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ool XEEBR: KiTERRE
e .. N NI
Sms DO 10.12030/.cjec202206045  PEI4EE  X703.1  SCERARI A

SRMAL, IR, 21, A5, SO H O SBRREL/BRIR A K - ML /K BRI VD B[], PR5E TR224R, 2022, 16(10): 3232-3242. [ZHANG Fan,
LIU Xiaona, LI Bo, et al. Photocatalytic degradation of ciprofloxacin in water by niobate/titanate nanoflakes under simulated solar light[J].

Chinese Journal of Environmental Engineering, 2022, 16(10): 3232-3242.]

B H Y6 T FEER b/ B R 9K | AL gk v 25
NP A
SR, 3Bt =4 St B AR kAEE, X AL AR, R R AR

1RBEH T R¥FHRER %5 TR%R, KJIF 030024; 2. 10765 H S FFREREARA T, KJE 030024; 3. [H
R B SEBE, KR 030024

i OE Wt — K Ik A% BT AR R L /8K R 99 K A (Niobate/titanate nanoflakes, Nb-TiNFs) & & #18, & H
XRD. XPS, FT-IR. SEM. TEM %/ #r F BOXH OGS s i 4T T 3R AE, FR3E 0 KA H Y6 T4 Bisis 349
RN 7B & (ciprofloxacin, CIP) B & it Pk BE AN 16 R i AL BE . 45 % W], Nb-TiNFs a] @25, B s Ak e ik op
CIP. VAT pH W] 1 52 i i v 7 FH DA B 35 1 Pl 2 A9 T BT 5 0 TP B [, 7F pH Ry 6 BF, JefiEAb5 (0.1 g'L7")
XF 7K H CIP(10 mg-L™") B R fif 22 5 K, P 180 min N 35 5] 96.2%; # L #5 F Na™Fl Fe* X CIP 1) [ fire JC W1 & 5% man
B Ca™ M AFAE R JL 7™ A — @ IR o Fefd B rp, B B (O, 2 EZMTEEY T, MR ERIE i 5
JREE SECE R M, (R TR, ME R T X E S, AR HE T R BH G BR B A e fiE Ak 1 P . Nb-
TiNFs & 87 8 . s, R B EREE A, 786 Ab 23 BRK rpo 2475 Ye W S 1L A — 2 1) L FH AT 35 o
KHEIR RMRERAKIR AR By AT IOGBREN; Sl KRR

P B AE R — 2S5 24 1 259 F A~ A9 B i (pharmaceutical and personal care products, PPCPs)!'™,
) TR AR A 7B K S R AN R R o UTAER T 2 e R e
# (corona virus disease 2019, COVID-19) FEfF (4R & , A £ b4 R a2 Rgmt, mitkER
KBTS 7K A PR T Y [n) B, £ Bk 2t 54 A2 OC 3 iy [a) R

WA REAY o FaWtaE, SEMNEARZ P EYIRE 2RI, AR ™Y 2
SR A5 A8 2CHE AR Ah i TR B IR rh B0, e Ah R P B 09 9 245 40 DA B A 7 R K B AN 5 4k 31
2P ERFEAARKRGE Y, GRERAKETY, #8651t 2013 4£34 53 800 t Hi2E R R
i B [ A G A KB P A E <2017 AERTIT IR A AR I, K FRIE T 75% R biAE R AT e
Uit 2 30 J BRI ARG U0 o o AR A AR R R N SIS A R I A ARV A R U PR, XK R AR R
LBRIRA WEE SR, KA BE T 200 ik SR 1 1 e ) K BRSO A BRI — S b 3B R 451
WA PR | A . WHHHER . Bk A H R S, 7RI HTA: R AR AT DLSE B — i
TR RERE, (BAFE A g s . R e R R 2 L R E AR . FRUAIRBE ) 25 5 ), Xt xf 1tk
B EHUAE R TS K YA FEE TR APk
Wi EEA: 2022-06-10; A AHA: 2022-09-19
ESTE: LV ERFF IR (A BEERZ) T H (202103021223119) 5 K JFFE T K24k Z 3630 H (RH2000005001)
T—EL: K (1996—), L, MILBISEE, zhangfanll17@link.tyutedu.cn; DRIEIS{EE : £ K46 (1968—), H, 1, #H#Z,

