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1fi, &4 1k, B R BETE N ECA 2 1 )L
Tk bbb g2 21 5101 4i0: NiO, CosOy, FezOy Al
CuM Oy (M = Al, Fe, Ga). [FIIf, F F B AL i i
HSR BT SR BL MM A B R, B R R
& (<4.3%) DO1 SRR AR b B ) 1 AL A P 52 B
IS 3RAS PR REATUR AR AL 1 DG B 2 — SR 4 Lk
RE A HL AR 2 8] 1) e 4 280%. B T PR AR 28U,
JE HLRLS L FT DRI B 2 Ak i e B, 1T LG RE &=
BRI 35%—60% 11151 Rk, S SR A E
FL R AT LIS TE SR AR 010 5 (R BB A A R0

FAEEHAE, gk k)i F B A 1R K1t R T
L AT AT RE R I AR i (0 P A v P AR i PR M
R 2 V10 R R SR 9 KA RME N — Bl B
B P A 0 P A AL 2 A P I L ) 2 4
ZARIE DOV RS R, BINE 4R ARG
=, BEA T RER SRt RE 5200,
HR 5 SCHR T8, B8 MR AR (AgNDOS3) M i 4k i 1 3
LE 46 2 4 (NaNbO3) e 5 [21=23. AgNbO3 #4 %k
(¥ Bk HL R R R A i o Pl R Bk
FL - A A AR R AR AE 626 KBTIE P71, kL R A
330.24 pC/N 6l AgNbO3 A4} [R] i 15 1R w5 10 14
ARTEPE AR AL S 1) e L B, 2 — PR EEAR B AL
AL E A RE. H TR > WA 5¢ AgNbO3 MLk i
LNRESER

AR K G A BT AgNDO3 Ji FLGN KA
o, sz 56 B 7O WM L s R
AgNDbO3 & LK BHE NN ML), TE3RS) %
R, X2 B B Rk 7 VI B T AL B A 208
70% LA E.

2.1 AgNbO; HK#ElHIZ

AgNbO3 il & R REHE: R (AgNO3)~ 9
& (NH HF) FL% 4 =88 (Nb2O5) K&
BE. 2 FHH B (RhB). LA ERFR1 e, i

W [ 44 5287 JE BE NaOH F1 AgNOs B 2285 17K
AR, 43 A #) %0.1 mol/L NaOH #10.1 mol/L
AgNOz ¥ K 40 mL ¥4 0.1 mol/L ) NaOH
40 mL K 0.1 mol/L 1) AgNOs I5 T B T 52
o, BRI 5) e s B st 25 8 KBRS EUX,
FAEB0 °C BEAH AT T4, 13 BE M (Ag20).

#0.116 gt Ag,0, 0.133 g ] NbyOs, 0.199 gl
NH,HF, B T M, SR 5N 12 mL £ &K,
FEZER N B HREAS HEE 10 min, R 5] 5%
N2 TS E 218 80%, #1755 N 160 °C
AR d PYHEE TR LEEERT
B, 3K AN 50 °C B T BEAT TR, 15 5
AgNbO3 & g KA kL

2.2 RIS

ARSI R AE R 2 | A2 P 1) PW3040,/60 2
XS 26 AT X (XRD) BEAT 4544 43 M, A8 FH 407 =2 BT
7= Phenom ProX 5 [f 434 L 258 (SEM) 4T
TSR 5.

