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Abstract

With the development of printing and dyeing industry, a large number of dye wastewater is dis-
charged into the water environment, resulting in water pollution, ecological environment damage
and other problems. Dye wastewater has strong antioxidant and biochemical resistance, which
makes it difficult to treat through traditional methods. It is found that piezoelectric catalytic tech-
nology can make full use of ultrasonic vibration energy to remove dye pollutants with low energy
consumption and high efficiency. In this paper, lanthanum ferrite (LaFeO3) nanomaterial is pre-
pared via coprecipitation method and used as the catalyst to decompose methyl orange dye solu-
tion through the coupling of piezoelectric effect and electrochemistry. The piezoelectric catalytic
decomposition ratio of methyl orange dye can reach 98.15% after 180 min of ultrasonic vibration.
By adding free radical scavengers, it is found that the piezoelectric catalytic performance of La-

FeOs is mainly affected by ‘O, and -OH.LaFeO3z nanomaterial shows the potential application in
piezocatalytically decomposing dye wastewater.
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1. 5|15

BN G i SV A AR 222 5 R R TR (RIS AT RSO K R kR KO AR 2SR B i 1 ™
R[] ST Rt 2 Bk PR K R B LAl A i 7 A o (R B A et K B T B IR SR B4
etk FUEMNE, SBCRAMEGAEME, BBk, WA EZBRACR A . BAETT AN, SRA
WL Z R HFEMIEREIUB . Toi5 RS R M 2 20T, HAot AR o 2 i —[2]. MR
JefEt, JEBUR T - 2O AT DR R 5 3 S B SR AL RE T K B HR R AT SEELAT HLSRE )1
I R3] [410 AT, MEALFICER CLR K P RSN BEER 307 52 A 183 DL ROl R A R A i 5 R
OIS TR GR SERR R A (5] BRIk, BRFFMACEOR R E R L.

MBS R, AT o AR P AR B A AR RO HUAMRE AT BLBOG R — R SR R I T LR e
— B HRPRE AT DA I F RONCRE U BE R A g FLRE AR T AR L, X AT 2D S Gk
731 SRS IE B AR H Y, X2 R AL EA6] [7] [8] [9]. TR AfEAb I N —Fhs Z e bR, Hadhe
FIYPENLEE E 2RI - B - AR [10]. Tk, AR JIZ R T IR M ARI PR RIRIE. Xu &
NWFFCRIL ZnO Gk L2EIE 50 704 (KIHE 75 IR 2l AT LR AR 2 8096 IR VERE 7 Gk [11]. Liu % AF ] BaTiOs
K LAELZE L 80 43 B B S AR BNIBURN 5 AR 1 76.96% 11 HIFE RS Gkt [12]. J T BRI Al @ik
RN AL (B R, A B S — RN . e R T LA

BRI (LaFeOg) e B AT IEAC L M BRI T i AR AR, AT SRR o AR i RO /NS Rl
FEFR & — iy & = (M L BTV [13]. 455K 4544 LaFeOs fE Ny —Fp A (K AT RL, R SAH 2 2t
Bz —, [FR A SGRBE R B PERT, HAT AR DX R A4S s [14]. VE 8 —FhRF IR KR AL L,
LaFeOs ZEkAH R AT LRI 8 R (10 M RN, A7 BT A O BLAE IS rE AL R R SE L LA, AT
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B R FANE[15] -

TEARTRTAE T, AT HYTIEZEH & T LaFeO, K FAKARE, FH 7 FH F LR Yl i P 17 B4R
T HAEE RSN T 1R AR RE . WKL, LaFeO, JK LA K AT RIZE 180 73 Bl I HE A PR 5 R W] Sz B
98.150% 1) F FE R YUkl B Al R . 1 R SRl 3R SEI0IE IR 3 B P JERER 480 B PR 2ot R R R e 1) T HL i
R T EETTER

2. SCIGERSy
2.1. LaFeO; FE BB RM B B0HI %

AR SR F LT v 45 LaFeOs AL IR RI[16]. B Sl B 47 E v 3 M 1) NaOH . %A )5 LT
KFFREL 2.165 g 11 La(NOz)3-6H,0 N H, A 25 mL LB F/K, FFEiiEZE La(NOs)s-6H,0 584
WT 7K. FRREL 2.02 g (1) Fe(NO3)s-6H,0 FHKHIE T 25 mL B 1K, MWMIERIRE S . BIEE
BFIHEE N 3 MK NaOH VK 22 1% 1% in 21 VRS VA h A2 BROK B 21 R 0 1) ZRTTE , BLRIVE pH A > 9
B 452 13 0 NaOH V. K I SRAE 2 26 At N HPEiidt 5 h, SERRUTIENT o 2Bt fG, it 20Uk
LR BIUTEY), R B FRFITK GRS R Lk BJG, ¥ LaFeOs FEMITETE 60°C HIHEA
- 12 he EELIAIT R T 455 1) LaFeOs FEan BIFBE 2 30 73815, K45 B PR R TN A S
BT S IR AE 700 CHRIZEME ke 5 h (FHEE Ay 4°Clmin). fred &1 8 SR 5 AR, ST
JE 13 B B & W LaFeOs L 711

