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(CREET A RAARIRL A5 TR B, STt 70 B IR 5 i S50 2, K 300387 2R HE Tl RSy MBI,

1 061000)

OE: AR KRG G % 55 15 A KR L (Ba,Ca, TiO;) [ M JGAEAL R, 3 i X I 2 41T 5
(XRD) Fl X TS F-HETE (XPS) FRAL, UESLF5I0ER OB A BRI . 7E8 A Ur Rl it
M, WFIE TR PUIR R (TC) B B RE S AL Rl e . &5 R0, M LRk Ak
FRHN (BaTiOs), fefliiB 2% LMol Bag gCag, TiO; FFF il X TC 1 W it 5 T 59.75%. 7E 10 mg/L i) TC
I 100 mg fEARF, 26 120 min B RS FRHUEAL OV JG , TC Y REAf R L 90% ., pH A0 AfF 5T
R, RS T B SOR e f (R V> B> BRI ), TR S5 T e A R A SO R A (B> T >
FRTE). Zeta AN 0T RI, BRYEFIGRVEIRREE h, AR 05l E At s, HAMESL T 5 TC
MR R LAY s FERE IR SRR, PRI RIRP e A LR R, W RICR S22 . T RRE MEIIE S, i
VBT R E S M AMERE . A IR KSR E— B, b, - OH M O, & i fb i i Hh i %2

ETERD . 258 R R, BB 2000L T BRI R &g AL 2 4U8, BRI SR 1 X TC iy
WERTRE S, MARHE 7RI TEARI R A LE AL, TR 52T T TC BRI
KR KA, BaggCay,TiO;, [EHLAEL, PUIFE

RESZES: TB321  XEIRERG: A
1 Bl &

VU ZR (TC) fE N MBI il A 22, A
AR E RS RIT R W Z R TR
2R B BRI, AT, BRI T
mfe e, FEOLE BRI o LR,
KR B T /KRR, X Le 5% B8 Bt AR 2 T Jd RO
Ky BEPHERFIANNE, SFFs RG]
RGP R R, 7 A AR R S SR 4.
Ik, B E TR K R TC BR IR FE R
103.00 mg/LP1, 17t & Kk 36 [ 5K 7 355K~ Bl
FE R ) TC £ BRER OO B R 5 4k )
W,

* Wks HEA:2025-06-23

5B (ABX; dm A 45 K4, W01 BaTiO;
BiFeOs) A M UM BRAL 2L 0T, 75/ L fE
b 45k B R 7). DL BaTios AR
PHERH” s F AL RO, AR I R AR L Xt
FREEFITENLAN. 77 (WnB PR3l Kl 8
FH R 722 1 b AR AR o X o g AR e 1 47 P
OB, TERN B Y, BRSh H -2 Ot
SERER. o) B 5 MR T 0 5 2 5 it )i
SRBE s HL K K A I R AR TR D R AR S
(0,) AL AL A (H,0,), %5 /AL 7K 55 G
Yoy 7 A B AR H 2 («OH) &5 mnid e,
SIS YRR RS thAh, TR I T %

ESH R Dk 2= N Be s B (5 5 TGCY Y-F-0206).
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S SLITE A AL T SR TH (W B 5 AR AT S, B
PTHE R, SEILHLIR R 4k B 1) B3R s
A, AT 57 D TI0 o BB 2% A1 BROER € A ML KON e
(1T PR VAT e A A, Bk A 50 SR D S

FRUE AR MR B H A S 10 I P A b
e, (A BaTiO; A /EEI T H G %M. TR
JO7 o A PR A ) R, R 2 H s BRI A ).
i35 R AR AL ER T A R RE © R AL
B, ZIRME AT A SR TR AR SR A AR
B EI PR RE B MAEN, Jiang ZEUEIT Ag 40K
b F UURUE i BaTiOs, 1E 48 75 A1 B8 ¥ [5) 1
T, BEREET-FIOTE, RiERT SN
HlHE=%, R, WAMAZRETRER
TR B R Aotk , X PH BT 2 A R A
S PERE BT T M A AL

AL LSRG = F ) TiO, 49K & (TiNTs) 12
NERUE, KHHE 7B RER, @i KRG R
TR £ EOIRES 15 R KR B (Bay 3Cay, TiOs) &
G, JRE5 A XSTERATH (XRD). X T4k
JEHL T RERE (XPS). Zeta BT ZEH R R G b2t
VIR o AR5 128 75 S5 T T T2 A 1 7R 5
TC IR B B [ i LAk B PE e, SRR B H
B R SR B0 8 E PR TE P AR R R A
DUk, PRICE HLBE AR A P AL .

