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[ Abstract] Bismuth ferrite has become an effective semiconductor photocatalyst for the degradation of various wastewaters due to its
narrow band gap, high chemical stability, and good visible light response. Pure phase BiFeO; nanofibers were prepared by
electrospinning method. The optimal degradation conditions for Congo Red were obtained through single factor experiments such as
calcination temperature, PVP ( polyvinyl pyrrolidone ) concentration, collection distance, spinning voltage, and pushing speed. Four
factors that significantly affect photocatalytic efficiency were selected for response surface analysis experiments with four factors and
three levels. After optimization, the optimal PVP concentration was 12. 17 wt% , collection distance was 14. 07 cm, and spinning
voltage was 12. 03 kV The pushing speed is 0. 74 pm/s, and under this condition, the efficiency of BiFeO, photocatalytic degradation
of Congo red can reach 90.43% . The phase analysis and morphology characterization of bismuth ferrite nanofibers were carried out
using X-ray diffraction, scanning electron microscopy, Raman spectroscopy, and Fourier transform infrared spectroscopy. The results
show that the pure phase BFO nanofibers prepared by electrospinning has a rough surface and obvious particle sensation, presenting a
one-dimensional rod-shaped structure with a size of about 300 nm. This nanorod-shaped structure has a larger specific surface area and
more active sites, Can improve the photocatalytic degradation efficiency of BFO.

[ Keywords] Bismuth ferrite; electrospinning; response surface analysis

N %7 1] 75 ( response surface methodology , RSM ) BOATARAS R E () H bn R B, & RE B 7 Fay A R
PR A AR St 2k R AR AR OCER , TR ORI LE Y [R) B R v
Bl e e a ok T A itk S ReRAER /MBI, B RE B PR s R R

A 2023-11-13; &iTHHA: 2024-10-18
ELTE . Hmd /R ABIX ARRBEIE4 (2022D01A201)
FE—1EE . ZFHIZE(1999—) , 2, DU, U ABAK N A58 2E . BF5E 05 1) . BiFeO, P9 KARHE AL A HLIE 44 . E-mail : 1224902796 @
qq. com,
CEEEE . ERU(1977—) B, DU, WS A B A, @R, W R AR S, ST O ) SR BT R AR A 4 X PR, E-mail ;
416799621 @ qq. com,

¥ F5 M HE - www. stae. com. cn



2025,25(2)

ASHA 2 | I T AL 2 24 % BiFeO, B9 T2 863

R MKV By S50 H5cs, [A] Bs o] R R 5 22 53 BT iR )
LS Al I ARSI N TR o 257 & i DA
SEHTHFFE R, RSM & — N3 2 05, Al iR A 10
PR At B A0 (8 K D7 Al 3 48 1 F A5 R g o R
Samson %7 RSM Tk L fb=A A b T2 LB &4k
KB AESEL, Sushanta 45 5 B & 0L SRR
e BE IR AR ) S WESE TR B K 8 R, El
Sl B YRR RN A TR A R L vk R S i B
A2 SR B | MR 41 R /K R I 298 6 B A5 1) A B
Jiik . Ahmed 25 H T T 0L S 05T R pE-— B
WERR LR/ TiO, AR A BRI & AR F B R 1
We S5 F, JfE A =R EERN R, B,
RSM &7 Z H F &MY Rl A T F 3R
£ R T

T HL 27 22 1 D 3L 7 1 s F 3 P SRS VR
TP AR, RGP N s 7 A S K i BE B
A EL GBS DK T4 AR Bl
FEHL R W22k AR =B, B —F
T BN K G 2 THOK — 4 2 4 b4 Rk 1) 3 ] EL T
ITEIFEAR , A TR R IRz | T2 f Bunl 45 21 4
BLAR/NRFLBR R m A a5 a2 20 4R MR —
TP S4B Sk 1 BT 990 Kb L) B e R SR A2 7 B £
FEAL R B FURR PE AR £F 4 . B9 R EER =
BB AR G5 | JE T X & A2 9 oK &5 44 1) Se itk oy
REGIKRM B 5 SR MESh T Z PP g7 22 T. 2 19 i
PR R 27 22 AR S R 2 I RERE
PEAR TR A FH 385 A R i 12020 45 0 T B R
KAEH AZE ARG EA AR 2T &