2.2. REMEHITRAE

AW FCIE L 17 22 4277 Y Phenom ProX 52 [ F913# H T B AU (SEM)HEAT LaFeOs AR FE 3R 2 7,
K FERE A 5] A4 7= 1] PW3040/60 T X-5f 2R 175X (XRD) 34T LaFeOs &544 53T o

2.3. ERRAELMERERAE

e T LG YR 9 Al H AR R VPAL LaFeOs PKAPBHI K R AL PERE . K 50 mg 1) LaFeOs 41K il
KLAT 50 mL F) FFBEAE YL RUBON [ — BB 2 b MEALSEIRTTURRT, A5 e SRR B T DUE g 8
FREEBEPE 1 h, (E2PRBUE RN - ARIRCTT . 2SR T IO B A I 75 (40 kHz, 180 W) AT B 75 4ik
B (TE B FHEAT), RS 30 20 8h BT M P Al 3 mL (1 RSB AE A, JEHX 6 21 il B0 B LaFeOs
AORBURLJE 192 iR B RS - a) WL et R TH(U-3900) M & ISR 54T - wl ILIRBOLE

2.4, FEMEHIEAE

I A AR E S 5 LaFeO, e F Ak i B It FR 1 32 BT . 0 i 1 mM i 2 %
VY Z.FR(EDTA). Xf KB (BQ) M T BE(TBAYE N IE LT (q") M4 H (-0, )M %E H HEE(-OH )i 3k
F[L7] [18] [19] [20]. # ik =Fh B H B4 3R - MM B 5 LaFeO, {46 7711 FE R Yk, &
SR AR IR R AT

3. HR5ITR

1 J2& LaFeOs KUK KT S5 H RAELH ] . HRHE 1] 1(a) i) SEM BUE AT LLE i, LaFeOs fiALFTITE
I AR AT SRR PIRAS o 1] 1(b)+2 LaFeOs HEAL I XRD K3l o X i dE A7 A0 2R f5 R B, S
REFE I 10 LaFeOs M4 KK BT A AT U #8 S5 ArHE LaFeOs #RI(JCPDS 5 37-1493)AH—%[21]. Ff H.7E
XRD HIE B K I B H AR I, 41K LaFeO; MR AN S HiAh 2 B I rh B R 07 S W o i
Y W 45 1) LaFeOs M4 REEA & 1 25 it 2
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Figure 1. Characterization of LaFeO3 nanomaterials: (a) SEM, (b) XRD
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Figure 2. UV-Vis absorbance spectra of methyl orange under different conditions: (a) LaFeO; + ultrasonic vibration, (b)
Only LaFeO; and (c) Only ultrasonic vibration; (d) Decomposition ratio
2. BERETRREISM: (a) LaFeO+#BFE RSN, (b)) RA LaFeO;F(c) REBFERIN T RIS - AT RIS ; (d)

PR

2()~(C)4 i 1 LaFeOs MBHEA R AF T T LA R S b QU e A A RO G B P . ARFE 1A 2(a) 1)
ERAh - AT LSS AT LR B, 1E LaFeOs fHEALTRIATE 75 3R 2N 9 & #R A7 AL, FF AR GUps) At R e e £ B U 22
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2R, 4id 180 )l A R B JE LA TRIAS BRI, ZRII R 2) FR SRS Gekl ) 1 B [22] . %t
HEH LaFeOs ALK R GURhIE AT B HE BN AN LaFeOs fHE AL 77 i FH 48 GRL ARt I A5 iR
WS G (1) 550 S FE A DR FFAE Rl — A2 B, RGBT ARG MR, 2K oh - T IR &l 2(b) Al 2(c)
Pime  2d)ga i 1A ST AR BRAS B TR LR GURt A BE R, T DLEDUI A 78 R A AL R B A
PRI QR PR R AR R AL, RAT U A YR A B b Fefil . ik ml W, iR R AL
MORHE A IRS), X TRt PE RS L 2, Bh— ARl Bedh, BATTR AR A 5 R
VRSO, JERE A (D) THEE AR RS B R B AR D, TR SE DTS 42 EDWHEA) LaFeOs
fEAL TR 0 e i Al BE 23]

D = (1- A/A,)x100% (1)

Ferbr Aq N SRV RSO B8 AR ISR PR B EE - A DA B I — B[] € S AR R AT T R AT e P
o i 2(d)FR, 25t 180 e IRANG, LaFeOs Ak 7% HHE RS Juksh i) He v AL P 3Rk 31 T
98.15%. X Uil LaFeOs 4K MUKL ] ALEHE P IR0 21T T AF A R AL IO R B A HLE R .