2 SRIGERSY

2.1 XEEANRF

KA AR (rdral), iR kAR
R AR AR SEAE (O Hral), R
AT RN WAL R A R A A s S (AT
afy, KA BEANREARAR; AL
(et R BEABEERAR, WKk
(g, RET KM R IR A TR A A
RN (PR al), FiAIHi ARl TC (fh2:4l),
FgE AR A IRA R ML (KL, 5>
frak), bR RH AR AR AR
(IPA, 7r#fral), bl kAR IR A A
IRIRH (KBrOs, 7rtfral), bifgd sk Ak
HIRAA; XEER (PBQ, 2r#ral), L3 wmk
AEHEAIR A ZEFK, LR=EA.

B HL T RT (ALC-2104), 7 [F Sartorius
N WEAIEEERS (HI-3), & Inti KIS T
frs B0l (TG16-WS), AL ES LWL 2% FR

AT BT EEF (DZF-6020), i BHE IR
W) A RIS AL (KQ3200E), /NEHFH
s (Bl BIRAR ;s EAh-0T W6 Bt
(UV2600), HARHEAF.
2.2 [EERENFIFES AN H &

K B ) 4% TINTSUS), BRI G0 R .
WE AR, K1 g Tio, Ky A 75 43 BT 150 mL
RO N w, 218N 50 mL ik &
10 mol/L [ NaOH ¥V ;  $ii+# 30 min J5 5 # 2 X
Rigs, BT 150 cCCH AT ERAE T ORIR 12 hy HUH
Ja 2B 1 /KBS MIIR, Bl JE AN 3 mL ik E R
0.1 moVL IFH AR, MEJ4i+E 12 h, B0 IfFBEG
s BJE, WIS RERE T 60 °CH A T4
FARHET, BB S 153 9 A TINTs Bk .

K 7K B ) % 85 45 AR ERRR U FEOL A AL
#] (Ba,Ca,,TiO;, x=0.6~0.9), B AKL T .
I3 BIFREUAS [ BE /K L ) Ba2 26 5 Ca> #h, 5 100~
400 mg [ TiINTs J& 5 M £ B FK, B THLT)
BidkEds EHidE; DABa? 5 Ca® BE/RIE N 0.8: 0.2
B, FROEL 908.54 mg ) Ba(OH),*8H,O #
53.35 mg ) Ca(OH), LA\ J M5, HITA 300 mg
TiNTs. 120 mL 2B 1 /K ML 1 Ja R bt i
FELhEBURRET, 3% RS ON B T
F, WEEEN200°C, KM I12h; MR
B, AHRER, JRfRN SIS 3%
BELE, EHONFECERHER; W&
OEFIAZERK, EEEOEE3~4K, BHE
Wl pH 2 IR, WEaEm R, H
R S B S BT 60 CCHE A TR T, WFEE
J5 1521 Bay sCay,TiO;.

RO EEIITAE, 4% BaTiOs N B AN
i Ca(OH),, ¥ FKHL 1135.68 mg 1] Ba(OH),*8H,0
1300 mg ] TiNTs, & BaysCa,,TiO5 1 il /E
B,
23 YLERERIE

% H XRD (D8DISCOVER, % [ Bruker /A
F)) RAEFE S SRS R SR XPS (NEXSA,
3% [E Thermo Fisher A &) FAEFE & 170 3R 4L
HALZARAS s R B AR 2 /M6 1E A (FTIR,
NicoletiS50, 3% [E Thermo Fisher Scientific A )
SIATRE S ARG R A B B B AL TR
Bt 4% (Autosorb-iQ-C, 32 [ FEHE A w]) Wl 2 #F
FIFLER RS FLER 2 A FO B R T A SR A [l 4
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Figure 1 Schematic diagram of the preparation process of Ba, ¢Ca,,TiO; piezoelectric photocatalyst.

1M Zeta ALY (SURPASS-3, b2z R 52
A PR Z T W i 2 T ) T R
2.4 DR E R BB 4K P AR K

HFI 28 A-7] L4366 FETE (UH4150, H A
Hitachi A#]) , 7E TC B KOG K (4=358 nm)
bW L . TR R 2 R A
ML R, FFomME-thRed, d—Dait
/N ZARVIN TC ARV R T R O6 FE AT A
AR EUbR R FE 28

LA E v WP

A=Kbe (1)

X AR KONEE IR R AL,
L/(molecm) ; b ANFEKEE, cm; c NHEMIIT
[P, mg/L.

