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Abstract

It is of great significance to convert highly toxic p-nitrophenol (4-NP) in wastewater into p-amino-
phenol (4-AP) via the reduction method. In this study, ultra-long one-dimensional bismuth ferrite
nanofibers (BiFeO3 NFs) were used as the support, and Ag nanoparticles were loaded by the in-situ
reduction method with a loading capacity of approximately 2.27%. Experimental results show that
BiFeOs/Ag NFs can catalyze the reduction of 4-NP to 4-AP within 8 minutes, achieving a conversion
rate of 98.3%. The apparent Kinetic rate constant (kapp) of BiFeOs/Ag NFs obtained from the reac-
tion kinetic curve is 0.295 min-1. This excellent performance is attributed to the higher work func-
tion of Ag, which can form a heterostructure with BiFeOs, effectively promoting the rapid transfer
of interfacial electrons to the semiconductor BiFeOs and thus significantly enhancing the catalytic
activity of the catalyst. In addition, the special structure of BiFeO3 NFs endows it with good cyclic
stability. After 3 cycles of use, the prepared composite catalyst still maintains a reduction rate of
96.7% for 4-NP within 8 minutes. This one-dimensional structured catalyst with excellent perfor-
mance and good reusability is expected to exhibit great potential in the treatment of organic dyes
and other pollutants.
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1. 5|8

4-THHE IR (4-NP) & —Fis WAL T i g, 2 A SR RE) . JerSEAT k. 4-R8 2R i it
B CER™ BRI TR, KIS RN, KA AR KRR . N ISR ™
W] [2]e DRIBG, PR R R R s e A RIS ). ARYE CA TR, BEAR 4-TH 3K
TG YRI5 BRI A AR A B Rk 2 A . (EIX S AR AR RERE B PR A RS
oo BURAR T S M LUBE G i) 0] R3] [4]. AEAFCVENR, 4-BEIRM) (I8 IR 7= M5t 2 2 K 8 (4-AP) LA R
UF IR B AA 8 AR R 24 SRk L TR S 279 B b A = ) s B R R[S (6] BRI, SR e s feE AL 7]
TR T 396 3R D SO e o i IR T ) B B A R R Ry, B B IS S R 7). e )R
AT Aus Ags Pt 2R & Thef (RREE T 2 RS 4-NP 1938 R . BRI B B R85 51 i
%, b S B AEE BT B S BN N T R — I, RN B TR B AR R
—PEYPR A YEAPRLR T, B 157 6 Jm F R N5 [ S AR T AR (8] (9] H o TREPER RL AT LLEEAT 1
Iy BRI, 9K A AR AT LA A SR R S ST A R A B R, BRI AL T B R . R TR B
(BiFeOs) [ 3 [ 4 (1 ] WGIE R RE 77, A 57 A e M DL BRI WT 7y BRI, 328 T T2 I SR FIBE 2 [10]
WEYE BiFeOs YKL it T H R IFHIFREE . 5 T Bk EH, S TWRIEE, DM B
TSR B 11] [12]

R, A SR #4722 HoR ) % B — 4R 45/ 10 BiFeOs GREF4ENIEIR, R AL & gt
BiFeOs FEARGIRNL 1B, TERAUHEMIA R, B 1ERFESEATI R E FAE, BF 50 L P [ g 2
HRATAN B FIBEAE N S NHLEE, 5 AN TR 30 5040 J5 0] i 5 2 1 P i A v 1
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2. SCIOERSy
2.1. ERFISUE

R RO EEMEE B E(PVP) NN- FUIEH ki (DMF), £ B2 ik (CsHs02) PIE(C3HeO) &
BEfE(PVP). UK Z.BR(CH;COOH). TL/K & RSREK(BI(NOs)3-6H,0) JLK AR EREk(Fe(NO5)3-9H,0) AR ER
(AgNO;3) XTAHFEZRM) (4-NP). BELEI(NaBH,) #HER(HCL. A AMFI(NaOH). H EE(CH;OH). X A iR
(BQ). FNEE(IPA).

{028 : HEAEH(WLS81-1). FH# f T BB (HITACHI SU70). X $F£EATHH X (Rigaku D/max2600). X 4F
LR EBUGIE(EDX) AM-1T WA 6L EETHUVT59). HAL S T AR 4(CHI 660E).

