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Preparation of ZnO doped bismuth titanate material and

study on its activity in piezoelectric catalytic degradation of dye
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Abstract : A pyrochlore phase bismuth titanate composite piezoelectric catalyst is prepared by means of hydrothermal
method using tetrabutyl titanate and bismuth nitrate as raw materials, sodium hydroxide as mineralizer. The morphology
and crystal phase structure of the sample are characterized by SEM and XRD. Taking Rhodamine B as the target
degradation product,the piezoelectric catalytic degradation performance of the prepared samples are evaluated, and the
catalytic mechanism is discussed.The results show that the degradation rate of Rhodamine B by Bi,Ti,0, nanomaterials

mechanical vibration is 87. 8%, and reaches 96. 9% when nano-ZnO materials are doped in Bi,Ti,O, nanomaterials,
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indicating that the doping of ZnO is beneficial to improve the activity of Bi,Ti,0,.

Key words:Bi,Ti,0,; ZnO doping; piezoelectric catalytic performance; degradation rate

Bt 240 Yl Ay R R K TS YRR H
™ T K N NS A B h 1 U AR
X, RO AR AE B IR B UL O IR A3 i K
il U T A2 B TR BTN e R
FE—E P ARICIRRM T, 2 AR R R A A 3
T4 8 AR A B R s S 8 T o 4
A A A SR RV A TE A AR, PP IS
PE B AR A DL 73R A o — S ARk sl At/
STFAENILL K, RN R, X B2 S AR b
R CA A B R & A AR | sk %z
F P -2 AR, H AR 3 2R G
B3 TiO, , AR G o0 3.2 eV, E BRI M
DX TR B o 58 88 6AN o 4% 24, TR, TiO, Dt
HEALA LT A BH il 09 ) FSOR AR BARD S IR &8

S5 N i VA

J HL R0 2 i e B 3 () R S R 2 —
1998 4 Domen 7 SC T HLAEAE (L &AL R 3175 5 1Y
PR2F N I T K o0 il S s T R HL 4
KA HEMURAE & Wang 250 (IBF I8 /NG B AR
B AT TR R B A K B SR BT (Zn0) 9K 2
(NWs ) % i 7 1% R Acmme) )iz > S5 BLAIL MR RE A9 Wi 46, )
FH ZnO PR BT R T4 — 4 8 v AR 2 [8] 174 5 )
HA 7 1% 38 S 0 L BE AR 7 AR FAR i, 7E ZnO Z R IE
7 P — TR S P F, R A ol i A 1 A v ) i
FORAS R HL T 1T LR i e HL P VR Tk 4R
IR JF N, TE LA AR o ZEALARN T T i)
i PO P IR 2N, U B H AT DL B AE e L A A
Ry b, It 51 & H AL/ 8 J5 N DAL= A 36 P 3

%5 B #A.2022-03-10; & E H #1:2022-04-21
E£WmA . HRKARPAE4S (21902123)

VEEE A FHI(1996-) 55 Bl -L 2k BFFET7 W 0 9K ARG B, YyHhlalalala@ 163.com s 22448 (1979-) , 2, WL B0, WF50 07 1 S REPE 44

AR A S, IR A lijhua09@ 163.com,



- 104 - FAX AL L

W, S EOKTS YR 2 H R AT A A A
BB 5120 NiO | Co,0, . Fe,0, Fil CuMO,( M=
Al Fe Ga) 5§ (HENMRE B RACRAEH AL, X 7E
ARACFESE L BRI T LA fb 1% 15 3 R A1 Ok
P e AR R R O O ) R, FL RO BE ST
PUAK fig 7% 4 o LB, 5% e 30 R 7E 35% ~ 60% Z
[T T LS RSSO A SR — T K Ak B v (A