2.3 MM ENIREREIRIR R

H R il ROST (R BR A, R At/ 4 K R e
TNHUAHSE 77 7 A5 5 TR F). A S SR PR 200
40 kHz ¥ 788 75 I8 R 18] 35 b 6 B 8 it i — > 3h 3
BUBE . 73 (R /N2 2 50.55 MPa). S 75 98 6
/AR RLIE IR B 1 Tk C A T iz Rl BT,
L T R R Pl 7 9 1) 2 AP R0 S A T R A R
TR (AR LN BOR ) B K, R
AR 2 X B/ 9K AgNDO3 HE AL IR it i — A
BAHUBR 7y 091, K — 5 81 AgNDO3 i 147771
20 mL K EZ N 5 mg/L H) RhB BEEHEBRIN [ R
L, 4R 60 min, {3 L7870 WM JE 0 LAGER 7S
W7, RFHRE 2 min B3 mL I, #0508, KU
F I RE T SR F H 2. U3900 %6 40 A1 I 43 5% 0k 2 1
B YRHA R BEARR L. D9 1 3 S G HE A B S
S AE PRI 26 AF T HEAT

2.4 FEFEHEYERE L EREAR

FEIRB AT, A 2R — AR Uk
73R, AT 52 BNk (e A 2 o A R A 0
FALIETEBRIE . W 2E HBA S SRR
F 3 SN A R A T T G R VR I AL T ) 2- 8%
Xt R B2 iz R AR O 5
HugEHEPTE 425 nm /247, 2-F 50 Z K R
FEEUR SR B BT K R P A R ) B YL
£)30 mg 1] AgNbO3 H B 40 Kb R 35 57 43 HIU7E 2%
4 50 mL KA 0.5 mmol /L (%] 2 — FF R /K V& Wk
M7 A, HAE LN E & 1 NaOH, i3
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K NaOH ¥ £ 4 2 mmol /L. 4510 0, 30,
60 min [IRBN G, 1§ FH FLS-920 % Y6 61 Gl & 7=
AR I 2-FR 0 A T TR RO R (U008 321 nm
UV ).

3 BRE5T®

3.1 [E-B-HUEBEESUMAENIRENERER
R RAIHIE

AT B - H A0 22 1 B LA A 1 3R 20 B
fil G BRI AR CHLEE A0 1 FToR. AgNDbO3 442K
JE AR E R AL (Ps) AN, TEAMINR SN %
R, BT E RN, AgNbOs 442K & H AT R
PR KB I IE B LA, IX e TE AR LA D R R
H AR P A AR B T AR A SR A R
N, AR B SR A TS M FR 2 5 B 2 (o OH) R
A HHEE («O5), MITAETT ORI, DL LR
I8 SE B b 2 s B 280 R EE A 2 AR A s JE 0 D A
BRNE, B - - AR A B — PR A e (3.

Bl JE-r - able e
Fig. 1. Schematic illustration of the piezo-electrochemical

coupling.

3.2 1L

K129 AgNbOgs & HLA B XRD . &2 h
T 99 W e U QB0 o B R R, R B AgNDbO3 45
FE R&F, A4, B AT S e BEAH Pme2, 723 18]
e (55BN mm2) 19 AgNbOs [ 1E 22 i & (JCPDS
£ 5 52-0405) 5 & VLR, & 2 4 B S AgNbOs3 (1)
SEM . “PRIE2) 91 pm. AgNbOg ik
T 5 GRh I I s fige ) =R ) B AR B A
6], XA B T 7 RN AT AgNbO3 FIURL = AE 3]
LN A7 [0,

AW FE B A A R A2 i T - F A A
ARl O AgNbO; & HL R £ dss

1% 330.24 pC/N KIRIE PO — i, xF F KA
B FP) . F 4 oK R, R T S o R L A 2
S5 SR T AR, X 5 BT A IR A/ 9 K RORL 8
NG ECE AR DL BE— e E R
o, MM AT R B B A M AR, SR [36] #RiE
Bi;5TiO90-BaTiO3(BTO-BT) # K} 75 & M 4k 2% 1+
T TR I — 5 Bk FR N, L R A
d33 N 13 pC/N.
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Fig. 2. XRD patterns of AgNbOs, the inset is a SEM

image.