BC i1 2 4 50 mL ) 45 ¥ B2 24 10 mg/L ) TC
KVEW, YIE T 100 mL A, 20 5 HEAT il
BaTiO; 5 il 75 A6 7 () PE B X EE 5256, B HE A
[ AL BN B PR L A AME R 1 R
B AT LG . AN TR] TINTSs {87 F & 1 B ARt b B 8 st
FAF T I BEARXTEG o BT SIEUG 2H 35 B A DL T 4
PEVAR: SEAEME B R IR 60 min, P& T
75 R 5T AR AL H B AR (S BB TRD DM 120 min),
BERE 20 min BUFE— 10 & 55013 2VEIE WG
1 2=358 nm A & WG

MR IR
_ Co—C 0
n= Co x 100% 2)

e Co A TC /K W W] 46 = IR FE
mg/L; CON I % TCKIFR M VA, mg/L.
2.5 fEIAFRE ML

NESEAFI AR EE, TR
HX 100 mg 4L 50 mL10 mg/L ] TC V&7 ,
E A FE (500 r/min, 600 min) 4 W [T 7, 4R
J BT P PR RO L A B A (S I ]
N 60 min), AR 20 min BURE— R 505 15 2

ISV, 15 2=358 nm AT SE WG RE s S B 45
W ESCEAG TR, 258 KBRS 3~5 Ik, T
JE IF B 5 2% FH s F TRl A R A 7) 853 i N\ £
W TCHW, =R AP, LS IK.
2.6 BHHEZRXIE

NPT Ba,3Cay,TiO; 1E TC Bt #2
HE A E I SR ARSE, AE TC B fE 250
gl &) E IR {8 IPA 3R - OHL.
PBQ i3k - Oy KBrO;fili 3K E LT (). KI
TP (0, TEMIFEIZAE T AT AL
SR, T8 EEAS AR SRR F R TC I R 22
KAy B BRI AR E M R AR R .

SEUS Tk TR 4 4 50 mL W 4G WK R
10 mg/L [ TC /KW, 70 5l i 0.1 mol/L ()
IPA 7KV 0.1 mol/L [) PBQ /KA~ 0.1 mol/L
) KBrO; /K J A1 0.1 mol/L () KI KV [ %F
P50 R 0 N TR] 5 22 1 Ba gCa , TiOs fHE AL 711
BmE N 1.0 g/L, ¥ pH N TC JE ¥ pH (%)
7.0); SefERIEMEL N 212403 30 min, L
FAE 50 350 50 3 AT I 92 30 W PR - V5 i 1 1 R
A, W5 E TS BIE TR AR (R
JS N [8] 9 120 min, A S5% 0N 40 kHz), & [
20 min BUFE 3 mL, B0 515 2IEEBRR, 1Ei=
358 nm b E WO B .

3 GRS

3.1 [EEEEAFNRESEHIEBELERE
R

K12(a) AAFILLEIEB AR (Ba,Ca,  TiO;,
x=0.6~0.9). BaTiO; 5 TiNTs [ XRD [ it . I
o, B 45 A TINTs 2 90K & B ik, 1
BaTiO, 7F 22.8°. 31.9°. 38.2°. 45.6°. 50.4°.
56.3°. 66.2°. 70.4°. 75.8°. 79.1°¥ i BLATh
W, 2y ) 6k B H (001). (110). (111). (002).
(102). (211). (202). (212). (301) 1 (311) &
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2 (a)Ba,Ca,,TiO;. BaTiO; FIHJ4A TiNTs 1) XRD [El;(b) A [F] EL 451 (1) e Fi 6 i 4k 771 Ba,Ca, TiO5(x=1.0~0.6) %} F B4
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Figure 2 (a) XRD patterns of Ba,Ca, TiO;, BaTiO; and initial TiNTs; (b) Piezoelectric catalytic degradation performance of

methyl orange (MO) by various piezoelectric photocatalyst Ba,Ca,, TiO; (x=1.0~0.6).