Bi,Ti,0, J& Bi-Ti—0 &k & —Fp EZE LA
Yy, JE T IR ) SRS SRR R AR LS R fi gk
S50 I LR AR AL S — e P 5T . (R T
AN PR (2.95 V) K, 7E AT WO IS T B A
SEHOCAEAL TG PE . Bi,Ti,0, &7 BA &t
BT AT AR5 & % Bi, Ti, 0, £k i PR B
RAN—HERE L, IR HEw B A Rk
NARA WAEE SR AE LR A A Y Bi,Ti, 0, 7F He HL f
Ak 07 T B BIF 5 B 2 B DLAS SCER SR ST T K Bk
il 28 14 Bi, Ti, 0, FEHLRON , 19 FF 3R A5 5 4 1) i H
AL R

1 SLIETiE

1.1 Bi,Ti,0, B &

DL KBRS ER 8 [ Bi(NO,), - 5H,0 | Fgk R Iy
THE(C Hy O, Th) AR H Bk 2zt b 11
FRE, SR S0k Bi(NO, ), -5H,0 I A 28 Tk h 5
SABERE, FINA 20 mL Jo/K B PIR A 514 HL
TERI BRI LT, W B2 1O T TR s v P e =k
T B I A2 471 Bi(NO, ) 5 -5H,0
FH 5 mol/L ) NaOH &5 pH , 15 2 78 1 19 i SR 44
VW, BEFE 30 min IR 5] F BRI B B4
U 100 mL (9 E A 5 DU 5 M AT 7K 448 o
AR S 220°C , PRGN [E] 20 hiy 15 520 58 1%
J& B E AR, U AR S R B KRR EOR,
120°C T HEF453] Bi,Ti, 0, Bk,

1.2 Bi,Ti,0,/ZnO Ky#l &

FEBEIREE[ (CH,CO0) ,Zn ] SR (C.H,0,)
FREEIR I 20 : T 50 mL 2585 Fok ik | [w 2%
PN —E 1 TCK T, T8I Y [R) s 22 1 35 Jn
5 mol/L ) NaOH ¥, A 15 ¥ W 1Y pH B SN Y
VSRR 5 AL B 30 min; ¥4 3RA5 Y BRI A SR
100 mL 7K B 28, & F TR AR ik & 140C
T A B 24 b RN e BUE FHES O HLAR S B4
ULVE, IR B TR TOK SV EOR R e %

5642 BT 2

I T AR ZnO A,

Bi,Ti,0,/Zn0 & & EHETER % Bi,Ti,0, Ky
PR pH LR Z J5 4% Bi:Zn BE/R I 10:1MA
ZnO FE &, IR A ¥ A0 J5 HE 47 K 38R, il A
Bi, Ti,0,/Zn0 B 51k,

1.3 RfE

KA 50 AXS A R /) A 7= A6 B 5 D2
PHASER Gen2 X—-SZA75) (XRD ) % it il 154 i 12
RSN E‘Jﬁ:ﬂ‘ﬁ,%ﬁﬁ FEI Electron Optics B. V 7N
A2 Quanta FEG400 14 B B I FE 5 O FE 25
458,

1.4 FEHEELFEELR

J T WF5E 4 M Bi,Ti,0, F1 Bi,Ti,0,/Zn0 KJ
FEE LR, AT T R A AL BE % Rh B Yk}

B 50 mL JERHE N 5 me/L /9 Rh B &8, I
A 50 mg Bi,Ti,0,(Bi,Ti,0,/Zn0) K& i , 75 SRS kb 3
$F 30 min DK 0 B — 58 B4, P A% 300 7R
THUEPL(40 kHz, 120 W) Hif A7 s fi b e i, f
TR P VEML PR B A 45°C LR, F 2R (238
B 6 A PR IV VR HILI TOHR | B4 T Y64k, LA
HeBROBAEfL i TP, S T W% Rh B (4R (A 15 0L,
HEMA]RE 20 min B 3 mL VR, o B0 5 B VR,
FHEAN - 01 W43 6 BE 1T % Rh B T A0 R fit

