthate stabilized over 99% and the recovery rate of 5%y-Fe,O;@Si0,/Bi,WOg was as high as 82.00%. It proved the stability and
recyclability of the prepared y-Fe,O;@SiO,/Bi,WO4 composites. Sacrificial agent experiments and ESR tests indicated that -O, was
the predominant species in the photo-degradation process of isobutyl xanthate. Finally, DFT calculations confirmed that the active
sites on the catalyst surface and xanthate were W atom and S atom, respectively.

Key words: photocatalytic degradation; xanthate; magnetic; maghemite; bismuth tungstate
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Fig.1 XRD and FTIR spectra, BET curves and pore size distribution curves of different materials
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Table 1  Surface area, pore volume and pore diameter of three
materials
b LE#Mif(mYg) LA (em’lg) L% (nm)
BWO 11.28 0.08 33.66
5%FS/BWO 9.88 0.07 33.02
FS 5.72 0.02 25.08

K2 (a) BWO, (b) 5%FS/BWO, (c) y~Fe,03 Fl(d) FS ]
FESEM [&; (e) 5%FS/BWO [{] FESEM [&; (f) Si, (g) Fe,
(h) O, (i) W F1(j) Bi f] EDS #3134
Fig.2 FESEM images of (a) BWO, (b) 5%FS/BWO, (c) y—
Fe,0sand (d) FS;FESEM image of (e) 5%FS/BWO; EDS
mappings of (f) Si, (g) Fe, (h) O, (i) W and (j) Bi

2.1.2 SEM H TEM 734 & 2(a) 275 BWO 23
FTAI K 21 R PR DR 45 0, 5 SRR v 936 1 — 5L
2(b) 27k 5%FS/BWO A5 e RS54 H AK v HE
A1) B0 3K T A A R ] (1% e AT LA 45 4
A — B BB ) ) R, — o R B AE
5%FS/BWO (4K v FFT HES A4 40 R 454 52
s 2(0) W y-Fea05 MK N ok [ 7% 14
2(d) ok FS DG B R i, 1% vT 68 A2 KA
y-Fe O3 #E TG iE 2 Si0, 1085, LL K FS IR Ifi g |
SEC R A SR RN T U2 8] 2(e) ) EDS 4 3t K,

K 2(H)() s 5%FS/BWO H E 254 Si,0,Bi Il W,
{EARAMF] Fe JLHIXIEHT Fe MIH BEI(5%),
H y-Fe,0; O # SiO, t.%E, T8 EDS REMEANTICIEAE
AL FIR T VAR I Fe JCEIIAFAE. LR &s R i
W] 5%FS/BWO 11 BWO H SiO,.

M 3(a) A LAE L2 BWO gk AR T2t
T 3(b) 2o Hh PR A o 5 2 S AR I Sk 1 X
Sl (20 0 HE 286358 40 R B R X 3, iX R B 5%FS/
BWO HAELEPIFIAS [ )P 5. 6] 3(c)27r BWO #
T AN AEAE T BE R 0.315nm S A%, 12 B ks 6 1
BWO [¥1(131) 54122 & 3(d) 575 5%FS/BWO i
I T S TAEE S 0.252nm [ AR iZ N RS B T
y-Fe,05 {1(311) 54 1™ HRTEM 45 5L W] 5%FS/
BWO H &4 y-Fe,0s.

Bi, WO, (131)
0315nm

&3 (a) BWO Fli(b) 5%FS/BWO [f] TEM [&; (c) BWO F1(d)
5%FS/BWO [f] HRTEM |
Fig.3 TEM images of (a) BWO and (b) 5%FS/BWO;
HRTEM images of (¢) BWO and (d) 5%FS/BWO

2.1.3 XPS/rthr K4 /R T BWO H 5%FS/BWO
(1) XPS AF S B J 25 70 2 (R 40 1% 1A i 1]
BIFET C 1s bRUEIE() 284.8eV KX IE. MK 4(a) T 401
5%FS/BWO H 5 BWO.ARTT, B 3% K o Si Al
Fe JC 2 [MHREAE I, 1 3 B2 R Ry X P b oG 25 1) 75 1t
AR 4) A Si ZEHEELA T 104.63eV Al
102.24eV AbREFAEIE TS T Si0, (1 Si 2p™ A Si
2p "L 4(c)h Fe HZS T PR, L b A D B 1 2
) Fe ARG 1X 2 Kk y—Fe,O5 4 SiO, 19,7 ,Fe 7L %
e /b B e A2 M RL R T AE B 4(d) L 164.54eV Rl
159.23eV AbHIEFIEIERT S, BWO H Bi* ) Bi 4fs,
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A Bi 4, e AR 5%FS/BWO it v+
Bi 4fs, Fl Bi 4f;, 09 W AL Ff 1E 0 4 47 B &
164.41eV Fl 159.10eV 4. 7EE 4(e)H,37.65eV Fl
35.52eV ALMIFFEIE XS N T BWO 1 WO W 4f;
FIW 465, P 7EE AR 5%FS/BWO 1)@ T W
45 T W 4fs )y (PP ARRFAEE 23 T AL RS 28 37.52eV Al
35.36eV 4b.Bi F1 W (1] XPS it K2 W] FS (K 5] A\