3.2 [EERENFINKFAERIRELEN

WK 3(a) fizn, 5 BaTiOy 4 EL, BaysCaga
TiOs B ¥ Ba 3d. Ti2p & O IskHiElE, 5N
T Ca2pHrfiElgE, FI CamxH D RIIGI A
BaTiO; fll Ba, sCay,TiOs [ /51 73 #% 3 Ba 3d it 21
K 3(b) fif 7=, BaTiO; 7E 777.82 eV A11793.11 eV
Ab H I AN REAE D, 0B Ba—O B, KB Baft
PA+2 1 JE SAFTE I 5 O TE B A a2 11 4 27 g0 70,
1F BaggCay,TiOs [ Ba 3d KFAiE I 17 T 780.43 eV
H1795.69 eV &b, [FIFEXT R Ba—OH#, Baf/jli+2
MIEAAEAE . B 3(c) 27~ 1 BaTiO; il BaysCag»
TiOs f) Ca 2p A& 403t . BaTiO, JL - 7C B 4 1iF
e, FHIHL P AE Castz: BagyCa,TiO; 7E
347.33 eV #1350.93 eV 4b H I AMREAEIE, X
Ca—O %, F£WH Callr2 MR HE O
FesE AL 508, i — BN Ca B 44 .
P 3(d) o T AL Ti 2p K41t : BaTiO; H
IR Ti 2p30 FA T 21, FIRFAELE, 53547 T-457.48 eV
F1463.22 eV 4L, XM Ti—O%E, FH1E470.41 eV
b IR BRI BaggCag,TiOs H1 Ti 2p30 F1Ti 2510
W23 A7 T 458.91 eV H1464.62 eV &b, [FIRERT R
Ti—O §9, T2 IEF2 £ 471.93 eV, X AR
R B Ca 5l ANV RECLAE T Ti AL IR I B
TEH, FREGRME. DEEMETH.
K 3(e) 7~ 1 BaTiO; Al BaggCag,TiOs HJ O 1s ¥4

Y. 7F BaTiO; 7, O LAFIFhAS[A] 1) 4k 27 B T
IFAAE, 0 AN [ 1 480 30 15 Bl 2 B 5 IR
1M Bag sCag,TiOs 1) O 1s FFE U H I 25 & Re i F%
JEAE 533.28 eV A B HT B — N H @8 T 3R 1 AR A
(—OH) KW A ) JE I, B Car) gl NI
RECCE T O AL A B Bl LT 4544

Kl 3(f) M i Mk BaTiOs. & Jik BaTiO; 5
Bay sCa,, TiO; ML ANRIGE R, 2 4MGig i L
ANERAEIR S, 3319 em™! 4k O—H {H 4R EhI4
2972 em ™ Ab oy C—HARZAiRENE, 1380 cm™ ibKy
C—O B IRsNIE, 1458 cm™ &b N Ba—Ti—O 4R
B, 1088 cm! 4b A BaCOs R &) I& Y 1045 cm™!
AR C—O—C #EHR5N1IE, 879 cm™ F1493 cm™' 4k
N Ti—O R 3N0E . A LR Ik 22 A % BaTiOs,
Ba, sCag,TiO; ] O—H 4 R 2 % . C—O0—C %
PRBUE S Ti—O AR BV B W o, X AT RS2 A
N Ca R BRI 51 NEAE 1 DRH J& 8 Ak 22 FR B A
A ARGERE, BEFE T ADRLR T IR RO,

Wi 1 s, BaTiOs H Ca2 ) i T 2 5N
0, fj BaysCay,TiO; 4 Ba2* 5 Ca2" [ JiL 74> 3 7
R 1.73% A1 1.38%, 1F 515 3 3 BER R
273 : 1, BIL0.8: 0.2, UESZATH] & KAL)
N BaysCay,TiO50
33 ERXEAFIFLEH