PL AgNbO3 H HL 44 K #4 8 E v fi 46 7%, RhB
e BL W AE 22 3 AN [F) R B0 1) F5 B0 IR WA ' 1%
Bl 3 s, RhB BURA R REAE W SO Xt 7 1 38 K
9554 nm. BEE RS A G 00, 554 nm KT
(RIS BEE ST B A, FEAE 60 min J5 ARIFEANAS. BEAR
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Fig. 3. The absorption spectra of Rhodamine B solutions

with AgNbOgs catalysts after experiencing different vibra-

tion time. The inset is decomposition photo of dye.
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D= (A() — At)/A() X 100%, (1)

o Ag A Ay 43 5 R TER BB (8] 9 0 min A1 ¢ min
if, RhB 4R AT 554 nm P& R RO, 1F
PRBNEF A1 9 60 min B, B (1) ZIH5H ) RhB Jukhg
W B R L 0%, 1E£2)7 0, 20, 40, 60 min A
IR S TR LR AL S, RhB JeRh A i BE A
3 A E BT, BB G R BN I (E] 114 0, RhB 4kt
TR R A 4T IR AR IR A R IR T
Tt

FESRBNWRN T, BB PRI EHE - #2238 S
FARERE Qi 4 fiioR. — ek, R s ARG B R )
o (Ps) AP, IX AL H AR} P 2R T R 7 S AR
Ui A7 TE M R 28 AR AL AT M TR A AR B (4
TR FONERD, w4 spt BT Bros, Sl Ak
X FaL A 2 5 I 00 1 S5 M AT VR B AE I R A
BRI, ShET R BRI T s . 4R F
BINAF (AF > 0) I, tnfEl 4 i B 11w, B
HEF I AR T B E 2D, X8 S BUE AR
PR 2 THT (1% 795 AR X 3 A8 R 48 P 0 A P i 50 H k2>,
TR B s P A ) S T ) S 1 AT R B AN AR
TR R, A PR E R HMORL T 2R T Y
PE LA 22 20 )5 VR I R B R R R
RAWEIRRL, 724 BA SRS T 152 2 B PR A
(« OH) NI H FHIE (+ O5 ), AT 330 ) G kel
Oy T RRAR. 2 A S AR I e N T FE A

R % g g, (2)

OH™ +¢" — «OH, (3)

O2+q¢ — 05, (4)

COH 5+ 0y, +HBHT — B (5)

N E R, W B TE R FOR R R THT ) R P AT
(140 H B RS R R P 2R T PR A AE G S
IR AR Ak e B B A A, B Ok ] B )
Bl 4t IO R, UAMINR. T F + AF B0 B
WK 4 PRIV R, IR Ok 4, 72
A a A A B A VE TR S, B ORI B E e, dn
Bl 4 R R T .

AR RIEER T (KL15 °C) KA
Bt 0. — M, S R BN 2 5] R R
BN, T R RNk /N AR 2 BT ARG K T R I R
8 A INHA] AL O min # 80 min AJ i1 14.7 °C T 5
38.2 °C. SR, AHLGE >+ — AR MEAE IR AR T

100 °C %1 TR AR B3 [, 7RI AR
TER AR JE BLIR T, 52 R S Bl xR
ERAT R R F M RE LT AN s 1O R, R
PR BN AR b B PR B R b 2 5 R - F -
FhE WU AL IR B AR X 45 2R

@ Ehif O™

K4 BT HBAURARHE - -2 R S AU A 1 S
AEE

Fig. 4. Principle schematic illustration of mechano-
caltalysis on basis of the piezo-electrochemical cou-

pling of piezoelectric nanomaterials.