2 HR5ITiE

2.1 BEBEEMESH

B 1 A TEAN R K PRI EE & ) Bi, Ti, 0, ARSI
XRD Eli, M 1 ol LI 1, FRIEIEAE 140, 180°C
AR, S R I EE AN RE S8 A A T U N, T
B F YA, 2807 W2 UK E B L
TEMY; I AE 220°C F, AT LA Wi M B/ 2 7E 20
14. 88° .29. 96° 34. 74° 38. 10° .49. 96° I 59. 35° 4k
) 6 A% fiF AT BF 06 X5 W (222) ., (444) . (800) .
(662) .(880) .(1244) i1, 55 Bi,Ti,0, MARIER A
(JCPDS,No.32-0118) 17+ &, HWE 5% &, S5 UE
W1,220°C T 7K PG Uk il 5 B RE i 2o fR Ay
A Bi, Ti,0, BAAE s (HAFTE /D VF5 B AR A A0 i i
XFLEARE PDF R R, 284 iA oy 4 o2 ) A ik 2 b iy
PR TiO, . 220°C 114 (444 ) T 77T 553 06 Jor b 1oz 114
T4 #f1 26 2 30. 09°, % R [0 554 0. 149 rad , AR
i Scherrer A2, T BEATHY SRR ST R 54. 82 nm,,



202F 108 [FHF: fLFBSARBRIWATRIH SR EEBEAFERRNEIERR - 105 -

SRR, 5 R AR A A Y Bi, T, 0, BHRHR AR RS
BEAE 220°C i il © HEAT K AR A BE Tk B B b
WER

SR /a.u.

1—140°C ;2—180°C ;3—220C
B 1 A EARSKIEE T A 6k Bi,Ti,0, A
XRD H

2 UL NaOH fE b #4675 fE ARl pH T ik
3K G B B BT A8 Bi, Ti, 0, B34 XRD &3,
AT LA A 700 e B X6 A 2 A A Bi, T, 0, A1
PR T sS4, 7E NaOH 1 fE 8 /NF (pH 4) |
LAY Bi,Ti,0, EAHC LI, A /45 ;4
pH 8 I, B it B R AR LA A1) Bi,Ti,0, #1KE, JL
TR 2% B0 s pH 12 B, P2 EELLL Bi, 0, fil TiO,
T AFAE , HR R AT GEJE SR A K A I AR AE K
IR BREROLE I8 T RCR A E PN E
1M H AT LA A P EBIE Bk B, 33 F ik B AT D BRI
Jir 5 PR ) A B - A 20 B R T A R S TS A Y
RG2S T 3] — e B SR ) Y (8
SR PR B K A P R R AR 4
AR EFE(pH 8) 44 T, Bi, Ti, 0, fki R
K, 2R ST D | DRI ) 45 R S A1 AR Bi, T, 0., BURSCR
BT

1020 30 40 50 60 70 80
20/(°)

1—pH=12;2—pH=8;3—pH=4
B2 AE pH T4 & Bi,Ti,0, # £ #7 XRD H
Pl 3 ety 1A 2 4350 R TR G B T i 2%
Bi,Ti, 0, £ i Al Bi,Ti,0,/Zn0 F£ & 9 XRD &%,
ME 3 AL H B4 Zn0 25 BIRE S IR B 2%
AR 07 B — B, 24 545 Bi,T1,0, #9340

W&, AT LA 2 A R 7 ) 322k Bi, T, 0, , Ui B
Zn0 BAJE A Bi,Ti,0, (5 AHLZSH | J5 A
ZnO F AL A0 AT R T

3
~ g s 3
q 88 2 5]
| § gg§ & 2 )
E! A A
-
H
e 1
10 20 30 40 50 60 70 80
20/(°)

1—Bi, Ti, 0, ;2—Bi, Ti, 0,/Zn0
B3 A#hx# &8 Bi,Ti,0, X Bi,Ti,0,/Zn0
& &Mk XRD A
2.2 AW
& 4 K $ak i 4 HY Bi,Ti,0, FE 5L SEM B A,
MG RS M, Bl 45 14 Bi, Ti, O, SRR, 43 A
WA SRR 2R 100 nm,

1 pm 1;7';‘ k y ﬁ ) 500 nm

K4 #4809 Bi,Ti,0, # % SEM A

&5 &K $ ik il 4 B9 ZnO #1 Bi, Ti, 0,/
ZnO FEil SEM Kl I 5 BT LIE H, ZnO Sy Bk Bt
KL, BRSO 1 5] P SR AR KZ97E 100 nm
7247 3 Bi, Ti, 0,/Zn0 A M EREBEIRARTE 100 nm 22
A, AT LUE A BIFRIR 1Y ZnO KR IIURL 43 H07E &
& Bi,Ti, 0, Wk m I,