qiantiannwei@tyut.edu.cn
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VAR, T Tio, Bk B AR T HA R . SA . EEEMRE g Z AT
JEAHE AL B i o AR R IR K o K TiO, 9 oK b 3l 2 7K $Ad HR 1) 4% 45 21 19 BK R 449 K #4 B} (titanate
nanomaterials, TNM) i % HA3 % K A b 32 0 AURDRS 40 A0 99 K e g5 0, B RAFRY RBR 2 s )
IPERENY, HIE, B T 49K TiO, Je Ak Y B (Eg)(3.2~3.4 eV) B K, HXTH AR T 380 nm 1Y %€
SR MR, DA KPR 1 -SSR, (1A TIO, A1 TNM 9 AT Ui i #5255, D1 B il
T HAE R BE/A] WSS R U BB, R ROB 2 . s fE AR R T AR SR A 5T 1 #RS . BIFE
NGRS R S &R Ak &g ay . it RS R4 % ik, AT KEM Tio, 3L fi#
FEAF R, I 7 F X KA T 45 28 BT e 1) R A 25 B

AT P A R IR ER A R RN AR HE B A KR AR T, KR A B R RAKR B A
K KL -8 R £F /8K R 44 K A (niobate/titanate nanoflakes, Nb-TiNFs), £ H XRD, XPS. FT-IR, SEM,
TEM % Z F F Bt Xt Nb-TiNFs A B} 217 2 AE M4 87 . vEHCHE s i B X i A R R EFEHXR Y A
(ciprofloxacin, CIP) fE~ HArI54Y), %7 T Nb-TiNFs 7EALLL H G T XF/K d CIP BG4 Ak P fE AL
B, DR SRR MK TP 2 LTS e i it S 2%

1 MB5ERF*®
1.1 RXFS5NEE

A A ALK (TiO,(P25), T [E Degussa /A F)). T L — 48 (Nb,O5, [H 24 5 K fb# i FA [
). BN A (C HFN;O;, R T 12050) . X 2R R (CH,0,, KRG R HRIERHHA R A
Al BUEER (KT, KA JLBORS ik 24 i T R A BRA R . BUT BE (CH,,O, KT 244k 24 355 il
WA BRAE ), Wi (CHO,, il Z AR ARAR), /KB (CH,CH,OH, K&
FAREMMA TARAR), S8 fLsh NaOH, LigRH TiA), $hik (HCl, EZ#ERARAR), &
B4 (NaCl, KR AR A7), EALES (CaCly, KEHE 24 k23R 7 il i A R A 7). Sk
Bk (FeCly, LG 2ARHEA AR ¥ adral, 8 (CHN, FEECH/REH (b E) R
Al). R (CH,0,, FEERCH/RBHE (hE) A BRA ) B i ok,

3% P HT KOF (BSA224S, FEZ R Bl2= s dAtn) AABRA ], pH it (FE28, #g4E#H)-
A2 (F) BRAE), B E.oNl (KH20R, IR PLAR g A RA A, Bk o
(78-1, &M SRR A BRA A, HASE KT A (GZX-9023MBE, |- iR 32l A BR A # =
JE A TT), 300W AR AT IIOE AT Y6 I (Microsolar 300W AT YR , TAIEZE), Zeta Hi 7 1Y (Nano-ZS90,
4¢ [E] Malvern Instruments 2% 7]), X 2647 411 (XRD)(D8 ADVANCE, 7% [E Bruker /A A]), #35 % 4t
FH L BE (SEM)(JSM-7001F, H A HL F ik 24b), &0 #1355 8 7 B 38 (TEM)(JEM-2010, H A
TRk att), X EF4O6H TAETE Y (XPS)(Thermo Scientific K-Alpha), f# B H-21 4% 4% (IR Tracer-
100 JEIEAL, HASEHEY), R0 @5k (HPLC, Agilent 1260, E[H).

1.2 Nb-TiNFs 2K #1 8} g0l &

K — 2 K #3k 4 BL Nb-TiNFs 29K b1k, BARL Ty . 148 0.8 g TiO, F1 0.2 g Nb,O, £ il
# 66.7 mL 1) NaOH (10.0 mol'L ™" ) W h, T 25 C Tl ® T 1% S5t 4L 2% (500 rrmin™") F4i+E 12 he
WEWKIRA YA R B A S 100 mL (R WUHE LN s, MERE TASRENES, JFET
LR (130 °C) AT KL EE, 72h )5, BN EARBAEZER, HEEFKREREILKELE
BE v, HIJEK SR A i oy WG BT AR 80 °C Bt T, BHEE & .