2.2. BiFeOs/Ag KA LERHIF

AW 7K P 5 L 7 2 5 R 1) 46 T BiFeOs 9K T 4E. 1% 1.94 g TI/KRERAAT 1.61 g LKA T
0.025 mL ZEEf%. 2.5 mLIKZER. 5 mL & BERBERIR G BAI0iHE 2 h )5, SIS EFEHIET,
WA iE N Ao ¥ 1.7 ¢ B9 PVP JIAE] 2.75 mL HERAFT 5.5 mL DMF fJiRA R+, W8 40 )5
PAFETE L EIE B i A BRSNS E] B ISR, PR 12 h, SRR IE B 1097 2200 SRR I
¥ 2 mL 97 217 AR TR BB S48 o, PR AR AN Sk S AT 5 28 mi v e 4 e R, R TEAE
RNEM . EAENE KRS SR 2 [N 10 KV I EE R, Sk SEERZ RIEEE 28 15 em.
FNEERBEE R A 4EE T Sy, DL SCR B R TR S 550 CARIE 120 min, HZIRMBER
EREN K AT 4E(BiFeO3 NFs).

2.3. BiFeOs/Ag B S ARTLERHI &

K FH JEALIE S35 R N K BRI 15 21 25 31 BiFeOs NFs £ 1H o 75l & 2 A IE W 2 1T, 4% BiFeO; NFs {2
A 4 mM [ SnClL W, 151k 12 /M. #5 0.02 g AgNO; B RT 17 mL £ 7/KH, BN 3 mL Fif
JEEK(EKMEBEFK 111 1E), SRREER. 85, KBiSEH BiFeO; NFs I H & & 8
W, SN 1 areh. BT RE A IC A BiFeOs/Ag NFs.

2.4. FAE

R4 B T BB (SEM) M2l 46 UK SRR RS, R X S 2R AT S (XRD)IL SRR il 1 X 5
LRAT A R, R RIRT B AR R T R R X SRR R UG (EDX) R G AT T REIE b IR
Bh—TT B3 566 B T X IR S NE I FY 4-NP VAV F AR IR BEBEAT 704, DABIE T LA PR RE R AR 1

2.5, EHEMERR

I E NaBH, i 5 4-FH 52K (4-NP), %% | BiFeOs/Ag NFs HIfEfbIENE, MBI T Zh, 4%
NaBH, (50 mL, 20 mM)JILA 0.05 mM ] 4-NP (50 mL)FI/KIER A, HIRA ZFBRRIZIHEEE 5 min DAL
WP - P RS, TRA TR B IR B AR e B A 13] [14]. BEJE, #4 5 mg Hl& I REAL IS 50 00
A B LIRS . Ben, LA 2 min NS TEIEIBEEL 2.5 mL DA IR AT A g rh, @i g Ah-n] Wt
JEFETH I JEOE AR o« PGSR AR SEIR AR, [T EAT 3 AN PAT SE58 o 38— IRTEFR IR 45 RS
ISy BHOR B EAR, 258 T RBEREUGBET[15]. IS IRE S S350 B 5 mg, AT
AT GRS . S RIS T, PrAREs R, DL i = RGP0 R VA e AL
)R s P AN AT =
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3. BZR5R

T SEM Xt BiFeOs YKL 4E TS M AT IIEE . [ 1(a)FIE] 1(b) NASRIRUE R BiFeOs # HLYT4N
KEFYERT SEM % . BiFeOsNFs MITESN 6T . M5 S — 44 4E U3, P4 BACHS, B mBasL
HeHl. H 2L —4ETES0A T s L4, I B —4E ST 4k 71 B 4R oK R B e 119 2% T A4
ELFISE 2 e AL s, A5 T AL ERE . &l 1(c)M1IE 1(d) N BiFeOs/Ag NFs [f) SEM Ef&, HiF&K
MR i, AFYEREDCIE S M2 R T — @ IR, (BRIFRSCER 450 . SAm, BT nEmmyek
KL T8N, I AE SEM HL 85 A W0 82 21 H MO 35 .

Figure 1. SEM images of different sizes of BiFeOs NFs (a) and (b) and BiFeO3/Ag NFs (c¢) and (d)
& 1. BiFeOs NFs (a)F(b)#1 BiFeOs/Ag NFs (¢)fi(d)ZE R EME X TR SEM Elf%

FIFH XRD B MRA 78 1 i) 5 B i IR e AR 2854 o i ] 2 o, HLAE 20=22.4°.31.8°.32.1°.39.5°,
45.8°,51.30 f1 57.0° kAT, 43 3% BT 75 75 4 BiFeOs (JCPDS 71-2494)[1(012)~ (104). (110)- (202)+
(024). (116)F1(214) a1 . UbAL, XRD K3 A I 5 3 HAR % BT 0%, 3XUE B 7 VA ) 45 (R 2R IR B B A