BRIR 50 ( BiFeO, , BFO ) 228 I T ME— ELA [ 4k
T P AR R PR A B R T R A 2 kM R, B AT
R3c 25 (A, ELHAT BTG R 2.2 ~2. 8 eV, [A14EHF
BRIGHEI N 0.4 ~ 1.0 eV B ] WLEHRE T nl %
fif K, FLTCHE 1 AR AR R A AR 1 1 HE oy
R At I 7K A RO

UL FK A R B RN LK i BR KM IRk, SR &0
NS S5E i ( polyvinyl pyrrolidone , PVP) A B 25 5], Jt
K RN, N-— 3t H ik e (N, N-Dimethyl-
formamide , DMF) S5 5 il £ BFO HI i, F541 H i
L 25 2245 R AT — 4k BFO 9K LF 4k, 1 X} i el 25
22385 T 2MZ 2 m & |, FIH Box-Benhnken i
IV AT 43 B 2R A5 — B i 57 18 [ 05 77 72, F) ] Design-
Expert8. 0 F A 4 75% i R - 7K -2 A LAk 2 B,
M AR A TR, B il 4 T 22480, EVFoR
FPLAL & BFO a3 B H 0 i HL 25 22 T2 19 5% T
2, RSM HA T [ 1 T 5 A B R B & J& T T,
R EBUNE VAR E Y RIND B e s A NS s D DIV

ZIAIHISE AR, BRAT B AR PR B A B 2 T2 fE
RO TR il w6 AR 21 4 7 T LA AR B4 P TS
Il LA Tk A BT ER AR R RIS Rt AR

1 2§

1.1 BFO JELFIRH &

B[R S5 BE IR L9 ) Fe (NO, )5 -9H, O ( Bi 5 4%
KRR 10% ) Fi Bi(NO, ), -5H,0 {E#
MBI FET S mL S FBEH B, MA 3 mL KL TR
W R iCA/E A W, 3L 7.5 mL DMF i
4.5 mLI/K ZBEIRA,PVP W EE &, i Hk £
ToEBER, ICVE R B, B B I REBIA A W,
PIE LR, TR TP FE 12 h, B354 BFO
2, SRR RTI R A S mL FEST g (24
0.5 mm ARG 22% 75— B R e IR R
fRa S S Lo N 7 e v o an NI E2 S i g e < S
AR LFLERELL 3 °C/min A TR R 76 D e
HBBe R 2 h 384l BFO,

MZBFO LR 4l & 53 3 A ER. QLIS
) RA YU H 5 R AR BRO V5 80ORN B 25 22 7%
T ; QBRO T A7 RN L 25 22 1 RO A 38 3 & T
P27 22 AN AR ARAT WL B WL A 27 4 QiR kg
2 AT AR RN LA BRO 274k,

1.2 MR 386 3t

TEBRIREE PVP W AR BE B ) 22 v R
L2 R E 5 B R S A kit 4 .3 K
e A, PERRFRER L2 T A AR R
) 4 AR, 2000 o PVP MR EE (A) (W 4E I
(B) iz K (C) MR (D) i B E A A
R (Y) #EAT B, I &N R 5Kk 1
Ji7R, 83 Box-Benhnken M B i 43 #3845 i FL 25
22 [ el 1oz 1 18] U5 77 7%, F) ] Design-Expert8. 0 %X
AT R e PR 7K 2 A DR AR A3 A, X i 1 R R A T
TOUIN B R 5 L 07 22 R G LR R i S Y 1 B
fils T A28,

%1 Box-Behnken i%itiX & FE &k F K 4D

Table 1 Level and code of variables for Box-Behnken design

K HE .
A/ wt% B/cm C/kV D/(pm-s~")
-1 11 13 9 0.5
0 12 14 11 1
1 13 15 13 1.5

1.3 BFO JtfE{L 3058

H 20 mg YEHEALFIIA 50 mL(10 mg/L) FINI
LT (Congo red, CR) W, 76 2R E HE4T 30 min F]ik
52 o6 Aot 1 SP-£67 P FH 600 W fR AT G HE 120 min, #8
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Fig. 1  Effect of calcination temperature on the photocatalytic

degradation of CR by BFO
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Fig. 2 Effect of PVP concentration on photocatalytic
degradation of CR by BFO
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Fig. 3 Effect of collection distance on the photocatalytic
degradation of CR by BFO
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Fig. 4 Effect of spinning voltage on the photocatalytic
degradation of CR by BFO
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Table 2 Box-Benhnken design and results