DT
e )\
(
6
j ’
% \
)
)

(a)ZnO B (b) Bi,Ti,0,/Zn0 ¥
BS  AKihd R # &8 Zn0 B & X Bi,Ti,0,/Zn0

FE 5 SEM BB K

2.3 Bi,Ti,0, #{&#0 Bi,Ti,0,/Zn0 #{EHEHE
fEfLtEaE
B 50 mL ¥ M 5 mg/L 9 Rh B IR A RS



- 106 - FAX AL L

e A 50 mg 19 Bi, Ti, 0, 44K W0k ; 25 5% 20 min
WM, 2 B0 J B W, R 58 41 =] L 43l
FERETEXFFEA# J5 1 Rh B HE4T 43 AT, DT 40 17 HL e
i 0

Kl 6 S A [a] 9% 3l i) 6] | Bi, Ti,0, 1 Bi,Ti,0,/
ZnO A MEHE B AELEE i Rh B %A 5250 -7]
WOEM WS . BEE SRBNIN IS0, Rh B JeRHARE
W AR A, IR 6 (a) TTHT, Rh B 1R85 KW
U 554 nm AbUE 5 5 35 4 20 B H] 22 TS5 , Rh B
VES R 1 2 €5, P e ) B G ) B AT A IR AL L R
B A AR T T, TEAR Zh IR Y 140 min B,
Bi,Ti,0, # kBl % 5 mg/L Rh B & W % fit K Ky
87.8%., M 6(b) WA, L) Bi,Ti,0,/Zn0 #EHE
A AL R B 554 nm Ab 0 R R R IR R K, 7E
120 min J& Rh B F&f#%HR 96. 9%, i %F Ho T 1,
ZnO WY, AT BB 5 B07E R H A A 2 vh = AR 1 72
FEAWMEC-OH) AUEBA A AL (-0;) 2 FItE
%% ZnO 1 Bi,Ti,0, Z &MY R R AL PERETE 47
e ]S AP EIN 5 =

] SR /a.u.

1 1
450 500 550 600 650

1 1 1
450 500 550 600 650

FK /nm
(b)Bi, Ti, 0,/Zn0
/6 R4 T Bi,Ti,0, # Bi,Ti,0,/Zn0
Xt Rh B & 7 W AL FE R M2 AT

2.4 PERRZEXTLE

h TG Rh BT R A R 0 I R AT
X HRSZS | LR 7, ME 7 s Rl IE Y BE 4R SR fE]
FOBA TN, Bi, Ti,0, %F Rh B A4 4 i 50 3 15 5] 80% LA
F, M0 Bi, Ti,0,/Zn0 % Rh B ()i 4k F fife 35k o5 1k 5]
90% Lk I, UtH ZnO N AR KL T Bi,Ti, 0, %

26 42 BIBT 2
Rh B IREARR0R
100f 2
80 T e
g 6ot
H
® 40
&
20}
0 -

0 20 40 60 80 100 120 140
i 18] /min

1—Bi, Ti, 0, ;2—Bi,Ti,0,/Zn0

B7  FEMEHE g2 B Rh B 3 RORY
FE AR R e

3 HUMIRED L B AL B IE

A% Sl A A 1 R B ok U5 4R 3, 3 3 it in 41 2
PRI ER R AR AE R HL AR 7 AR IE B H g,
rh A7 LT RE 5V A AR N AR O I IE BT 3 5
R (OH) A B AT AL E R - O, X P B A
AALPER) - OH - O S A BE i Y L R, AT 5T
B, ZEAN A ZnO J5 Bi,Ti,0, TEAEM B2 T, i T
FEUEXT ZnO 4K = A BENLA 7, ZnO 242K 11
JE HL FLA A 2 AL i sl R A1, 4025 67 R4 [
HL ] LA o 388 ) P B EL A [ 40K ZnO B 3R
R 3l LN W SR SEAE ZnO KB R 1T, S
L IREE SO