e
l I BiFeO,/Ag NFs
2 I I BiFeO; NFs
& 3
Q ‘—U——L—ﬁ_
g Ag JCPDS no.87-0597
E |
‘ BiFeO, JCPDS no.71-2494
_ |l | _|| l L
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Figure 2. XRD images of BiFeOs NFs, BiFeO3/Ag NFs
2. BiFeOs; NFs, BiFeOs/Ag NFs i) XRD Elf%
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T RS Ag & ER D, BTUE BiFeOs/Ag NFs HOGIELE i A M & 58 T Ag HIATHIE .
Uk, AT — SRR AR x HHREDX) W BRI S Aot Rt T RIE. B 3 5 EDX £,
BiFeOs/Ag NFs H147£7E Bi. Fe. fll Ag 7o, Frfil& MRS e Rm R F & ESHREEA 8. Hh, Ag
JRF &R 2.27%, 4R Y] AgNPs 1£ BiFeOs JUKE5 1 EIRRIIMEM . 454 SEM Mg, i
% 7 HA — Y8 K S5 BiFeOs/Ag NFs 5 & 90 K £ 4E 1AL 744 K
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Figure 3. EDX images of BiFeOs/Ag NFs
[E] 3. BiFeOs/Ag NFs § EDX El{&
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3.1. IR MERER

N TG A AT LT, B NaBH, 1B R 4-NP {E AL [ N . S8 Ik FE AN BRI o
P, I HZREAEN, KBHGRIEE N B IIAT S se 0 45 IR, MOR BT A IR ER . SRaa Xt T 4-
NP i JEd 2, w] LU & 400 nm AR BE 1738 4 R W S BRI FEBE 40 4-NP ¥RAE 317 nm b
Wiee NG e 1) 45 1 NaBH, KIS, WIRIERE 2 400 nm, Fith iR s A8 N3 . 400 nm AbfY
WAL U A2 T~ NaBHa 7ERR I 264 T T2 AR 4-W 32K 25 7 BT 8. RIMAMEAL IR 464 T, 400 nm &b U
AARFEAAR o AT NaBHs 1) 4-NP ¥, 300 nm Ab 308 2 0 i, 5 H 400 nm A7
BRI E B 2 AL, AN FIFE S AE 400 nm Ak (1) AR 52 ekt FE AN [|], Hid BiFeOs/Ag NFs #H# T~ BiFeOs
NFs AT SR F . I/ 8 min 58K 4-NP B 4-AP [F554k . Xt & 4(a) EBL T AN [FHE AL 7005 R
IKFE b 4-NP FIREER AL . 2 RBIHEAT 2 8 min B, (X B NaBHa ik J5 77 A & AL TN 4-NP (R R 3
WA 4.2%. H BiFeOs/Ag NFs Hll BiFeOs NFs % JE KA dn it 4-NP IR R 2 73 il 1A 2 98%H1 79%. Hrh
BiFeOs/Ag NFs (3G P AL 2080 R 4 (AR 9K R 13441 BiFeOs NFs 1] LA 2 m i fb tERE . 4R
PSR B SR B 2 AR PE DR R, W& T C/Co B IR LB I ¢ i 2k . 4-NP 3| 4-AP (AL T LAIR Ky
h—R ) N 5K,
In(C/C,)=—kt M

ok NBh 12 R R, C R Co 4 B AL 1 S Rl 8] ¢ IS 4-NP 3R B AIWIGE IR FE[16][17]. In(C/Co) 5
SN TE] ¢ 2 R 4(0)TE B HUE R T FTA AT R R, KU 4-NP FIMEILIE JF SN A SE 4 18
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HE— R 3) J17# 147 . BiFeOs/Ag NFs AR I HH B i 1 e  1X 2 KA Ag NPs I 1) 4 J& e |,
& B FAE R EAA T LR BE A28 M HOABE, sk AgNPs ISR, MR FF R m g 1, 5
i) Ag NPs 54 J& S0 2 8] (¥ ST AH AR A B T4 s AL P e
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Figure 4. (a) Comparison of 4-NP degradation; (b) Reduction rate within 8 minutes; (c) Ultraviolet-visible absorption spectra
of 4-NP reduction catalyzed by BiFeO3/Ag NFs composites; Comparison of the removal rates of 4-NP reduction in different
samples; (d) Comparison of the removal rates of 4-NP reduction in different samples

4. (a) IR 4-NP XFELE; (b) 8 min FIEJR 4-NP #BERZE]; (c) BiFeOs NFs/Ag #EALIRIR 4-NP B ERS - AT LIRS

HIEE; (d) 8 min PLIRRFRAEKE

SEIE TR HOE RIS R 18], ATREMIMEIL R NSRRI 5 BT7R, 7E NaBH4a 251, 4-NP 1E4F4E
RIAEN AgNPs ERA THAE IR RN . BT Ag MLl RS, V70 E 8RR, BRI
WY T R TR RN T 38R 4-NP RIS B TR R T F SR RS o I RO LA B
TG4k BE, 1237 7 M NaBH, [7] 4-NP (952 . Hk, BHy 57K &0 A SBIER 2 (BOO)AE A, &
HHEFF) AgNPs FIEBOETERMA Ag-H. %=, AgNPs [{IFRMIFMES Ag—H Bii 4-NP [fsHE,
HIE R A 4-AP.