1.3 #MHRBIRIE
i ] X SR AT S (XRD) X 1l 45 45 f9 Nb-TiNFs BEAT SR S5 3 i 2 o B4R 5ok K KBr J&



3234 ok L B ¥ W Fl6 &

B s RE aaR TR XA S A A I A A A A, S T 20 O 10°~80°, 4
4°-min',

i FH 42 41 0 B (SEM) 135 S5 FL 8% (TEM) X il £ 4819 Nb-TiNFs E 17 I8 550 RN SO 25 ¥4 20 B 5 1 ]
X SO H T RE 1S (XPS) RAE R ML=, @950 Bt ALY KL BT, BT A 45 & re R LA
284.8 eV I FN KBS T A PN AR FE AT 1E LA B i B RRONY 5 o FH AR B b 21 AP Sl A SO 2 A %) o6 L
A W 4T AP IE (FT-IR), DL KBr B35 56, IR KBr S54E 5 B & Lol 100:1, F144 35 Bl R 400~
4000 cm™; i Zeta BV AU & AS[E] pH T Y Zeta A7, KFRE SR 0.2 g L' 1Y Eb 41 85 A KB 4li K
il B i, FH 0.1 mol-L™" HC1 5§ 0.1 mol-L™' NaOH ¥ 5 I5 K pH, ##fi & pH B & M B TE A Zeta
PSR I b, AT
1.4 FADE (CIP) EfESLE

TN T LA A 19 A 52 35 7E 300W (AT ST AT YR IR R ALK BH O (AMLS 8K i 17 . FR i
0.015 g AL, #HA BT 150 mL 10 mg- L' RV E B S, 0.1 mol- L' & &AL S AL MR IR
W pHo B 58, KRG WA R LA THEFE 30 min, fff CIP 78 YA Ak 5 b 2k 2 0% B 7 . 4%
Je, KRN ASE T AT OCIR T, AT A R] ] B ORE RS 0.22 pm JE IR UERRE, FH R0 A £ 3
S 7 GV CIP W B o 3 AN S0 o R v SR G B8 E K ke 1 DA ) R 0L 4 B R (25+1) °C It
A, TE i O 63 5 8 ] ZORBAX SB-C18 #: (250 mmx4.6,5 um), #1iR 40°C, 226K I 4% i8 &
K 280 nm, KGR 450 nmo FRBIAHIRER 7380k 85% W R K (R LL R 0.1%), 15% L0, Uit
SAFE A 0.25 mL-min', S EFE] A 240 min, CIP 1R RAR P20 (1) #EF73H5.

Co-C,
D= == x100% (1)

K. DRBEMR, %; C)/& CIP WP, mg L™ C J& B %] CIP AR E, mgL™.
1.5 A& pH HI520

JC B W) 4R BT R BE A 10 mge L (PR TN VD B R (150 mL), #6015 mgNb-TiNFs(f# £k 7 Jit & ¥
JEH0.1g L"), A 0.01 mol'L™ i) HCI Fl NaOH ¥ ¥CKs S A& R W4 pH AT R 2. 4. 6 FI 8, £
ATKT 6 T R S A 5 95% s i) 1) B B, 3 SRR 00
1.6 EMENBFHIFND

B & W) 4h T A R R 10 mge L' A BRI VD B MR (150 mL), i AAS [A] ik B2 K s WL TE AL B
(Na", Ca’"#ll Fe’") W, N 15 mg Nb-TiNFs(fEfb 7| B i Wk B2 0 0.1 g L), P85 % pH - 6. 1
KT 6 R B G ok B b ofE 01 B R B IRORE , b BRI . L, Na®. CatV B 4 Bl 0.5, 1A
1.5 mmol-L™" =/ANBREE, Fe* W 0.5, 1 F1 1.5 pmol- L™, % W B4 A 180 min,
1.7 BRI