U1 & 4(a) Fr 7~ , BaTiO, B RL 4% N 488.7~
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(a) ; (b) BaTiO
Ba 3d RIS, Ba3d _Ba3ds Py
i Ba, Ca,,TiO, 793.11 eV 77782 ¢V
877027 . Ba—O,
Ba—O .
P 2, Non-perovskite ;
5 3 794.36 €V 779.16 eV i
& 8 L
= = ¢ =
.g .% 1 Bao.xc?,o.leOs
E = 179569 cv e
Perovskite
1 1 1 L 1 1 — 1 1
800 600 400 200 795 790 785 780
Binding energy (eV) Binding energy (eV)
(c) BaTi (d) Ti2 BaTiO
Ca2p 2O, Ti2p Ti2p 457483y '
172 -
Satellite  46322ev  T—O
2 7 |47041eV Ti—0,
2 2 | A AR
: g ] ! [
'% Ca 2p3,2 Bao,gcao.zTiOJ .% " ,' Bag’.xcao.leos
E Ca2p,, 34733 eV £ ! 45891 eV
35093ev  Ca—O ) 464.62 eV!
Ca—0O 47193 eV !
o é“ .
1 1 1 | 1 1 1 1
357 354 351 348 345 342 470 465 460 455
Binding energy (eV) Binding energy (eV)
® Commerial BaTiO
(e) BaTiO, 5 : e
Ols 528.73 eV T
22044 8V Q—Ti ~| BatiO,}!
Oxygen vacancy 3 —rvi- TTT— ;
—~ = - cm '
3 é Bao.xcao.leO : Cc—O
z . = NS 1458 em
Z 53328 eV 531.82 ¢V Ba, Ca ,TiO, £ / L\ Ba-Ti-O
g — Oxygen £ (3319 cm! 1088 cm'!
E OH vacancy s 2972 cm'! cm
530.31 eV ~=| O—H cm BaCO
O—Ti stretching ¢ H 1045 c;n’l 493 cm’!
stretching .
c—o—c Ti-0
1 1 1 1 1 1 1
537 534 531 528 4000 3000 2000 1000 400
Binding energy (eV) Wavenumber (cm')

3 (a)BaTiO; 5 Bay §Cay, TiO, ] XPS 4=l 4 (b)Ba 3d ¥ 4l (c)Ca 2p K& 4l (d)Ti 2p K4l (e)O 1s 45401 ()7 H
BaTiO,. |4 ) BaTiO; /% Ba, sCa,,TiO; [ FTIR Y4it
Figure 3 (a) XPS full spectra of BaTiO; and Ba, 3Ca,,TiO5; (b) high-resolution Ba 3d spectra; (c) high-resolution Ca 2p
spectra; (d) high-resolution Ti 2p spectra; (¢) high-resolution O 1s spectra; and (f) FT-IR spectra of commercial BaTiOs,
and prepared BaTiO; with Ba, 3Ca,,TiO;.

1 BaTiO; flBa,4Ca,,TiO; IR H LR A
Table 1 Surface element composition of BaTiO; and

Ba, 3Cay,TiO;.
. SR 4 (%
et 475 S
Cls Ba3d Ca2p Ti2p Ols
BaTiO, 3342 9.1 0 13.54 43.93
Ba,sCa,,TiO; 44.15 1.73 138  6.32 4642

1209 nm, FIEALTF 661.1 nm, W HFR R ~F
WK HARETE; MK 4(b) s 1) BaggCag,TiO;
()KL 4% 46 /N N 125.6~310.7 nm, £ 1§ & p T
156.3 nm, “FIJRARAAAAH ) 23.6%, XFR

SRR 2 N A TR T Cat 45 2k 5] R I A
AR, anE 4(c) Fras, PIAAE RS BT 45
2 ( PLZ ZEW A E TE',F)’ Ba, 3Ca,,TiO; (]
H3 B J5 38, 1f1 BaTiOs JoBH 23 f5 ¥ X EemT
H1, BaggCag,TiO; W ff & i 3 & T BaTiOs,
HLAERDG 38T 1.0 B, 35 W i 35 2 3
Tne Wik 4(d) Fian, BagsCag,TiOs [ A7 FL 2 HE
LR, fE/NFLRX (A (0~30 nm) A BH & 9L
BoAR, WEEFT 5~20nm, EBHELESH &
B FLE R ZRSEEAA R T RS
BUCS W R, mT Rt s L R TR VG A s B
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0.025L o —x*— Ba,Ca ,TiO,
:I: —=— BaTiO,
0.020 *
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Bl 4 (a)BaTiOs. (b)BaygCa,TiO; KL AE 5341 5 (c)N, T B/ it B 458 3k 11 2% 5(d)Bay sCay , TiO5 15 BaTiOs [ £L1% 43 1
it 2%
Figure 4 (a) Particle size distribution of BaTiOs; (b) Particle size distribution of Ba, 3Ca,,TiOs; (¢) N, adsorption/desorption

isotherm curves; (d) Variation of the unit pore volume versus pore size of Ba, ¢Ca,, ,TiO; and BaTiO5.