NPEAl A A TR B R A AT R A S 1, AE pH EYEH 3~9 X R N ST MEAL IR 5 4-NP I fL
RN R . AR 6 FTRAE H, IEJFUE AR B pH A AN FEAR . AL FIFERUIRAT pH 261 T 3R
DL B R0 . NaBHa FI/KRAFE A G KT /KRR S 4 B 1 I K i

H,0=H"+OH" )

H' +BH, +3H,0 = H,BO, +2H, 3)
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Figure 5. Schematic diagram of the reaction process
5. REEREE

(a) (b)
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Figure 6. (a) Comparison of BiFeOs /Ag NFs reduction of 4-NP in different pH environments; (b) Comparison of the effects
of different scavengers on the reduction of BiFeOs/Ag NFs to 4-NP
6. (a) FE[E pH M BiFeOs/Ag NFs iR J& 4-NP Xttt ; (b) FEH#EIRFIXT BiFeOs/Ag NFs R 4-NP #2003 EL

T B T B/ AR LK 7 F K RS, A O IR S 2 i) e D3R . TERARM pHAE N, W
MR FIRE S SMEE FrhER 7456, SEIRE S T IR g BN, 4-NP 7EB 261,
AT RS B, K e A

RPN, AR T Be 2 5 RS S EY R BT L . FER R R T, DLAER
(No) B L0 T, LRI EE(PA) AR EE F (ORI, LU EE(CH;OH) A% 7 (hY)
IR, AR P(KoCraOs) N HLF ()33 Ao 8] 6(b)Rr T ANEH#ZRFIXT BiFeOs/Ag NFs i )5 4-NP
MISL, S5RFRM, e MeOH R FEEHMMI, %4510 5 CHIRiE S B —5[19].

3.2. fEIFMEEETIR

WAL, AR B AR A HLR 7K AR P RS 1 A0 mT B {6 FH A S B B e R B B I L R 2 . 0
Hik 4% BiFeOs/Ag NFs AT 4-NP LIS 5505 . W DL H, Z0d = XJEH LS, BiFeOs/Ag NFs Xt
4-NP FiE R N R . SR, S5 =i E, FEmUIRE 1 96.67%MIiE R 4-NP i& 1. 14,
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L FE BiFeOs fENE MRS 1AL (8 I B T3 BAT S5 REET0 5+ R i B 7o) B, AT R
1 ESRUIR,  BEIRB TR SAN RS 2 min RIVATTDSORE SRR 1IN ) A, I HA Rk i A 711
MR . DRI, AR IS O p RS E A AT I

2514 : \ :”:;gj: ( ) 100 98.3 97.01 96.67
! |\ I\ =0—3Cycle
20d 1 I 304
|
1s{ ! g"
g |! 5%
Cud ! 5
i : & 401
054 |
1 204
ooq |
|
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o
BiFeO, NFs BiFeO,/Ag NFs

Figure 7. (a) Cyclic catalytic test images of BiFeO3/Ag NFs; (b) Histogram of Cyclic cataiytic test; (c) Schematic diagram of
magnetic recovery

7. (a) BiFeOs/Ag IR EMMIREE; (b) BUMRATRE; (o) HMEREREE

4. &5ig

ARSI R F i HLYT 2 BOR G B JRALE JFE D i & TR B KR B G 9K A 4. Hil & IR
B YR Y BRI =4 25 DK S, Ag NPs S5 5) #6781 BiFeOs NFs |, TERLZ REEHI IR 4E .
EMIEALENAE N, BiFeOs/Ag NFs /£ % i T R I H A0 5 R S A B 2R 1y () fe AL P o i — 2B AEAN[R] pH
EE N DUSCR AN FTE BRI S 4-NP g2 i T, SKIe 45 KB, 7£ BiFeOs; /Ag NFs i )5 4-NP
it FEr, e Fl«OH & B EMEMIIR HAZ A FIE R pH 264 T RILH B m IR JLAk, thahE DL
R 4-NP B 2 N 8 min HEAT 3 YRI5, BiFeOs/Ag NFs HIMEALTE AT AT LURFE 96.67%, 45 5%
WEB, BiFeOs/Ag NFs {E N —Fhgsi Akl [FmfBAT v #H GV & 5 [ r 0 &l Rk, i€ 1) BiFeOsyAg
NFs A DMER—Fh s S gk AR, B 55 I R A N IR I B R B, TEA WL R ST
YA 3RS A — i B AT
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