4}
3k
/\c I
S 2 A LaFeO_ +Vibration
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Figure 3. First-order kinetic curves of LaFeO; piezoelectric cat-
alytic decomposition of methyl orange dye under different con-

ditions
3. FRIZHT LaFeO; EH L BB LRI R R N AY—
MrEn i ehsk

I 3 5 T AR A T ) LaFeOs A4} FL Ak S8 Qe R AR 10— B 3l ) 27 il 2k o 19 B ) SE 04 21

T EEAL G R B B TARGFIOI A, QeRLI R Fo AL B A R AR — B3 A, A Q)
[20]:

—In(A/A) =kt @

Ho k R R, ARSI A . 2 LaFeO; AL AR A RS L FIVE T FR 2R guklin, B
575 31 35 = 1 S R H Ak = 0.022 min™, Sz K N A AL RIS 1) S R =R 5 4 k = 0.0016 min™
B AT A RIS R SR R B k = 5.0 x 107° mint, W] LaFeOs fi Ak 7 F18 A5 45 3 6 & L2 i) B
A ) LA R B R

NTERFIEHGT(QY) . FIE(-OH )RS H H13E(-0, )2 T 7E LaFeOs [ HifHE 1k B L A5 YUl i (1 1 7
HORIERIER, 73 I & 10U R (EDTA) T EE(TBA) LA B K B (BQ) H L 5 & Fi fi AL S5, 5K
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Figure 4. Effects of different radical scavengers (a) EDTA, (b) TBA and (c) BQ on LaFeO; piezoelectric catalytic decompo-
sition performance of methyl orange dye; (d) Decomposition ratio

4. NEBHERHIRF (a) EDTA, (b) TBA F(c) BQ BIFFERT LaFeO, (L FREE R0 BERRIE RERVSINT, (d) P&
| HES

BT EARKSIES R, LaFeOs MOBMEME PSR BNHIT T 10 e FLAEAL AR YRS SRt I 4 . 1
SRS IE L M, X2 T LaFeOs HUKARERAT UL (0 AL PERE . 24 LaFeOs 9K R R T
PR A IRENE S22 IS A0, AR A AR A 0 5 2 e 2B oA, SRR T PR 7 A B U 2 55 3 Y I A e A
X e i 5 VR R A SRR (OHT) B0V i 480 (O2) &5 5 25 B A 5 S8 AR A FH O35 R J5t -OH AT -0, [24]
[25]. T -OH A1-O; REWHG GURER 7> T AL BT Sl 5 B, AT SEELGERE 2 T IO B . HoAl o7
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LaFeO, —2" | aFeO, +q" +q" (3)
OH +q" —»-OH (@)

0,+q” —-0, (5)

-OH/-0; + Dye — Decomposition (6)

Ak T e A T LaFeOs EALT,  Jiid H A GURL R K (I FEARYEXT LaFeOq AL I H
MEACTERENET THRTT. (ERSIRE) 180 704l 5, KU LaFeOs {4k IRt FH SRS I (1 B4 22 98.15%.
RIS AT L, LaFeOs AL FHIE R A BT (IR B BER AL BEGURL R /K 7 T B AR T AT 5. sk b, JEH
AL N AN R R T JeRtBOK AL B, EAE b Jil . RV E LUK BT 3555 7 TH A AH SR I B 7T
RIE[28] [29] [30]. Ak, LaFeOs P KA HHIA BN ] T B A ' B A R Al 57t A Uk«

4. BESRE

AL FSEITE VI £ T LaFeOg FE M IFER 7T 1 AR FE R BN T HIMEAL I B . I3 34518, LaFeOs
YR FTRL AT DATE s AL AR S 000 e AR A TR O, X R SR A L S b 1) s PR AL P A e v
ik 98.15%. [FIAFIE I S A [F) B H S0 FE B T R AR A A R LaFeO; & FGR KA AL 1) e FL
R R T B CEE R . LaFeOs ZKARME 7 (R B A M RE SN R B AR S T 2 A AE IR
AT A NLGE R KA B AN e IR e S54RI T —Fh e 8. = ORI EIAR
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