4 #hig

KK Pk #1457 Bi,Ti,0, A Bi,Ti,0,/Zn0
UKL, XRD 43 A7 45 3R W], ZnO B I A I A 2i
AR AR BES K . IR RERE Rh B Lkl SEg6
HER 40K ZnO APEHRY4B 88 5 T Bi,Ti,0, #EHHY
FEHL i ACRE 7, G4 ORE 0 B % % B 87. 8% $2 i 3
96.9% , H WM T Rh B, 1 Bi,Ti,0,/Zn0 & & 41
b R Ak BB 12 T ST PR LA T A R0 B
B, 3 T AR S ok ok R R 2R ik 30 4%
Bi,Ti,0,/Zn0 545 MBI T B A AL ST R 4t 1
HLss

S 3k

[1] Linsebigler A L,Lu G, Yates J T.Photocatalysis on TiO, surfaces:
Principles , mechanisms , and selected results[ J ].Chem Rev, 1995,
95.735-758.

[2] Tryk D A,Fujishima A, Honda K.Recent topics in photoelectroche

mistry ; Achievements and future prospects [ J]. Electrochim Acta,



2022 F 10 B

(3]

[4]

(5]

(6]

[7

[

(8]

(9]

[11]

[12]

[13]

2000,45:2363-2376.

Zhao J, Yang X D. Photocatalytic oxidation for indoor air
purification: A literature review [ J ]. Building and Environment,
2003,38(5) :645-654.

BRI BAEOT B, A AE IR TR 9 Y N K 2 A 1) o] 2 B
TSRS VERTSEL J] B2, 2013,62(15) :467-473.
RN, EHEL B Cu/N R IEIRILE 24 Tio, St b ilfE
FIPLER A BB TFE )] M B4R, 2014,63(15) :353-359.
Chen C,Ma W, Zhao J.Semiconductor-mediated photodegradation of
pollutants under visible-light irradiation[ J].Chemical Society Re-
views,2010,39(11) :4206-4219.

Behnajady M A, Modirshahla N, Hamzavi R. Kinetic study on
photocatalytic ~ degradation of CI acid yellow 23 by ZnO
photocatalyst[ J ]. Journal of Hazardous Materials, 2006, 133 ( 1 -
3):226-232.

Domen K,Kondo J N, Hara M, et al.Photo- and mechano-catalytic
overall water splitting reactions to form hydrogen and oxygen on het-
erogeneous catalysts[ J].Bulletin of the Chemical Society of Japan,
2000,73(6) :1307-1331.

He X, Aizenberg M, Kuksenok O,et al.Synthetic homeostatic mate-
rials with chemo-mechano-chemical self-regulation [ J ]. Nature,
2012,487:214-218.

Hickenboth C R, Moore J S, White S R, et al.Biasing reaction path-
ways with mechanical force[ J].Nature,2007 ,446.423-427.

Wang Z L,Song J.Piezoelectric nanogen erators based on zinc oxide
nanowire arrays[ J].Science,2006,312,242 ~246.

Lin J H,Tsao Y H, Wu M H,es al.Single- and few-layers MoS,
nanocomposite as piezo-catalyst in dark and self-powered active
sensor[ J].Nano Energy,2017,31,575-581.

Lv W,Kong L,Lan S,et al.Enhancement effect in the piezoelectric

I=AE BRI RIEV RIS R EE BRI L AR

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

- 107 -

degradation of organic pollutants by piezo-Fenton process [ J ].
Journal of Chemical Technology & Biotechnology,2017,92(1):
152-156.

Li J,Cai L, Shang J, et al.Giant enhancement of internal electric
field boosting bulk charge separation for photocatalysis [ J ].
Advanced Materials,2016,28(21) :4059-4064.

Li H, Sang Y, Chang S, et al. Enhanced ferroelectric-nanocrystal-
based hybrid photocatalysis by ultrasonic-wave-generated piezopho-
totronic effect[ J].Nano Letters,2015,15(4) :2372-2379.

Xue X,Zang W,Deng P, et al.Piezo-potential enhanced photocata-
Iytic degradation of organic dye using ZnO nanowires[ J].Nano En-
ergy,2015,13.414-422..