BWO 45 & RERAE T i A 2B T B # IX A

oAt SC R Rt AT 2L 4 E PO AR B 4ch
530.17eV H1531.62eV AL [RIRFIEIE 53 75565 Y. BWO H
FR) i K% 4 2 T W B 40705 T 7 2 S M RE 5%FS/
BWO H 508 8T it kg A0 2 [T P28 RO R A 0 43 1)
PrF% 42 530.00 Fl1 531.04eV 4b. 1E41,532.99e V i )
J&T 5%FS/BWO 2 W i (1 #2324 30 n] i e (K]

FS #1 BWO K& Ja bRl p & i vk ik 248 1 3 4

(b)

5%FS/BWO
1 1

Si| [(c) Fe

5%FS/BWO
! 1
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ZitrfieV)

Bi

159.10
Bi 41,

9
5%ES/BWO | 5 A»FS/'B\VO

(f) : 530.17 [0)
531.62

BWO
530.00

532.99

S%FS/BWO

1 ! f !
162 160 158 156 40 39 37 36
Litriigev)

166 164

ZierfibeV)

L L L
532 530 528 526
Lifriié(eV)

1 1 1
35 34 3 32 536 534

4 BWO Hl 5%FS/BWO [f] XPS %[4]
Fig.4 XPS spectra of BWO and 5%FS/BWO

- - -BWO
60 | — —5%FS/BWO
—--FS —_———]
Ve
_ 30f /
® !
= .
g |
g 1) g P e e
= !
| |
2 5t ;
= ————___’/
-60 |
L 1
-20k -10k 0 10k 20k
T35 50 (Oe)
K5 BWO,FS Hl 5%FS/BWO [ 7 n] 2k

Fig.5 Hysteresis loops of BWO, FS and 5%FS/BWO

2.1.4 VSM 5#r 5 M 2 ZrmilEss T BWO,FS
1 5%FS/BWO It [R14k LL A VSM A SE 3. th &l 5
FIE 2 J51,BWO ARG A EAGRENE, I FS RN H AR
MG BWO 5 FS Z643211 5%FS/BWO 7K
WoR—E IR BT 5%FS/BWO ' FS [5 &
BK,5%FS/BWO  [H A 5 BEAEAR T FSAEE P

FIF ) AKX K FS 115 AL BWO iz
BIMARERIVE R, 38 IR R A2 E .

%2 BWO,FS # 5%FS/BWO By IS4
Table 2 Magnetic parameters of BWO, FS and 5%FS/BWO

JET OFIREAL TR S (emu/g) o) A WAL 58 S (emulg) B 11(Oe)
BWO 0 0 0
5%FS/BWO 2.48 0.68 371.60
FS 52.84 15.59 381.60

2.2 AT GHE A A s 24 0 DR 32 o0

221 y-Fe,O5 BENINA] i IOCHRLEE 73 A A0l
IR A BRI 18] R y-Fe,O5 IREAR. 24 B4y it 1a] 43 )
43 30,60,90 Al 120min 5 %F W FERLAR 53 1) ok 2.286,
0.878,0.724 F1 0.667um. BEA" I [A] R ,y-Fe,O5 Kt
BN &6 JEHL T ANF] y-Fe 05 BEW IFH] R 3%FS/
BWO Hil BWO X Bt 24 i 25023 (1) 53 . A IS A 1)
] R 38 0,3%FS/BWO X 5 24 IR B it v e SE 4 Tt e
B BRI ) A 90min B RE s A, A Bl BWO
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Si0, AL , T fi K2 JE PR y—Fe,O3 X FS/BWO
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Fig.6  Effects of grinding time of y—Fe,O; on the performance

of xanthate removal

222 wZk@mRES T B 7@kER T FS
B RN A R AR R . 5 BWO AHEy-
Fe,03/BWO [T A7 T W A7 T AR, IX 2 PR A y—
Fe,05 A5 WA AL I P, L 51 NASF T3 24 [ it

I FS/BWO ¥ 4k % 1% B F 2L L y-Fe 05/
BWO /N IX {1 SiO, L y—Fe,05 Al 7 R AR IL
RIS W LA, 5%FS/BWO (R Ak 1 fitg e e R
EFE S%FS/BWO HEAT J 22 57

Bl 7(b) 7R T B MU TR 0] 18 24 B AR AR 1)
KU B 247 TR B2 B 6 i 2 24 34 185 1) o 1 AR A1
(37.64%% 42 14.4%),iX =K 5%FS/BWO fiE{L7]
(R T PR A A B, BB P 2 2 11 2 — o 1) B
R T, 4 5%FS/BWO WH B i v v
(1 3 240 2, L 50 4 [ il 0 24 BT 7% TR I TRD R 20,
40,60mg/L I Z57E 60min P JLF-H 52 4 B Ak, M
80mg/L ¥ 38 2 58 PR AR W 75 2 90min /idy . LR57%
JE IS T) Jl AR B AR 26, i S 9006 ¢ 60mg/L (15 2y
AT LA S5

K 7(c)En T 5%FS/BWO HEALHI & X} 2
BRA R 540024 5%FS/BWO ()& 1 0.3g/L 1
42 0.7g/L, 2 I 2R 1 10.93%14 45 25.40%, 58 45 B
fiFE 5 24 1) INF 1) AN 90min 4 5% 60min.iX A& Kk A
5%FS/BWO (114 2 A4 Z8 A 78 42 3G PEAT s FH T
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0.7g/L JEFE NI LE 60min N 58 4 B MR 35 24, i
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S 60 [ —- T%FS/BWO V. S O s j00mgr | ! oy Xl o ‘./ o
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a0k L ¥ X g0 , '/f' A o40 F I.I",
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