RIS A/wi%  B/em C/kV  D/(pm-s™!) Y/ %
1 12 14 9 0.5 71. 14
2 12 14 13 1.5 71.85
3 11 14 9 1 65.78
4 12 15 11 1.5 81.04
5 12 15 13 1 81.02
6 13 14 11 0.5 77.07
7 13 15 11 1 83. 81
8 11 15 11 1 74.85
9 13 14 11 1.5 72.43
10 12 15 1 77. 46
11 12 13 1 67.56
12 11 14 11 0.5 77. 46
13 12 14 11 1 88.6
14 12 13 13 1 83. 96
15 13 13 11 1 76. 1
16 13 14 9 1 66.53
17 12 14 11 1 87. 69
18 11 13 11 1 70. 06
19 12 14 9 1.5 69.71
21 12 13 11 0.5 80.76
22 13 14 13 1 81.49
23 12 13 11 1.5 70.77
24 12 14 11 1 86.23
25 11 14 11 1.5 70.27
26 11 14 13 1 72.43
27 12 15 11 0.5 82. 47
28 12 14 11 1 89.95
29 12 14 11 1 87.58

®3 HAFBHFTESTER

Table 3 Variance analysis table of regression equation

IR EHFM O HME B F P 2
KR 1513.79 14 108.13  32.39 <0.000 I

A 58.87 1 58.87 17.64 0.0009

B 82.37 1 82.37 24.67 0.000 2

c 320.23 1 320.23  95.92 <0.000 1

D 148.76 1 148.76  44.56 <0.000 1

AB 2.13 1 213  0.64 0.4376 —

AC 17.26 1 17.26  5.17 0.0392

AD 1.63 1 1.63  0.49 0.4967 —

BC  41.22 1 41.22  12.35 0.003 4

BD 18.32 1 18.32  5.49 0.0345

ch  65.12 1 65.12  19.51 0.0006

A? 481.23 1 481.23 144.15 <0.000 1

B? 75. 68 1 75.68  22.67 0.0003

¢ 350.85 1 350.85 105.1 <0.000 1

D? 185. 63 1 185.63 55.61 <0.000 1

E  46.74 14 3.34 — — —
AU 39. 17 10 392 2.07 0.2518 AE¥F
gz 7.57 4 1.89 — — —
BiR%E 1560.53 28 — — — —

W RREFBE(P<0.05); “RREFWBE(P<0.01),

Y =88.01 +2.214 +2.62B +5.17C -3.52D +
0.73AB + 2.08AC + 0.64AD - 3.21BC +
2.14BD - 4.04CD - 8.614> - 3.42B* -
7.35C* -=5.35D%,

2% 3 Fin SR P <0. 01, 2 A R )
MK, TR 0.251 8 >0. 1, A 3%, Bl iz
RUAE[NE IR LG BEAR G, AR RECR =0.970 1,
WEIE A0 ¢ 2250 adjR® = 0.940 1, adjR® - predR® =
0.940 1 —0.847 8 <0.2, 2 B iZ i 0 455 1 480 & -
K% E =8.726 >4, I HBIERIAHE; CV =4.75% <
109% , & B w7 T o] VA A RO 16 P {5, GF e Ak sk
RN B E N FZE R AC BD(P <0.05) , % G4
WRCRRE A 2 R AB AD, HAB P 2 ik
i 2 FR AR P 5 e 1R 2 ) AN S AT B A 2 1
RIS R R F =32, 39 BRI F O R
POR W 5= 1oy ] 5| B o S B Oy s &
MR N . C (Y22 E) > D(HERHIE) >B
(W ERE) >A(PVPIRIE)

2.2.2 R EHH
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WA IBITE () R B 5 P A B AR 28 B VR IO RE 3 i U
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TN 5 R FHR T, 5 T 3% I ) A5 e 2 S A [ U
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2.3.1 XRD 4#7
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Fig. 6 Response surface of the effect of AC interaction

term on the photocatalytic efficiency of CR
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Fig. 9 Raman spectrogram of BFO nanofibers
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