WK 2 Fi7~, BaTiO; LR M 13.34 mY/g,
1M BagsCa,,TiO; M Lk & TH & % 2 JF &
119.92 m%/g, Ca*157% 5| K (] fh i WA 9 n | &
D S5 6 5 52, () BT 448 i A S B A5 ot 8 UKL 4
WX, FFEEZIEMEAS; BaTios M EfLEN
7.21 nm, T BaysCay,TiO; F L1421 % 13.64 nm,
HALEFEHET .

3.4 [EEREAFIN Zeta FBAL

Kl 5 N AS[E pH 4615 F BagsCa,TiOs [f] Zeta
M. X pH=10F], BaysCag,TiOs ] Zeta HLA7Z)
N-TmV, MERME A, Y4pH=TK, Zeta
AL N-2 mV, #IEEH A YpH=4I, Zeta

TSR 14 mV, FoNIER. ZIRIHRE T
o} 2 THT PR A7 R 5 VA I pH AL 1) 30 25 i B2 ML A -
EREVERR I, BaggCao,TiO; % [ #2 3 (—OH)
BERRAETR T, El—O0H, 2R, FEERM
wIEH, Zeta AN IEAE; fEHMEHEEH, &£
H—OH £ FH /3 T #0271k, S8
KRR T, Zeta AL 0 mV; ZEBRME
Wi, RME—OHEM LT, ER—O0 %
M, SEELME, Zeta AT, FFE
R, TCUHWAER MRS Ad, HEHE N
(pD) 419 pH=5.4; MIHEW pH<S5.4 W}, K IE
H; M pH>5.41F, R 7>,

2 BaTiO; Ml Ba¢Ca,, TiO, 1 LLR HAL  F LR LA

Table 2 Specific surface area, main pore size, and pore volume of BaTiO; and Ba; 3Ca,,TiOs.

F i 24 LR THIAR (m¥/g) EFL1E (nm) FLZ (cm¥/g)
BaTiO; 13.34 7.21 0.0954 (P/Py=0.9888)
Bay sCag,TiO; 119.92 13.64 0.5308 (P/P,=0.98870)
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Research paper

Preparation of Calcium-Doped Barium Titanate Piezoelectric Catalyst and
Its Tetracycline Degradation Performance

XIAO Liu-gi!, ZHANG Lei'?, MO Qian-gian'?, ZHAO Yi-ping'?, FU Wei-gui'-**
(!State Key Laboratory of Advanced Separation Membrane Materials, School of Material Science and
Engineering, Tiangong University, Tianjin 300387, China; ?Cangzhou Research Institute of Tianjin Polytechnic
University, ,Cangzhou 061000, China)

Abstract Calcium-doped barium titanate (Ba,Ca,,TiO;) piezoelectric photocatalysts were prepared by the
hydrothermal method. X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS) characterizations
confirmed that the Ca element had been successfully incorporated into the barium titanate lattice. Under the
condition of ultrasonic-assisted magnetic stirring, the adsorption performance and piezoelectric catalytic
degradation performance of the catalyst for tetracycline (TC) were investigated. The results showed that
compared with commercial barium titanate (BaTiO;), the sample with the optimal doping ratio of Ba, 3Ca,,TiO;
increased the adsorption capacity of TC by 59.75%. When 100 mg of the catalyst was added to a 10 mg/L TC
solution and subjected to 120 min of ultrasonic piezoelectric catalytic reaction, the degradation rate of TC
exceeded 90%. The pH effect study indicated that the adsorption effect was best under neutral conditions
(neutral > alkaline > acidic), while the catalytic degradation effect was optimal under alkaline conditions
(alkaline > neutral > acidic). Zeta potential analysis showed that the catalyst carried positive and negative charges
in acidic and alkaline environments, respectively, and both cases carried the same charge as TC. In the dark
adsorption process, due to the mutual repulsion of the same charges, the adsorption effect was poor. The cyclic
stability test confirmed that the catalyst had good reusability. The radical scavenging experiment further
confirmed that h™, -OH and O, were the main active species in the catalytic reaction. Combined with the
characterization results, it was analyzed that the Ca doping changed the surface structure and chemical
composition of barium titanate, which not only enhanced its adsorption capacity for TC but also promoted the
generation of surface active oxygen species, thereby significantly improving the degradation efficiency of TC.
Keywords Hydrothermal synthesis, Ba, 3Ca, ,TiO3, Adsorption-piezocatalysis, Tetracycline
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