R X ZEER (BQ). AL 4] (KI), Wk F i (FA) IR T B (TBA) 43 BIAE e 4 A i 3k ((0%), 28
7C(hY), LA (10, MIFEEL A B FE (OH) MK , B4 IR] AT BE A7 7L 13 P RO R v 2L 2
o 238 B i R 52 ) o ZE G AR SN R BAR HT, IATE PR A KR (0.01 mol-L™" ), 7E 35 2 fif [i]
IR 3 B A
1.8 EHFEEF AR

e B N VD BRI A R E 10 mg- L', Nb-TiNFs 24 0.1 g- L' (%, #7355 pH N 6, TEGUT
JEUR BRI R BB A O, G PE AR . 180 min S W 45 WS, TRAVEIRZE 0.22 pm 7K &R U8 R L 2 il
Vg, KRR AR A KIEVE . MTREERMM. a5 RESLIEA LI R T 82 R T RE
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2 #BR518
2.1 BUFINRES S

Nb-TiNFs ) XRD 2 ik 25 5 a0 & 1 7R .
Rl L, AE 20 K 24°, 28°. 48°, 62°4b MY HFAE AT
S5 06 18 B Nb-TiNFs b 8k B2 40 10 & A, AT F 4k
% A Na,H,,Ti,0, n H,O £ /" (x Bk T 8 &
H)P B, KA BUS A B Nb-TiNFs
R ER R, ZAEKTR L th — FE 1Y [TiO,] /\ 1 1A
CH 22 ) F 2 8] W] 22 e ) Na/H'gl B ™, 5
4k, 7E Nb-TiNFs (1) XRD &3 H o 46 1 3] 42 g R U P P D
HIRHENE . XA RE R AR KD, B 1020030 4029/(0)50 60 70 80
ERRIE W A A 25 4

Nb-TiNFs Y TEM 1 SEM 2 fiF 4% 5 3 51 4
&l 2(a) FIEL 2(b) o . B 2(a) AT LR, &
B AR B MR R RS, AT LI O BR R ANOR R A K . IS LU, P25 7E 130 °C FI1 72 h
K G5 T R BUER R 40 KA P2, P R 5 40— 2 T IR S5 A i A TP Bl = 1 . AR5 ok
B ) I R AT RE 2 Nb,Os 4B 2252 i T &2 & M OB B KAy AL iy B 2(0) AT DL 1Y, Nb-
TiNFs &2 7 )2 TCJ7 & T U HORE S .

Bl 1 Nb-TiNFs i XRD [EjZ
Fig. 1 XRD pattern of Nb-TiNFs

(a) TEME| (b) SEM[¥|
[l 2 Nb-TiNFs Y35 §f F1 33 1 B8 $5 5]
Fig.2 TEM and SEM images of Nb-TiNFs

Nb-TiNFs F1 TiO, (] XPS 1 B W 3 iz, Hr, [ 3(a). & 3(b). Kl 3(c). & 3(d) PHYFTAE
SERG T Cls B . B XPS &L (B 3(a)) TPl DL H, Nb-TiNFs 1) & 26 K J& 0(60.69%)
Ti(21.14%). Na(17.23%). Nb(0.95%), W&, TEXFE M (130 °C, 72h) F, EKMRELA ™= FRiLic
TR AL . 7E Tizp i I (B 3(b)) . 45 G BB 4 S 67 T 458.05 eV Fil 464.16 eV 1 Ti2p3/2 W Fil
Ti2p1/2 W5 3% W] Nb-TiNFs H1 () Ti & Ti"A9FFIE R, 76 Ols 3% B (8] 3(c)) ', TiO, B A 2 A~ FERAE %
Mg, P, {7 TS A RE 529.68 eV BT 1915 5 W XTI T R4S 4 (OL), 1 T =45 A Ak 531.82 eV [if
AT B A 5 WA 6T 17 T 4 6 3 T W B A 2 3 (-OH); Nb-TiNFs 48 LA 4 i, H iR 454 fE 530.0 eV
B ST A (45 5 0 X 1 T RS 4R (OL), T 4545 BE 531.4 eV FFFIT A4 15 5 04 6 7 T A ek 39 1o g o i o ik
(‘OH), 533.0 eV &b [ 15 5 W XF [ C=0 #1915 5 W%, 535.2 eV b B9 {5 5 U4 X 1 NaKLL I . 7
Nb3d 1% & (8 3(d)) ', 5419 Nb JEZ 19 Nb 3d3/2 1§ F1 Nb 3d5/2 1§44 LA Nb™ 1998 R AE L2,
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N 458.05 eV