BAE IR BN I AR, RENA B2 T3
ANGENAR AR A TRERE 3 AL RS
TR Bt fige 70 3 2 oK B R Bl A B 38 A2 e - FL A0
AR, BATHAT TS, B 54 T IR
1 AHA I AgNbO3 i HL 4K A BHE A L7,
N AgNbO3 40K A4 8L I T I 41k 20 1 93 b 4 O T
YRl VI R R X Bl A AN N 9% 3 T AR
BINEALFI S LT, RhB YeRHE % E K AW &
FIBE R, 24U I AgNDbO3 B H 99 KA RHE R {1k
FIIT, RhB G bbb e 1 B i 22 vl ik 70 %.
Ktk AgNbO3 & AR E LA ERS) KA T4
A AE TR - A 22 R A, AT 18 RhB 34 BHE
et R A A, B 5 BRI SS H T R C IR B AR
I AgNbOs 1E IR 244, 7E£15 °C, 25 °C,
35 °C & AN [A] 1) 75, FE I RhB YAl 7 Vi 1) A it 52 96
iR B 5 R AT E R AR I AR
), IRE N 15 °C, 25 °C, 35 °CHf, RhB YuRHA MR
R e, IR FNER VR 43 i 0 5 S — 0.
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¥ 80| ks A+ AgNbO;

80'@‘30 - 15°C
&40 25 C

T 20 q

%«g 35 °C
60 0 —s—s8—s—=
0 20 40 60 80
fifE ) /min

—e— AgNbOs + #kah
—=— k30

0 20 10 60 80
HEBNFE] /min

5 ARG T GO AR RUCR T B, AT
PRI AgNbO3 1ENMEATTI I 211 T, RhB 4eBHE
TAE AN RN L T 1) e g e g 45

Fig. 5. The decomposition efficiency of the RhB solu-
tion as a function of time under different conditions.
The inset is the decomposition of RhB dye at different
temperatures with AgNbO3 as a catalyst and without

vibration.

432550, 30, 60 min (ARSI 8] 5, A X
KRR R AL BB R R A I - H -
AR AR A R R FRE
5y 55 ¥R el 2 N AR RGO R I R
W= - FE X % R 21 % e 4 R e ok
98 e A5 5 FLGE 55 R 76 425 nm 245, 2-F8 3L %t
TR HRR (106 UK G R B BT K R AR ) R
H iR E. B 6 R aT R B, B PR30 B 8] 13
I, 425 nm PR % % 90 O T 3G I, IX 3R IR R
- AR A I R A S e A T B AR T
B Rl )R 28 E 2, LBl 2 1R 3l B 1] ) 2 K 1
WK

Aex = 321 nm
2z
g IR Ia]
,S' —— 60 min
E‘:( —— 30 min
o —— 0 min
D
®

375 4.00 4.25 4.50 4:75 52]0 5.25 5.50 575
JK /nm

6 X HRRAF IR - AR A R RS P R

FHEMEE, ER 2-FRHEN K RSO EE

Fig. 6. Fluorescence spectra for hydroxyl radical trap-

ping after experiencing different mechanical vibration

time.

N T DN T s - A S R S LA £ TR
2 B i GBI R M IR e, SRAT TS HUHEAL 5
AgNbO3 i KA REEAT [, FFREAT E R A
Ja RIREAL RS2 06, SR 45 RAnE 7 s, £
5 UL AL 4R 3 B3 % RhB Z4RHA WS, AgNDO3
FIHURR AL I e T B 2 A1, IX R AgNDO3 [k HL
AR E AT R E AL IS

100
Il | L | L | L l
2 3 4 5

BeANEIR UL

K7 AgNbO3z HURHEALFITEIAF I Seii 25 1
Fig. 7. Recycling of the AgNbOg3 mechano-catalysts.