Zhang J,Wu Z,Jia Y et al.Piezoelectric bimorph cantilever for vi-
bration-producing-hydrogen[ J].Sensors,2013,13( 1) ;367-374.
Wu Z,Ma K, Cao Y, et al.Strong secondary piezoelectric effect in
ferroelectric 0.7 Pb (Mg, ,3Nb,,3) 05-0.3 PbTiO; crystal[ J].Ap-
plied Physics Letters,2013,103(11) :112904.

Wu J M,Chang W E,Chang Y T, et al.Piezo-catalytic effect on the
enhancement of the ultra-high degradation activity in the dark by
single- and few-layers MoS, nanoflowers[ J ]. Advanced Materials,
2016,28(19) :3718-3725.

Yordanov S P, Carapanov C P, Ivanov I S, et al.Dielectric properties
of the ferroelectric Bi,Ti; O, ceramics[ J].Ferroelectrics, 1998 ,209
(1):541-552.

SR, T, 2K 5tk K P B UK R B 2N K B AR B9 [ 0]
FoofF 58k, 2005,24(11) . 16-18.

Bai Y,Zhao J,Lv Z, et al. Enhanced piezocatalytic performance of
Zn0 nanosheet microspheres by enriching the surface oxygen vacan-
cies[ J ]. Journal of Materials Science, 2020, 55 (29): 14112 -
14124.1

(14

[l

[15]

[16

[

[17]

(L% 102 )

B AT S N P o R S 2 e R e RO
FELI]. PHREAO 4R, 2021,34(5) :971-976.

Zhang K, Shi Y, Cui X, et al.Salinity is a key determinant for soil
microbial communities in a desert ecosystem[ J ].mSystems,2019,4
(1):1-11.

Bhowmik A, Kukal S S, Saha D, et al.Potential indicators of soil
health degradation in different land use-based ecosystems in the
Shiwaliks of northwestern India[ J].Sustainability,2019,11(14) .
1-17.

FEILAR, Al B B A L BRI 2\ X A i v e MY
ERBIF[ )] I EERI 2R, 2014,34(4) :980-986.

RER], R, A, A g I A B R A
AT AL [T 0 5 BB AR ) 2E 4, 2016,22(5) 878~
883.

Bassin J P, Kleerebezem R, Muyzer G, et al.Effect of different salt
adaptation strategies on the microbial diversity, activity,and settling
of nitrifying sludge in sequencing batch reactors[ J].Applied Micro-
biology and Biotechnology,2012,93(3) :1281-1294.

Lefebvre O, Moletta R.Treatment of organic pollution in industrial

saline wastewater; A literature review|[ J | . Water Research,2006,40

(18]

[19]

[20]

[21]

[22]

[23]

(20) :3671-3682.

Muhammad S, Miiller T, Joergensen R G.Relationships between soil
biological and other soil properties in saline and alkaline arable
soils from the Pakistani Punjab[ J].Journal of Arid Environments,
2007,72(4) :448-457.

Riis V,Kleinsteuber S,Babel W.Influence of high salinities on the
degradation of diesel fuel by bacterial consortia [ J]. Canadian
Journal of Microbiology,2003,49(11) .713-721.
Tejeda-Agredano M C, Gallego S, Vila J, et al.Influence of the sun-
flower rhizosphere on the biodegradation of PAHs in soil[ J].Soil
Biology and Biochemistry,2013,57 :830-840.

NG, BN, SO A A S g g F AR B R T A
TR M RESE N AR AL B [ 7] B i R 2 24 ( A AR B4R
2021,38(4) :472-480.

Wei L,Ge T,Zhu Z K, et al.Paddy soils have a much higher micro-
bial biomass content than upland soils: A review of the origin,
mechanisms, and drivers[ J]. Agriculture , Ecosystems and Environ-
ment ,2022,326.107798.

Zhao S,Liu J J, Banerjee S, et al.Soil pH is equally important as sa-
linity in shaping bacterial communities in saline soils under halo-

phytic vegetation[ J].Scientific Reports.,2018,8(1) :1-11.1