Ti2p
Ols 464.16 eV
Nals T12p1/2
471.13 eV
Ols Nall—sizp )
Nb-TiNFs Cls { \._ Nb-TiNFs
Nb3p| Nb3d
WL‘LLAL
14001200 1000 800 600 400 200 O 475 470 465 460 455 450 455
LEO RV 4t figleV
(a) Nb-TiNFsFITiO, ) XPS i 14 % (b) Nb-TiNFsFITIO, iy Ti2pi [l
Nb3d,,
Nb3d,,
Nb-TiNFs
OL
OOI
TiO,
538 536 534 532 530 528 526 214 212 210 208 206 204
sirtiglev gitriie/eV
(¢) Nb-TiNFsFITiO, O s [ (d) Nb-TiNFsf{/Nb3dj

3 Nb-TiNFs #1 TiO, #J XPS i [&]
Fig. 3 XPS spectra of Nb-TiNFs and TiO,

Nb-TiNFs il TiO, A9 4L 40 & 3% 4n & 4 FioR
3430 cm™ 1 3399 em™' BRFIT 19 FE 14 Sk Ti-OH
W B K 1—OH 4R 8h%, TiO, 1 Nb-TiNFs
MIER 2, TRESE T Nb B 2 i &
. TiO, 7& 2 945cm™" P T 1% 06y —CH,— Y
Wb, 1634 om™! BT A 06 SR A A TR 2% T A B
W B 7K ) H—O—H 25 i e 3hi%, 400~700 cm™

XL )R AP HE . 664 e Al 543 om™! XY 4000 3500 3000 2500 2000 1500 1000 500
N Ti—O 4, 882 cm ' &b By I X i % Nb—O W/

B, b T ) 4 7 A B 7 0 4 Nb-TiNFs K92 51l
FRELERE A, R R A A TR RO A 2 Fig. 4 Infrared spectra of Nb-TiNFs

7, AR A R I A 3L, AR TR R AR

Nb-TiNFs 7E A ] pH T Y Zeta HL A7 WLIE 5. 7] WL, Nb-TiNFs [ 55 B 25 200 2.8, MW pH N
2.8 BF, Nb-TiNFs Ui L i 5 MW pH /D T 58 s, S 30001 i 25 /0N T IR 1% % 25, ] Nb-
TiNFs 1) Zeta LA A IEAE ; SV pH K T 58 o s i, 5 BOmsi v i 25 K TR % 25, ] Nb-TiNFs 1)
Zeta AN (. R, >4 pH<2.8 i}, Nb-TiNFs 22 45 IEfL, 4 pH>2.8 I, Nb-TiNFs (1) 3 [fi 1
L,
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2.2 KENPERBMEREDIT

WG AR Y W R TS g A5 R R
CIP(¥) I i H e FF 10 mg- L") 7E 30min P ik | W
BFFSF- 7, A4 BEXT CIP () W% B 5 A 2.68%, 7T Z
WA . FECMEAL LTS T, SR A B i
SRR 1 AN EEEEP, B 6 )ik
TFE CIP W W) 46 i i MR 24 10 mgL™', pH A
6 45T, ik ) T & VK E (0.05~0.4 g L)
X CIP [ s m g il . 25 R, CIP iy &
W% 23 I 5 ' 7 45 o P G T T,
A7) 5 B B R 0.05 'LV BF, 60 min N CIP 1Y
FBRE N 30.89%, AT EHE R 0.1 g L
ff, 60 min /2 47 CIP 1Y BR #8183 91.67%, 1
£k 390 B 5 S v BE 3 n 2] 0.2 g L7 A1 0.4 gL
iF, 60 min P ABRFES TG 2 93.33% F1196.92%
AR FIH0.05, 0.1, 0.2F10.4g-L™" i, 180 min
J&i CIP 258535 94.6%, 96.1%, 97.8% FiI
98.7%. TSR HF K, 0.1 gL fi# 4L
RIVRT LG 2 75 5R 802 5 10 52 56 3 4%
0.1 gL el

H A5 15 YL 1 B9 00 4 o i v 8 o 2 A Ak
R MEACRCR = A EE W, N, AR
FET A6 AH [F) A Ak 77 vk BE R K IR 470 4 o ok
CIP 19 [ fip g (B 7)o W& 7 fr s, 4 Nb-
TiNFs 24 0.1 g'L™', pH & 6. CIP I 4 i f2 ¥ J&E
10 mg-L 7 iF, A2 H CIP B s /%, 60 min
LA BIK B) -7, 3 h e B RIA 96%. BE#E
CIP W) by Jot v B T vy, LR A S8 0 3 1 %
4 CIP ik i 20 mg- L' 130 mg-L ' i}, 3h
Jei R i 220 3 T B 22 92% 1 56% .