— BRI IE T AgNDbOs 49K b Rt A A
KL 0 AT L 6 b B 12 AR R A TR
U 2% 1 K AgNbO3 AT 1 AL, i RhB e kb
TR % iR 2R 0k 82% M) fE 45 2% 3 wt% I ZnO B,
AgNbO3 ML AR 1 B 5 3 YUkliA i (MB) (1 B%
fif 2R 0] ik 93.5% 12, W kA B [H IR A B AR A
(3R 3h 1% B -5 A BH G I i RE VR, SEBL AgNbO3 4k
MORHEHUM I b 56 A R B R 127 DLk — 25 2
YRR TR PR

4 %2

KK % T AgNDbOs i FLGKARL, JF:
RAL T H - - 2240 & T T AU AL i ) 2L
LI IR i R VR T we oY LSS VR R A
M T RONE AR A ROz, BRI -H - .
AgNbO3 [k LA BHE LT, FE22 )4 60 min
HIRBNJE, RhB JRHA (~5 mg/L) i g5 Tk
70% VL L. [ -H - SE R A IR R BT 5 AL RS
AR G R B S R I B, £ 5Kk
HUBRHEAL IR 2 B % RhB Je kA0S, AgNbOs FIHL
AL PERE TG B RIS, AgNDO3 e KA R A
AR s A R A SE U, RSPk
AR T RAT B S R
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Abstract

In this work, the AgNbOj3 piezoelectric nanomaterials are hydrothermally synthesized, and they have an average
particle size of ~1 um, which is obtained from scanning electron microscopy pattern. The AgNbO3 nanomaterial possesses
an orthorhombic crystal structure with an mm2 point group symmetry, indicated by the X-ray powder diffraction
analysis result. The piezo-electrochemical coupling of AgNbO3 is characterized, and its physical mechanism is discussed.
Under an external mechanical vibration, the surfaces of the piezoelectric AgNbOs nanomaterials will generate a large
number of positive and negative electric charges. Due to the existence of spontaneous polarization, these positive
and negative electrical carriers are respectively distributed on the top surface and bottom surface of AgNbOs and can
further induce the generation of some strong oxidation middle active species such as hydroxyl radicals in solution on
the basis of some special chemical redox reactions, realizing the piezo-electrochemical coupling. Therefore, we can
consider the piezo-electrochemical coupling as the product of the piezoelectric effect and the electrochemical redox effect.
Utilizing the strong piezo-electrochemical coupling, a practical application in mechano-catalysis is further developed to
decompose dye solution under a driven vibration. After experiencing ~60 min vibration with AgNbOs nanomaterial
as mechano-catalyst, ~70% rhodamine B (~5 mg/L) is decomposed. Prior to the vibration, the rhodamine B solution
with the addition of AgNbOg catalyst is slowly stirred for 30 min to ensure the establishment of the physical adsorption-
desorption equilibrium between catalyst and dye. It is difficult to directly exert a mechanical stress on the micro/nano-
particles. Here, an ultrasonic source with a vibration frequency of ~40 kHz is employed to exert a stress to compress
and stretch the AgNbOs particles through utilizing micro-bubble collapse forces during ultrasonic cavitations, which
needs the AgNbOs particle size to be roughly identical with the diameter (~ pm) of micro-bubble. Our mechano-
catalytic dye decomposition experiment is conducted at room-temperature and in a dark environment to avoid the
influence of photocatalysis. The slight increase of temperature of the dye solution in the ultrasonic vibration process
has no obvious influence on the dye decomposition efficiency, which has been confirmed from our experiment. Through
a technology of fluorescence spectrum trapping, the intermediate active product in the piezo-electrochemical coupling
process—the strongly oxidized hydroxyl radicals, is successfully observed. With the increase of vibration time, the
number of hydroxyl radicals obviously increases, which proves that the piezo-electrochemical coupling plays a key role in
our mechano-catalytic process. After using AgNbOs catalyst in cyclic decomposition of rhodamine B 5 times, no obvious
reduction in the piezo-electrochemical coupling performance occurs. The AgNbOs nanomaterial possesses an efficient
piezo-electrochemical coupling for mechano-catalysis, and it has the advantages of high decomposition efficiency and
reusability, and potential applications in vibration decomposing dye.

Keywords: piezo-electrochemical coupling, piezoelectric effect, mechano-catalysis, AgNbOj3 nano-

materials
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