A % 5% Nb-TiNFs 7£ 1] UL 5% 3K 3 (visible
light drive, VLD) T [ K¢t RE , A5 H
UV JE % A (<420 nm) 3§ 5 2% 51 )% DL 2% %2 Nb-
TiNFs 7€ 7] W6 R % CIP B9 [ fit PE gE . an1&] 8
fii7n, € CIP ¥ 4R i ik B 10 mg-L™', Nb-
TiNFs it £ ¥ £ 0.1 gL', pH N 6% %&
L YA B A ) 180 min J5, CIP (1 X
B 96.1% F% & 46.1%. NIk, 7EHETF,

20
10 |
0 2.8
> A
£
=
= -10
72
8
L
N 20
—
30k .\
_l\./.\
-40
1 1 1 1 1
0 2 4 6 8 10

pH

[E 5 Nb-TiNFs Z£ A [E] pH T HY Zeta BB 3%
Fig. 5 Zeta potential of Nb-TiNFs at different pHs

1.0 .

0.8 H

0.6 —=— 75
& —e—005g-L"
[$) ——0.1g-L"!

04} —v—02g-L"

——04g-L"
02
0 1
0 30 60 90 120 150 180
S B} ] /min

6 Nb-TiNFs K R & K E X} CIP [ RE) %200
Fig. 6 Effect of the concentration of Nb-TiNFs on CIP
degradation rate

0.8+

0.6 +

cre,

04+

02+

0 L L L L L ]
0 30 60 90 120 150 180
J2 o7 B} ] /min
7 CIP #I367K B X P AR R Y 21
Fig. 7 Effect of the initial concentration of CIP on CIP
degradation rate

Al ULYE CIP B9 2Bk oi ikl 46.1%, EANECHIEBRBTHR R 50%. WATATIER, TiO, G Ak 55 H X} 45 A1
Sz U Nb-TiNFs A4 8L X CIP Y [ ffe ok B b B AR R AN & EEAEH, HE5 LN, 4
FRERFIIB A — @R F 35 T AR A o] IR IR Sh v fE .



3238 o T O ¥ R 516 %
VW pH 7K Ak B 3o A8 v 2 AN AT 220 1 [ 1.0 R,

o VIR pH 23 52 e 1 ) A 3K TR BT RN IS os | —e— It

Yy orF WA A AT, T O VR 5 e

PEAL X5 G W ) L BR T, [RIB, %W pH - 06

23 5% ) A b 2 R v 3 P S B AR BRI TR S

P, DGR R AR T . AR R

pH X Nb-TiNFs J't i £k, B fige 25 9 70 B2 114 52 Wil 15 02

BLULIE 9, ZEIREW, FE CIP W 4f vk B A . . . . . : .

10 mg-L™", Nb-TiNFs i & - 0.1 g L' 5% 0 30 60 90 120 150 180

PEF, MW pH=2 i, JZ ¥ 180 min J5 CIP i SRR ]

180 min J§ CIP [ 5 2¢ 33 B 2 43 3 95.6%.  CIP degradation rate

96.1%. 95.9%. A WFFRPIERB], CIP AR —Fl o4 )

AR PUAER, W T A Ry I 2 -NH A

F2H-COOH I 1) it F AL A i ki &, il 08

EARTE R pH 44 F 2 AR M FHEER, 7 06

pH<8.7 My ¥ W CIP R L F IE L, 75 W g

pHH 8.7~10.6 B CIP & i £ , 78 ¥ W 04

pH>10.6 i CIP @7 L. FEASBESE T, Nb- 02

TiNFs (1 45 H 50h 2.8, BRI, W pH oA 2 .

i}, Nb-TiNFs K47 IEH, 5 CIP Z A fF7E i O30 e w0 0 1%

HURR Oy, HET R ECAN Y B LB TR, M B fmin

pH 4, 6 F18 i, Nb-TiNFs FHi# i, CIP B9 pH 3 CIP [ XK1

METEE L W 2 A # F % 2| 4 {ff Nb-TiNFs Fig. 9 Effect of pH on CIP degradation rate

REAS AR Z 1Y CIP, M TIHE— PR o e R . A, BEAE pH i T e 0 R b i) el S AR 280 0 1

Z, NEREAMENTARM TR, X WA AR T RN B LA R R
SR 7K A e 38 3l 7 AE ) TC AL A B AT RE XS BRI VD B R R AR B Y AR BIESY  4E T AR I

CIP BTt v B4 10 mg L™, SGfEfb R BTk B 0.1 g L7 W4T, /KA B Na™, Ca™ il Fe¥ ™

Nb-TiNFs 7£ i] UL T B A CIP A9 520 (€ 10). I 10 AT UL, 24 Na"¥R JE7E 0.5~1.5 mmol-L ™' i},

o

180

B
7

1.0 - 1.0
IS A -A L
09 L 0.9}
0.3 | 0.8}
<) Sy
&) &)
0.7 + 0.7 F
—=— Na"
06| 06 _o Co
0.5 L L | 0.5 L L 1
0 5 10 15 0 0.5 1.0 1.5

Fig. 10

BT (umol - L)
(a) Fe* X CIPWE A OB

10 T [EHL7EEF 3 Nb-TiNFs S L ERIF AL 2

B/ (mmol - L)
(b) Na* Ca> %} CIPREf# Fi 511

IR

Effects of different coexisting ions on the photocatalytic removal of ciprofloxacin by Nb-TiNFs
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X PR TR VD R A AL S B B S ma AT H B 24 Na ¥R BE R 1.5 mmol- L' B, (kT FR S T 120 min J5 35
VPR AEBRR KR 94.17%, FEARNIA Na BRI T 1.02%, SRifi, 4347 Ca> W 4 0.5~1.5 mmol-L™!
i, ML 120 min J5, ¥ T CIP FEMRIEAIK T 10.29%~19.9%, 0l 7E o0 3% . X 7T g2
TFF IE B Ca™ 5 BRI VD B 70 A 1k 700 32 18T 5 4 W B0 A, AT B T BRI VD LA Bk o T S IR
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Photocatalytic degradation of ciprofloxacin in water by niobate/titanate
nanoflakes under simulated solar light

ZHANG Fan', LIU Xiaona', LI Bo', JIA Chenhui*, ZHANG Haoqing', LIU Yue', XIE Tian'?, QIAN Tianwei""

1. School of Environmental Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 2. Shanxi
Jingtian Huize Environmental Technology Co. Ltd., Taiyuan 030024, China; 3. China Institute of Radiation Protection, Taiyuan
030024, China

*Corresponding author, E-mail: qiantiannwei@tyut.edu.cn

Abstract Novel Niobate/titanate nanoflakes (Nb-TiNFs) composites were prepared by one-step hydrothermal
method, and their morphology and structure were characterized by XRD, XPS, FT-IR, SEM, TEM, etc.
Degradation performance and intrinsic reaction mechanism of target pollutant ciprofloxacin (CIP) by Nb-TiNFs
composites under simulated sunlight were studied. The results showed that CIP in water could be efficiently and
rapidly degraded by Nb-TiNFs through photocatalysis. The solution pH could affect the electrostatic effect and
the formation of hydroxyl radicals, as well as CIP degradation. The maximum degradation rate of CIP (10
mg-L™") occurred at 0.1 g-L™" Nb-TiNFs (0.1 g-L™" ) photocatalyst and pH 6, which was 96.2% within 180 min.
Co-existing inorganic ions, such as Na* and Fe’", had no significant effect on the degradation, but the presence
of Ca*" partially inhibited the CIP removal. Superoxide radicals (-O*) were the primary reactive oxygen species
for CIP photodegradation. The formation of heterojunctions led to the shift of the band gap, the promotion of
electron transfer and the suppression of electron-hole pair complexation, thus promoted sunlight-driven
photocatalytic activity. The synthesis method of Nb-TiNFs is simple, efficient, stable and environmentally
friendly, and it has promising applications in the field of photocatalytic degradation of emerging pollutants in
water.

Keywords niobate/titanate nanoflakes; solar-light-driven; photocatalysis; ciprofloxacin
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